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IRRIGATION AND THE ENVIRONMENT

A Review on Environmental Issues

This working document is intended as a sourcebook which reviews and discusses relevant
publications on various issues governing the interrelationships between irrigation and the
natural environment. Intensive use was made of recent publications, either textbooks, or
symposium proceedings and journals which often have limited circulation amongst inter-
ested scientists, planners, and those involved in implementation and operation of irrigation
systems.

Due to the large variety of disciplines involved in such a review, the selection and depth
in which some issues are reviewed may appear to some readers as imbalanced; some
sections may even give the impression being inadequate to the specialist. Therefore, it is
intended to up-date this sourcebook as soon as possible with the assistance of anyone
who feels prepared to submit additional information or who wants to address amendments
or eliminate errors.

The working document draws heavily on various sources most of which are cited at the
end of each section. Short excerpts are sometimes not explicitely quoted. Therefore, the
sourcebook published as an internal working document.

An important part of this study is the compilation of references. The interested reader is
referred to these. publications to obtain in-depth technical or scientific details. In addition,
a large number of tables and figures are used to illustrate the information and to serve as
a 'manual’. These tables and figures were extracted from the references quoted.

This sourcebook complements existing textbooks and symposium papers which deal with
environmental impacts either by giving a generalized overview (eg Zonn) or emphazising
specific issues. The reader is thus refered to the following sources:

FAO/UNESCO 1973. irrigation, Drainage and Salinity. An International Source Book. (Kovda/van den
Berg/ Hagan ed.)

ICID 1975. Environmental Control for Irrigation, Drainage and Flood Control Projects. Genera! Report
by Holy, M.; in addition, 19 articles on environmental issues, eg. Hagan/Roberis 1975.

COWAR 1976, Arid Lands Irrigation in Developing Countries. Environmental Problems and Effects. CO-
WAR-UNESCO-UNEP-ISSU. Cairo (see also: Worthington 1977)

White 1978. Environmental Effects of Arid Land Irrigation in Developing Countries. UNESCO-UNEP-SCO-
PE. MAB Technical Notes 8

Zonn 1979: Ecological Aspects of irrigated Agriculture
Kharchenko/ Maddock 1982. Investigation of the Water Regime of River Basins Affected by Imigation.
UNESCO. See also other UNESCO/UNEP documents.

ICID 1990. 14th Congress on Irrigation and Drainage in Brazil. Question 42: The Influence of lrrigation
and Drainage en the Envirenment with particular Emphasis en Impact on the Qualily of Surface and
Ground Waters. General Report: Holy 1990. Question 43: The Role of Irrigation in Mitigating the Ef-
fects of Drought. General Report: Pereira (1990). Socio-economic and technological impacts of mea-
chanized irrigation systems. Gernal Report: Kruse (1990).

Case studies with environmental issues are for example published by ODI, Irrigation Management Net-
work. Overseas Development Institute., UK,

German references are rarely used because special references on irrigation are few, alt-
hough many are dealing with agricultural impacts and water resources development rela-
ted to fertilizers and pesticides pollution. Important german textbooks are for example

Busch/Fahning 1992, Domsch 1992, Blume et al. 1992, Krumm/Stumm 1992, UVP-Firderverein
1993, Zauke et al. 1992, Hétzel 1986, Sauerbeck 1985, Diercks 1985, RSU 1985, Welte/Timmer-
mann 1985, Domsch 1985, Baumann et al. 1984,
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TION AND THE ENVIRONMENT ’ PART |
Key Environmental lssues in lrrigation Schemes IRRIGATIO

Problems related to natural conservation and quality of life values

ew environmental concerns now occupying public attention are as fraught with emotions
‘as’ are the large dam and imigation issues (Fig. 1-1 and Tables 1-1, 1-2). However, dogma-
tic assertion is an inadequate substitute for truth, and it is hoped that judicious use of the
information in the following sections will help reduce emotional debate over irigation and
its associated water development and agronomic practices, leading to rational analysis
nd reasoned debate. Through such an approach the environmental and socio-economic
problems of the majority of people in developing countries may again be focused on the
‘major issue - that of ensuring adequate food supply and sustainability of agricultural pro-
‘duction, improving public health conditions, and the consetvation of land, water and biolo-
gical resources.

Sources: Gardner in: Cheng ed. 1990; BlswasIQmpeng ed, 1987; Goldsmith/ Hildyard 1984; Golds-
mith/ Hitdyard ed. 1984

it would be misleading to speak of the environmental impacts or problems caused by irri-
. gation systems (or individual irrigators). There are, in fact, muitiple effects and various ty-
- pes of impacts:

et s

some impacts are applicable to the majority of irrigation schemes, some only to
specific agro-climatic regions, and others only to specific locations, scheme types,
“irrigation methods or agronomic practices,

some impacts are adverse to other human users, land uses or to fauna and flora,
but others are benficial to agricultural production, other land uses or fauna and flo-
ra, :

some impacts are unavoidable, but many impacts which contribute to the degradati-
on of water and land resources are induced by certain human-made management
practices which are usually changeable and which can be influenced with regrad to
their magnitude,

some impacts are significant, others are insignificant or neutral to human users or
ecosystems, .

.. similar irrigation management acttv;tles may result in different environmental respon-
ses WIth changing environmental and/or socio-economic contexts.

It is important to recognize significant physical differences between various qualities and
quantities of impacts, their causes and their effects on other human users and ecosy-
stems. This review attempts to distinguish between those important differences where ap-
propriate and avoid inappropriate generalizations,

It should also be worthwhile to mention that the perception of impacts on human-made or
natural ecosystems has changed over the decades. Historically, some degree of, for ex-
ample, increased salt concentrations in soils or waters as a result of irrigation was usual-
ly accepted as the ’price’ for irrigation. In some areas, however, there was so little atten-
tion to environmentally sound management that degradation has become a serious matter.
As pressure on land and water resources, resulting from increased population and increa-
sed necessity to produce food becomes greater, there are increasing demands for effec-
tive control of river systems, water quality and soil degradation, including salinisation. The
perception that environmental control is.required for irrigation, drainage and flood control
projects is not a recent development but has been of topical interest since the late
1960s, and various national and international symposiums and workshops were convened
in the mid 1970s to discuss relevant environmental issues {eg ICID 1975; COWAR 1976).

A prerequisite for the understanding of irrigation problems is the knowledge of processes
which may fead to the deterioration of natural resources required for successful imrigation
development. For example, successful soil management requires a knowledge of the pro-
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IRRIGATION AND THE ENVIRONMENT : bar 1

casses of salt accumulation. and leaching in soils under irrigation and plant response to
ificeased salinity and moisture deficits under different agro-climatic conditions.

1.1 har risti f Environmental impact

Land and water resources development is associated with environmental changes within

‘and outside the developed areas. However, these changes can be either positive or ne-
~ gative unless one takes the attitude that any environmental change is bad. In order to as-
" sess the many types of changes which are associated with irrigation projects it is neces-

sary to define the environmental problem and the characteristics of potential impacts.

Environmental impacts of irrigation activities (see Fig. 1-2) can be divided to

(i} ecological, agricuitural, hydrological and engineering aspects, ie. mainly physi-
cal and biological parameters are altered,

(i) economic aspects,

(iii) social aspects.

Economic impact analyses are generally included in feasibility studies, although economic
‘appraisal may become important in assessing economic impacts of environmental degra-
‘dation and the formulation of alternative developments which reduce environmental im-
pacts, On the other hand, social impact analysis {S{A} is a component of other planning
appraisals and, therefore, may not necessarily be a main focus in environmental impact
assessments (E1A). Nevertheless, some socio-cultural issues are clearly related to envi-
ronmental problems in irigation schemes or associated water development projects (see
section. 10). Vice-versa, environmental management must be seen in the socio-economic
context of sustainable development. Hence, the social and environmental development is-
sues are to be treated complementary, especially in the development of environmental
management objectives and measures (see section 31). '

In ecological literature, environment is often defined as the biophysical system in which
human intervention takes place {eg Duinker 1989). In this sourcebook, environment is used
synonymously as ’natwal human habitat resowrces’ (natiirliche Existenzgrundlagen, see
Weimert/Kresse/Karpe. BMZ. 1981). The environment may also be understand in a broa-
der sense as the biological, physical and socio-economic systems that surround a deve-
lopment activity (following the Stockhoim Conference 1972; Horberry in: DSE 1984).

2  Taxon f Environmental Dimension

The taxonomy of environmental dimensions comprise four levels (Fig. 1-3):

Level 1 Environmental Quality (aggregated natural goods and services; human uses)
Level 2  Environmental Components/Subcomponetns {eg water, soil, human health)

Level 3  Environmental Categories (specification of the component: river regime)

Level 4  Environmenta! Elements (eg low flow regime)

Environmental analysis requires an inventory and evaluation of the state of the environ-
mental categories, ie the particular type of natural resource (eg river, soil, ecosystem) in
the concemed area. Each category in that inventory would then be evaluated in terms of
five evaluation factors:

Quantity

Quality

Human influences in both directions: human upon resources and visa versa

Uniqu'eness of affected resource

Irreversibility of changes.

INTRODUCTION . 6




[RRIGATION AND THE ENVIRONMENT pakT 1

Under each factor, a number of measures may be taken for quantitative (eg river dischar-
ge in m®/s, ppm salts) or qualitative assessments {eg visual landscape beauty on an or-
|hal scale) A complete list of environmental elements to be compiled for water resour-
s development is in OECD 1985 and for irrigation projects in Petermann 1992,

Env rbnmental gualities, components and categories

Environmental qualities {see also Fig. 1-4} may be distinguished under:

physico-chemical: soil (land), surface- and groundwater, atmosphere, noise,
biological: flora and fauna,

Fig. 1-4 _ : _ _ human: health and safety, aesthetic and cultural, socio-economic.

Soruce: Biswas/Geping ed, 1987

Environmental Quality Account System (lrrigation Development) e . A ‘similar classification gives emphasis to quality criteria in the context of natural goods
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environmental component environmental parameters (examples)

water quality Salinity, pH, temp, organic/anocrganic toxins, N, P,
BOD, organic C, TDS, bacteria, viruses, parasites, SAR

2 water quantity flow rates, total volumes, daily or annual fluctuations,
flooding hazards, flood level

3 land/soil quality physical and chemical soil characteristics: EC, SAR, pH,
nutrients N, P, K, total CEC, ESP, infiltration, water
retention, permeability, land drainage; erodibility, soil
moisture status, runoff, sedimentation, bank erosion,
leaching facilities, presence of toxins, pathogens
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Fig. 1-5
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{RRIGATION AND THE ENVIRONMENT PART 1

4 air quality toxic volatiles, N-volatiles, particulates, greenhouse
gases, pathogenic aerosols (from wastewaters)
microclimate changes in temperature, humidity, windspeed
noise traffic, machinery, power plants, construction
amenity/recreation clean water, turbidity, colour/odour, visibility, surface

appearances (oil, bacteria films), weeds

8 aquatic ecosystems breeding and migration of fish; maintenance of natural
and genetic heritage, including endangered species;
habitat of aquatic plant systems

9 terestrial ecosystems breeding and migration of fauna species; maintenance of

natural and genetic heritage including endangered
species and vegetation communities

10 aesthetics loss of rare and valued scenery

11 socio-cultural loss of rare and valued historical or cultural sites, loss of
traditional settlement area,

Sources: modified after: OECD.1985; a modified system was developed by Petermann 1992 {Fig. 1-3)

1.3 - Environmental Impact Identification

Adverse impacts may vary in time, space and intensity, and they may act directly or indi-
recly through another environmental category (water, soil, air). Some impacts may be
simple, of minor importance and, therefore, require only local and timely limited action to
mitigate, but others occur on a large-scale and may be associated with complex deve-

lopments and potential impacts on national or even intemational natural resources (eg ri-
vers).

Cause of impact. Environmental impacts from irrigation are caused by either

- minor, medium or large scale irrigation projects: typically centrally organized and
with substantial public financial support. Farm operations may be centrally or indivi-
dually organized; water supply and irrigation scheduling are typically centrally orga-
nized, -either by public authorities or by cooperative institutions

- individual irrigation by farmers without direct public support. Farm operations, water
supply. facilities and irrigation scheduling are generally individually organized, but
parts of the services may be organized by cooperatives or by other institutions.

Causal factors of impacts can be identified at various levels and they may be caused by
different activities (Fig. 1-5). Impacts may be attributed to
(i) irigated agriculture as a part of the complex faming system (eg livestock farming)

(ii} activities related to irrigated agriculture, such as crop protection, tillage practices,
other crop production activities

(iii) irrigation system components such as;
* multi-purpose reservoirs, tanks
water supply systems {including wastewater & drainage reuse)
water distribution systems
water application systems (field water management}

= ¥ * *

water disposal systems (drainage systems).

INTRODUCTION 8




IRRIGATION AND THE ENVIRONMENT PART [

Nature of impact. The nature of the impact determines which environmental component
and category is beneficially or adversely affected, eg groundwater quality or human he-
alth.

Levels of impact. Irrigation developments may pose direct or indirect impacts on resour-
ces or neighbouring ecosystems;

* direct impact: eg pollution of surface water with solid particles, nutrients or salts
resulting in a degradation of fish habitat(s)

* indirect impact: eg. reduction in the number of fish species or population caused by
habitat degradation.

Ei . _ | These levels can also be grouped as ’first order’ (direct) and ’higher order’ (second order,
9. 1-6 third or indirect) impacts. Indirect impacts are much harder to identify and to assess in
quantitative terms. For example, the fish habitat may also be affected by other human
Environmental Impact Analvsis: Sianifi activities such as poliution from dryland/rainfed farming or from untreated domestic sewa-
P ysis: Significance Assessment ge, or by natural processes, such as low rainfall which reduces discharge and flow velo-

city which affects chemical water qualities.

It is certainly possible to make some estimates of their importance and magnitude, and
even to assess tertiary effects, eg on fisheries (humber of catches per fisherman per day)
ot even higher order impacts on trade and local markets, for example. But such examina-
tions of higher order impacts are only required in the case of such an environmental ef-
fect being critical to the success or failure of the irrigation development planning applica-
tion.

establishment of local valuation and scoring systems, using for example the following crileria

Kind of impact

Contlict potential
laws, policy

planning compatibility

landfwaler uses

Management

Potential

1o implement
far mitigating measures

area Magnitude, inlensity Sensitivity of
emission type & likelyhood of impact | | alfected quality
imimission type

Significance of impact or change Impact analysis. The following specifications apply to all kinds of development activities

and impact analysis (Fig. 1-6).

modification by reseisce management, miligating measwes and environmental safoguards

There are various characteristics of impacts:

~ | op::%:t;:: :rp‘:i‘uns 1) spatial dimension: area or spatial extent of impact, eg on-site versus off-site
Cu:ltmllz::hly of Water supply 2) probability: likelyhood of occurence '
by design, operation & : 3) time dimension: immediate effects to medium- or long-tenm effects

malnienance === Irrigation systems

4) reversibility or irreversibility; potential for recovery

Water remaval systems 5) importance and magnitude, intensity

et Land development 6) type of disturbance of ecosystems: cumulative, synergistic, antagonistic effects: cu-

mulative effects of many small actions; chain reactions; or secondary effects of in-
terrelated activities

Agriculturat
production systems

Infrastucture There are several criteria of impacts and effects:

Health control .

- people adversely affected: identification of groups, individuals, communities
- natural resources affected: land, soil, water, air, fauna/flora
ENVAP/SIGN_; : - duration/length of impact

- controliability; the know-how and technology that can be used in mitigation and
reversing impacts.

o o AT

Environmental qualities

The magnitude of impact or the degree of ecosystem disturbance can be assessed by:

- measurement of quantifiable parameters, eg salinity, erosion rate, pollution rate, po-
pulation affected

- ordinal scales of non-quantifiable impacts (visual beauty) or estimates of quantifiab-
i le parameters in case of lack of precise data, eg high-medium-low erosion rates.

9 EXT. FiIGURES
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The signficance criteria may include:

- degree of irreversibility

- spatial extent of effects (see also below: local versus strategic impacts)

- degree and rate of changes

- uniqueness of threatened organisms/goods; rareness of a natural resource

- dependance of various important organisms on affected component/category

- degree of disturbance of ecosystems’ function and structure

- anticipated public interest (local, national, international; government or non-govern-:
ment) _

- local as opposed to national or even international impacts (strategic impacts)

- salience of environemental problems in their social, economic and cultural context.

The severity of impacts'can be assessed by

- social costs
- direct costs (in economic terms: loss in value, costs for mitigating measures)
- human health hazards (costs for health control programmes)

- indirect socio-economic costs {eg ecosystems degradation with a long-term per-
spective: future development potential). '

Although there are studies emphasizing the environmental costs of human development {or
economic activites), there is still some debate about appropriate methodologies and tech-
niques to be used in environmental economics. It is recognized that any deterioration of
natural resources will eventually result in the scarcity of these resources and, hence, the
deterioration of the environment is also an economic problem. A major problem in such
analyses remains the non-tangible nature of some resources (aethetics, biological diversi-
ty, socio-cultural values} and the time dependency, eg which time frame will be used for

~evaluation of effects on non-renewable resources? For further details the reader is refer-
-+ red to OECD 1991b, IED, Barbier/Markandya 1989, Barbier 1989, Barbier 1990, Michel/
Pearce 1990, Pearce/Barbier/Makandya 1988, German readers are referred to Hampicke
1991, Hampicke et al. 1991,

Sources: BisWéslGeping ed. 1987; Roque in: ADB 1986; OECD 1985; Horberry in: DSE 1984
Further readings: DSE 1984; Gassneer/Siederer 1987
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Abb.4-4: Entwicklung des Welt Wasserverbrauchs
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2.1.1 Introduction

irigated agriculture is typically the largest single consumptive water user in both indu-
strialized countries and developing countries (Fig. 2-1). Global figures estimate that irriga-
tion uses is some 2,200 km3® out of total 3,500 km® of total water abstraction {WRI
1990). OECD figures for the late 1980s show that irrigation withdrawals (out of total hu-
manh use) ammunt to 41% in the USA, 57% in ltaly, 66% in Spain and Japan, and 79% in
Turkey. In Pakistan, almost 98% of the annual withdrawal is for agricultural use. This high
quota may be representative for most arid countries with developed imigated agriculture,
eg countries in the Near East. In subhimud to humid South and East Asia the percentage
of agricultural use is also high, ie ranging between 50 % to over 95% of total consumpti-
on. The actual annual withdrawal in terms of annual renewable freshwater resources is
rather low, accounting for just some 1-18 % {ADB 1991).

Wasserverbrauch
nach Regionen { % )

Quslla : Workd Resgurees Instttute, World Bosourcss 1990 - 199}, New York, Oxdord
o A more intense competition for good quality water will in future result from increased

non-agricultural demands (Fig. 2-2, Tables 2-1 and 2-2) and from increased groundwater
extraction by tapping deeper aquifers. It is estimated that imigation demand will increase
by 10% over the next decad (WRI 1990). '

References: WA 1990; German reader: GITEC 1991 (summary on water issues)

Fig. 2- 2

Abb. 4—5: Wasserentnahme und Schmutzrwasser/fRickfluB nach Sektoren, 1980er Jahre und 2000
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21.2 Surface Water Withdr.awal'is

Agriculture uses water from rivers or lakes or human-made canals and reservoits. It is
estimated that agriculture uses some 2,200 km> on 227 Million ha anually (Table 2-3). A
part of the extracted water retums groundwater or through surface runoff to rivers (see
section 2.2) but a larger proportion is lost to the atmosphere through evaporation from the
soil surface, water bodies (inundated fields) and evapotranspiration from crops, other
plants or aquatic weeds. Retum flow is estimated to some 1/4 of total supply, assuming
that evaporative uses amount to some 7,200 mm per season {Fig. 2-1; WRI 1990).

Typically, the total farm irrigation supply amounts to some 1 1/s per ha (= 10,000 m>/ha
per crop; double cropping about 15-20,000 m>/ha) under average management and arid
agro-climatic conditions. This amount may be substantially reduced by good water mana-
gement (high system efficiency, low transmission, conveyance and application losses; on-
demand supply) to some 5-7,000 m®/ha per crop. Overall figures for various continents
are shown in Table 2-3a {figures added in the 2nd column}.

Wassarvarbrauch und Schmutrwasser Wassorverbrauch und Schmutzwassor 'azsoreninahmae Riickiu
In der &ftentl. Wasserver.: Jahr 2000 X In der Industrie : Jalw 2000 ﬁ¥ dla MMM;'? Jahy ZN?O

Surface water withdrawal may also have some beneficial effects when a larger proporti-
on of seasonal fiood water is used in inigated floodplains {eg paddy}, retarded and retur-
ned to the downstream river section and probably subsequently repeatedly used in irriga-
tion. Under conditions of a good quality of drainage retumn flow, such a system, which co-
vers for example in Japan some 54% of agricultural lands located in watersheds, counter-
acts floods in lowlands and prevents soil losses, ie reduces sediment loads in rivers
{OECD 1991).

Afitka B-Amm UdSsA
Aslen N-Amesike Australlen Aslen  N-Amarka Australien Aslen H:;-Amﬂlu Australlan

Eurcpa Afrika  |S—Amerikal UdSSR

Euwropa Europa

Schitzung Kir 2000 Bchétzung fir 2000 Schidzung fils 2000
B schinut Wasserverb h B 8chmutzwasser Sweasservorbrauch B Rackmas Wuurmlnu.hmo

Quglle: wotld Resources institute, Woild Resources 1830-1, New York, Oxford, 1990

Source: GITEC 1992 : !
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2.1.3 Groundwater Withdrawals

Groundwater plays an increasing role in water supply for irrigation. Over the past two
decades many surface water sources are already fully developed and groundwater aqui-
fers are increasingly used for supply, although groundwater itrigation has a long tradition,
eg in the Indus valley since some 2,500 years ago (APO 1991). For example, the ground-
water utilisation in Asian countries is shown in Table 2-3b. Hroundwater use has a long
tradition in Asia, and Detailed figures for selected countries are illustrated in Table 2-3c.

Case Studies

In India, the area irrigated by groundwater increased from 12 M ha in 1969 to 28 M ha in 1986.
Thus, almost 50% of the total irrigated area of 62 M ha in 1986 was irrigated by groundwater (IN-
CID 1991) (Fig. 2-3a). Detailed figures for uses by different sources are shown in Table 2-3 d.

In North China some 168 M mu (1 mu = 1715 ha) are irrigated by shallow wells and 12.5 M mu by
tubewells {some 401 M mu are irrigated by surface water). In North China the annually pumped
groundwater amounts te 45-50,000 MCM and about 35-40 000 MCM are used for irrigation,
which was 90% of shallow groundwater. It is estimated that the groundwater is exploited by 55 to
70% in most northern provinces (CNCID 1991). Some 2.2 M tubewells were installed (APO 1991).

In Iran, the present distribution of irrigation water is as followsgroundwater 30 MCM, surface wa-
ter by traditional methods 18 MCM and surface water supplied by modern dams and irrigation
structures is 13 MCM (IIMI 1987)

In many arid and semi-arid regions, groundwater is the only reliable source of irrigation
water supply. However, in these dry regions, one major concem is the withdrawal in ex-
cess of the long-term rate of recharge, called mining or overdraft. Grouhdwater mining for
irrigation is common in arid and semi-arid areas in the USA, the] Near East, North Africa,
India, Pakistan, and Australia, but it may also be practiced locally in other countties. In-
creasing shortages are reported in many locations in the southwestern USA (Canter
1986). Since the efficiency of water use is rather low in irrigation there is a growing per-
ception in many countries that fossil groundwater reserves or overdrafting should be re-
stricted to more important industrial activities or be reserved for irrigation of high value
crops.

Mining of fossil groundwater is common in most arid areas in the Near East and North
Africa. The large scale abstraction commenced in the 70s with development of new pump
technologies and the availability of huge financial resources in some oil-exporting coun-
tries such as Libya, Algeria and Saudi Arabia. In most locations the groundwater is either
used for the development for settlement schemes of traditional farmers or for production
schemes which typically produce staple foods to substitute for grain imports. Ocassional-
ly other crops, fruit trees and ornamenals may be grown. Some large scale groundwater
transfer projects convey fossil groundwater to the main population and agricultural cen-
tres, eg in Libya. In general, large scale development schemes using non-renewable gro-
undwater resources are under debate, but conservation objections are usually from outsi-
de {eg. Allan 1991). Responsible agricultural and economic planners of these countries re-
gard groundwater as a resource similar to oil.

Groundwater abstraction is also practiced in subhumid climates under seasonal irrigation.
Here, groundwater is considered as a renewable natural resource, eg in Bangladesh:

Case Study

Bangladesh: it is estimated that in Bangladesh the net groundwater abstractions for irrigation
amount to 5,227 MCM/a, whereas domestic and industrial uses are of about 908 MCM/a (Khan
1988). The annual groundwater recharge is about 24,400 MCM with a total usable groundwater
quantity of about 47,700 MCM {1987).

In 1979, some 24% of the total net irrigated area was supplied with groundwater, ie some 0.35 M
ha out of 1.1 M ha {(Khan 1988).

In 1985, the irrigated area supplied by groundwater increased to 1.2 M ha, ie 50% of the total irri-
gated land of 2.5 M ha. There are about 20,000 deep tubewells, 156,000 shallow tubewells and
285,000 manually operated shallow tubewells in operation.

WATER RESOURCES 12
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By 1990 some 3.1 M ha were under irrigation, ie about 70% of the irrigable Jand. Most newlands
are developed by groundwater exploition.

In 1987, some 21% of the available groundwater was used for irrigation on a nationa! scale. Howe-
ver, in some areas the groundwater abstraction resulted in serious decline of water tables. Gro-
undwater levels typically decline during the dry season due to irrigation demands (intra-annual de-
cline), as a temporary overdaft. In many areas, however, replenishment during the wet season
does not restore the previous watertable level and a continuous inter-annual decline occurs
(Fig.2-4a,b). in some northern parts of the country many shallow tubewells, including drinking wa-
ter wells, have failed because the pumping head has increased beyond the maximum suction lift [i-
mit of centnfugai pumps. Furthermore, some 40,000 ponds have almost dried up (1987) resulting
in acute shortages of sudace water for irrigation and aquaculture. In addition many traditional fru-
it tree areas and non-irrigated croplands suffered from the groundwater decline.

Groundwater overdraft is a typical feature of commercialized farming areas or of large
scale government operated development schemes because it often requires increasing fi-
nancial investments and operational costs with increased abstraction volumes and pum-
ping depths. However, in areas with easy and cheap access to groundwater, overdrafting
may also occur in minor irrigation projects, for example in India and Pakistan (Shah 1990;
Toulimin/Tiffen 1987), especially under supportive government policies which make subsi-
dies and credit available for private groundwater development. With new technologies
available for groundwater development to more farmers, incentives for private farmers are
favourable to promote crop intensification. Consequently, more irrigation areas are deve-
loped, up to three crops a year are possible and new crops with higher water demands
replace traditional crops {or varieties). Typically, little attention .is given to groundwater
overdraft until the often limited aqutfers are fully exploited or negative impacts are reco-
gnized:

- decline in water levels wuth negatlve impacts on ecosystems and/or increasing de-
velopment and operat!onat costs for future domestic, agricultural or industrial uses

- reduction in river flows caused by reduced throughflow, ie discharge from hydrauli-
cally connected shallow unconfined groundwater aquifers, with detrimental impacts
on navigation, fishery and other downstream users. In larger watersheds the increa-
sing abstraction of water from upstream locations may make the river baseflow mo-
re dependant on the aquifer strorage in the floodplains {eg in India-Bangladesh);
hence, excessive groundwater abstractions near the river are usually directly at the
expense of river flow

- interference in traditional downstream water rights (to some limited extent also up-
stream affects) _groundwater decline may alo have adverse socio-economic as-
pects because well deepening is typically practices by the 'weli-off farmers’

- land subsidence problems caused by water level decline: damages to buildings,
hydraulic infrastructure, eg flood protection works, irrigation and drainage canals.
Severe damages are known for example from Japan, Mexico, Taipeh and USA, eg
the Southemn Great Valley of California. where maximum land settlement has ex-
ceeded 4.5 m. Bangkok City area has also experienced a subsidence of about 1 m.
Todd reported an average subsidence ratio of 1/13 indicating that 1 m land subsi-
ded for every 13 m lowering in water table (Khan 1988)

- water quality problems caused by extraction of fresh water lenses, eg depending
on geological stratification

- in coastal areas and deltas intrusions of saline seawater may be experienced, eg
in Egypt, India, Pakistan and Bangladesh (Shah 1990; Birch/vanWonderen 1990,
Khan 1988; ODU). In Bangladesh, saline seawater intrusions are reported from vario-
us coastal districts and several production wells had to be abandoned (Khan 1988).

Sources: INCID 1991; CNC!D 1991; Shah 1990;.Toulimianiflen 1987; Khan 1988
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[RRIGATION AND THE ENVIRONMENT

Returmn Flow

2 [Irngation Surplus and Drain

2.2.1 Introduction

This section focuses on the type, quantity and quality of irrigation surplus and drainage
return flows as affected by imigation. Details on agricultural and water management mea-
sures for control or reuse of these flows are given in Part Il section 2. Further cross-refe-
rences should be made to relevant sections dealing with water quality (2.3), soil salinity
(3.1}, soil erosion (3.3), and wastewater applications (3.6).

The practice of irrigation is to provide watér to supplement effective rainfall in order to
meet the evapotranspiration needs of crops. The actual relation between rainfall and irri-
gation depends on the climate and the soil water balance. Irrigation is practiced in de-
sert, arid, semiarid and subhumid climates (Table 2-4 ab). Thus, drainage return flows may
occw in various agro-climates and may become mixed to varying degrees with runoffs
from rainfall. The basin hydrological cycle is defined by rainfall plus change in storage
which equals outflow plus evapotranspiration {Fig. 2-5).

Surface and subsurface retumn flows, either wanted or unwanted, are considered as signi-
ficant impacts of irrigation activities and as significant components of water resources. In
the past, irrigated agriculture discharged its return flows to the hydrologic system with
little or no restrictions and constraints. Increasing interest is now being placed on these
return flows because of

- decreasing return flow quality which includes salinity, sediment load, nutrients (main-
ly N and P), pesticide residues, and organic or inorganic toxic or harmful trace ele-
ments,

- increasing perception that irrigation may not efficiently use water resources,

- extension of irrigated areas in the past decades which resulted in a sharp rise in
the total water volume used by irrigation.

All this will force irigatators to use water more conservatively in future. This trend is mo-
re acute in industrialized countries {(eg in the USA, Australia) with higher competition for
water by various sectors of the society, but with rapidly increasing growth of irrigation
this will also be evident in developing countries in the near future (eg Egypt).

Diversion and Retum Flow

Whenever water is diverted from a river or extracted from groundwater aquifers for iri-
gation use, the quality of the return flow declines. The degraded retum flow then mixes
with the natural flows in the river system, except in arid areas, where the drainage water
may be conveyed straight to an evaporation lake. This mixtue is then available to other
downstream users (agricultural, industrial, domestic, ecological systems) to satisfy their
water needs. This process of diversion and retum flow may be repeated several times
along the course of a river.

The degree of degradation depends on:

i) quantity of total river flow {dilution or concentration effects),

i) quantity of extraction {in % of total flow),

iii) quantitiy of retum flow (in % of total flow),

iv) quantity of pollutants in river flow upstream,

v) quanfity of pollutants in return flow (eg total salts, sediments, specific ions).

If water is diverted several times from the major rivers, the water typically shows a conti-
nual degradation of quality in the downstream direction. If water resources in the lower
reaches are utilized without effective controls, the quality in the lower reaches of the ri-
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ver are likely to become degradated to such a point that the remaining flows are unsuited
for many users, and previous uses may no longer be possible.

The irrigated agricultural system can be conceptualized in a similar manner (Fig. 2-6), de-
picting a reach of a river from which water is diverted for irrigation, and evapotranspirati-
on (ET) losses and a number of return flow paths to the river are identified. Another irri-
gation system model visualized water and salt flows based on on-farm components (Fig.
2-6). In following these models, the irrigation system consists of the following hydrological
subsystems: '

- water delivery system (reservoirs, diversions, wells),

- water conveyance (irrigation main canals),

- imigation distribution system (secondary and/or field canals),
- soil-water system (storage),

- drainage system (surface and subsurface},

- groundwater system (aquifer characteristics).

The components typically assessed in irigation projects are:

rainfall; water supply (from intake); operational spili: distrubution losses, operational
wastage; surface and subsurface retum flows {marked in the flow diagram).

Generally, there are methodological problems in measuring components such as surface
runoff from fields unless the tailwaters or other losses are collected immediately behind
the fields (eg Tanji/Hansson 1990). Sometimes, tailwaters are reused for irrigation within
the same command area. Another bias in analysis may derive from the differentiation bet-
ween storm and itrigation return flows; a separation is often impossible for areas where
significant rainfall occurs during the irrigation season. Time Jags and long distances bet-
ween measurement stations can also complicate assessments.

223 Type and Quantity of Return Flow

The quantity and type of irrigation return flow from fields mainly depends on the irrigation
application method and its operational management. lirigation retum flow into river sy-
stems may be via the following routes:

(i) disposal of drainage water from subsurface drainage systems via collector drains,
(i) disposal of drainage water from open field drains and collector drains,

(iii) surface run-off from imrigated fields either (1) directly into the river or {2) via natural
channels or drainage canals,

{iv) deep percolation, finally intercepted and collected by the river or its tributaries.

Retum flows can be beneficial or defrimental to the different water users:

- poor quality water may have negative impacts to downstream users, either human-
made or natural ecosystems; it contains suspended sediments, soluble salts or ag-
ro-chemicals, :

- good quality return flow - either planned or incidentally - has typically beneficial
off-site or downstream effects because a part of water extracted for irrigation is
returned back to the surface {or groundwater) hydrological subsystem with insignifi-
cant quality changes. The term good quality is defined in relation to needs of vario-
us users {see Part Hl section 2.1},

- stagnant water caused by surface runoff from fields is detrimental due to increased
health risks, and the development of waterlogged and saline soils in downslope
-areas; similar effects are often caused by stagnant rainwater pools.
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pecis of beneficial drainage water reuse are treated in depth in Part il section 2. Wa-
A reuses may occur at two spatial dimensions or levels:

on-site, ie within the farm area itself,

off-site, differentiated by various downstream users, or by hydrological subsystem
“levels: regional, river basin, or interbasin levels.

ypically, beneficiaries use slightly or mildly affected return waters for pasture land, for
asture lands, livestock water supply, wetlands/ wildlife habitats, for domestic and indu-
trial applications, fisheries, navigation, recreation, etc. This is actually the case in most
large river basins in Asia, Near East, and the USA.

rther beneficial effects may be attributed to

“repulsion of saline water in tidal habitats and coastal groundwater bodies,
roundwater recharge,
maintenance of flow in rivers during low flow season.

gation retum flows consists of two components:

i) surface irrigation return flows, either from conveyance, distribution canals or tailwaters
from surface applications; irrigation water that does not infiltrate but runs off the lowest
ortion of the fields and which is drained off by open ditches or which flows directly into
‘watercourse or reservoir, or remains as stagnant pools in depressions. In some irrigation
ystems tailwater losses are planned, eg in cascade rice terraces or specially designed
asin irrigation systems,

i) subsurface irigation retum flow: water that has drained through the rootzone and

gradient. A certain quantity of subsurface flow is intentional in many irrigation systems
here salts are present in the imigation water. These must be removed from the rootzone
o maintain productivity for crop growth (see section 3.1, Part Il sections 2.4 and 3.3).

Surface retum flow occurs when the application rate exceeds the infiltration rate of the
soil on an inclined area (see also sections 3.3 and Part Il section 2.4). Factors which de-
ermine runoff under sprinkler irrigation include application rate, uniformity of application,
total amount applied, tillage system, crop type, soil infiltration rate (compaction and ag-
gregation), and field topography. Under surface irrigation systems the length of run, slope
of field, and infiltration rates are more important. Subsurface retum flow is caused by
overirrigation and by non-uniform applications when water is leached through the root zo-
“ne into the groundwater at some depth.

Excessive seepage losses from canals and laterals (ditches) can be attributed to poor
operations and/or the use of unsuitable construction materials or earth canals. In some
large schemes these losses may account for 30-50% of the total water supplied (Bos/
Nugteren 1974), whereas minimum losses in the range of 10 to 15% are attainable. Despite
‘the fact that these losses are uneconomic, they do not usually present a poliution hazard
to surface or groundwater unless a large proportion evaporates and thus increase the sait
concentration of the retumn flow. These losses, however, often contribute to rising water
‘tables in the command area and waterlogging and salinity build up within the rootzone
“{see section 3.1).

The attainable application efficiency at the field level, which is a direct measure of water
losses, would theotetically be almost identical for properly designed and managed irriga-
“tion systems, but in practice there are immense variations due to soil properties, conditi-
- ons of imigation, drainage and water management (see following list).
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_ e i
Drip/ Trickle 80-90 75-90 80-90
Sprinklers o
periodic move  70-80 . 65-80 60-70%
continuous m.  70-90 75-85 '
solid set _ 90-95 85-90
Surface o :

furrow 80-90" ‘ 60-904 50-60x
border 70-85"  65-80%
basin 90-95" 75-90% 55-60x

sail variability may increase the uniformity by 5 to 10 %
8 higher values for tailwater recovery systems or cutback flow

these efficiencies represent USA-experience; the application efficiency is defined by the ratio of
the average amount of water stored in the root zone to the amount of water applied

* values of field application efficiency determined by Bos/Nugteren 1974 in developing countries

In surface irrigation systems a high deep percolation rate is offen unaveidable; because the mini-
mum application is typically 70-1000 mm which exceeds the water holding capacity of mahy sandy
soils,

Source: Tanji/ Hanson 1990 in: Stewart et al 1990; further figures are given in Kharchenko/Mad-
dock 1962:33 )

In general, both types of retum flow are prominent characteristics of surface (gravity)
flow systems as compared to pressureized systems (sprinkler, spray, drip) with typically
higher uniformity and lower application rates. Tanji/Hansen {1990) provide the following fi-
gures for surface return flow: '

* furrow irrigated rice fields in California: 19% of total surface inflow,
* furrow irrigated tomato in California: 29% runoff.

Further quantification of retum flows are given in the next section in the context of water
quality changes.

Sources: Tanji/ Hanson in: Stewart ed. 1990

2.3.1 Introduction

This section addresses the type and severity of poliutioh problems induced by irrigation,
whereas Part | sections 2.2, 2.3, 3.4 and 5.2 provide an overview of present techniques
and methods to minimize potential water pollution impacts.

lrrigation may lead to water quality degradation, eg through an increase in salinity levels.
All water contains dissolved salts and the consumptive use of irrigation water by crops
always results in an increased concentration of total dissolved solids (TDS) in the subsoil
drainage water. Fertilisers and pesticides likewise are not totally removed by crops,
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Fig. 2-8 a

Fig. 2-8 b
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transformed to harmless constituents, or degradaded before reaching the rivers and gro-
undwaters and eventually the consumers of these waters. Agro-chemical but also organic
fertiliser residues are an unavoidable consequence of agricultural production. At the same
time, the public demands increased quantities of water and high quality foodstuff, safe
drinking water, and maintenance of wealthy natural ecosystems.

Polluted irrigation retum flows will usually have detrimental impacts on the downstream
water resources. The significant intensification of agriculture in both developing and indu-
strialized countries in some cases caused an increase in erosion, pollution of water, and
the contamination of soils. Some generalization is possible about the extent and signifi-
cance of these processes which ultimately lead to the degradation of soil and water re-
sources (eg OECD 1991, Environmental Data). GITEC (1992) prepared a world-wide list
of water quality assessment (Table 2-5a). However, the actual extent of pollution in a
specific situation may well differ from these generalised values and conditions are rapidly
changing. Unfortunately, reliable and detailed investigations are very limited for developing
countries in general and for irrigation projects in particular. Only recently, in some intensi-
vely utilised areas such as the Nile Deita have programmes of water quality monitoring
been enforced (eg El Quosy in: ICID 1990). International hydrological monitoring program-
mes are now focusing on establishing reliable data bases, for example the International
Hydrological Programm (IHP), Operational Hydrology Progamme (OHP), Global Environ-
mental Monitoring System (GEMS/WATER), World Climate Programme (CP/WATER).

Pollution occurs from the following sources:
= runoff into streamflow and groundwater recharge from non-iigated farmland (rain-
fed crops, pastures): 47% of land in USA from which streamflow is generated

- runoff into streamflow and groundwater recharge from imigated fields: 2% of land in
USA: 4.4% of streamflow (may be higher) '

- streamflow recycling from industry wastewaters: 12% of river streamflow
- streamflow recycling of domestic wastewaters: 3% of streamflow. '

These figures are estimates and in individual watersheds the values for comparent catch-
ments may deviate considerably from these nationwide figures for the USA:

- in upper watersheds, the human extraction of water for irrigation is typically lower
than in lowland watersheds where more favourable conditions for irrigation on the
floodplains exist

- the relative importance of irrigation as a water user is much higher in developing
countries than in most industrialized countries because industrial and electrical coo-
ling, which amounts to some 85% of total industrial uses, is not widely used.

Sources: WRI 1990; ADB 1991; OECD 1991; Chanlett 1973

Irrigation (or agricultural) induced pollution is regarded as a nonpoint souwrce of poliution.
Agricultural water pollution sources are

(i) fertiisers and dissolved salts which are derived from fertilisers

(i} soluble salts in the irrigation water itself or soluble soil constituents (see Fig. 2-8a)

(i) pesticide residues

{iv) degradadable organic wastes; mainly from livestock production {eg feedlot runoff).

Typical paihwayé which result in deterioration of water quality are shown in Fig. 2-8b.
Typical concentrations of agricultural pollution sources in comparison with other pollution
sources are shown in Table 2-5b-d.’

Hydrological system models are used to assess and to simulate impacts from agricultural
sources and to evaluate their significance as compared with natural sources, peint sour-
ces and non-point sources. These models are based on monitoring data and may also be
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Fig. 2-9 B e

=GHEGKR - Check input Sequence well suited for development of 'best management practices’. Some of these models -are
MAIN be—e NUTRIQ Rsod Nutrient input

INPUT ——————+{ Eyecutive Progrom OUTMON, OUTYR Output Summries described and reviewed in Biswas et al (1991), Canter (1986) and Skogerboe/Walker/
OUTRUT = - ' . Evans (in: Joergensen ed. 1983). Many models are applicable to both irrigated and non-ir-
l rigated agriculture. For example,

LANDS . . -
Hydrology ond Snow % Agricultural runcff management model {ARM) simulates nutrient, salt or pesticide movements in the

1 ) ' walershed by water or sediment; it consists of five submodeis (Fig. 2-9)

% Cornell nutrient simulation model (CNS} is deter_niini_stic and based on daily water balances, daily '
%5'?"1“‘ Produstion ' erosion calculations and monthiy N and P inventories: Fig. 2-10

1 - %  Cornell pesticide model (CPM) consists of five sub-medels {Fig. 2-1)
Y ADSRB

Sources: Skogerboe/Walker in: Joergensen 1983; Canter 1986; Biswas/Khoshoo/Khosla 1991
PEST — 2 Pasticide Adsorption]
ond Removal

No

2.3.2 Salts in Irrigation Return Flow

NUTRNT Yos DEGRAD
iont Transformation e —NUTR @1 pesiicide Dagrodation
and Removal 1
No

It is estimated that agriculture including irrigation is responsible for virtually all nbn-point
poliution in surface waters in the USA {USA, Canter 1986).

Whilst the salinity removal from the command area may be a beneficial on-site effect
(except in sodic soils), it has detrimental off-site impacts. Agricultural, domestic or indu-
strial downstream users have the burden of increased salinity derived from irrigation. The
Sir s gus b 642 ' impacts of water salinity on crop yields are discussed in sections 2.6 and Part |l section
3.3. Important processes which lead to saline irrigation retum flows are

Fig. 14.18. ARM model structure and operation.

{i} over-irrigation and nonuniform field application which leads to excessive leaching,
from at least part of the field o
Direct Runotf : (i} major reclamation activity of naturally saline soils, for example desert soils, and so-
ils deteriorated by irrigation, : : ‘

Pracipitation Evaporation and F -
i Evapotransplration 9. 2-10

{ sall water } 0 cm (iii) residual salt enrichment in soil solutions resulting from evaporation {(through the soil

Sholiom Phrcotation ' surface and plants) of irrigation water. Under good irrigation management some 60%
of the imrigation water is used by crops for growth. Salts are removed to a lesser
‘extent thus leaving higher concentrations in the remaining solution (see section 3.1)

{ soil waker ) :

Dasp Pdrcotarfbe ' (i) natural saline deposits which are dissolved as drainage or groundwater water per-
{0) Weter Budget . : colates through them.
Analysis of impacts
Fartili Precipitati . . . i " .
inorganie. N ln::::Ini‘:: W Grop N ~ An assessment of the hydrological impacts induced by irrigation must be based on inflow-
ponure Jpanure, ”9‘;“' Inorgonic N . _outflow analyses. F?r example, regiqna!_ walter_shed mode!ilng_as presente.d by Skog_]er-
i ;7 . boe/Walker/Evans (in: Joergensen ed. 1983) ‘can be used. Basic data are river and tribu-
Yy ¥ ¥ i - tary inflows, subsurface inflows, irrigation inputs, surface and subsurface outflows, reser-
{organic N{inorganicN } N . . . . ’
— ¥ ; FEMPMELT Computes : : . voir operations, and the associated water quality parameters (eg salinity, N-contents) of
Inorqm;i:rcrila‘:ms):nilow s Solt Temperature omi : ) . each of the above. )
[ inorganic N ) ' Snowpach : . . '
£ 1 These modelling methods ‘also allow 'best management practices’ and their effects on the
tnorganic N in : : hydrological cycle to be identified. The planning framework for developing the best mana-
Deep Percotolion . HYDRQ Computes . - . - : I N T . . . .
(b N Surfacs Runoff ond gement practices for one specific imigation area is shown in Fig. 2-12 (opposite next pa-
en N . N . . -
rog Zone Molstury _ ge). Unfortunately, in many irrigation projects most of these data are not available as di-
I : " rect measurements. Estimates are the most common practice in evaluating the impacts of
Fortiizer ' ' SED  Computes : : - irrigation projects on the hydrological cycle.
Manure : Dissolved P Sediment Loss .
Aveligbia P Rt - : o Case Studies
i H 5TA : : . . . . . .
1 L - S':'m'lif'.i'::rlform: lraqg, Tigris: Irrigated agriculture has long been a major user of water in the Tigris ri-
(ovoilabte P) _ § 4 oo PEST Computes Analysis _ ver system which has an average annuai flow of 38 MCM. Agricultural activites, in
y Pesticids Loss and : turn, are a significant source of increased salinity along the river course. Salts and
Dissolved P in Downward Displacement : . . . . . .
Shaltow Percolation other chemical constituents are derived from dissolved mineral salts from soil mate-

rials. or dissqlved evaporation residuals which are transported in irrigation retum
flow, and -in modem times from pesticides and fertilisers. In addition, some 19

(¢} Phosphorus

Fig. 14.20. Cornell Nutrient Simulation Model. Fig. 14.21. Flow chart for Corpell Pesticide Hode. 2l

Sources: all in Joergensen ed, 1983
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Inflow-Outfiow . T
Amolysts L R e —————— e e ———_—_—_————_———— e e e

Is the
Soliniy Problem

Srgmticont? MCM of industrial,;'and municipal wastewaters are annually discharged into the river

system without treatment (excluding Baghdad since 1990). By 1995 it is predicted

EEE : that the total water requirement‘will amount to 63 MCM, and the total water dispo-

83 sal will be 22 MCM. About 50% will be derived from arngated lands. .

2% The electrical. conductmty (EC) of drainage water from these irrigated fields ranges

& [ : 1 from 9 to 19 dS/m. During reclamation, the EC of the leaching water may reach 30
[ Noturol Sources | [ wngored agriculiore | ,,,2:,2:,’,;;’,“,,",’;“;3:‘,‘,1 : dS/m. Return flows from flooded fields (mainly rice) have EC values ranging from

] l 1.1 t0 2.5 dS/m. (Dimensions dS/m:= mS/cm = mmhos/cm)

Sty GrFar Wiy Ve Wearer Hemoval River water analyses show an increase of total salts and individual ions: Fig. 2-13
Subsystem Subsystain Subsyslem b
L*l’ a, .

[rrenvat Soom [heorepmate Salutons] - Source: Abdel-Dayem et al. in: ICID (STS- c14) 1991 Beijing
Egypt, Nile Delta: Here, irrigated agriculture is the main user of Nile waters with
§ [Cnonmairy Srmlation "“ind Ewsniations : _about 90% of the irrigation water is supplied from the river. In 1988, total irrigation
E | ~ deliveries to the Delta amounted to some 34,000 MCM/a, of which some 2,600
g*gg nsiutiondl ") Acceptale Solutions | * MCM/a were derived from drainage backflow. In some new Eastern Delta projects
Eyd | - drainage water may amount for 50% of the total water applied. Reuse of drainage
§§§ [ont-Ettectivensss Anaysis| | Lovel of Bast " water should increase to 7,000 MCM/a by the year 2000. The present average sa-
DE-E i °':{:'c:}'£§':°.":'?° linity of re-used water was 1.4 dS/m in 1988; drainage water with less than 1 dS/m

{aest Monogement Prnchceﬂ

is used directly for irrigation, others being blended with Nile water. The average Ni-
le water salinity is 0.35 dS/m (Delta inflow) (see also section 11}

[ tegol ioues mptementote” Source: Al-Layala/Fathalla'in: ICID 1984. Brazi; see also: El Quosy in: ICID 1990

Asnistonce

—

Others: Data fof Murray-Darling River Basin (Australia) and Colorado River (USA)
are shown in Fig. 2-14 a and b, respectively (see opposite next page).
o Further readings: Westcot in; Hoorn 1988; French ed. 1984

Implementat.on of

est Monagement Prachices
in the Subcrec

Momstering, Evaluation, |
My

-

2.3.3 Nitrogen

1. 1a.5. Planing framework for developing best management practices for only 2T Mean magnestum content; Nitrogen lc_)sses from agnf:,ultural land may occur directly from surfa.ce runoff into surfat-:e
one irrigated area. : water bodies or as leaching losses to groundwater. Losses are typically associated with
high or inefficient N-applications and inadequate measurs to prevent soil erosion, N-fertili-
sers may even be removed before they can be taken up by plants.

Source: Joergensen ed. 1983

While most industrialized countries are experiencing rising trends in nitrigen levels in
ground- and surface waters, with concentrations sometimes exceeding the critical vaiue
Fig. 2-13 a, b Meon lofal diskolved content : (drinking water standard) of 45 mg nitrate/|, there are still very few reports of serious N-
Hean cnlolum confent- _ poliution in developing countries, though this may reflect a lack of investigation. With re-

) ' gard to imigation, high nitrogen concentrations in waters represent a (usually wanted) sup-

plementary supply of nutrients, eg in domestic wastewaters.

.

m— = == mumn Presant
Expected

It is estimated 'that-a.griculture including irrigation, contributes about 40-45% of the total
nitrogen and phosphorus non-point pollution of ground- and surface waters in the USA
(Canter 1986)

Sources of non-point N pollution in developing countries may be open defaecation, latri-
nes or untreated sewage from small settlements, In some areas, livestock wastes may
contribute to non-point pollution (Loehr 1976). Usually, high concentrations of nitrates are
combined with faecal coliform bacteria which clearly indicates human and animal wastes
as the pollution source. Factories may become important point pollution sources in many

. e developing countries due to either poor sewage treatment standards or the complete lack
T of treatment {Conway/Pretty 1988).
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Excess nutrients may lead to accelerated eufrophication of surface water bodies. At high
+ r v _ nurtient concentrations, algae populations flourish (blooms) and subsequent concentrations
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Fig. 2-14 a, b _ _ IRRIGATION AND THE ENVIRONMENT PART 1

hetic and recreational value will be diminished and navigation or fishery may be restri-
cted,

MURRUMBRIDGEE R.

Human health problems are related to high concentration of nitrates in water. They are

especially hazardeous to infants because NOa is converted to toxic NO=z in the digestive

system. NO= reacts with blood hemoglobin to form methemoglobin which reduces oxygen

Godourn . e : transport in the blood. By the age of about 12, enough acid (HCL) is produced by the bo-
' dy to kill the bacteria which convert NOa to NO=. '

Case studies:

Adelaide

-
o
o

§

Average N and P contents of different water sources in industrialized countries are
shown in Table 2-6 and the increase over the past decades is shown in Fig. 2-15.

The form and fate of nitrogen in the subsurface environment is shown in Fig. 2-16.
The nitrogen balance of an average field in Sweden is shown in Fig. 2-17.

RIDGEE R.
MURRUME DARLING R.

BARR Ck, & LODDEN R.

Salinity {EC }JSCI‘H"1 )

T
.}
1]
1

.}

GOLDBURN R.

SALINITY (E.C. uScm™ %}

The results show that the efficiency of N-flux is very low, ie typically only 20% of the ap-
plied nitogen is used by the plant. The yields increased considerably at even low input
levels. Perennial plants use nitrogen most efficiently. Actual N-losses in irrigated fields al-
so depends on the soil moisture status. On-demand irrigation systems, ie sprinkler or drip
systems, may minimize deep percolation. Thus they minimize nutirent leaching losses. In ir-
Average salinity for Auguet - April for the peried 1877-19a3 : rigated agriculture, the level of N-flux efficiency can be increased by good management

N . . : . ints . . . . . .
t various points along the River Murray in Australia Median salinity for June - September 1385 at various po =
aEaaaptea trom O'B:ien,glgad with permisgion from Butterworth alo;gnthe San Joaguin River in the U.S.A. _ practices when compared with non-irrigated crops because of the increased biomass

Publishers, Steneham, MA) {adapted from Gilliom, 1996) production under irrigation..

Mud Slough e
Vernalis —=|

Salt Slough ==
Merced River —e

Bear Crogk —ep

Millerton Laka
Tuoluome River —e
Stanislaus River =

Source: Westcot in van Hoomn 1988 Nitrates which are not removed by plants or iost by volatilization usually reach the gro-
undwater because of their high solubility and anionic form. They migrate with minimum
transformation and over long distances with groundwater movement. A decline in the re-
dox potential of the groundwater can effect this migration. The quantity of nitrogen lost
may be higher in the tropical regions than in temperate climates.

Fig. 2-16 Some important factors which enhance losses are high runoff (caused by high rainfall in-
tensity), surface irrigation, low level of soil conservation tillage practices, and higher ra-
tes of mineralization through repeated wetting and drying at high temperatures. Some
crops with a low canopy cover during development stages {(eg maize, cotton) may enhan-
ce runoff from natural rainfall or sprinkler irrigation at high intensities. Typical losses to
Organic - N ground- or surface waters from tropical dryland fields are up to 40-50% of the applied ni-

iy trogen. Even under controlled conditions and improved application methods losses are ra-
rely below a level of some 30-35% (Conway/Pretty 1988). Total nitrogen losses {including

1) IMPACTS OF AGRICULTURAL ACTIITIES

Fertilizer

NITRDGEN FERTRAZE m MANUFACTURED volatilization) in paddy rice irrigation may reach 60% (DeDatta/Buresh 1989), especially
twop ; FeRTIzERs when a continuous flow is maintained from one field to the next and surface drainage sy-
AN stems collect and convey the excess flow into surface water bodies.
T
= | commeeieio ‘ | Case Study
NITROGEN CORTENT 1N ' ' Thailand. Losses of nitrogen from runoff in paddy fields (40,000 ha; double crop-
THE SLAPY RESERVQIR . . " .
e, ping) were estimated for a lake catchment in terms of total nitrogen load
peniteification wet season (60 kg N/ha applied to all fields)
Adsorption - : fertiliser broadcast total N outflow 56 kg N/ha
' fertiliser incorporated into soil totat N outflow 3.7 kg N/ha
dry season
ccommtent fertiliser broadast total N outflow 68 kg N/ha
fertiliser incorporated into soil total N outflow 3.8 kg N/ha

total annual N load to Laguna de Bay: human 1400 t/y
paddy 400 t/y (average loss of 5 kg N/ha}

{Denitrification i i (aq)
witrification in Reducing Zones) ; Source: Singh et al., cit. in: Conway/ Pretty 1988. Further case studies in section 2.3.4

Fig. 85. Water pollution due to fertilizers. Fajare Iy Farm and Fate of Nitraven in the Suhsurfare Fovie wonont

Source: Holy 1980 Source: Canter 1996
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Greatest losses occur when fertiliser is broadcast and irrigation flow continues over
fields also in the dry season, Hence, water and fertiliser management practices offer the
possibility of reducing losses by almost 50%. Eutrophication and explosive algae blooms
may also occur within flooded paddies with detrimental consequences on the N-availabili-
ty to crops - up to 30% is fixed by algae - and increasing pH due to carbonate releases
from algae with subsequent increased volatilization of nitrogen as ammonia.

For further details refer to references on N-po'llution,-e.g Blume ed. 1990; Canter 1986; De Datta/
Buresh 1989; Summer {USCID) ed. 1986, 1988, 1989; Anderson in: USDA 1388; Conway/ Pretty
1988; Nieder et al. 1385; Obermann in: Nieder et al. 1985; IRRI 1978.

2.3.4 Phosphates

Phosphates are easily fixed in the soil by chemisorption {eg on Fe- and Al-minerals as
relatively insoluble P-compounds) and chemical precipitation (eg Ca-phosphates). The
actual movement through the soil depends on fertiliser application rates, percolation rates,
pH-values and presence of free sorptive agents such as clays, carbonates, and oxides of
iron and aluminum. In sandy and peaty soils, however, phosphorus may move rapidly thro-
ugh the soil profile. In most soils, however, phosphate losses are closely related to soil
erosion when particels are washed off, containing adsorbed phosphates.

Large cow stables, dungyards and silage bunkers are frequently the most important pollu-
ters of rivers in mdustnallzed countries (Brink 1990; Loehr 1976}, They are usually asso-
ciated with intensive cultivation methods and livestock farming. Phosphate pollution pro-
blems may be less critical in developing countries due to lower application rates and less
intensive organic manure applications on fields. However, in areas with high P applicati-
ons and high soil erosion (because P is fixed to washed soil patticles), surface waters
may be poliuted, too. .

Sources: Brink in: Lesalfre ed. 1990; Conway/ Pretty 1988; Canter 1986; Holy 1980; Loehr 1976

Case Studies: (Nitrogen and Phosphates}

USA. Drainage studies showed no evidence of significant P-transport to groundwa-
ter (Evans/Gilliam/Skaggs in: ICID 1990).

Bangladesh: nitrate problems in groundwaters are not yet encountered in rice fields
{Khan 1988}.

India: a survey on 350 rivers did not result in concentrations > 10 mg nitrate/] (Han-
da in: Conway/Pretty 1988). However, groundwaters may contain higher levels: ab-
out 20% of 3000 analysed well waters contained nitrate in excess of 50 mg/l, tho-
ugh deep aquifers showed less than 10 mg/l. In all surveys, pollution was greater in
wells near villages than those in open fields, suggesting that domestic excreta was
leaching to the groundwater.

In Sri_Lanka, drinking water contains up to 0.1 mg nitrate/i; the Mahaweli River
contains 1.1 to 2.4 mg nitrate/| in upstream and downstream sections respectively.
Kandy Lake contains up to 45 mg nitrate/l, and the drainage canal into the Lake
may contain concentrations- as high.as 310 mg nitrate/l. .Contamination may be
caused by latrines or Vlllagers using the canal for open defaecation as well as al-
gae pollutants (Weerasooriya in: Conway/Pretty 1988).

In Central Nigeria, some 50% of village well waters had concentratlons in excess
of 45 mg nitrate/|, the maximum value’ of 400 mg/l contrasting strongly with a ma-
ximum of only 6 mg/I from wells in fields..

in Southeastern Namibia, concentrations exceeding 90 mg nitrate/| were found in
75% of wells polluted by livestock wastes. Similar results exist from other southem
African countries (Conway/Pretty 1988).
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Other {natural) sources of excessive. nitrogen may be the mineralization of organic

material derived from waterside vegetation and aquatic plants and animals. Large

MOVING LIQUID BOUNOARY increases in nutrients may occur in human-made lakes and reservoirs especially du-

{FILM THICKNESS INCREASING DOWN SLOPE} - 1 _aar T ) -

Com=r=o 5 P . b shreace ring the initial stages of filling (Zauke et al. 1992). Blooms of algae and aquatic
Sy e ¥ . weeds {eg water hyacinth) may cause problems unless the vegetation is removed
DISPERSION OF O 150:  ©08, %,Oql ATER/MCNEMENT : (eg Y ) may o] g .

SOM PARTICLES v.5 7y I

MOVING DISSOLUTION / o "S5 syarionary pEsoreTION
DESORPTION INTO OR TOWARDS MOVING

FpePESTIIOE PARTICULATE oy a0 ouNDaRy U ceusion 235  Pesticides in Runoff and Drainage Effluent

Ps = PESTICIDE IN INTERCHANGE (MASS TRANSFER
SCLUTION IN MOTION OF PESTICIDE}

The agricultural application of pesticides is a main source of water pollution with potenti-
32:;,;:2“3;2”%0 %:E:;:Em:m::z':w ally toxic chemicals in rural areas (see also section 3.4). In North America, it is estimated
#7/ 901 SOLUTION CONTAINING PESTICIDE that some 40% of the agricultrual land is treated with pesticides (Freedmann 1989). De-

spite the previously widespread opinion that pesticides usually do not leach in substantial

\ amounts through soils to surface and groundwater (eg Halberg 1987) there are numerous
examples of serious contamination of rivers in industrialized countries (eg Leonard 1990;
Brink 1990; Cohen et al. 1987). Typically, this may be attributed to incomect handling of
application equipment, over-dosages and spray dift, but other transport processes exist,
namely transport during renoff {Fig. 2-18). Transpo'rt from soils with a high percentage of
large pores (sandy soils, structured clayey soails) is mainly respons&ble for leaching losses
into the groundwater.

Many pesticides render an undesirable and unpleasant _odour- and taste to the water and
FROM PLANTy 4% % : 4 ' : they are a health hazard for humans and domestic and wild animals not only by direct

SURFACES ' contact but also through the food chain. Some pesticides are extremely toxic to fish and
other aquatic fauna. The main concern with the application of pesticides lies in the fact
that they are often very mobile and relatively persistent in the environment. This is illustra-
ted in Fig. 2-19 which shows the possible pesticide cycle and numerous transport mecha-

nisms and pathways that can lead to soil contamination (see sections 3.4 and Part |l sec-
( SCOUR & DEPOSITION tion 3.2), water and air pollution (see section 5).
"EFFECTIVE"
THICKNESS OF SOIL SURFACE Sources: Leonard 1990 in: Lesaffre ed. 1990; Brink 1990 in: Lesaffre ed. 1990; Cohen et al, 1987
CONTAINING "AVAILABLE" PESTICIDE : :
Fig. 9-1. Processes of entrainment and tra.nsll:»lon ofigq;éigides in surface runoff, (Modified from  Case Study DDT
Bailey et al., 1974 and Leonard & Wauchope, . : N p ) . . . . . .
Source: Leonard in Cheng ed. 1990 S The ' environmental impacts of the persistent pesticide DDT, banned in many indu-
: strialized countries since the early 1970s, are clearly demonstrated by numerous in-
‘ T e, Fig. 2-19 ~ vestigations. DDT -was used in human heaEth programmes, forestry and crop produ-
PELLETS FUMIGANTS VOLATILIZATION ction. The bioconcentration and food-web accumulation effects of DDT are illustra-

I ted in Fig. 2-20 which shows the typical concentrations of DDT in a variety of at-

mospheric, terrestrial, aquatic, and biotic compartments of the environment. Concen-
trations in soils are relatively small, compared with the concentrations in organisms.
DIRECT FALL . Residues increase in the following order: plants-herbivores-predatory mammais fish-

SURFACE ARPLICATION : birds-humans- predatory birds {Freedman 1988: chapter 8).
SURFACE APPLICATI S, AND 50IL IRCORPATION :

DEGRADATION

VOLATILIZATION  DEGHADATION ATt | : On the other hand, many agrochemicals are not acutely toxic, do not persist for prolon-

Wk RcEPTION e ged periods, and do not accumulate in food chains. The relative environmental hazard po-

LIZATION FouiaR LI sed by a pesticide depends upon

[MaN PHOTOCHEMICAL \ LAND DISPOSAL

1 GRADATION W' RAIN A e - - .
e /5 sorprion |  SPILLAGE ' - characteristics of the pesticide (dosage, solubility, mode of transport, toxicity, per
INDUSTRY IRRIGATION AND OEPOSITION \NpysTRY

SEWAGE [overeiow] SEwAGE sistence)
———+ Ipet pr— o oiessa b A 1 0 N, S - - chemical and physical conditions (see section 3.4 and Part Il section 3.2)

ABSDﬂPTIO

_ - soil-water-conditions, microbiological activity
Aoux“_rm e TR T P " _ - soil and air temperatures and humidity gradients.

| OAGANISM

— :_._T. ; : g et , ' ' Generalized quantifications of the transport and fate of agro-chemicals are almost impos-

— RN B St Y _ sible, because site specific conditions must be assessed. In evaluating the effects of pe-
CHEMICAL AND BIOLOGICAL I—X;__]:‘] T::::::.Lw;?:mm.c.,. _ ' sticides it is also important to remember that the use and mix keeps altering: because of
DEGRACATION HARVESTED CROP DEGRADATION changes in cropping pattem, pest resistence, appearance of new chemicals, use of more

i H the E t (Bail dw dd 11,
Figure |5 I;;g!;estnmde Cycle in the Environment (Bailey and Wadde Source: Canter 1996
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0.02 01 - ' : i i i ici i i
P~ _ * F— ; selective and less resistent insecticides, changing agronomic

Murr : Wids of other means of integrated pest management {see section 3
: ‘ . 77 . . proved application methods and timing, and changes in far
cals. Usually, there is lack of adequate information and
risks.
[
] T ] ' Source: Leonard in: Cheng ed. 1990
Herhivorous and : Herbivarows und :
Inseclivoruss Insectivaross Fresh-water
Birds - Mummals Fish : .. . R i
20 _ [ . 0 . : The pesticides that cause most serious hazards to aguatic systems are ..
i o RN - ' . insecticides and certain herbicides {eg triazines). The more soluble pesticiae.
S ] . washed out from aquatic systems relatively quickly, but the less soluble and m..
=1 . o . ' 1

I | ! _ stent chemicals are usually bound to suspended organic particulate matter which Ql"'an,.\
— poa _ pr Aqie _— ly falls into the bottom sediment, where it remains until brought back into suspension by.

0.05 weel L e e 0.0 - turbulence. Once pesticides reach river systems, they become transferred gradually ™
) . - T = downstream. In aquatic systems, pesticides are either degradated to simplier compounds,

or they move into the atmosphere by volatilisation (see also section 3.4).

Source: Edwards 1987

| e
Agriculsrut Freah .
Snit . Witer | * ;‘l‘m‘:‘,:
2 00001 . )
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Case studies and key findings

For the majority of pesticides, total losses in runoff waters from rainfed fields are
0.3 to 0.5% or less of the amount applied. This applies mainly to water-soluble and
soil-incorporated pesticides. Losses of .organochlorine insecticides and insoluble
| - : : pesticides (emulsions) may amount to 1% because of their long persistence. Losses

g S of wettable powder formulations of hericides may be 2-5%. Pesticides are mainly

Armospherie Ruin \'o"mer

Dt - | o.0000000002 : 2.0005 washed off as solutions from soil surfaces whereas organochlorine pesticides, pa-
. . o _ : . T - .

‘ . " 0.00001 raquat and arsenic pesticides are strongly adsorbed by sediments, and their trans-
Fig. 8.1. Typical concentrations of DDT in the environment (ppm). Data were dorived from & - port depends on soil erosion (Wauchope 1978). Most losses occur immediately af-
liternture review of DDT residues. From Edwerds (1975)." . -

ter runoff starts (Fig. 2-21a). Traces of pesticides in runoff can be detected during
more than 60 consecutive days after application (Fig. 2-21b, Leonhard in: Cheng
ed. {SSSA) 1990). : - '

.-.@--- Glyphosate: Edwards of gl., (980 | lmprovec! agricultural practices vyit‘h the introduction of soil conservation tillage of-
- -@-- Ethoprop: Rohde et ok, 1979 ten requires an increase in herbicide use for weed control. Herbicides account for
—a— Atrozine: Smith et ol., ll:;g more than 80% of all pesticide use in USA. Field experiments showed atrazine los-
FI .2-21 a. b - -—a—-+2,4-D: White et ol, i ! . el

9 ’ ses in subsurface and surface drainage systems in the range of 1.4% to 3.2%. Me-
tochlor losses were 12 and 2.4%, respectively (Bengtson et al. cit. in: Hoffman

1990, in: Lessafre ed. 1990).

Generally, much higher herbicide losses occur as runoff compared to leaching los-
ses (Schwab et al. 1973, cit. in: Hoffman 1990).

Some herbicides are transported by runoff in solution and others only on adsorbed
sediments. For example, DCPA 5% in water, 95% in sediment; Prometryn 100% in
water; Trifluralin 35% in water, 65% in sediment; Paraquat mainly on sediment
(Yaron/Gerstt/Spencer 1985 ).

There exists a relationship between herbicide concentration in topsoil layers and
concentrations in runoff from non-irrigated and irigated soils (Fig. 2-22, opposite
next page). The relationship between pesticide runoff and pesticide distribution and
petsistence in the runoff-active zone is shown in Fig. 2-23. Table 2-8 lists climatic,
soil, pesticide, and management factors that are known to affect pesticide runoff.
(Leomard in: Cheng ed. (SSSA) 1990).

Comprehensive data on pesticides in surface runoff from small plots, single cover
fields and watersheds are compiled in Table 2-9,

Source: Leonard in: Cheng ed. 1990

Source: Freedman 1989

LEONARD

& 2,4-D: White et ol 1967
O Atrozing: White er ol 1976
@ Atrozine: Boker And Loflen, 1979

IN RUNOFF {ug/l}

IN RUNOFF {ug/1)
PESTICIDE

ATRAZINE IN RUNOFF {mg/1)
o
[=]
2.4-D

1 1 i 1
20 40 Go Eo . v . - - - - .
20 3‘; DAYS AFTER APPLICATION - Nonpoint source prediction models for estimations of losses of dissolved and solid-phase:
ME  {min. . .. . X . oL . -
TIVE Fig. 9-6. Concentration of pesticides in runoff in relation o time after application. From! pesticides in cropland runoff are numerous and are used in pesticide leaching assess--
Fig. 9-4. Runoff concentration of pesticides from small plots as related to time after start of (1988). . t o
runoff, From Leonard (1988}, ment.

Sources: Leonard in Cheng ed. 1930
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Fig. 9-3. Relationship between pesticide runoff and pesticide distribution and persistence in

Fig. 2-23

Sources: Leonard in Cheng ed
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Review in: Green/Loague/Yost in: USDA 1988; Canter 1986; ‘recent models for example: SWAG-
groundwater model in: Enfield/Yates in: Cheng ed. {$SSA) 1990; CREAMS-surface water model
in: Leonard in: Cheng ed. (SSSA) 1990; PRZM-model in: Green/Loague/Yost in: USDA 1988.

Semi-empirical predictions on pesticides {and toxic elements) are available for rapid as-
sessments of potential soil contamination and water pollution risks. Soil models are des-
cribed in section Part Il 3.2, Pesticides are classified into four groups in the likelyhood of
runoff losses in Table 2-10. ‘ :

The maximum concentrations in runoff events can be predicted within one order of magni-
tude if pesticide formulation, use, and application rate are known, together with the time
elapsed between application of the pesticide and subsequent runoff.

Sources: Cheng in: Cheng {SSSA) ed. 1990; Madhum/Freed in: Cheng (SSSA) ed. 1990; Severn/Ballard
in: Cheng {SSSA) ed. 1990; Leonard in: Cheng (SSSA) ed. 1980; Hoffman in: Lesaffre ed. 1990; Blume
ed. 1990; Freedman 1989; Nielsen/Lee (USDA} 1987; Cohen/Eiden/Lorber in: Garner et al. eds. 1987;
Edwards 1987; Canter 1986; Spencer et al 1985 {cit. by Leonard in: Cheng})

Further readings: Cheng ($$SA) ed. 1990; Blume ed. 1990; Summers (USCID) 1986, 1988, 1989; Garner
et al, ed. 1986

2.3.6 Metals and Toxjc Substances

Chemical pollution is typically a feature of industrial wastewaters (OECD 1991). Toxic
trace elements are only occasionally found in agricultural drainage effluents. They may be
derived from soil weathering (case studies section 239) or originate as concentrations
from imrigation waters. Typically, toxic trace elements are not a severe problem in draina-
ge waters because most metals are fixed and transformed in soils if they occur at normal
concentrations (Canter 1986). During reclamation leaching, however, some toxic elements
may be leached from the soils, eg boron. Other elements such as selenium, cadmium, le-
ad, chromium, mercury, and molybdenum are also occassionally found in drainage water in
the USA (Deason 1989).

Case Studies

USA. Extensive surveys are under way to identify potential sites with irrigation-in-
duced contamination problems. To date a comperehensive survey of about 600 irri-
gation projects and major wildlife areas is nearing completion, and 14 sites have
been identified as having evidence of contamination from agricultural drain water
{Hoffman 1990).

Sources: Hoffman in: Lesalfre ed. 1990; Blume ed. 1990; Deason 1989; OECD 1991; Canter 1986

2.3.7 Pathogenic Microorganism

Pathogenic microorganisms may be found in drainage effluents of wastewater irrigation
projects {see sections 3.6, 8.1 and Part Il sections 2.5, 4). On the other hand, pathogens
are typically introduced into irrigation water by non-agricultwral upstream sources, munici-
pal or rural wastes, where water may be either treated or untreated. Agricultural wastes
from farmsteads may also contribute to pathogen enrichments, eg from septic tanks or ni-
ghtsoils (excreta resuse). On the other hand, imigation may have overall beneficial off-
farm impacts by reducing the number of pathogens released to downstream users through
the intensification of soil biological processes of adsorption, fixation and transformation
{see section 3.5 and Part Il section 3.2}.

Source: Loehr 1976
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2.3.8 Sediment Pollution

It is estimated that agriculture (including irrigated agriculture) contributes about 40% of
total sediment loads from non-point sources in the USA (Canter 1986). The off-site im-
pacts of sediment pollution include:

~ clogging of structures, including downstream irrigation facilities

- deterioration of aquatic habitat by influences on light penetration and temperature
- impaired quality of recreational waters or lakes '

- increased water treatment costs

- transport of chemicals and fertilisers which are adsorbed by suspended load

- transport of organic material and pathogenic or harmless micro-organism which are
adsorbed by fine materials

- changes in soil properties at deposition sites which is often associated with a re-
duction in soil fertility.

More details are discussed in section 3.3 (soil erosion), including other such impacts as
reduction in water storage capacity of reservoirs and lakes and changes in stream bed
hydrology.

2.3.9 Consequences of Water Pollution by Agriculture

The gravest problems accrue to domestic users which extract surface water or ground-
water for consumption. Some substances may cause health risks, eg pesticides or high
concentrations of phosphates, nitrates and chlorides.

Apart from the food industry, most wastewaters from agricultural lands in general are not
a hazard to industrial uses (Loehr 1976). More seriously, however, are the detrimental im-
pacts on the biological balance of rivers and lakes posed by ample supply of nutrients,
This causes the rapid growth of algae, which gives an unfavourable taste and odour to
water, reduces the efficiency of filters and structures by clogging and reduces available
oxygen to such an extent that fish populations and other aquatic life suffers.

Case Studies

USA: San Joaquin Valley California. High salinity of drainage flows (10-15 dS/m)
with selenium toxicity. Selenium is derived from rock weathering and transport in
drainage effluents. This process is intensified under irrigation. A drainage program-
me with various management options was enforced in 1984 to reduce the toxicity
problems. (Tanji/Hanson in: Stewart 1990).

Taiwan: Fertiliser pollution is generally not serious due to their rather restricted use
caused by high costs. Average use per ha is 276 kg N, 65 kg P205 and 105 kg
K20 and there has been no significant increase in use since 1971. Occasionally
high nitrate and ammonium was detected in shallow wells under double cropped ri-
ce. Rice pest losses range from 9 to 45% (average for 1st crop 15%); hence, pesti-
cides are widely used. However, most organochlorine pesticides are banned. Three
programmes analysing for residues of commonly used pesticides detected traces of
diazinon and parathion in one case. Generally the pollution by pesticides is not a
serious problem in Taiwan, Nevertheless, control programmes have been introduced
{Wen 1986).
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24 hanges in Gr undwater Regime under lrnigation

Under irrigation the groundwater regime will usually change as a result of increased deep
percolating water compared with’ conditions under natural rainfall. The excess water input
will cause the waterlevel to rise until a new equilibrium is established between deep per-
colation and the natural land drainage capacity of the substratum. The latter is controlled
by the groundwater flow which, in turn, depends on the hydraulic potential of the local
groundwater drainage system.

Under good soil and water management conditions it is unlikely that wetness problems
will occur in permeable soils with a high hydraulic gradient towards the local drainage
outlet and a low groundwater table. However, a number of serious problems may occur
under long-term inigation especially with poor operation:

- rising watertables will cause waterlogging within the rootzone and eventually the
build-up of a shallow watertable,

- in semiarid to arid regions groundwaters are often saline and they will eventually
cause a build-up of soit salinity within the capillary fringe zone. Occasionally, this
process may also occur in subhumid or humid areas in the presence of marine brak-
kish water intrusions, ‘

Agronomic problems related to waterlogéing are:

- impaired crop growth due to temporary oxygen deficiency (except paddy soils);
growth of some better adapted weeds may be accelerated; anaerobic conditions
may have adverse effects on microorganisms and eventually on soil structure,

- excess water applications will impede farm operations as optimum workability of
soils is limited; traditional farming systems are typically less affected than mechani-
sed farming systems, :

- ponding water may cause the destabilisation of soil aggregates which will result in
impeded infiltration.

Although potential waterlogging and salinity build-up are typically the two major problems
in many irrigated -areas (section 3), an increasing water table is not an inevitable process.
They result from by poor water management, inadequate site selection during planning,
. and lack of commitment to install an adequate drainage system.-

‘Groundwater tables may ise under surface irigation systems as a result of one or a
# combination of the following factors:

* (i) deep percolation: ,
| - application of irrigation water which percolates to the groundwater table: poor

water management due to over-irigation and excessive application depth may
enhance deep percolation unnecessarily,

- restricted natural land drainage . due to low permeablllty of soils or geologic
conditions, eg stratification of substratum or inadequate discharge capacity of
natural waterways and channels,

:'(u} seepage ie groundwater flow into the irigated area from adjacent areas within the
: command area or elsewhere:

"= ""as an indirect effect of river regulation by dams when the low flow regime is
. replaced by a continuous medium or high flow regime: the seasonal low flow
regime is no longer effective in providing efficient land drainage,
.- inadequate open ditches for disposal of water from the - command area resul-
~+ ting from poor-drainage design,

- insufficient capacity of surface or subsurface drains resulting from either poor
design or lack of maintenance,
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- inadequate design, maintenance or operation of conveyance system canals,

- blockage of natural drains by human activities, eg drifts, roads,

- blockage of human-made drainage canals by sedimentation. This sedimenation
or siltation may be caused by off-site {ie upstream induced) or on-site erosion;
if resulting from poor maintenance it may aggravate other problems,

- lateral inflow from adjacent reservoirs: poor design and incorrect siting of re-
servoirs,

- lateral inflow from adjacent irrigation schemes.

The most effective provisions to avoid rising water tables which should be undertaken du-
ring the planning stage are:
- selection of soils which are relatively permeable and choice of soil and water ma-
- nagement practices which retain this permeability (the permeability depends on the
hydraulic conductivity of single layers and the stratification of profiles)
- selection of sites which show adequate natural land drainage properties, ie suffi-

Trrigated plot .
cient hydraulic gradient and a natural "outlet’.

If these conditions are not met the installation of an adequate drainage system is requi-

Irrigated plot |
red. This may be a suface or subsurface system, or a combination of both,

References: Smedema/Rycroft 1983; vanSchilfgaarde ed. 1974; Eggelsmann 1973; ILRI 1972-74

Ground water table, m

Case studies and examples

2000 3000 4000 5;’:‘:“6:"::’ 8005 9030 10000 W00 73005 Btoo Four typical situations of groundwater regime changes under irrigation are descri-
' - . bed.

Fig. 4.16. 1} Decrease in water table depth in areas where large quantities of irrigation water

are pumped from underlying groundwater aquifers, For example in the upper Gonai-
ves Plain {Haiti) a decrease of the water table occured between 1965 and 1986 in
the range of 0.5 to 15 m (Petermann 1986). Short-term seasonal fluctuations may
be superimposed on these long-term trends.
2) In paddy rice culture, it is a water management goal to maintain a perched wa-
ter table at shallow depths or to restrict infiltration by puddling. For example, a
shallow perched temporary watertable at some 25-50 cm depth is favourable for ri-
ce cultivation in valley soils (Northern Ivory Coast. Petermann 1985).

3) The temporary or cyclic build up of a perched water table depends on irrigation
practices and variations in percolation {or seepage) rates. These cycles may occur
on a seasonal or short-term basis and they may cause damage to some sensitive
crops at certain development stages. The cycles typically occur also under non-irri-
gated conditions and under irrigation they are to some extent manageable by field
application methods. In the New Valley soils {Southem Egypt) a shallow perched
water table developed within 0.9 to 14 m depth below the surface after few
weeks of continuous irigation. One month after irrigation stopped, the water table
dropped rapidly to the original depth of some 3 to 5 m below the surface (Peter-
mann 1984).

4) Long-term rise in water tables induced by seepage or/and deep percolation and
impeded land drainage. The prediction of groundwater table rises may be derived
from modelling: Fig. 2-24.

Source: ICID 1980

ELEVATION ABOVE MEAN SEA LEVEL (m)

DATUM iS MEAN SEA LEVEL VERTICAL SCALE GHEATI;\" EXAGGEﬁATED

Fig. 3-1. Water table profiles, Chaj, Rechna, and Barl doabs (Greénman et al., 1967).
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Ther are numerous examples of irrigation projects which have resulted in rising wa-
ter tables. A few examples are given:

project original depth {m) depth under rise (m/y) Source
Bhatinda, India 15 R 0.6 Smedema 1990
Khaipur, Pakistan  4-10 T ' 0.1-0.3 Smedema 1990
SCARP [V, Pak. 10-15 04 Smedema, 1990
Nubariya, Egypt 15-20 : i : 2-3 Smedema 1990
Ben Amir, Marocca  15-30 1.5-3.0 Smedema 1990
Amibara, Ethiopia- . 10-15 ' 1.0 Smedema 1990
Selt Valley, USA - '15-30 - 0.3-0.5 Smedema 1990
Gonaives, Haiti C 2.4 0.6-15 {after 21y) Petermann 1986
Eshkedia, Libya  3-10 ©15 Petermann 1983
Hamera, Libya 4-15 2-10 (after 10y) Petermann 1982
Hamam, Libya >10 < 1.5-4 {after By} - Petermann 1882
Sanghar, India i >3.6 1-2 (50y) _ Birch/vanWonderen1990

Sources: Birch/van Wonderen in: 1CID 1990; Mistry/ Purchit 1989; Smedema 1990; Lesaffre 1990;
Smedema/ Rycroft 19683; Petermann unpublished project reports

Off-site effecis

In many locations detrimental effects of rising groundwater tables do not only affect the
command areas but also neighbouring lowlying areas where groundwater throughflow col-
lects. In cases where these low lying areas are traditionally used for irrigation, pasture-
fand or fruit tree gardens (eg date palms), detrimental impacts are expected. For exam-
ple, in the Fezzan region of Southem Libya there have been several instances where the
development of new large scale irigation projects -on sloping land caused water tables
to rise in traditionally irrigated downslope locations: Murzuq, Braq, Wadi Adjal, Um-el-
Araneb, Esch-Schergia, Goddwa. Economic losses to farmers’ families were limited be-
cause the owners of traditional arable areas benefited from the new smaliholder irrigation
developments. However, some farmers, especially ‘elderly people, were not allocated new
farms.

2 :

The installation of drainage systems on irigated or non-irrigated lands results in changes
in hydrology brought about by the lowering of the watertable and the collection and di-
sposal of excess water. The magnitude of changes vary with location and depend on the
type of drainage, soil properties (and stratification}, and the climatic and topographical
setting. The potential effects of drainage are summarized as follows:

- Effects of subsurface drainage are lowered watertable levels and increased soil
moisture storage especially for rainfall; this may temporarily lead to increased soil
moistore storage of excess imigation and rainfall, thus reducing the runoff hazard.
Flow (erosion) is also diverted to deeper, less permeable horizons within the soil
profile. the combined effects tend to smooth out and prolong hydrographs of flow
from fields.

- Hydrological impacts of field drainage are generally small on a catchment scale,
mainly on account of the trade-off between reduced runoff and increased subsurfa-
ce drainflow.
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Figure 5 - Watertable recession following irrigation of grassland during growing seasonm,
after Schwab et al (1963)

Source: Rycroff in Lessafre ed, 1990
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- Improvements to main drainage channels (outlet) which evacuate water from the
area can significantly reduce the catchment response time and thus increase peak
discharges. '

- Improvements to main drainage channels in previously undrained areas such as la-
kes, swamps or depressions can significantly increase total flow as well as peak
flow rates and reduce response times.

Source: Rycroft in: Lesaffre ed. 1990

Typical effects of subsurface drainage on surface runoff, drain discharge and watertable
levels are illustrated in Fig. 2-25 ab b.

In general, field drainage systems in inigation systems have relatively small off-site im-
pacts, ie on the downstream watershed. However, drainage channel {outlet) maintenance
and improvements (cleaning, dredging, deepening, lining) generally have large impacts on

. downstream watersheds, resulting in watertable fall within the channel influence area, and

increasing total flow and discharges at downstream sections. The magnitude of impacts
may increase linearly with increased areal extension of the drained area. The hydrological
response may be investigated using models such as DRAINMOD (Skaggs 1982).

Large scale imigation projects and associated drainage systems may have detrimental im-
pacts on entire river systems. There are several example, where irigation caused increa-
sed salinisation of river water and serious off-site disturbance of wetlands with detrimen-

tal impacts on wildlife within the riparian plain (Lakey in: Lesaffre ed. 1990; see also

section 4). Long-term and. off-site effects have often not been considered in many large
scale irrigation and drainage schemes elsewhere -in the world (eg Hoffman in: Lesaffre

- ed. 1990), although potential impacts are well known {eg Kienitz 1979).

In -arid ‘a_reés t-hé""‘i:levéldpmen_t:of natural draiﬁage lakes outside the project area may
create brackish-watgf habitats in previously arid terrestrial habitats which can be seen as
a gain in habitat diversification. . '

Drainage systems are designed to modify the soil-water status of irrigated fields, namely

_the watertable depth: and its fluctuation. Consequently, drainage related impacts on cuiti-

vated lands are planned interventions to create favourable conditions for optimum plant
growth. Environmentally sound planning and operation of such systems should be focused
mainly on minimising or avoiding detrimental off-site effects {Part Il section 2.4). Such ef-
fects relate to downstream water pollution, changes in discharge of rivers and in lowering
of watertable levels next to drained fields. :

A case study for Pakistan is provided in: Mohtadullah in: Lessafre ed. 1990

Further readings: Gardiner ed, 1991 ; Hoffman in: Lesaffre ed. 1990; Newson/Robinson 1983; Skaggs
1982; Hornsby in: Stewart et al. 1990; Carter in: Stewart et al. 1990; Tanji/ Hanson in: Stewart et al. 1990;
Skogerboe/ Walker in: Yaron 1981; Hotes/ Pearson in: COWAR 1976
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Sources: ILRI 198@
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3.11 Introduction "
It is-"common knowtedge that soil salinity is the most prevalent and widespread problem
limiting irrigated crop production under arid and semiarid conditions. However, the pro-

cess of salinisation not only has direct impacts on irigated soils. Detrimental impacts may
also occur to water and soil resources in river basins. impacts vary in time and space,

-and they may affect biological resources and human activities further downstream.

Saline soils are defined by a high content of soluble constituents in the soil solution
which adversely affect plant, growth and yields. The degree of salinity is usually measured
as the electrical conductivity. of water.extracted from the soil paste or other soil-water
ratios. Salinity usually. fluctuates seasonally; depending on evaporation, rainfall and water
management practices. Salinity often' occurs together with sodicity (or alkalinisation), ie
when sodium is present at high percentage (usually >15%) at the soil's exchange surfa-
ces. Alkaline soils may become non-saline, especially after sucessful leaching. For simpli-
fication, the term ’salinity’, as used hereunder, refers to all kind of saline soils regardless
of the predominat type of salts present.

General references: Ghassami et al. 1993 (forthcoming); Kandiah (FAQ) 1990; Rhoades/Loveday in:
Stewart ed. (1990), Bresler et al. (1982), Shainberg/ Shalhevt ed. (1984),, FAO/UNESCO 1973.

3.1.2 Salinity: A Worldwide Problem

Previous estimates suggested that salinity and waterlogging affects about 50% of all iryi-
gated land (FAO, Kovda 1982; FAQ 1976; Framji 1976; Kovda et al. (FAO/UNESCO)
1973). The areas concerned include regions where the climate is humid, subhumid, semia-
rid and arid. The problems are more widespread and acute in arid and semiarid than in
subhumid or humid regions. High ‘salinity in soils may adversely affect yields on irrigated
lands to such an extent that the land is abandoned.

Salinity problems under irrigation have existed ever since irrigation enhanced crop produ-
ctivity, namely. along the Nile, Euphrates, Tigris' and Indus Rivers and the Gangetic- and
Chinese plains. Well before 2,000 B.C. irigated land was: abandoned in the Mesopotami-
an Plain because of extreme salinity. Increases in cropping. intensities and the use of wa-
ter resources for imigation of more and more - even marginally suitable - land over the
last 40 years have resulted in widespread salinity and waterlogging problems.

On all continents there are vast areas of “salt-affected soils, either natural or human-ma-

de. :

- In the USA, about 28% of irrigated land suffers from depressed yields due to salini-
ty (Yaron 1981}, '

- A rough estimate of the _distribUtibn of salt and aikaii-affected soils has been com-
- piled for affected regions, based on the FAQ/UNESCO soil map. The global area
of salt-affected soils was estiomated to some 950 M ha (Table 3-1 a-b and Fig. 3-

1 a-c; collected and compiled in: Szabolcs 1979; Beek in: ILRI 1980).

- Framji (1978) estimated that some 27 M ha of saline soils were irrigated {Ghassemi
et al. using comreced figures from Framji 1976} which was about 30% of the irriga-
ted area, ’

- Kovda (1983) estimated that some 1 to 1-.5 M ha are salinised per year and that

the total land affected by salinisation from both natural and human factors to be
about 20-30 M ha, :
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Fig. 3-1b
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IRRIGATION AND THE ENVIRONMENT PART 1

- Postel (1990) estimated that 38 M ha or 24% of irigated soils are affeced by sali-
nity in the five most important countries (see Table 3-1 c}. On a global scale, he
conclude that some 60 M ha (of the 250 M ha irrigated soils) are affected by sali-
nity. ' o

- Qldeman et al. (1991} estimated worldwide that some 77 M ha are affected by sa-
linity (Table 3-2 a-b) but no differentiation was made for irrigated and non-irrigated
lands {revised FAO/UNESCO maps)}. .

- Dregne et al. (1991) estimated that about 43 M ha of irigated land in arid and se-
mi-arid areas is affected by various degress of degradation, mainly salinity, water-

logging and alkalinisation. Annually, some 1.5 M ha of irigated lands are lost due to
land degradation, mostly salinisation. . - -

"~ Ghassemii et al (draft 1993) concluded from detailed figures frorﬁ'ﬁ countries that

some 45 M ha or 20% out of a total 227 M ha irmigated land are salt affected
{Table 3-3). A total global of 31 M ha can be attributed to secondary salinisation
of non-irrigated lands if it is accepted that 77 M ha of {and is affected by human-
induced salinisation {Oldeman et al. 1991).

The spread of degradation affects not only older, traditional irrigation but also modem
schemes. Although such global figures are not very precise, it is obvious that salinity is a
major problem under irrigation, except in humid rice irrigated agriculture. On the other
hand, continuous efforts are made to reclaim these soils and soil reclamation programmes
attain high priority in both' soil research and development plans.

The process of irrigation-induced salinisation and the progress in reclamation is illustrated from ex-
amples from China and Egypt. In a project in North China, salinisation increased shortly after irri-
gation was introduced {Fig. 3-1/d). Salinity declineed after the installation of drainage systems in
the late 1960s, but poor functioning of the systems remained a problem and the area of modera-
tely salinie soils inceased. Reclamation programmes in the mid 1980s were successful lo control
salinity. In Egypt, proper water managment and drainage systems controlied salinity in irrigated
land (Fig. 3-1/e). :

Extremely saline scils under irrigation occur widespread in parts in India and the Near East {eg
Pakistan, Iraq, Iran), USA (COL, CAL), Mexico, former USSR (Central Asia, eg Caspian Sea) and
N-Africa. Some examples are given in Table 3-3 b for various countries. Table 3-3 ¢ summatises
the available data on area, hydrology, water uses, cultivated land and irrigation-induced salinisati-
on from 11 countries wich cover 70% of the world’s irrigated area {Ghassemi et al. draft 1993),

Alkali soils {pH > B.0} occur over considerable areas in the Western USA, India, Pakistan, Egypt,
Mesopotamia, Russia, Hungary (see also Table 3-1b). .

3.1.3 Development Trends

In arid areas almost all land suitable ‘for irrigation is salt-affected to some degree and it
is the main objective of soil surveys to identify those locations which offer the best re-
clamation options and that minimize future risks of salinisation. in many subhumid or se-
miarid areas saline soils occur in floodplains, ie areas with reliable and easily available
water resources, with ideal topographic' conditions for cultivation, and with high populati-
on densities, Therefore, in many countries agricultural development is focused on these
susceptable and fragile salt-affected areas.

In the Near East (including Pakistan) the increase in imigated lands - from 36% of arable
jand to some 51% during the period 1962 until 1985 - took place mainly in locations adja-
cent to major river systems and within low-lying alluvial plains. These extensions further
exacerbated problems in salinisation since most of them have high risks of salinisation
due to adverse hydrological and soil conditions {waterlogging, use of saline water). The
same correlation recently developed irrigated agricufture and increased problems in salini-
ty was observed in the USA, for example in the Colorado River Basin and the Imperial
Valley (Yaron ed. 1981). Important lessons can be leamt from lraqi conditions, where local
salinity problems have existed since ancient times, but salinity problems have only recent-
ly become wiespread due to increased utilisation of limited water and soil resources and
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Fig. 3-1d Figure 1. Salinized area in Yucheng County,
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cumulative effects over centuries {Dieleman et al. 1977). In most of these areas, although
potential salinity problems caused by shallow water tables were recognised, drainage sy-
stems were not established, often due to financial contraints.

3.1.4 Causes of Salinity in lIrrigated Agriculture

Soil salinity originates from evaporation residues of soluble constituents of the soil soluti-
on. Consequently, the actual salt content of a soil depends on the dynamics of its soil-
water system. All soils contain some native salts which are derived from either weathe-
ring, rainfall or lateral transportation. In- addition, some soils are saline due to having been
fammed under saline conditions (utilising marine/lacustrine sediments) or from saline surfa-

"ce deposits, either aeolian {eg dust) or fluvial. In coastal regions, salt water intrusions

and/or submergence of low-lying areas sea water accumulate saline deposits. All these
are refered to as native salts,

in irigation, any salinity problem stems from the fact that practically all water contains
some dissolved salts. During irrigation, these salts tend to concentrate in the root zone as
the water, but little of the salt is extracted by the crop. The salt accumulation takes pla-
ce progessively unless salts are removed towards the groundwater by either rainfall or ir-
rigation water in excess of potential evapotranspiration. The addition of salts from irrigati-
on may vary from 0.1 t/ha to 7 t/ha per year or more.

Factors which contribute to salinity problems under irigation are (i) inherent soil and wa-
ter properties and (i) soil and water management practices or cuitivation patterns:

Enhancing factors are: low soil permeability, inadequate natural drainage, use of
saline water, use of sewage for imigation, hydromorphic conditions, high potential
evapotranspiration, high water table, presence of natural salts, crop selection
{which determines imigations scheduling), fertilisers and soil amendments.

Poor water and crop management may intensify or modify salinisation: inadequate
leaching practices and water scheduling, cultivation/cropping pattem.

Under natwal condictions, three major factors cause salinity, namely climate and rainfall,
shallow groundwater, and soil-forming processes (mineral weathering, mobilisation).

Climate is an important factor because salts within the rootzone are redistributed to-
wards the soil surface through the upward flux of water driven by evaporation. Salts may
move up the soil profile from groundwater by capillary rise. The rate and extent of capil-
lary rise depends mainly on physical soil characteristics, namely texture and porosity. Po-
tential evaporation is controlled by climate, namely air and soil temperature, windspeed
and air humidity. Evaporation usually shows pronounced seasonal and high inter-annual
variations in subtropical regions.

Salts accumulate on imigated surfaces when they are left behind as the soil water is
used by plants or lost by evaporation. The root zone and the soil surface can become sa-
linised by these processes, especially where shallow saline water tables occur. These ty-
pically develop in irigated lands, usually in downslope positions, when the portion of wa-
ter (including imigation channel seepage and excessive rainfall) is not dissipated through
crop use or drainage beyond the root zone.

Soil_formation, the release of soluble constituents from the mineral phase, depends on ab-
iotic and biotic factors. High temperatures and abundant water create favourable environ-
ments for all kinds of biological activities in soils which contributes to the transformation
of minerals and also promote chemical and physical weathering. Therefore, irrigation usu-
ally creates favourable conditions for weathering and transformation (decomposition) of
organic and inorganic soil materials; thus, in the fong-term salinity may eventually increase
or toxic substances may be released {eg Selenium in San Joaquin Valley, California).

SOIL RESOURCES 33



IRRIGATION AND THE ENVIRONMENT

Factors which contribute to salinisation problems in irrigation are summarized as follows:
(1) Use of saline soils for irrigation development without adequate prior soil reclamation.

{2) Use of saline irrigation water without adequate counteractive reclamation measures
such as efficient leaching practices or drainage systems.

(3) Inadequatel irrigation application praétices namely over-irrigation, which may cause
water tables to rise, waterlogging or ponding water, resulting in subsequent. evaporatlon
deposits in the upper soil profile.. :

(4) Secondary salinisation caused by capdiary uprise of salme water from a shallow wa-
ter table. The extent of such capillarity depends on climate and soil properties.

(5) Use of low permeable soils without adapted water maﬁagement and tillage practices
to avoid waterlogging and. ponding water.

(6) Use of land without adequate natural land drainage without the provision of an artifi-
cial drainage system. :

{7) Seepage losses from reservoirs and cohvéyance canals which cause water tables ri-
se. in unlined canals; about 50-60% of the water nmay be lost by seepage.

(8) Lack of efficient control of field éana!s_-‘ (tertiary systems) which may cause temporary
stagnant pools and subsequent saline evaporation deposits at the surface.

(9) Inadequate soil tillagé‘ pfaétices which, for example, may facilitate the rise of saline
soil water from deeper layers into the upper rootzone or which may Iead to uneven distri-
bution of saline layers in the deeper rootzone.

(10} lnadequate land preparat:on ‘methods during the preparataon of th’gln land for irrigati-
on by ineffective deep loosening, chlseilng, land levelling.

{11) Inadequate ‘control of intrusion or inundation by saline (bracklsh) water, either from the
sea (daily, tidal, seascnal) or inland sources {rivers, lakes).

(12) Inefficient soil reclamation methods in problem soils, eg peat, sandy or clayey soils.

{(13) Inadequate. lay-out of irrigation systems in relation to water and soﬂ quality, topogra-
phic conditions, and managerial skills of farmers.

{14) Appllcatton of fertilisers, manure or chemical amendments which add salts to soils.

It is- obvious that many salinity problems in irigation are related to changing the preexi-
sting natural balance of the soil-water-climate system. Soil deterioration by salinity will
occur under irrigation when the response is inadequate either to maintain the existing salt
balance or to introduce efficient reclamation and contrel measures to manage the salt
balance in hoth soils and water. Since many causes of salinisation under irrigation are in-
terrelated consequently also the management of salinity problems requires a holistic view,
and the understanding of the soil-water-climate system is a prerequisite for the solution
of water management problems in irrigation. Concepts of water and crop mangement pra-
ctices to contro! salinity under irrigation are given in Part |l sections 2.3 and 3.3.

3.1.5 Salinity and Crop Growth

Salinity problems cause the decrease of crop yields which adversely affect the econo-
mics of irrigation, and they cause agricultural development to be non-sustainable. Eventu-
ally salinity contributes to the deterioration of scils and surface- or groundwater resour-
ces, accelerate wind erosion risks and hence contribute to the degradation of regional
resources which may hamper future development options (desertification).
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The effects of salts on crops production are manifold: emers
be hampered, rates of plant growth and yields are reducer
faiture occurs. Decreases in yields are crop specific and F
sensitive crops and crop rotations adverse effects can be
re are two principal factors which affect crop growth:

Fig. 3-2
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The detrimental effects of salts, on plants and soils, differ greatly with the composition
and concentration of salts present. Furthermore, crop salt tolerance varies significantly
between different types of crops, growth stage and cropping pattems. Hence, simple
statements regarding risk, actual degree of degradation, natural causes and contributions
of mismanagement are not possible and each scheme must be assessed individually. The
complex nature of soil-plant-water relationships and their interactions with salinity are il-
lustrated in Fig. 3-2.
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shment of temrestrial ecosystems by human) and it is measurable in different soil strata, ie
topsoils {main rootzone), subsoils; deeper substratum; soils adjacent to reservoirs and
conveyance canals, drainage outlets. Biological resources may be affected and examina-
tion of habitats downstream and adjacent to watercourses and irrigated fields may assist

in quantifying the extent of degradation.

Source: Blume ed. 1992 347

The spatial distrubution of the impact can be classified by soil salinisation

- within the command area {on farm, adjacent to canals, reservoirs)

- in downstream areas (saline ground- or surface water resulting in secondary effects
on soils).

The impacts of overall degradation be identified as:

- reduced productivity of irrigated lands

- limited selection of suitable, less sensitive crops

- increased skilled management requirements (eg tillage, imigation scheduling) to
maintain productivity T

- increased needs for capital and/or labour intensive reclamation measures to main-
tain productivity,

- temporary or permanent ababdoning of irrigated lands
need for increased quantities of water for leaching

Soil. RESOURCES
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- undesirable changes in the diversity of micro- and macrofauna and flora of areas .

adjacent to irrigated lands and downstream areas
- loss of potential for future agricultural or non-agricultural uses.

Thus, soil degradation by salinity may be described in its final stage as desertification es-
pecially when irrigated lands have been abandoned. It is obvious that in dryland areas
(semiarid or arid ecosystems) the prevailing climatic conditions are already a limiting fa-
ctor in the resilience of an ecosystem, ie the ability of land {soil) to recover from the
transformation to saline conditions. Therefore, in these environments salinisation may ulti-
matively become an ineversible process when viewed on the time scale of human lifes-
pans and normal restoration capabilities. Resilience potential may be higher in subhumid
or humid environments.

3.1.7 Risk Assessment

The risk of salinisation under irrigation depends on a variety of environmental factors,
which can only be modified to a limited extent by land development and soil reclamation
measures, or the irrigation and cropping system itself. The levels of natural salinity of pa-
rent materials and groundwaters and climatic conditions differ substantially, and require a
precise study and specific analysis for each area concemed. Methodologies which identi-
fy potential salinity hazards and aid in planning are given in Pant Il sections 3.2 and 3.3.

Generally, the following natural factors may contribute to a substantial risk in soil salini-
sation under irrigation:

- low total rainfall (less than about 200 mm), very low rainfall intensity (about < 5
mm/hr}

- low soil permeability (about 10 cm/d) down to the watertable

- flat topography, low hydraulic gradient of watertable

- presence of salts in subsoil strata, relevant for areas where lateral flow takes pla-
ce and dissolved constituents can be translocated and enter the surface flow sy-
stem.

Salinity problems in irrigated soils are likely to occuw, if,

- irrigation water contains high amounts of salts

- shallow groundwater tables exist; the critical depth is between 15 to 6 m, depen-
ding on soil and climatic properties such as pore size distribution and evaporation

- the shallow groundwater is already of medium or high salinity
- a rise in groundwater takes place resulting from irrigation
- naturally saline soils are irigated without prior reclamation

- internal drainage conditions {soil permeability) are poor, ie they do not allow for
adequate downward flux of soil water

- soil tilth conditions cause reduced infiltration rates; conditions may be poor due to
cultivation methods {tillage etc) or due to soil dispersion {sodium induced)

- land drainage conditions are poor, ie flat topography, shallow slope towards the lo-
cal dainage basin (eg river, valley), low hydraulic gradient to the watertable

- saline soil layers are exposed or lifted upwards by deep ploughing or subsoiling
(mechanical melioration)

- high evaporation rates occur without a continuous downward flux of soil water

- over-irrigation when water is stagnant {ponding) for prolonged periods and evapora '
tion rates are high
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- rainfall conditions in a particular year are insuificient to remove salts from the root-
zone {natural leaching); this applies to supplementary (seasonal) irrigation systems
or in semi-arid regions where rainfall is used for leaching

- insufficient leaching water is applied; the appropriate quantity depends on the salt
concentration in the irrigation water, the methed, frequency and intensity of irrigati-
on, the initial salt content in the soil, groundwater level and the permeability of the
soil.

Thus, a reliable method to predict the risk of salinisation must include the sowce of salts,
the salt balance {depending on the climatic factors and groundwater tables), characteri-
stics of the water regime influenced by irrigation practices, and influences of water quan-
tity and cultivation methods on infiltration and permeability.

There are three methods to determine the actual degree of salinisation:

- field samples and laboratory tests (total salinity, specific ion analyses}
- visual appearance, areal affected

- air photo interpretations and satellite imagery can be suitable for a reconnaisance
of the areal extent

- indirectly by field observations of crops/trees and yield data (often of limited value
because ther are many factors goveming yields).

Existing data on actual soil salinity may be obtained from soil survey departments, soil
survey reponrts (soil maps, land suitability maps), agricuitural extension services, and rese-
arch stations. Information may occasionally be obtained from private farmers, governmen-
tal and non-govemmental schemes and agricultural agents (ie suppliers of farm inputs).
However, in any analysis, changes of salinity under cultivaton, seasonal fluctuations, de-
pending on evaporation and rainfall, groundwater fluctuations, cropping season (consump-
tive use of crops), and on-fam irrigation practices should be considered as factors con-
tributing to a high variability of salinity data in time and space.

Method of Degradation Assessment. FAO/UNESCO (1979) gives the following indices of
soil degradation by salinity:

for status, consider max. ECe (d$/m) in upper 75cm of soil; max ESP in upper 75cm; plant yields
(%of yields in similar non-saline sofls}; new formations; morphclogical observations; salts in t/ha/
1.5m soil depth; t/ha/0.75m soil depth.

for rate, consider: ECe increases in dS/m/yr in upper 75cm; ESP increases in upper 75cm in %
per year; yields in % decrease per year; surface affected by soluble salts in %. -

for risk, consider: climatic index for salinisation; number of dry menths (in absence of data on cri-
tical depth to groundwater table); average depth of groundwater table (cm); salt concentration of
irrigation water.

EC = electrical conductivity, a measure of total salinity in the soil solution

ESP = exchangeable sodium percentage, a measure of sodicity in soils.

The present state of salinity and sodicity {ECe > 15dS/m; ESP >15%) and the degradati-
on rate (increase of ECe and ESP per year), and risks are shown for Africa and the near
East region in: FAQ/UNEP/UNESCO (1979) on a scale of 1: 5 M.

3.1.8 Future Scarcity of Freshwater

There is every reason to suppose that irrigation water resources will become increasingly
saline and that an increasing demand in irrigation water will arise which will lead to its
increased scarcity. This can be leamed from experiences in both industrialized countries,
namely the USA and lsrael, but -also from developing countries, eg Egypt, Iraq, and India.
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The manifest pressure of scarcity of food supply plus the availability of capital in some
arid countries {eg Near East) resulted in incentives to increase irrigation and in conse-
quence to permit less and less fresh water to drain further downstream and eventually in-
to the sea. This tendency has been exacerbated by the introduction of new crop varieties
('green revolution’) that both need and respond effectively to irrigation. Less salits will
tend to be flushed from land through surface and subsurface channels, and the salinity of
waters, especially in arid areas, will tend to further increase.

Some technical measures are available to reduce these detrimental impacts, eg diversion
of natural or human-made saline inflows, diversion canals, cultivation of high yielding
crops, less sensitive crops, modem irrigation techniques. Such measures, however, rather
require heavy investments and excellent management and they adapt to salinity rather
than control it which still reduces the flexibility with which the affected water be used
downstream. In addition, most of these measures are unlikely to be introduced on a world
scale, especially in the least developed countries, due to economic constraints, jack of
management, and more recently, due to environmental concerns.

Examples of rapid large scale deterioration of water and land resources can be seen from:

USA: Colorado River, Imperial Valley
UdSSR: Aral Sea, Caspian Sea
Israel: all rivers on the coastal plain.

Source: Kovda 1983

3.2 Sodic and Alkaline Soils

Sodification problems, casued by the increase of exchangeable sodium ijons in proportion
to other cations (ESP), are associated with a loss of favourable soil structure. Eventually
tilth problems will occur in agricultural soils. Sodification as a result of irrigation is a
common process when water of a poor quality is applied, for example water with a high
sodium adsorption ration {SAR-value). The final ESP reached in a soil in equilibrium with a
given irrigation water, depends on the SAR-value, ionic composition, total salt concentra-

‘ tion as well as various soil properties, eg its buffer capacity and the actual concentration
: and composition of the soil solution.
Fig. 3-3 ' -

However, irrigation practices are important, too: sodification processes will be favoured if
water with a high salt concentration is followed by water with low salt concentration. In
1107 _ :

RE practice this may.occur if poor quality irrigation water is followed by good quality water,
SALINITY IN IRRIGATED AGRICULTU

eg during the rainy season or when blended water is applied. A similar situation arises in
30 T T j )

coastal regions if soils which are inundated with seawater (typically SAR > 100, EC >40
Areo of likely :
R meobilily
25 ::;nrd

dS/m) are leached with good quality water, either with rainwater or river water. Sodifi-
cation is a common process in saline-alkaline soils which are reclaimed by leaching. The

desalinisation process will cause severe sodification unless further ameliorative measures
are undertaken. o '
e o raard The assessment of sodicity hazard (sodium concentation in the soil solution) is complica-
’ ted by the fact that there -exist a variety of factors contributing to the deleterious effects
of high sodium percentages in soils, which ultimately may lead to alkalinity (pH-values ab-
1 ove 85). Under irrigation, the processes which occur during infiltration and percolation
4oR-E1T ' are to be considered. These may vary considerably according to the status of the soil
5 6 structure which is time dependent, too. In medium to fine textured soils, sodicity is most

Ee o ot ot e important because of their high buffer capacity, ie they are less susceptible to changes in
i i ductivity of
f topsoil and electrical con

Sodium Adsarption Rofio in Topsoil

by the soil solution and hence, less easy to reclaim by leaching. Furthermore, soil structure is
. hreshold values of Na adsorption ratioc 0 a1l 0 permeability. After - ' . , | v e i y ) . . ’
Fig. 36-4.VT res ¢ associated with the likelihood of substantial losses in P the oro e ! smls’ % o roc im by leachin P thermor
infiltranng wate ‘ - | |
o ‘ e sodicity hazard is related to potential permeability and tilth problems. Fig. 3-3 serves
Source: Loveday in Stewart ed. 1990 | Th

as an approximate guideline for assessing sodicity hazard in relation to total salinity of
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the irrigation water and the known SAR in the topsoil solution. Other inherent soil factors
such as mineral composition (eg cementing materials such as CaCQO.,, oxic or siliceous
compounds) and the presence of organic materials may contribute to the stability of soil
aggregates. It is advisable to establish site specific relations for irrigation projects to
test the susceptibility of soils to sodicity-induced disaggregation, clay dispersion and re-
ductions of permeability whenever possible (Rhoades/Loveday 1990).

The term alkalinity refers to the pH-value, depending on the hydrogen ion concentration in
the soil solution. Alkaline soils tend to be sodic, although the reverse is not always the
case: eg Solonetz soils or sodic Solonchaks have high ESP-values but may be almost
neutral or even acid in reaction, eg Solods or solodized Solonchaks. Strong alkaline re-
actions depend on high concentrations of carbonate and bicarbonates in the soil solution.
Alakali sodic soils will eventually be formed if irvigation water contains an excess of car-
bonates and bicabonates over calcium and magnesium ions {RSC value). In the long run,
carbonates and bicarbonates added in the water will precipitate with calcium and ma-
gnesium exchanged from the soil, until the adsorption complex is saturated with sodium.
Continued addition of water will cause accumulation of dissolved sodium-carbonate, lea-
ding to pH-values in excess of 10, even in well-aerated soils {Boit/Bruggenwert 1978).

Sources: Rhoades/Loveday in: Stewért et al, ed. 1990; Szabolcs 1979; FAO/UMEP/UNESCO 1979

i Erosi
3.3.1 Introduction

Erosion is an important soil degradation process which may become a major hazard to
agricultural production. Cultivated land produces 10 to 100 times more erosion than other
land use types and it is estimated that 16 t/ha of soil {equaivalent to 1-2 mm) are annual-
ly lost on croplands. In modern agriculture, the detrimental effects of erosion on crop
yields are hidden by agronomic measures, eg by fertilising or the use of new varieties.

However, the problem is obvious in many subsistance agricultural systems in developing
countries (Brown/Wolf 1384).

Erosion impacts are twofold: erosion implies the loss of soil material, -usually fertile top-
soils from erosion sites, and sedimentation at deposition sites. This sedimentation may
occur on-farm or off-farm and it may contribute to increased suspended loads in rivers

before the sediments eventually deposit on flooded areas or along river banks or is trans-
ported further into lakes or the sea.

Soil erosion may be beneficial or defrimental, depending on the point of view. Erosion on
agricultural lands is usually regarded as detrimental: it lowers soil productivity through a
loss of storage capacity for water, loss of plant nutrients, degradation of soil structure,
and decreased uniformity of soil conditions within a field. The characteristics of each in-
dividual soil profile, however, can strongly affect the actual quantitative impact of erosion
upon productivity. Sedimentation on ‘agricultural lands can be beneficial by improving soil
characteristics (eg the fetility of floodplains is largely due to the deposition of eroded
material furtehr up the catchment), increasing land height (polders) or increasing the depth
to groundwater but it can also be detrimental by burying seeds and plants. Therefore,
scale and time factors as well as magnitude and the users’ view must be considered
when evaluating the effects and impacts of erosion.

Soil erosion is induced by either water or wind forces which can be far more important
than in the 'normal’ {geological) erosion process because of human interference in natural
ecosystems. Most human ecosystems are significantly more prone to erosion than natural
ecosystems (except extreme deserts) mainly due to changes in the vegetative cover and
interference in hydrological cycles (Fig. 3-4 and Table 3-3). The natural-induced rate of
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erosion varies with climatic, geological, topographic conditions and seoil. In common soil
conservation practice an acceptable rate of soil erosion is 5 to 25 tons/ha per year or
0.2 to 1 mm/y. However, this rate may be too high to keep pace with the rate of soil
weathering, and recent approaches set values closer to 0.02 to 0.2 mm/y.

Table 3-4 shows recommended maximum pemmissible rates of soil loss on various scales,
Controlling factors for erosion rates are: rainfall energy, and vegetation cover at the field
level and runoff at the drainage basin level {macro-scale). Rainfall energy is used as an
indicator of rainfall intensity and total amount.

Source: Morgan in: Kitkby/Morgan ed. 1980

Irigated agriculture may contribute to accelerated erosion in similar ways as in non-irri-
gated systems. In the following section, a brief review of irrigation-induced erosion is
provided. Control measures are outlined in Part il section 3.4.

3.3.2 Water Erosion

The difference in erosion on irrigated and non-irrigated croplands is that on the latter wa-
ter erosion is caused solely by natural rainfall and flooding. Under irrigation, additional
water is added by man, which increases the potential for water erosion.

The erosion of scils by water consists of the detachment and the subsequent transport of
soil particles. These may be detached by the kinetic energy of impacting water droplets
or by the energy of flowing water. The transport for water to flow over the surface of
detached particles occurs when the land slope is sufficient to transport them as suspen-
ded sediment or bedioad. This process occurs wherever infiltration into the soil profile is
lower than the rate of water application or rainfall intensity.

The most important factors determining the degree of water erosion on irrigated fields
are: soil stability, exposure of soil particles (or reverse: the vegetation cover), slope and
length of slope, infiltration rate, application rate, and the energy of water droplets (rele-
vant for sprinkler irigation). These factors are described as the erosivity {runoff, droplet
impact) and erodibility (related to soil, vegetative cover- and topographic conditions).
Most of these factors may be manipulated for agricultural systems (see Fig. 3-5).

Semiarid to subhumid tropical regions {definition in Table 2-4) are characterized by a high
‘erosivity’, resulting from rainfall pattern and intensity, which is a major hazard on most
non-irrigated croplands (Fig.3-6 and Table 3-5). Erosion was controlled by temaces in
traditional irigation systems in the Andean and Asian regions, even in mountainous areas.
Such areas would otherwise be considered unsuitable and prone to severe erosion risks.
Consequently, erosion on irigated areas occurs where soil and water conseyvation mea-
sures are inadequate. Erodibility can be reduced under surface irrigation systems by im-
proving water retention properties by changing the length and grade of slopes and by
partitioning the field, eg by farming basins or bunds. Irrigation may therefore have indirect
beneficial effects by intercepting rainfall, improving soil moisture in situ and reducing river
sedimentation because runoff is limited within the field boundaries.

Water_harvesting is another type of water management which immediately intercepts rain-
fall for its on-site use and, hence, indirectly controls erosion on arable land (eg Boers/
Ben-Asher 1982; Hudson (FAQ) 1987). Level dam terraces in mountain areas {eg rice ter-
races in Southeast-Asia) are a special combination of water harvesting and irrigation far-
ming (see also: Klemm 1990; Pacey/Cullis 1986, Kutsch 1983).

Irigation usually increases cropping intensity, ie the arable land is less frequently under
fallow than non-irrigated areas are and consesquently, rainfall erosion is further reduced
by a protective vegetative cover during one or two additional cropping seasons compa-
red with rainfed systems. This may apply to semiarid to subhumid areas.
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In arid regions irrigation-induced water erosion becomes important because these areas
have low potential and actual erosion rates by virtue of limited rainfall {extreme rainfall-
events are not considered here). On the other hand, vegetative cover in arid areas is limi~
ted by moisture deficits and irigation compensates for those deficits. Consequently, irri-
gation may contribute to reducing (water and wind induced) erosion hazards by providing
favourable environments for vegetative growth, allowing the build-up of organic matter
which stabilizes soils and increasing soil cohesion by keeping soil surfaces wet.

Generalized impacts of water erosion

The primary impacts of water erosion is a reduction of agricultural productivity. Yield re-
duction on eroded fields may occur as a result of decreasing topsoil depth and eventually
the exposure of less fertile subsoil layers, the loss of organic matter and other nutrient
rich layers from topsoils, the loss of seed or damage of yound plants, and loss of arable
land due to gully erosion.

These factors contribute to a reduction in available soil moisture and reduced water-use
efficiencies in non-irrigated cropping systems. Additional economic losses may occur due
to losses of fertilisers and pesticides. Actual productivity losses on specific sites are ex-
tremely variable because of the intemrelation of numerous factors. General conclusions
from loss estimates drawn from experiments should be treated with caution, especially if
decreasing soil depth is used as an indicator. Some generalised yield loss estimates on
eroded non-irrigated fields which occur after a few decades are

about 40% on some soils in the CIS, 30% on eroded soils in Haiti, 50% decline in
some Nigerian soils, 17 to 50% yield loss in some US states (Carter in: Stewart et
al. 1990). Carter estimated yield reductions of some 25% after 80 seasons of irriga-
ted furrow erosion on approximately 1 M ha of furrow-irrigated land in the USA.

Other impacts are increased downstream sedimentation with impacts on downstream ag-
riculture through siltation of imigation canals or blocked structures, reduced reservoir life-
times, stream aggregation, damage to fishery, increased maintenance costs in waterways,
and increased costs in harbour maintenance.

Downstream water quality may be impaired by overland flow which contains solid or so-
luble constituents of fertilisers or pesticides., There may be increased downstream floo-
ding, probably in connection with sedimentation, and on a large scale level, ie for large
watersheds there may be a decrease in dry season stream run-off, due to reduced inter-
ception by soil and vegetation.

0si Inigated Fields

Erosion may occur whenever water flows over agricultural land. Where irrigation is pra-
cticed on almost level land and low flow velocities occur during flooding of close gro-
wing crops, erosion is usually slight. Likewise, no surface flow should occur with properly
designed sprinkler irrigation systems. Drip irrigation is regarded as best suited to control
erosion. Irrigation-induced erosion can be divided into the following types

(i) Furow erosion. Furrow irigation was identified in the USA as a serious source of sur-
face water pollution (sediment load) and regulations were established to control erosion.
Parameters which influence the intensity of furrow erosion are: furrow shape and grade,
furow roughness, soil particle size, soil stability, previous water contents, infiltration ra-
tes, duration of irrigation, and flow rate. Sediment loss on a specific site can be about a
2 to 3-power function of furrow slope and about a 1.5-power function of flow rate. Fur-
row imigated fields on slopes steeper than about 2% are usually prone to erosion due to
uncontrolled concentration of runoff water and excessive flow velocity. Erosion will alwa-
ys occur when flowing water comes into contact with friable, unstructured soils, and even.
flow at the design rate will produce some unavoidable erosion on the upper 25 to 40% of
each furrow and sedimentation on the lower half. The furrow stream must be large enough: - -
to cany enough water to ivigate the entire furrow length, and infiltration time should be .
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y-the same over the entire length to provide uniform applications. Hence, erosion
ong furrows is difficult to control. Irrigation field practices are usually focused on assu-
ng complete flooding at the lower ends of furrows with greater runoff than necessary
g upper furrow sections; as a result, furow erosion may be severe with up to 40 to
. of the applied water running off the field into the surface drainage system (Carter in:

ched. by falling drops, and transported by drop splash and sometimes flowing water. The
actual rate of erosion depends on the design of sprinklers and the operating pressure.

sion risks may be assessed on the basis of the applied kinetic energy in the following
nding order of magnitude: center pivot systems, mobile hand moved sprinklers, wheel
line systems and finally rain-guns (high kinetic energy). Low-pressure sprinklers and spray
eads are in practice often less favourable because the application rate per unit area on
wetting areas must be greater to achieve the same total application. Typically, erosi-
undet sprinkler imigation occurs when water application rates exceed infiltration, water
nds in small depressions and eventually moves downslope and concentrates in tillage
cks or previous erosion channels. The flow rate in these rills increases downslope as a
sult of increasing collecting areas. Eventually larger channels may develop further
downslope or in adjacent irrigated areas and drainage channels or off-farm areas may be
partially flooded, causing on- and off-farm damage.

ctual rates of on-farm erosion under various sprinkler systems vary considerably and
they are easily controllable by the operator. The amount of erosion under center pivot irri-
gation is relatively small when only 30-50 mm of water is applied at low rates (10-20
mm/he). The threshold value of rainfall intensity (ie when significant overland flow and
rosion occurs) has been given as 25 mm/h for Zimbabwe, 6 mm/h for Germany and 10
mm/h for Britain (Morgan in: Kirkby/Morgan ed. 1980).

(iii) Sheet erosion by uncontrolled flooding on border dyke or border strip systems is es-
sentially the same as under furrow irrigation. Topsoil redistribution often occurs when slo-
pes exceed 2%. The actual rate of erosion largely depends on land preparation {(eg level-
ling) and tillage practices. Uncontrolled flooding requires strict control during the applica-
tion of water in order to avoid topsoil redistribution.

v} Erosion caused by overtopping of dykes and levees may occur under consitions of
uncontrolled flooding of basin or border strip systems. Uinder controlled conditions checks
‘and level basins offer an effective control of rainfall- and irigation-induced erosion and
the avoidance of any off-field losses. However, in practice flooding is often uncontrolled.
Large ponded areas may result and -rills and gullies may develop finally from overland
flow as under sprinkler imigation. Highly regimented time schedule operations and poor
on-farm water supply control may contribute to this type of erosion.

Reference: Carter in: Stewart et al.1990; Mech/Smith in: Hagan et al. 1967
Further reading: Morgan 1986; Morgan ed.1981; ASA 1982; Greenland/Lal 1977

3.3.3 Wind Erosion

Wind erosion is a natural hazard in dry climates and in areas with clustered or diffuse
natural vegetation or where vegetation is destroyed by human. Severe erosion by wind
occurs whenever a loose and dry soil surface is unprotected by vegetative cover and
winds are sufficiently strong. Critical wind speed velocities were established as some 4
m/s at 1 m height (although the lower limit of erosion is at some 0.5 m/s). This is the
threshold value when severe erosion commences under average conditions. These conditi-
ons are usually met in areas which are prone to natural drought. Yet, wind erosion occurs
in many imigated regions and irrigation is affected by wind erosion although it does not
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ontribute to it. In other words, wind erosion is an inherent hazard on many irrigated lands
scause of high potential erosivity and erodibility.

ors related to erosivity are: wind velocity, duration and prevailance of a particular
ind' direction; surface roughness affected by vegetation, tillage practices, windbreaks
and shelterbelts and by local changes in topography. Surface roughness is significantly in-
creased by vegetation cover; the effectiveness depends upon the height and continuity/
uniformity of the canopy, the density of the ground cover and the root system.

actors affecting the erodibility of individual grains or soil aggregates are: moisture con-
tent, soil cohesiveness, texture and organic constituents.

Source: Morgan 1986; Wilson/ Cooke in: Kirkby/Morgan ed. 1980; FAD 1960

The: effect of imigation on wind erosion hazard is related to increased water contents in
ils, tilage practices and changes in vegetative cover. Most of those effects are bene-
icial, ie vegetation growth is enhanced by irrigation, the soil surface is kept moist, and
the swface roughness of bare soils is increased with adequate tillage practices.

e physical effects of wind erosion can be summarised as:

soil damage: fine material, including organic matter, may be removed; soil structure
may be damaged by disaggregation; coarse layers of stones or pebbles may remain
as residues; fertilisers and herbicides may be redistributed or lost,

crop damage: seedlings may be covered by sediments; sandblasting may cause fo-
liage abrasion; seeds and seedlings may be blown away; fertiliser redistribution
may cause uneven growth conditions or even locally toxic concentrations; soil bor-
ne disease may be spread (as particles, aerosols); rabbits and other pests may in-
habit dunes trapped in hedges and feed on the crops,

other on-farm damage: soil is deposited in ditches, canals, roads, windbreaks, hed-
ges; fine material may clog irrigation structures; farm machinery and irigation equip-
ment may be abraded,

Fig. 3-7 : imigation: strong winds may hamper timely sprinkler applications; other work may be

‘  delayed by unpleasant conditions; drip systems may become blocked by sediments.

Reference: Wilson/Cooke in: Kirkby/Morgan ed.1980; Mech/Woodruff in: Hagan et al.1967; FAO 1960,

‘ EROSIVITY 1965, 1979

[ RaivraLL] | Prvsicac CHARACTERISTICS| | MANAGEMENT] - 3.3.4 Erosion Risk Assessment

There are numerous methods for risk assessments on croplands, considering the potential
[ LAND MaNAGEMENT | [ cROP MANAGEMENT - and actual hazards. These comprise theoretical numerical solutions (eg Kirkby in: Kirkby/
' Morgan ed. 1980), empirical quantifiable predictions (eg USLE-formula, Wischmeyer/ Smith
1978), rule of thumb field ohservations (eg Humi 1988) and generalised assessments on a
world-wide scale (FAO/UNEP 1983, FAO/UNESCO/UNEP 1979; FAQ (SB 13) 1971).

Despite these efforts to develop practical guidelines a basic constraint to quantitative
approaches remains that soil erosion is a complex process involving the interaction of en-

Fig. 65, Diagram expressing erosion intensity in dependence vironmental, physiochemical (soil) and agronomic factors as seen in Fig. 3-7.
~“on the erosivity of rainfal]l and scil eredibility :

after K. Hudson,

G- IR, . . P, cl

Empirical models have the disadvantage of comprising complex interactions of many fa-
ctors whose simplification (from site specific experience) may result in an unacceptable
reduction in the accuracy of predictions on other sites. Conceptual models are often too
complex for simple application and a large number of coefficients may need to ke be ex-
perimentally determined.

Source: Holy 1980

Reliable empirical predictions of erosion hazards must consider all individual factors of
erosivity and erodibility, and their interrelations. Site specific assessments still require
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ducated guesses of some of the factors and parameters involved. Furthermore, econo-
ic considerations must be introduced so as to evaluate the feasibility and viability of si-
e specific erosion control measures. For further details the reader is referred to.specia-
literature on soil erosion, eg proceedings of national or international soil science so-
cieties and scientific journals), No generalised models have been developed for predi-
ting erosion hazards in irrigated agriculture, but many models can be used for both, irri-
ated and non-irrigated farming.

Comprehensive reviews in: Blume ed. 1990; Landon ed. 1984; Holy 1980

3.3.5 Costs of Soil Erosion

*osts due to erosion-occur on-site a,nc_l-‘ 'dff-si'té'.:_ Q" n-site costs are related to
“long term loss of soil ‘fertility._(biqﬁchémical.'_and' physical properties)

short and medium term lower yields per unit area

replacement costs of fertilisers and pesticides
crop damage ‘

implementation and maintenance of technical control measures for sheet runoff:
' strips, terraces, interception ditches, ridges, storm drainage canals

implementation and maintenance of technical measures to control concentrated ru-
noff: runoff (retention) reservoirs; gully and ravine control; torrent control

application of agricultural and forestry measures for control: special tillage methods,
vegetation methods, afforestation (windbreaks, shelterbelts)

siltation of reservoirs (on site)

_repair and maintenance costs for cleaning drainage structures

repair and maintenance costs for cleaning water intake structures and canals
replacement of material and infrastructure; additional working hours.

Off-site costs are difficult to assess because they are often indirect and quantification
would require considerable research:

siftation of larger downstream reservoirs at accelerated rates; reduction of effec-
tive storage -capacity

increased .w'éték ‘treatment costs for downstream domestic water users if water is
contaminated, cairies high sediment loads or pathogens

indirect losses to: fishery. if water contamination causes reduced fish growth, increa-
sed mortality {total population) or changes in fish species

aeolian deposits which contain salts might cause salinisation

damage to processing equipment in industrial plants if polluted or contaminated wa-
ter is used without prior treatment

eutrophication of rivers, lakes and reservoirs due to increases in phosphate and ni-
trogen; subsequent loss in recreational value etc.

Case Studies

ava. High sediment loads in the irrigation water, caused by upper watershed erosi-
on, may cause damage to irrigation systems. An estimate for Java assumes that irri-
gation system siltation causes annual costs in the range of US $ 9-13 M (Table 3-
6). Sedimentation imposes high costs in terms of shortened beneficial investment ti-
me, high maintenance requirements, and reduced services. Siltation of reservoirs,
some of them also used for irrigation water supply, causes cost in the range of US
$ 16 to 75 million annually {Doolette/Magrath 1990).
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Luzon. Without watershed management control actions, high sedimentation rates in
he upper watershed of San Roque Multipurpose Project {Luzon} will cause losses
about $ 200 M over a period of 50 years. The watershed control costs will be so-
wie ' $ 27 M (Briones in; Easter et al, ed. 1986)

i rces: Easter et al. ed. 1986; Morgan 1966; ASA43. 1986; Morgan ed. 198%; Kirkby/Morgan ed. 1980;
Product Losses of Tomato during Season 1990 /91 ibly 1980; FAO/UNEP/UNESCO 1979

Crop Damage by Pest
{Heliothis amigera }

@ 1% trem 100 % 4 nation of Soils with Pesticide Residues

Field Storage Loss
12% trom 100 %
174 % trom 67 %

sts destroy up to one third of the world’s food crops during growth, harvest and stora-
® f;"_;’“""" and f;d_i““ Losses ge (example in Fig. 3-7). Therefore, synthetic organic pesticides have become a major
P57 rem 5% lement in modem agricultural production practices (Fig. 3-8). The advent of pesticide
se has coincided with the tremendous increase in agricultural productivity together with
‘expansion of agriculture over the past century. Together with the adoption of improved
arieties, use of synthetic fertilisers, improved irrigation practices, and more efficient farm
achinery, pesticides have been credited as one of the major contributors to modemized
: gricultural production which led to dramatic improvements in crop yields and nutritional
Pre gty gt Detivery m::";v uality of most products {quality may also have been declined in some products, see Pa-
Estimation | Horvested | Factory Factary . ey/Payne 1985). Synthetic chemicals have essentially replaced inorganic chemicals and
: y tillage and cultural practices. The recent trend towards minimal tillage {(projected to
& practiced by the year 2010 on some 60% of US farms) has also meant an increased
_ cliance on pesticides, although recent integrated pest management approaches combine
Fig. 3-9 ' : non-chemical means with chemical use

(X) Total Lass  $5%

£ Rl tar, For: PRber, lekow iopsa Toteinn]
UNPauItED LopuinG Potunswr GITEC ITIL

Further figures on pesticide uses are given in Part Il section 5.2, especially 5.2.2

App. 4-7(i): Entwicklung der Verkidufe bei wichtigen Pestiziden - . . Remark: In the USA, about 70% of pesticides in 1983 were for agricultural purposes {Leonard in:
Cheng ed. (SSSA) 1990). Other important users are health programmes and agroforestry.

6% 5% - . . . . .
- The advamiage of chemical pesticides include their effectiveness in controlling pests and

eir rapid and (relatively) easy application. The disadvantage is that few pesticides pos-
ss a high degree of specificity and most of them are also toxic to non-target orga-
isms. Their use also constitutes a potential health hazard to the person who handles
them as well as to consumers of treated crops as well as posing serious entvironmental
threats.

6%
1972
US$ 3,000 mitlion

~onventionally, it is believed that the careful handling and application of pesticides under
ppropriate soil and environmental conditions is proven to be effective in pest control
1980 'V\fith little adverse effects on the surrounding environment. Growing evidence, however, in-
. 2% dicates that trace amounts of pesticides are present in soils, groundwater and the atmos-
US$ 12,000 million . . phere. Since pesticides are toxic by design, there is a natural concern on the impact of

Herbicide I: Insacticide 1990 estlmafe. - -_tl'.neir presence in the environment on human health and envrionmental quality (soil/water/
~ US$ 50,000 million - -air resources/biotic life). In addition to concern for the acute and chronic toxicity of che-

Fungicide - Others ) ~ ‘mical pesticides, their potentials as carcinogens, teratogens, and mutagens have led to

- questions about the acceptability of continued use.

‘The purpose of this section is to review the presence and fate of pesticides in soil envi-
ronments based on recent publications on pesticide issues, mainly from studies conducted

. , in industrialized countries.
Quelle: Meybeck, M. et at., Global Freshwater Quality, Oxford, 1989

Remarks: Most analyses and assessments are made in industrialized countries, na-
: . ly USA, Canada and Europe. Analytical data from developing countries are rare

: 199 ~ mely : P ping . .
Source: GITEC 2 . but the increased use of pesticides and fertilisers in developing countries make it

FIGURES : SoIL RESOURCES




| IRRIGATION AND THE ENVIRONMENT

more likely that contamination and poliution problems will increase in the near futi<
re. Problems in developing countries are often exacerbated by lack of infrastructure i
and resources to deal with them (see also: Bull 1982; Davies et al. 1982, both cit.
in: Madhun/Freed, in: Cheng ed. 1990).

Drastic changes in pesticide characteristics and uses over the past 10-15 years re-
quire that data in earlier publications and generalisations should be treated with
caution,

" Sources: Cﬁeng; Severn/Ballard; Leonard alf in: Cheng ed. 1990; FAQ 1985a;

| 3.4.2 Nature and Scope of Contamination Impact

Impacts are a function of the nature of the chemical (eg toxicity and properties) and the
- exposwres received (eg amount/concentration, frequency and duration). Generally, pestici-
des create several problems including widespread accumulation of residues, resulting in
impairments to wildlife, fisheries, beneficial insects, and even humans. Impacts on wildlife
may result in

- increased mortality due to acute toxicity,

- subtle effects on reproductlon and behavnour due to chronlc toxicity or habitat de-
terioration,

- long-term impacts through accumulation of residue.

Impacts may occur on-site and off-site, during storage and. handling, and during or after
- application on target plants. They include (1} pollution of soil and water resources, (2)

. contamination of humans which are in contact with the the chemical or the products trea-
ted with pesticides, and of biotic life which is in contact of affected air, soil and water.
The impact on the natural environment is: often not obvious, but insidious and it has more
serious effects than is apparent. The nature and magnitude of the impact are influenced
by many factors with respect to pesticide formulation, organism and biological interaction.
For example, regarding impacts on fish species for a given pesticide, levels of toxicity
vary with temperature, water chemistry, and biological factors such as age, sex, size, and
health conditions as well as species (Madhun/Freed in: Cheng ed. 1990).

Table 3-7 indicates the physico-chemical characteristics of pesticides and their relations-
hip to such fundamental environmental behaviour as adsorption, leaching, vaporisation,
breakdown, and in terms of biological effects, bioaccumulation {(Madhun/Freed 1990). On
" the basis of persistency and toxicity, pesticides can be classified as:’

Persistent chemicals which can exert pressure on ecosystems for considerable pe-
riods and what constitute one of the greatest potential hazards to the environment
are organochlorine insecticides (eg DDT, dieldrin, endosulfan). Organophosphate in-
secticides (OP) are less persistent but many have higher toxicity to mammals and
some are systemic in plants. Carbamates include insecticides, fungicides and nema-
ticides; they are more persistent than. OP and differ considerably in mammalian to-
xicity. A few fungicides (eg mercury compounds) and herbicides (eg triazines} are
also moderately persistent.

Transient chemicals, including certaln insecticides of high toxicity, occasionally
account for spectacular incidents and kills of wildlife, but populations usually reco-
ver quite rapidly and the contamination disappears quickly. Most nematicides (eg
DD., chioropicrin, methyl bromide, aldicarb) are of very high mammalian toxicity and
have a broad spectrum of toxicity. They can cause drastic localised impacts. Moi-
luscicides cause few environmental problems if used as baits. Systemic herbicides
(eg 2,4,5T, 2,4-D, MCPA, CMPP) are selective and of low mammalian and fish to-
xicity. Although soluble and mobile they have been thought not to pose serious en-
vironmental hazard, atlhough recent research challanges these assumptions. Contact
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SPRAY DRIFT
h;:;:ﬁ‘:z"“ EXPOSURE
E

herbicides {eg paraquat) are of low mammalian toxicity and cause few problems,
although some of them have a medium toxicity and they may accumulate, Fungici-
des differ widely; most have low mammalian toxicities and have a low range of to-
xicity to soil and aquatic organisms.

Sources: Edwards 1987; Madhun/Freed in: Cheng ed. {SSSA) 1990

croP
FOLTAGE

FIELD
SCIL

REENTRY
EXPOSURE

TERRESTRIAL
HABITAT
EXPOSURE

On-site impacts, due to pesticide use may occur to

- target or non-target plants

- soil microorganism and invertebrates: mortality, subtle and long-term impacts may
occur to target .or .non-target organisms. Insecticides, nematicides and molluscicides
have the greatest direct impacts on: vertebrates but herbicides may affect them
through effects on vegetation. Negative effects may occur to predators that help to
control pests (eg mites, centipides and carabid beetles)

DYIETARY
EXPOSURE

SURFACE
e

AGUATIC
HABITAT
EXPOSURE

DRINKCING - insects, birds, mammals: mortallty, subtle and long-term impact may occur
WATER

EXPOSURE

- exposed humans through resplratlon dermal (skin) exposure or ingestion; direct to-
xic or subtle reactions from acute or chronic impacts may occw if proper precauti-
ons and protective clothing during storage, handling and application are not employ-
ed. The major route of exposure for farmers is dermal due to spillage, splashes, or
contamination of clothing. The respiratory exposure during mixing and application
varies largely with type of chemical application method and individual handling. The
potential pathways of pesticide exposure to humans are shown in Fig. 3-10.

Off-site impacts due to pesticides may occur on:

~= all users or consumers of polluted ground- ah_d surface waters further downstream
of the application area, especially. to fish, birds and mammals,

Fig. 13-3, Pathways of besticide EXPOSUTE.

SEVERN & BALLARD

Fig. 3-11 4

all consumers of contaminated piants. There is no consensus amongst scientists ab-
out the actual human health threat posed by pesticides at legal concentrations in
consumed food.

: Sources: Madhun/Freed in: Cheng ed. (335A) 1990; Edwards 1987
Further reading with references and examples of impacts in: Madhun/Fread in: Cheng ed. (SSSA) 1990

Unastursted Zone

Satursted Zone
{ground water)

Fig. 13-2. Pathways of pesticide degradation and transport. Source: Sever/Ballard in Cheng ed. 1990

343 Pesticide Entry into the Environment

Pesticides may be introduced directly into the environment in a liquid phase, as a disper-
.sion or solution, or in the solid ‘phase, eg as a powder, dust, microcapsule, or granule,
. Environmental entry can occur during application as spray drift and during rainfall/irrigati-
~on due to foliar wash-off. Pesticide sources and environmental exposure pathways are
‘shown in Table 3-8 and Fig. 3-1. '

F|g 3-12 INPUTS PROCESSES OUTPUT IMPACTS

’

The fate of pesticide in soils is govened by retention, transformation, and transportation
processes, and the interaction between them {see conceptual framework in Fig. 3-12)

Transtormation:

Asiotlo Retention {or sortion) is_the consequence of interaction between the pesticide chemical

Bloehemical h 4 .

l and the soil particle: surface or soil components. it may be reversible or irreversible, re-
T “tard or prevent pesticide movement, and affect its availability for plant or microbial upta—
Retention ke or for biotic and abiotic transformation.

Tra'nsfonnation is a change in the chemical nature of the molecule. Changes may be pure-
ly chemical in nature (eg catalysed by soil constituents or mduced photochemlcally) or by
blochemical means, such-as soil microorganism.

T

Transport to:
Atmosphers
Groundwater
Surlace Waler

Plant &
Microbial
Factors

Soil &
Wates
Properties

D@gﬁ\datlon tends to decrease the toxicity although occasionally the metabolic products
may be even more toxic than the original compound.

i that govern the [ate of
Fig. I-1. A conceptual framework depicting the factors and processes
iesticides in the soil environment and how pesticide fate affects their efficacy and their im-

pact on the environment. Source: Cheng in Cheng ed. 19
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Pesticide Volatilization Cutlcle

Application L Photolysls Absorption ‘

' | -0 ; ' : / Transformation and degradation processes dictate whether and how long pesticides may

gTomes!| - _ :;:s:::a“m :P;zhi::dn‘ Pesticlds be present am‘:l h'ansportatiop processes dictate where the pesticides are present. Volati-
Total Uptake -@round | ypes | storage ! me'::::l;rons : “ lisation a“d_ direct evaporation from_. plant _tlSSues teﬂf’l to the distribution of pesticides
Degradation and Atmosphere from the soil/plant to the atmosphere, leaching results in movement towards groundwaters

= Aerial L__._4
Volltifization crtecs Appled Washott ’ BN . : : and overland flow moves pesticides into surface waters. Soil properties determine the

\ ¥ [ Valatilization — flow characteristics (of bo_th‘ water and pesticide), sorption determines the availability for
D;J:::::t-m i Seaed] Pastiolde on S0 o transport (vapour vs. aqueous vs. particulate vs. dissolved), and the kinetics of transfor-

and Volitiization storage | s::::;ﬁ:rl?: €| Pestiown Partcles : . mation/bicaccumulation determines the concentration present to be transported. The hyd-

Soll Incorporated Interactions]. Ppesticids in - rological cycle interacts with chemical properties and soil characteristics to transform
oerre ] L—s"upper Zone | ntitration ) Qvertand Flow ' F ’ and transport pesticides in runoff and leachate to water sources,
piake, :
wt——— Posticide | . | Lk N . .
mg"\?;f;:;:;?on l"’l_ Storage | | ; Lower Zen : Source: Cheng in: Cheng ed. 1990; Himel et al. in: Cheng ed. 1990; Bailey in: Cheng ed. 1990

Pesticlde | Pesticlde

Uptake | Storage [ tnteractions 'Further reading: Leistra/ Green in: Cheng (SSSA) 1990; Blume ed. 1990; Edwards 1987

Degradation Upper Zons | Losson to Groundwatar

Parcolation - k ) . . . ) .
and Voiltiizatlon Posticlde — Lo — - diosowvad & partiouiates} _ ‘Pesticide transport and transformation processes in the soil-plant-groundwater environ-

|
Dogradatlon and Intoractions |Groundwater) Groun ater ' ment are shown in Figs. 3-13 and 3-14. The current state-of-understanding of the pestici-

1
e —— : . S . . .
| Volltiization | pesielde ninteriow 3 Storage Interactions : de-soil porous media-plant system and the nature of these interactions can be seen in

ey

—

TO STREAM ~d— - ) . - “Fig. 3-15 and Table 3-9. Land use, cultural and irigation practices determine the crop ty-
Fie 2.1, Pesticide ransport and transformation in the soil-plant eavironment and vadose zone. pe,‘the pesticide type and fo.rmulation, and the application technology used. Exogenous
%&fter.Donigian and Crawford (1976). ‘environmental factors are typically uncontrolled and determine the stochastic nature of
S ' ‘pesticide fate in, through, and from the soil to connected groundwater and surface water

- systems.

' Source: Bailey in: Cheng ed. (S55A) 1990
H GEMENT INPUT e
Fig. 3-14 MANA

Pesticide Sources/ Cultural Practices : : . _ o .
E:is,;into Environment| | Pest Type _ . ~ 3.4.4 Herbicide Behaviour in Iirigated Soils
-Agriculture - Tillage - -

- Fo;esttriy| T_ ’P{’:;':'::;gi?:;:r | . : Five main factors affect the behaviour of herbicides in irrigated soils:
= Industria . .

- Urban } . Application Methodology : ' Chemical characteristics of the pesticides: solubility, vapour pressure, chemical and
NATURAL INPUT _F::‘:‘;:;‘:f"c’ ' biological stability to surface or biologically induced reactions determine the beha-
_ viour in the soil-water system; this in turn is govemed by irrigation practices. Bio-
Precipitation . degradation of herbicides, ie the structural transformation by oxidative, reductive,
- Rain ' AIRSHED OUTPUT - __hydrolytic, or conjugative reactions, are governed directly or indirectly (via microbial
~ Snow A . metabolic activities) by soil properties, temperature and moisture contents. Enhan-
-~ Dew — | ' ced herbicide biodegradation occurs with increased temperatures and at moist (not
o wet) soil conditions. Hydrolysis is the most important means of chemical degradati-

— wahlz:zhe;t?::tem Fesioces on. Wet (imigated) soils may bring about additional reactions. The volatilizati?)n from
Radiation oP Y pesticide - ... soil surfaces is also controlled by soil moisture, ie the concentration of the desor-

Solls, Topography Spray Drift bed pesticide and the rate of movement in the soil solution. Volatilization from moist

Wind, - Geology, Vegetation . soils {or wet plant tissues} can approach 90% within 3 days for volatile pesticides

d .
«‘,::ﬁ::ﬂ:k Dust Adsorbed but much less (three orders of magnitude} for dry surfaces.

T:'a:';: : Pesticides ,. i) Properties of the sail and their spatial variability: the composition of the liquid-solid
umicity ) -
———b\ 3 |

Volatilized

" phase in soils determines adsorption-desorption from and into the liquid phase. The
. EVaP:;’:::”"’ most significant properties are the clay and organic matter contents and pH-values
Rainout L : of the soil. The presence of salts in the soil solution can cause a decrease in the

Groundwate] - Dissolved adsoprti . . . . e i
Withdrawals Posticides oprtion of cationic herbicides due to competition for exchange sites; neutral so

Discotved WATERFLOW| OUTPUT ' ils are less effective but may show increased adsorption (Table 3-10).
Pesticldes é Surface 1 —pm Subsurface | . - ' _ _iii) Herbicide application techniques: Surface broadcasting may favour volatilisation or
-

“““": Y F+'°W - transport by runoff. Application with imigation water (herbigation) results in distribu-

. tion within the soil profile and there may be subsequent leaching. Mechanical incor-
Detritus - Ground Surface ‘ .. poration may reduce volatilisation but increases the heterogeneity of distribution.

l‘:::;;;?::s Water Water Imigation technology: Significantly affects distribution pattems which may or may not

lead to an increase or decrease in application efficiency accompanied by leaching

Fig. 2-2. Factors influencing the behavior and export of pesticides from a watershed. After " processes. For example, using surface irrigation methods to apply highly volatiie

Bailey et al. (1985). - herbicides is an extremely inefficient method considering the high volatilisation los-

Source: Himel et al in Cheng ed. 1990
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Fig. 3-15
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ses. On the other hand, deliberate volatilisation can be induced by itrigation sche-
duling in order to minimise leaching losses (agronomic option). Low rates of imrigati-
on application may restrict downward leaching of deeply injected pesticides. :

Basin and border strip irrigation induce one-dimensional flow and uniform, vertical
transport. Furrow and drip irrigation induce two-dimensional flow while subsurface
irrigation favours three-dimensional flow. Here, the dynamics of flow are more com-
plex and matric potentials govern flow and redistribution once the water enters the
soil. Unsaturated conditions are predominant under sprinkler, drip and furrow irrigati-
on methods, whereas saturated conditions in surface horizons are predominant in
other surface methods. Anaerobic conditions {ie <10-20% of pore space is gas-fil-
led) during saturated flow inhibit the microbial activity, which affects the fate of
herbicides. _

Fluctuations in the envrronmental cond:tlons during the season: irrigation modifies
fluctuations in water content and temperature of the soil which in turn directly af-
. fects the herbicide behaviour {see Table 3-11}.

It may be concluded that imigation technology and scheduling can be used to increase
the application efficiency of herbicides and to minimise losses to the environment
'(g'found- or surface water or volatilisation losses). This can be achieved by careful appli-
ations of herbicides through modifications of processes like adsorption-release, volatili-
ation, decomposition and leaching losses. Irrigation can also be used to increase the ef-
icacy of herbicides and to hasten their losses to prevent residual carry-over to the next
op or to groundwaters. If herbicides are applied to moist soils following irrigation, ex-
essive volatilisation may occur before they can be incorporated. Irrigation can also be
sed to prevent volatilisation by the timely redistribution of the chemical into the soil and
sy preventing capillary rise. to the surface Howevr, the type of herbicide must also be
onsidered: Co

For example, non-polar herbicides may be more effective when applied to prewet-
ted soils due to the competition between water and chemicals. Likewise, the appli-
cation of herbicides with a- high vapour pressure to wet soils may increase volatili-
sation,

olirce: Yaron/Gerstl/ Spencer 1985

ate of herbicides in irigated soi!s. He.rbici.des rﬁay be directly applied to the soil surfa-
‘and then wetted by irrigation, applied to the soil in irigation water, or sprayed onto

Herbicides applied prior to irrigation: the behaviour of herbicides is defined by the
irigation regime {method, rate, total amount, and frequency) because its spatial di-
stribution, the extent of dispersion and the fluctuation of anaerobic-aerobic conditi-
ons is affected. Consequently, the degradation rate is also affected. Herbicide los-
-'ses induced by runoff under furrow imigation can be in the range of 1 to 2% (Yaron/

Gerstl/Spencer 1985)

Herbigation: this requires strict control of the amount of water applied per unit of
land. Pressure systems (sprinkier, trickle) are most convenient for herbicide incorpo-
ration into soils via irrigation water. Exessive application may cause harmful bioci-
dal effects on the imigated crop, eg injury to foliage. Potential evaporation losses. .
‘of water and the herbicide may be in the range of 10% (atrazin) to 85% (trifluralin).
The application of chemicals with a high vapour pressure or unstable photochemlcal
properties is by this method questionable. )

‘Herbicides applied to flooded soils is common prachce in rice culture and in open
channels conveying water to fields. Rice fields contain reactive nucleophiles such
as _hydroxydes characterized by a pH between 8 and 10, ammonia, amines, sulfides,
dissolved oxygen and other oxidants, organic and inorganic reducing agents, and. .
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Biotoglcal Dosae/Response Bioleglcal
Fig. 3-16 Exposure Processes Risk
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Fig. 2-3. Concept of pesticide exposure and risk assessment. After Bailey et al. (1985), Source: Himel et al in Cheng ed. 13

Management
Practices

biochemical compounds resulting from intensive microbiological activity. Herbicides. =~
released into this environment are subjected to dissolution, adsorption, leaching, ru-
noff, volatilisation, and biological, chemical, and photoechemical conversion. Volatili~
sation is often one of the main dissipating pathway in a flooded soil. Leaching of
herbicides will be greater than on upland fields because in submerged fields there
is continuous leaching, In fact, runoff can be a major pathway of dissipation in a
flooded ecosystem. Photochemical and biochemical degradation govern the fate of
hetbicides in flooded environmentes. The high pH induces intensive hydrolysis. Mi-
crobial degradation is less important due to anaerobic soil conditions. A summary
of the residual periods of hetbicides in flooded ecosystems is presented in Table 3-
12. The fate of {non-persistent} molinate, when applied in paddy, is shown in Table
3-13.

Source: Yaron/ Gerstl/ Spencer 1985

Ingesten-

3.4.5 Pesticide Source Characterisation and Risk Assessment
Fig. 377 Environmental Impacts of Pesticides Use in lirigation
PES

Risk assessment is a tool used to evaluate the probability of an adverse impact that a
pesticide may have on human health, or the environment. To assess the risk which may be
encountered under any given set of circumstances, the route and rate (dose/amount) of
the chemical reaching the organism must be known. The key role of detailed knowledge
of soil physical conditions and their spatial distribution can be seen from Fig. 3-16. The
role of management practices on pesticide transport and transformation are shown in Fig.
3-17.
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3.486 Irrigation and Pesticide Use

de|

Imigation has specific influences on the use, behaviowr and export of pesticides from
fields. Transportation processes of pesticides are accelerated during sprinkler irrigation
applications through foliar wash-off. Also increased surface runoff from surface irrigation
applications {eg furrow) may contribute to rapid on-farm and, under poor water manage-
ment, to off-farm dislocation of pesticide residues. Improved drainage systems increase
subsurface flow and contribute to increased leaching losses from soils.

i un-off :

pesticide
i digtribution

\ volatiization

Furthermore, it can be expected that transformation and probably also degradation pro-
cesses are accelerated by irigation due to the higher soil moisture status in irrigated so-
ils and the presence of ample moisture for enhanced chemical and biotic processes.

application
i gharacletistics |

In addition, irrigation contributes indirectly to the increased use of pesticides in agricuitu-
re by

application
equipmeni

. bioacc]
1 peslicida \

Tesilience
: R [ consumer
crop lype bioaccumulation— N )

cropping

paliern
storage slorage
facilities saleguards

- the tendency towards monoculiure in large schemes; pest control can then only be
achieved by pesticides

- providing a favourable soil (moisture) and plant (increased growth and prolonged
seasons) habitat for many pests to survive and reproduce abnormally

- indirect changes related to the intensification of the production system, eg stimula-
ting the mechanisation of agricultural production which may enhance the use of pe-
sticides

- sprinkler and trickle/drip imigation systems allow easy, rapid/flexible and labour-
saving application of pesticides.

hmutation

3.4.7 Pesticide Impacts on Birds and Mammals

command area

Many pesticides, particularly insecticides, are toxic to birds when their food becomes
contaminated. The greatest hazards appear to be from persistent organochlorine insectici-
des, These are taken up in the birds’ food, and although they may not kill them immediate-
ly, they are stored in fatty tissues and may have drastic effects when fat tissues are mo-

fixation and degradation

oli-site allected areas

Network showing characteristics {left hand} and fate of the pesticide (right hand} ,G"
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bilised. Moreover, several insecticides have been found to cause thinning of the egg
shells of birds of prey. s

Organophosphates and carbamates which have replaced the organochlorines are not sto-
‘red in the birds’ tissue in large quantities, although they have a higher acute toxicity to
birds. Consequently, since the 1970’s, reports of large-scale adverse effects on birds are
“relatively rare, although there have been many localised bird kills.

There is much less evidence of pesticides having effects on mammals than on birds. Alt-
hough organochiorines are stored in the tissues of mammals, there is little evidence that
‘these residues are toxic or have major effects. However, there is more evidence of mam-
‘mal kills resulting from organophosphate insecticides which have a high mammalian toxici-
ty.

" Gource: Edwards 1986)

‘Soil contamination with trace elements {or ’heavy’ or 'toxic’ metals) may be due to inhe-
rent soil properties, atmospheric additions or deliberate {farm-initiated) additions:

air pollution (see section 5)

‘wastewater effluent applications, often containing Cd, Pb, Zn, Ni, (see sections 2.3
and 8.1)

animal waste or sewage sludge applications, often rich in Cu, Zn, and Cd derived
- from weathering of parent material

" polluted ground- or surface water which is used for imigation (see Part Il 2.2)
_additions by metal-containing substances such as fertilisers, soil amendments.

The following metal ions are of environmental concem in soil: Al, As, Be, Cr, Cd, Hg, Ni,
Sb, and Sn. In addition, the following ions are of ecotoxicological importances, but are
plant nutrients: B, Co, Cu, Fe, Mn, Mo, and Zn.

Cadmium is often regarded as the most important heavy metal because of its relatively
frequent occurence, mobility and toxicity.

Sources: Schimming in Blume ed. 1990; Blume in: Blume ed. 1990; Finck 1992; Tiller 1982

Some agricultural chemicals and fertilisers may contain heavy metals as incidential impuri-
ties derived from raw material. The highest concentrations usually occur in phosphate fer-
tilisers, eg raw phosphate or treated phosphatic fertilisers which contain Cd in the range
of 2 to 100 (156} mg/kg. Zinc salts, copper and lead arsenates and metallo-organic com-
pounds are frequently used for pest control. Applications are common in horticulture soils
(Finck 1992; Tiller 1989).

Soil weathering may be an important source of heavy metals in irigated soils, because ir-
rigation is usually carried out on fine-textured soils, which have potentially high contents
in: trace elements and it typically enhances physical and chemical weathering processes
by providing additional water to the soil profile. Enrichments of heavy metals may occur
v clay, humus and iron enriched layers. The type and intensity of transformation processes
vary with climatic regimes (eg temperature, moisture), cultivation, water management pra-
ctices, soil chemical properties (eg pH, sorption properties; synergistic influences), and
soil parent material. Average contents of trace elements with potential toxicity are shown
. Table 3-14 for typical locations in Germany. Such high concentrations are often caused
oy air pollution from industrial point sources (Table 3-15). They are are usually less impor-
tant in most rural areas in developing countries.

Irrigation may have a distinct influence on reducing the concentration of heavy metais in
the soil solution. Typically, under proper irrigation the soil is moist during most parts of the
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_growing season, compared with dryland farming, and thus, due to dilution, the concentrati-
on. of heavy metals is reduced.

rigation also influences the transportation of heavy metals within or below the root zone.
ypically, irrigation enhances the translocation of trace elements by runoff and Ieachmg
However, high concentration of metals in drainage effluents are rarely encountered in rural
areas in industrialized countries {eg Germany. Schimming in: Blume ed. 1990}. The use of
olluted river water for irrigation may become an increasingly important factor in soil con~
amination in the future. The occurence of the itai-ltai desease in Japan is a well docu-
_mented example of the problem (Tiller 1989),

Only recently have large scale investigations on soils contaminated by heavy metals com-
nenced in industrialized countries. Most studies have revealed that there may be a po-
entfal long-term effect. Current hazards appear minimal, aithough monitoring is recommen-

Qermany An investigation on Cd-contamination on 12 M ha of cropland found that
‘some 1% of agricultural soils have slightly increased Cd values, 0.6% have increa-
sed values (<3 mg Cd/kg soil) and 0.4% are contaminated (>3 mg Cd/kg soil). Ge-
“nerally, in Germany some 1% of agricultural soiis are slightly to moderately contami-
nated with one or more heavy metals. Atmospheric, then geogenic, then anthropo-
genic factors (eg wastewater applications) are the most important means of conta-
mination {Schimming in: Blume ed. 1990).

' a_té on soil contamination in developing countries are scarce and, therefore, all state-
ments should be considered as preliminary only. Data analysis is hampered by the fact
hat trace element analyses are usually very costly, require sophisticated laboratory
2quipment and trained staff, and high sampling densities are needed for reliable evaluati-
‘It may be concluded from general observations on present levels of air pollution and
imited use of waste slumies, sewage sludge and wastewaters for agricultural use

Case Study

Egypt, Irigation is practiced in the Helwan district with polluted wasterwater and
on soils prone to airborne pollution {dust). Wastewater originates from wban-indu-

strial areas. Water supply is from main canals. Analysis were made of Fe, Mn, Zn,
Cu, Ni, Cd, and Cr.

 Soil contents of Fe (35000 ppm), Mn (600 ppm}, Zn (80 ppm), and Cu (40 ppm)
were almost normal for alluvial soils in Egypt. Ni and Cr contents of some 40 ppm
were well below critical limits (100 ppm). Cd was below 1 ppm. Pb in soils was si-
gnificantly increased up to 20 ppm in the vicinity of the industrial sites up to some
6 km distance from the plants. Plant {com) contents showed significantly increased
levels of Fe, Mn, Zn and Cu which may be beneficial as they are micronutrients
{see Sl!lanpaa 1982) unless toxicity levels are reached. Actually, contents are ab-
out 2-10 times higher than normal. increased Pb (5-20 ppm) and Cr (5 ppm) values
in- crops, however, may be potentially hazardous, though they are cumently below
critical levels (El-Falaky/Hussein in: ICID 1989).

- impact of heavy metals may be beneficial {growth stimulation) or detrimental (toxic)
~certain plants, microorganism and soil fauna. Many metals (and other trace elements)
re necessary for growth but at high concentrations they may be toxic (Table 3-16). Typi-
al contents in soils, transfer coefficients between soil and plants and critical limits for
lants and fodder are indicated in Table 3-17a. Average contents of heavy metals in va-
ious soils in Germany are shown in Table 3-17b.
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slubility. These chemical factors determine transmission through the soil to the water
ble, availability to microorganism, soil animals, agricultural crops and animals, and ulti-
mately to humans.

high heavy metal contents may inhibit microbial enzyme activity and reduce the di-
ersity of microorganisms and soil fauna. Reductions in populations of soil animals
.are documented in orchard soils at very high concentrations. Contaminated soil an-
‘imals may introduce heavy metals into the food chain of higher animals and thus hu-
mans. Soil biological processes considered especially sensitive to heavy metals are
‘mineralisation of N and P, cellulose degradation, and possible nitrogen fixation. Alt-
hough the potential of hazards is recognized, there is little evidence to date that
‘soil biological processes are being affected significantly in most (mlldly) contamina-
‘ted soils (Tiller 1989).

‘at moderate heavy metal concentrations (ie above the deficiency range), most soils
‘act as a sink or repository without any obvious effects on soil biological behaviour,

he. extent of transfer from soil to plant depends on the kind of plants. The relative
accumulation of heavy metals by several crops and vegetables is shown in Table 3-
8. The actual uptake reflects the concentration in the soil solution. Here, additive,
. synergistic, or antagonistic effects may be important. It must also be observed that
potentially dangerous levels may be reached in the plant food diet of animals or hu-
“mans without any evudence of deleterious effects on plants because of different to-
xicity tolerances.

her details on the behaviour of soils to heavy metals are given in section Part |l 3.2.

rces: Cheng in; Cheng ed. (SSSA) 1990; Himel/Loats/Bailey in: Cheng ed. (SSSA) 1990: Madhun/
e in: Cheng ed. {SSSA) 1990; Severn/Ballard in: Cheng ed. {SSSA) 1990: Blume in: Blume ed, 1990;
iimming in: Blume ed. 1990; LntzlSatteimacher in: Blume ed. 1990; El- FalakylHussem in: ICID 1989, T|I-
ler1989; Edwards 1987

urther readings: Cheng ed. (SSSA) 1990; Blume ed. 1990 Tlller 1989; Sillanpza (FAO) 1982

.6.1 General

;ontamination of soils can occur during the application of excreta and wastewater. In
ntext, wastewater refers to domestic sewage and municipal wastewaters that do
; ontain substantial industrial effluent. Excreta refers to ’nightsoil’ and excreta-derived

ducts such as sludge. Details and examples of human waste reuse are given in secti-
1 2.5; further details on impacts to human health are covered in section 8. The use of in-
ustrlal wastewaters or sludges is not considered here, because it is not recommended
or agricultural use under conditions in developing countries (Biswas/Arar ed. 1988),

man wastes are regarded as a resource in many parts of the world, and they have
b n widely used since ancient times for various purposes in agriculture, aquaculture and
ater resources planning. In agriculture human wastes are regarded as:

water resource {under limited supply conditions)

3.'6__“ fertilisers (nightsoil, sludge, dissolved and solid constituents in wastewaters) to
mprove scil nutrient status and physical properties.

cological consequences of heavy metal contamination are related to metal mobility and.-
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6.2 Wastewater and Irrigation

indirect use of wastewaters is always practiced - in the form of water extrac.tion
ym rivers or groundwater aquifers receiving upstream wastewater effluents. Salinity pro-
jems from saline waters are related to this indirect usage.

The type and magnitude of impacts on soils varies with sewage effluent and soil chara-
teristics. Important reactions and transformations in the soil phase are shown in Figure
8a/b. Wastewater changes its constitution for example by filtration of solids, precipi-
tation (eg phosphates, heavy metals), ion-exchange reactions, adsorption at colloidal sur-
ces; biological oxidation and reduction, and organic decomposition. Hence, as water
uality changes (usually improves) in the soil-water phase during percolation, soil proper-
»s also change. Some changes are beneficial for agricultural soils and some are detri-
ental. The processes are complex and interrelated which makes impossible the practical
e of any model for simple prediction of soil behaviour under wastewater applications.

Typical wastewaters are composed of 99.5 to 99.9% of water. The remaining percentage
omposed of inorganic and organic solids, colloids, and dissolved solids. These contain
ajor plant nutrients (N,PK) and some trace elements (Table 3-19). Treated wastewater
contains fess N and P, depending on the processes used. Average annual applications
may correspond to about 300 and 60 kg/ha of N and P respectively (Table 3-20a-b), alt-
_ugh higher rates can be achieved especially for N:

‘assuming 800 mm/ha/a = 8 000 m®/ha/a
70 pg/l 70 g/m™ * 8 000
6 g/l 6 g/m® x 8 000

=
"
H
u

560 kg N/ha/a
40 kg P/ha/a

0
[

h ‘contain suspended microorganisms (excluding pathogens) and to the use of sludge
lid waste). Aggregation can be enhanced and the formation of macropores improves
infiltration and soil aeration (Bum/Rawitz 1981). The net results are site-specific

reduced intiltration which is beneficial in earth canals and paddy fields due to seepa-
losses. Surface clogging by accumulating sludge is also undesireable in rapid-infiltrati-
installations, eg in ponding (land treatment} of wastewater for groundwater recharge.

age and intermittent drying promote aerobic decomposition and, hence contro! unwan-
| clogging and odour impacts. Suspended solid particles may add appreciable amounts
fine: material to soils which can be especially important with regard to improving fertili-
f.sandy soils, Significant increases of silt and clay fractions have been observed
{Noy/Feinmesser 1977).

Applications for over 100 years in Betlin/Germany with a mixture of treated domestic and
industrial wastewater resulted in the following soil modifications (conditions: humid, cool
climate; appliation rate 1 600 mm/a; applied on sandy soils and using basin irrigation).
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slight morpholog:cal changes:
increase in morphological evidence {Mn-concretions; mottling) of hydromorph:c pro-"'.
perties resulting from reduction _processes (temporary waterlogging and anaerob[c.--
conditions)

thin organic layers in the upper subsoii horizons {caused by filtration)

increased mobilisation of clay minerals; evidence of illuvial layer-lattice clays in the
subsoil, especially around subsurface drains

lack of Ca-accumulations (mycelia) in the subsoil due to leaching

moderate changes in soil composition and chemical properties:
increased soil humus content )
nitrogen and phophorus status is higher than in traditionally fertilised soils

soil reaction is less acid (pH 5-6) than under natural conditions (< 5); development
of high CO=, HNOa, H250Q4 concentrations under tempeorarily anaercbic conditions
hampered the development of strongly alkakine reactions {wastewater: 8 - 8.5 pH)

_strong accumulation of Na, Zn, Pb, Cu, Cd, and Cr within the rootzone
no accumulation of Fe and Mn despite high inputs from wastewaters

iii) growth conditions changed and hence altered the composition of grasses:

improved nutritional and soil-moisture status

high  application rates (200-400 mm) produced temporary poor aeration

plant societies (eg grasses) adapted to temporary poor aeration in the main root
zone and tolerant to high N-status become predominant, however there is no signifi-
cant loss of species (Sukopp et al. 1980)

anaerobic soil microorganisms prevail over aerobic ones (with high water applicati-
ons {ie in wastewater systems meant primarily for safe disposal of excessive wa-
ter)

“ammonium-fixing bacteria increased and nitrification intensified

butk of soil fauna is concentrated in the continuously wet topsoil; worm activitiy in-
creases with smaller applications

buffer capacity decreases at time, eg as a result of temporarily low redox potential
which increases mobility of heavy metals, eg Fe, Mn

‘NHa ions compete with remove K, Mg and Ca on the exchange complex

Na, NOs, Fe, Mn, Cl are present in soil solution

iv)_microbiological activity increases due to ample supply of material for decompasition
“and favourable moisture conditions:

formation of various highly mobile organic complexes with possible positive symbio-
tic side-effects in the rhizosphere of crops

enzymatic activities are considerably increased

formation of CO-= during decomposition of organic constituents may enhance photo-
sysnthesis; .

he mineralisation of organic compounds continucusly delivers nutrients

:negatlve impacts are associated only with long-lasting anaerobic conditions {redu-
ction phase) and the possibility of formation of sulfidic complexes

_'-sm} fauna may change considerably due to changed conditions as described above.
:There is no significant change in the number of individuals but there is a change in
:species. New species are characterised by higher tolerances to higher salinity,
hydromorphic and decaying conditions.

‘Source: Biume/Horn 1982; Aurand 1981; Kratzschmar in: Blume et al, 1990
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Fig. 3-19

Fig, 23

Heavy metal content of the soil
profile after B0 years of irri-

gation with wastewater

(Evans, Mitchell and Salau 1979}

Fig. 3-28,

{(Figure 4.3) Pathogen survival in soil compared with vegetable
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Soil fertility related problems may occur if secondary treatment of sewage occurs (eg
chlorination), or if water has been previously treated chemically to lower the hardness of
Ca and Mg-rich waters for domestic purposes. The addition of amendments or ion ex-
change processes usually replaces calcium with sodium ions. Such water may require ad-
ditional treatment giving exactly the reverse effect to be suitable for alkaline soils or to
reduce the sodicity risk in soils {see section 3.2),

In addition to beneficial nutrients wastewaters also may contain

- toxins, ie trace heavy metals which include Ag, Al, As, Ba, Cd, Cr, Cu, Co, Fe, Fi,
Hg, Li, Mn, Mo, Ni, Se, Pb, and Zn,

- contaminants, ie disease causing organisms (pathogenic microorganisms): viruses,
bacteria, protozoa and helminths,

- high contents of soluble salts, excessive concentrations of nutrients; unfavourable
ionic composition,

- persistent organic synthetic organic compounds,

High concentrations of heavy metals are ususually not present in treated domestic waste-
waters (they precipitate as hydroxides or oxides during treatment} but may be present in
untreated wastewaters, excreta and especially in industrial wastewaters (Tables 3-21a
and b). Under average conditions in developing countries, such chemicals are not present
at dangerous concentrations (Shuval et al. 1986, Biswas/Arar 1988). However, precise
data and systematic surveys in developing countries are rare.

Trace metals sources can pose significant health hazards, especially Cd, Co, Mo, Ni,, Zn,
and Se. They tend to accumulate in soils and plants and in animals consuming the conta-
minated plants (Fig. 3-19). Inmediate phytotoxicity is relatively rare because of low con-
centrations in wastewaters, except for boron which may be present in concentrations
well above 1 ppm. Provided that the quality of the wastewater conforms to that recom-
mended by FAQ (Ayers/Westcot 1984) or others (see Part H section 2.1), it may be used
safely in agriculture,

For a qualified risk assessment of wastewater uses the typical uptake rates or transfer
coefficients between plant and soil water should be known and subsequently, the actual
wastewater quality can be evaluated for its agricultural use. Tables 3-22a and b may be
used, although they have been developed for hunid European conditions.

Enteric pathogens are of special interest because they are always present in wastewater
sewage effluents and they can survive in soils at considerable concentrations for some ti-
me, and some, especially bacteria, may multiply in suitable environments. Furthermore,
they can be mobile in soil-water solutions (Tables 3-23 and 3-24). Migration of bacteria,
ova of intestinal worms or protozoa cysts occurs as transport through soils and depends
on straining, sedimentation and adsorption rates. The mobility of viruses depends onthe
degree of adsomption to soil components. Generally, low flow rates in soils {ie most medi-
um to fine textured, unstructured soils) favour retention and most faecal organism (>90%)
are usually concentrated in the surface layers (Pescod/Arar 1988).

Mobility and persistence of pathogens at ambient temperatures in various environments
and factors affecting survival time are shown in Tables 3-25 to 3-28 and Figs. 3-20 and
3-21, In hot and arid climates survival of pathogens is limited to 2-3 months at most, whe-
reas in cool and moist soils and those rich in organic matter survival is longer (Table 3-
29). Adsorption onto solids can protect viruses from envrionmental factors and thus ex-
tend average survival also in warm climates up to 3 months.

Heat, sunshine (UV-radiation) and low humidity promote pathogen death. Average survival
times are significantly shorter than in water or soils (Tables 3-25 and 3-26). Whereas ba-
cteria and viruses cannot penetrate undamaged vegetable skins they may survive on crop
surfaces that have been irigated (mainly relevant to sprinkler irrigation). Pathogens may
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survive harvesting and marketing and eventually they may reach the consumer. Pathogen
removal by wastewater treatment is covered in Part |l sections 2.5 and 4.

Soluble salts concentrations are always higher in wastewaters compared with original
water quality. Therefore, all criteria for the use of saline waters and the control of soil
salinity are applicable to wastewaters, too. This applies also for wastewater with an un-
balanced ionic composition which have potential detrimental effects on soil fertility status
and physical conditions (section 3.1).

Complex synthetic organic compounds are not common in domestic wastewaters produ-
ced in developing countries. Some of them are highly toxic and are discussed in section
2.7 as they are commonly derived from pesticides.

Orgénic compounds (colloids) in wastewaters are usually not harmful to crop production,
since there is only insignificant - if any - direct uptake from the soil. Most organic com-
pounds contribute to improvement soil physical conditions.

In arid climates there may exist a potential danger of over-fertilisation and/or imbalanced
supply of nutrients if all water requirements are met by wastewater over long periods. An
application of 800 mm wastewater would result in 640 kg N/ha/season if the wastewa-
ter contained 80 g N/m”. It should be realized, however, that nutrient concentrations of
wastewaters are usually lower in developing countries than in industrialized countries, eg
in India the average N-concentration is in the range of 30 to 60 mg/I.

Summarising, wastewater and  excreta reuse may have beneficial or detrimental impacts
on soils, depending on the quality and quantity of effluents, use of remedial measures to
optimise beneficial and minimise detrimental effects and adequate soil and water mana-
gement practices (see Part Il sections 2.5 and 4).

Wastewater and excreta use schemes can have several direct or indirect positive envi-
ronmental impacts:

- using effluents to substitute for other fertiliser sources
- use of wastewater in areas with limited water resources

- avoidance of groundwater pollution which would occur if wastewater drained un-
treated into rivers or lakes. Major problems associated with surface water pollution
can be minimised: eutrophication, depletion of dissolved oxygen, foaming

- contribution to soil conservation through the enhancement of soil aggregation to

“prevent soil erosion and the additional supply of water for shelterbelts/ windbreaks
in arid regions

- enhancement of biological diversity (species, number of individuals) especially in
arid areas by the supply of water, nutrients and microorganisms,

Potential hazards - except health-related hazards (see section 8) - are associated with:

- increased salinity from saline effluents

- effluents with high ESP-values with associated damage to soil structure

- over-irrigation'cdusing:waterlogging and prolonged anaerobic conditions

- overloading with nutrients and microorganisms beyond the capacity of the soil as

filter, adsorbant and transformer, thus, contaminating the soil which serves as a na-
tural filter to prevent groundwater poliution.

In practice, however, contamination of soils by wastewater reuse under irrigation not wi-
despread and in most cases soil fertility is maintained or improved over decades of irri-
gation (eg Mexico City). Most treated wastewaters usually have low concentrations of
industrial or other chemicals (toxants, organic compounds, heavy metals). Nevertheless,
careful control is required during project planning and operation. Safety standards can on-
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Fig. 3-22

Table 3. ) )
Regional distribution of acid sulphate 30ils {based on data from FAQ/UNESCO Soil Map of the

World; length of growing periods according to FAO Agro-Ecological Zones Project, Rome).

Region Area(10¢ ha) Area (million ha) per length of growing period
<90 days 90-180 180-300 > 300 days
days days
Africa 37 0.4 0.7 15 11
Near and Middle East - - - - -
Asia and Far East 6.7 - 0.2 5.1 1.4
Latin America 21 - 01 0.8 1.2
Australia - e - - -
N. America o1 — - - -
Europe - — — - -
World total 12.6

Source: LRI 1980
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ly be met with continuous monitoring of effluents and soils by qualified personnel (see
Part Il sections 2.5 and 4).

Souces: Feigin et al, 1990; Biswas/Arar ed, 1988; Cairncross/Mara 1988; Shuval et al.1986; Pescod/Arar
ed. 1988

3.7.1 Acid Suiphate Soils

Acid sulphate soils are formed from both river and estuarine alluvial soils that become
exceptionally acid on drainage and oxidation, either as a result of natural processes
(land upheaval, regression of the sea) or of human-made drainage or empoldering. They
develop from sulfidic materials (>0.75% S), are waterlogged (gleyic) and rich in organic
matter (>1%). They are found in brackish coastal environments, usually formerly under man-
grove. The total area of actual and potential acid sulphate soils (Thionic Fluvisols} com-
prises some 10 M ha in the tropics (Fig. 3-22) and another 20 M ha of coastal peat are
underlain by potential acid sulphatic soils (Histosols, mainly in Indonesia and Thailand).

The use of acid sulphate soils for irrigation has a long tradition in some Asian regions.
Acid sulphate soils developed where apparently promising coastal plains were reclaimed
for rice cultivation. However, the rapid expansion during the last century occured on are-
as, unsuitable for permanent use with traditional methods. Meanwhile, thousands of hecta-
res of injudiciously reclamed land in coastal swamps have been degradated or abando-
ned and mangrove areas destroyed. Time consuming and costly technical solutions for lar-
ge scale reclamations exist but their economic feasibility is questionable and the destru-
ction of mangrove areas may be hardly justifiable. Costly engineering works such as di-
kes and weirs/sluices, designed for preventing salt water intrusion, have been abando-
ned.

Background Information:

The most important properties of acid sulphate soils are pH-values of below 3.5,
frequently in the range of 2 to 3, associated with Al- and Fe(lll)-, Mn{ll)-toxicity
and limited nutrient availability, eg P. On submerged soils with pH 6 to 8 in the top-
soil Fe(ll)-toxicity may occur. The profile is usually a clay {cat-clays), but sandy
loamy soils may also become acid sulphatic. When submerged, colours are grey to
blueish black with pH values of above 5 and a smell of hydrogen sulphide. If such
soils are reclaimed by drainage, yellow jarosite motties develop and the pH de-
creases within 1.25 m from the surface. Vertical cracking results in coarse prismatic
structures to the mottled horizons, whilst the subsoil remains structureless and rela-
tively impermeable. Apart from actual or potential acidity most soils are also affe-
cted by salinity because they are located in active tidal areas.

The cause of acidification is the oxidation of pyrites, FeS2, with the formation of
sulphuric acid. Sulphates from the seawater are deposited during mud sedimentation
and later reduced by bacteria under anaerobic conditions to form hydrogen sulphide
{H2S). The presence of organic matter is required for bacterial growth. H2S reacts
with iron compounds in the soil to form ferrous iron sulphide (FeS2). QOxidation on
contact with air causes the formation of ferric sulphate, which produces the mottles
and staining, and sulphuric acid. Further reaction with clay minerals forms aluminium
sulphate at toxic concentrations {further details in Mohr et al. 1972}.

Most potential acid sulphate soils are under natural vegetation, while some are used for
fishponds or salt extraction. Extensive delta areas, for example the Bangkok plain, Me-
kong delta, Ganges delta and estuaries in West Africa (Sierra Leone, Gambia), are under
irrigation with paddy rice, sometimes with vegetables, fruit trees or oil palms. Preference
is given to areas with low tidal movements, passive sectors of old channels, or deltas
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where saline intrusions are blocked off by flood embankments, port schemes or estuary
barrages.

Best possibilities for sustainable cuitivation exist on older and deeply developed Thionic
Fluvisols with low pyrite contents in the topsoil. They may be traditionally used under rice
cultivation. Yields are generally low to moderate which can be attributed to a relatively
low fenrtility, to deficiency levels of micronutrients (Zn, Cu, Mn, Mb) or to toxic concentra-
tions of B, Mn, Al and Fe {Pagel 1974), and reduced activity of microorganisms respon-
sible for decomposition.

There are several approaches for sustainable use of acid-sulphate soils under cultivation;
the key lies in controlling acidity.

- Keeping soil subswface horizons saturated to prevent oxidation of pyrites. This con-
dition is often met in some plains where deep water rice is grown on older, well
developed Thionic Fluvisols (in Thailand} which are subject to seasonal flooding; in
Malaysia oil palms are grown with carefully maintained groundwaters at shallow
depths {60 to 90 cm); the crucial factor with this method is the availability of fresh-
water (rain or irrigation) for seasonal leaching.

- Submerging with freshwater when under paddy cultivation and seawater during the
dry season. Acidity during the growing season will be reduced and pH-values will
increase in the topsoil layers; soils are almost permanently submerged (Sierra Leo-
ne Research Station).

- Neutralise the soil with lime. Theoretically, large quantities of lime in the range of
30 to 300 {average 100) t/ha or more are usually required for 1 to 5% of pyrite,
which usually make reclamation uneconomic, Recent research, however, has indica-
ted that beneficial effects may be achieved by smaller applications (3 to 6 t/ha)
applied over a period of some years.

- Drain, aerate and leach the soil with freshwater. This approach is applicable only if
the pyritic substratum occurs at greater depths. Leaching efficiency in Thionic Fluvi-
sols is usually limited due to the relative immobility of sulfidic material and low per-
meability. A special method has been successfully used in Vietham where deep dit-
ches are excavated to make 3 to 5m wide ridges; after some years of pyrite oxi-
dation and leaching the soils are suitable for crops, eg pineapple; negative impacts
are associated with strong drainage water acidity {pH 2 to 3).

- Leaching may be sucessful if carried out with saline seawater which provides ba-
ses to substitute the exchange acidity; subsequently fresh water is needed for de-
salinisation; this method requires permeable soils.

The leaching method may have detrimental impacts at other places receiving the leachate
which may contain toxic concentrations of Al {eg reports from Kalimantan, Vietnam).

Large engineering schemes for the reclamation of potentially acid sulphate soils are rare-
ly economically feasible, and in most cases young, strongly acid sulphate soils should not
be reclaimed for irrigation. Possibilities for reclamation and sustainable crop production
exist on older, deeper developed acid sulphate soils and sucessful development is usually
attributed to the availability of sufficient fresh water, a combination of fertilization and li-
ming, good water management, and skilled farmers (eg Muda project, Malaysia). Hydrolo-
gical research and numerical modeliing for large river regulation schemes which aim to
control seasonal saline intrusions in deltas in order to permit irrigation, have been condu-
cted by Hydraulic Research (Overseas Development Unit} on the Gambia estuary, Guayas
estuary (Ecuador), Abary river (Guayana) and the lrawaddy delta (Burma). {Overview in
ODA Bulletin 1987).

Preconditions for future development activities should be: adequate soil surveys with se-
lection of suitable sites; detailed hydrological surveys including models for long-term pre-
diction of saline intrusion; seasonal availability of sufficient freshwater (rain or irrigation);
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adequately trained farmers who will use good soil and water management practices;
establishment of research trials and trained extension service; adequate supply of and
access to lime amendments and fertilisers {especially phosphorus).

Sources: Seiler 1989; Beek et al. in ILRI 1980; Spaargaren et al. {ISM) 1981; Mohr et al. 1872

Further readings: Dost ed. (ILRI1) 1986; Dent 1986. Dost/van Breemen ed. {ILR!) 1973; Bloomfield/ Coul-
ter 1973; van Beers (ILRI) 1962

3.7.2 Others

Occasionally, high concentrations of trace elements and metals are found in irrigation wa-
ters which may lead to unfavourable entichment in soils (or plants) or to subsequent gro-
undwater contamination. Groundwaters may contain high concentrations of boron and iron.

High boron concentration are found in some Southern Libyan groundwaters which
restrict the continuous use for irrigation (see water quality Part Il section 2. 1).

High iron concentrations occur in groundwater of some districts in Bangladesh
(Khan 1988). The precipitation of iron in the subsoils resulted in the formation of
hardpans which are relatively impermeable and restrict root penetration. Growth is
restricted due to waterlogging and poor soil aeration.

Changes in soil physical properties induced by irrigation and drainage are manifold and
many of them already have been treated in separate sections dealing with salinity, erosi-
on and sodicity. Soil compaction which is mainly caused by tillage practices under pre-
vailing conditions in developing countries is treated in section 9.

Irrigation and subsequent drainage modify the natural soil-moisture regime in qualitative
and quantitative terms. These changes may be either temporary or permanent and most
impacts are due to changes induced by soil tillage practices and cropping pattern. The
most important irrigation-induced changes are modifications of the soil-air-water system
with subsequent impacts on soil structure, soil temperature and biotic activities, The re-
sponse of soils influenced by continuous and intensive farming, however, may vary with
the soil type including their biotic activities, and generalisations from isolated observati-
ons should be carefully examined.

For sustainable irrigated farming, the most important factors are the creation or mainte-
nance of favourable soil structure and aeration status for the specific crops to be grown.
These conditions may vary with type of crops and cropping pattern, but also with types
of inigation (see Part |l sections 2.3 and 3.2).

The prominent changes and features of inigated soils are

i) in arid and semi-arid regions the introduction and intensification of wetting-drying
cycles respectively

ii) in semiarid or subhumid regions the extension of wet cycles by water applicatlons
in addition to the natural humid phases of the rainy season.

Hence, soil structure forming processes can be either intensified or a loss of favourable
structure can occur under situations of prolonged wetting. Indirect effects of irrigation on
sail structure occur with modifications of soil temperature and enhancement of microbiolo-
gical life, especially in arid and semiarid areas. This, in combination with wetting-drying
cycles, typically improves the formations of micro-aggregation and macropores which pro-
vides favourable conditions for crop growth. Extreme drying {a typical feature of arid and
semiarid regions under natural moisture conditions) is usually avoided under irrigation and
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favourable conditions for microorganism and soil fauna is provided throughout most parts
of the year.

Indicators of physical soil conditions and typical influences of agricultural and irrigation
practices are briefly summarised below.

- bulk density and total porosity: there is a tendency for both to increase under culti-
-vation but tillage practices may exert a large influence; observed changes range
from large decreases to moderate increases; irrigation typically enhances intensifi-
cation of cultivation and mechanisation and may result in increased negative im-
pacts (see also section 9 under soil compaction)

- hydraulic conductivity and infiltration rate: there is a tendency for these to decrease
under cultivation, but tillage practices, reclamation measures and drainage may ex-
ert large effects; observed changes range from decreases to increases; irrigation
with non-sodic water may be neutral or a positive modifier,

- pore size distribution and moisture retention characteristics: there is a tendency to
decrease available water holding capacity under cultivation but tillage and drainage
practices may exert a moderately large influence; observed changes range from
moderate increases to large decreases; irrigation and drainage may be positive mo-
difiers or neutral,

- aggregate stability and water stable aggregates: there is a tendency for these to
decrease under cultivation, but tillage practices, agronomic measures and cropping
pattem exert large influences: observed changes range from large decreases to
moderate increases; irrigation with sodic water may enhance deterioration; irrigation
with non-sodic water may be a positive modifier,

- organic matter content and organic matter composition: there is a tendency for the-
se to decrease under cultivation (except in arid regions) but tillage practices and
agronomic measures exert a large influence; observed changes range from large
decreases to large increases. Irigation may contribute to increased crop growth
and, hence, increases in organic matter; on the other hand, additional soil moisture
and lower temperatures in arid areas may enhance decomposition,

-  soil texiwre: there is a tendency for fine particles and organic matter to be lost
from topsoils due to accelerated soil erosion under cultivation; tillage practices and
other agronomic measures exert a large influence; observed changes range from
slight to heavy losses of fine particle. Irigation may be a neutral, a positive or a
negative modifier. For example, irrigation in arid and semiarid regions may enhance
soil weathering and the formation of fine clay and silt particle sizes. Irigation can
reduce both wind erosion losses and - under good management - water erosion
losses from irrigated lands compared with non-irrigated croplands; however, poor
water management can increase runoff and enhance fine partile losses in topsoils,

- shrinking-swelling processes can be intensified under intermittent irrigation practi-
ces; this may result in heavy textured soils in the development of unfavourable ma-
cro-aggregation,

Sources: Lal 1987; Sanchez 1976
Further readings: Lal/ Greenland ed. 1979; Hillel ed. 1372; Taylor/ Ashcroft 1972

2ms in &

Rice (paddy) soils are continuously or intermittently flooded. This flooding sets a series of
physical, chemical and microbiological processes in operation. These include retardation
of gaseous exchange between soil and air, anaerobic soil conditions, and the chemical
and electrochemical processes accompanied with reduction. There is a decrease in redox
potential, increase in pH under acid conditions, and decrease under alkaline conditions,
and an increase of conductivity. Flooding causes denitrification, accumulation of ammonia,
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release of methane, reduction of magnesia, iron {ferric iron), and sulphates, accumulation
of the products of anaerobic organisms and other secondary effects of reduction. Alumini-
um hydroxides are precipitated and ferrous iron is absorbed by clay minerals.

" Impacts of paddy cultivation

Paddy soils underge chemical and physical changes that differ from other irigated soils
and are caused by permanent or intermittent submergence. The flooded soil-rice ecosy-
stem consists of five major subsystems: floodwater, surface oxidised layer, reduced pu-
ddled layer, subsoil alternatively oxidised and reduced, and the rice plant, its phyllosphe-
re and rhizosphere. Most important for soil processes are sequential changes of several
soil redox systems.

Common problems in paddy soils are related to iron toxicity in acid and extremely alkali-
ne soils, phosphorus deficiencies in ultisols, oxisols, vertisols and andepts, zinc deficien-
cies in sodic, calcareous, and peat soils (see also acid sulphate soils).

Important chemical changes that have implications for soil degradation, agricultural produ-
ctivity and soil fauna are:

- Change in pH: a few weeks’ submergence causes the pH of acid and alkaline soils
to converge between 6 and 7. The rate and degree of changes depends on soil
properties {eg organic matter, active iron) and temperatwe. The effect may be posi-
tive by eliminating extreme pH-values.

- Changes in salinity: EC of the soil solution increases with time after submergence,
reaches a peak and eventually decreases. Most submerged soils, regardless of
their initial salinity level, have values of EC > 2d5/m during most of the growing
season. Changes are correlated with iron and manganese concentrations in acid
soils and with calcium and magnesium bicarbonate in alkaline soils,

- Reduction of Fe(lll) to Felll): Fe(lll)-oxide hydrates are reduced to Fe(ll) -compo-
unds and Fe-concentration in the soil solution may increase to toxic levels; manga-
nese and aluminium toxicity may subsequently occur for dryland crops. These resul-
tin negative effects on crop production and soil fauna.

- Increase in supply and availability of nitrogen; the turnover of available N is faster
in tropical paddy soils than in temperate zones. The effect is positive.

- Increase in availability of phosphorus, silicon, molybdenum. This may benefit nitro-
gen-fixing algae at the surface, anaerobic bacteria in reduced soils, and aerobic
bacteria on the roots.

- Decrease in concentrations of water-soluble zinc and copper, especially on conti-
nuously wet and peat soils. Deficiencies are not acute for subsequent dryland
crops. The effect is negative for rice production, but almost neutral to soil fauna
and dryland crops.

- Production of toxins, organic acids, ethylene and hydrogen sulphide by reduction
and anaerobic decomposition. These hamper productivity in sulphate soils and soils
with high organic matter. The effect on crop productivity and scil fauna is negative.

- Total algae biomass production increases sharply during the crop cycle.

In addition, rice soils are exposed to changes in physical properties through puddiing. This
is the process of breaking down soil aggregates into a uniform mud, accomplished by ap-
plying mechanical force to the saturated soil. Whereas puddling in other cropping systems
is the unintentionai outcome of tilling at too high moisture contents, it is an important pra-
ctice in iowland rice cultivation aimed at minimising the percolation of water.

Puddling decreases pore volume, increases bulk density, eliminates aggregates and ma-
cropores, reduces hydraulic conductivity and infiltration, creates anaercbic conditions, and
effects pH and Eh (redox potential). Rice shoot and root growth, nutrient uptake and wa-
ter use are typically favourably affected by moderate compaction unless soil strength re-
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mains low. The effects of traditional puddling on medium textured soils are often less si-
gnificant for increasing rice yields and water use efficiency but require more energy and
time (Ghildyal in: IRRI 1978).

The anaerobic conditions typically hasten the anaerobic microbial degradation and detoxi-
cation of most pesticides in paddy soils. This is in contrast to the increase in stability of
natural organic compounds, but chemical compounds with reductive and hydrolytic pa-
thways seem to undergo rapid decomposition:

Important pesticide transformations stimulated by flooding are reductive dechiorina-
tion {PCP, DDT), dehydrochlorination (HC), hydrolysis (organophosphates), and redu-
ction (fensulfothion, parathion). Epodixation (aldrin, heptachlor) and ring cleavage
are inhibited. Anaerobic microorganism are particular implicated in these transfor-
mations, but chemical degradation catalysed by redox reactions such as the iron
redox system may also be common.

Anaerobic metabolism of pesticides leads to the formation of easily soil-bound resi-
dues. The altemate oxidation and reduction processes may assist in more extensive
degradation of pesticides than will either system alone.

The persistence of insecticides in non-flooded soils usually follow the order chlari-
nated HC > organophosphates = carbamates. In flooded soils, certain chlorinated
HC (DDT, BHC, endrin, heptachlor) are readily destroyed; in contrast, cyclodienes
(aldrin, dieldrin) persist in both flooded and non-flooded fields (see Table 3-30)

Source: Sethunathan/ Siddaramappa in: |RRI 1978

Sources: Watanabe/Roger in: IRRI 1985; Mohrmann/van Breemen (IRRI) 1978; Ghildyal in: IRRI 1978;
Patrick/ Reddy in: IRRI 1978; Yoschida in: IRRI 1978; Sanchez 1976; Russel 1973

Further reading: IRRI 1978
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4 Intr: ti

Biological resources include ecosystems and their biotic components fauna and flora. The
term resources implies their value for human use and their contribution to ecosystem fu-
nctioning and utilisation values but also non-tangible values such as aethetic, leisure and
scientific value.

Human impacts on iand use and biological resources derived from irrigation are manifold:

- utilising land for imigation, thus destroying habitats of current natural fauna and flora and
genetic resources in these ecosystems which are often precious wetland ecotones (ie
transitional ecosystems at the boundary of aquatic-terrestrial habitats). New habitats for
terrestrial species, adapted to cropland ecosystems, are developed. Irrigation in arid are-
as may lead to the creation of new ecosystems along drainage canals and evaporation
lakes, thus contributing to an increase in the diversity and population of soil microfauna,

- abstraction of water from rivers, lakes or groundwater aquifers modifies, and sometimes
degrades (but seldom destroys unless total abstraction takes place) the habitat of aqua-
tic and temrestrial ecosystems and species in downstream river sections or in adjacent
areas with a groundwater drawdown,

- chemical residues from intensified agricultural production accumulate in soils and gro-
undwater, eventually polluting downstream river sections and aquifers at a further distan-
ce, thus, modifying or degrading temrestrial and aquatic species along downstream river
sections,

- erosion may occur, which affects river water quality (turbidity), thus madifying and de-
grading auatic habitat in downstream sections

- reservoirs have manifold impacts on land occupancy and the hydrological regime of ri-
vers with potential impacts on marine (deltaic) ecosystems. Habitats in the reservoir zone
are destroyed while habitats of aquatic and terrestrial species along downstream secti-
ons are modified, degraded or destroyed, depending on reservoir size and operation.

When land is developed for agricultural use, almost all types of natural flora and wildlife
resources are changed. Often a degradation of aquatic and terrestrial ecosystems results
from these changes, affecting breeding and migration, but also basic habitat functions
such as shelter and food supply. Impacts related to land occupancy result from all agri-
cultural systems and they cannot be attributed to irrigation alone unless development ta-
kes place in environments which are otherwise not suitable for arable farming. Such areas
which are especially affected by imigated agriculture are wetlands. In other areas, only
impacts related to the abstraction or storage of water can be attributed to irrigation,
whereas other impacts, related to soil and water resources degradation and pollution may
occur under other agricultural uses, too.

Note: The boundaries of an ecosystem can be identified by changes in vegetation,
soils , topography, water status, and animal habitat. The scale of an ecosystem de-
pends on the purpose of the analysis: an imigation canal with its adjacent impound-
ments may constitute a small ecosystem, whereas the entire imigation scheme is a
medium scale ecosystem with its distinct functions and structures, while a lower
watershed of a large river system may constitute a third scale of ecosystem. All
ecosystems are connected with others of various scales through exchanges of
energy and biotic or abiotic material.
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4 Human Impact on E tems

The continuing progress of evolutionary change and adaption have led to the development
of the enormously diverse community of aquatic and terrestrial organisms on earth. The
collective impact of humans on this process was on a global scale for long time hardly
perceptible. But as humans increased in number and particularly after the development of
urbanisation, industrialisation, and intensive agriculture and forestry, the impacts on sele-
ction and evolution have became progressively more important. Over the last century, in-
creasing pressure has been put on the natural ecosystems which are used as a resource
for human goods and setvices {see section 3.1). This pressure has resulted in widespread
changes or destruction of habitat for many species and biotic communities. Such changes
result from various classes of stress factors that affect the health, productivity, species
composition, genetic diversity, geographic distribution, and survival of ecosystems and
their components. Natural stresses or growth limitations include competition, climatic, bio-
logical and chemical classes. Agriculture and irrigation may exert the following stresses
on ecosystems and organisms (taxa) living in them:

- human competitional stresses occur when humans compete with other sepcies in the sa-
me ecological niche for a limited supply of growing space, food, solar radiation, water,
and essential nutrients. These also include interactions among organisms which result from
injurious chemicals produced by man which adversely affect the survival and development
of fauna and flora in the same environment,

- human dishzbances stresses: these are imposed by various deliberate or inadvertent hu-
man activities including waterlogging, drainage, buming, physical disturbance of soils, ero-
sion, leaching of nutrients, accumulation of toxic substance; eg the distwbance of mosqui-
to breeding sites is a human stress factor on disease vectors as is the drainage of wet-
lands which may be used by wildlife or plant communities,

- air pollution siresses may occur whenever ecosystems are exposed to injurious concen-
tratons of toxic gases, toxic aerosol particles or coarse particles in air or precipitation,
eg from erosion, sprinkler application of toxins, fertilisers, etc.,

- water pollution stresses may occur whenever aquatic communities are exposed to inju-
rous concentrations of toxic chemicals, temperature changes or turbidity changes which
affect the thermal stratification and light penetration of aquatic systems,

- global climate stresses may occur as a result of increased accumulation of radiatively
active gases {greenhouse gases) in the atmosphere, such as methane from rice fields.

Sources: Cowling in: Mathy ed, {CEC) 1986; see’also: Freedman 1989; Westman 1984

As a result of stress, the following consequences, apart from sheer physical destruction,
may occur to ecosystems and their fauna and flora when they are transformed from natu-
ral ecosystems or rainfed croplands to irrigated lands,

- energetics: for example, primary production increases under irrigation {compared with
rainfed); respiration increases (eg from increased water supply under irrigation); the ratio
between production-respiration (P/R) becomes unbalanced.

- nutrient cycling: nutrient tumover increases under irigation; horizontal-vertical transport
ratio changes under irrigation to any direction, depending on water management; nutrient
input increases with fertilisation; nutrient export increases without fertilisation and green
manuring

- communily siructuwre: proportion of "R-Strategists” may increase (in non-equilibrium, early
successional habitats, species with short generation times and large reproductive efforts
are selected); size of organisms may increase or decrease under irrigation; life spans of
organisms may decrease; food chains may be shorter because of reduced energy flow at
higher trophic levels and greater sensitivity of predators to stress; species diversity de-
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creases and dominance increases; if orginal diversity is low {eg in most arid soil habi-
tats) the reverse may occur; redundancy of parallel processes declines

- general system-level trends: system becomes more open, ie inputs and outputs become
more important as internal cycling is reduced; efficiency of resource use may decrease;
parasitism and other negative interactions increase, and mutualism and other positive in-
teractions decrease; functional properties (community metabolism) may be more robust
_than are species composition and other structural properties.

Source: Freadman 1989, madified from Odum

The intensity of human stress varies in time and space. After some time, the affected
ecosystems and its taxa will either recover after alleviation of the stress (eg reduced
pollution in affected downstream river sections} or, more likely under irrigation, succession
occurs associated with changes in ecosystems structure and function. This is with chan-
ged composition of the biota and the predominance of particular taxa which are better
adapted to the emerging irrigated field habitats. This may ultimately lead to an increase in
biodiversity and species number in arid and in semiarid regions due to higher moisture le-
vels in imigated soils and increased nutrient supply, since water usually provides a medi-
um of transfer and storage of energy and materials used by living organisms within the
ecosystem,

Essentially, there are two issues which are to be addressed: (i) identification of current
predominant species and ecosystems which are to be preserved or protected, and (i)
definition of the maximum allowable stress (directly or indirectly induced by human activi-
ties) for such species, taxa or ecosystems without affecting the integrity of the biotic
communities. Such aspects are treated in Part I} section 1 where environmental perfor-
mance standards are defined. In the following sections stresses induced by land occu-
pancy, ie the direct competition for space are treated. Further aspects of disturbances
(air, soil and water pollution) are treated under separate sections, eg 2, 4 and 5.

Ecosystems are complex and varied, multiscaled and multitiered, and subject to continual
change and adaption. Hence, the practical characterisation of ecosystem disturbances -in-
duced by anthropogenic stress is a rather complex process and many concepts exist.
Recovery and succession of ecosystems are dependent in part upon the characteristics
of the impact/stress and in part upon the characterisation and. history of the ecosystem.
The difficulties of characterisations of ecosystems, responses and recovery {or successi-
on) require adoption of points of view, operational definitions, and choices on how to
simplify and what scales to emphasise. All of these have influences on what and how to
measure, and simple models and extrapolations are simply inadequate because ecosy-
stems are ’‘individualistic’. Ultimately, site specific concerns need consideration in every
case. However, the qualitites of measurements may be considered more generally.

The most useful single criterion to apply in order to reduce the measures of ecosystem
health down to a manageable level is the relevance to issues of concem to humans (see
section 3.1). That means, a change in an ecosystem is only considered of importance if it
relates to something of concem to humans. By focusing on such generic ecological end-
points, a structured way of evaluating ecological effects can be developed. Such a fra-
mework of ecological endpoints can be divided into a hierarchy of levels:

i)  Human Health: vectors for exposure to humans
ii) Species-level endpoints:
direct interest: economic, aesthetic, recreational, nuisance, species

indirect interest: biospecies effect {predation, competition, pollination), habitat
role
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ecological role: trophic role, functional relationship, critical species
iii) Community-level endpoints: food-web structure, species and biotic diversity

iv) Ecosystem-level endpoints: ecologically or economically important processes,
water quality, soil quality, air quality (habitat quality).
Source: Kelly/ Harwell 1989

These endpoints provide an initial base for deciding what indicators should be significant
for a given or predicted disturbance. Indicators are not mutually exclusive and, indeed,
they may strongly complement each other, and multiple indicators of several qualities may
be required. Categories of indicators include:

i) intrinsic indicator: economic species, endangered species, other species of im-
portance; key: indicator is the endpoint

ii) early waming indicators: use when the endpoint is slow in response; key: rapid
indication of effect ,

iii) sensitive indicator: use when endpoint is relatively insensitive; key: reliability in
predicting '

iv) process indicator: monitoring other than biota: decomposition rate; complement
structure; key: endpoint is the process

v) indicator of ecosystem sensitivity/vulnerability: abiotic indicators (scil/water/
air); key: system attributes

Source: Kelly/Harwell 1989

Critieria for such indicators include;

i) reliability of response: specific to a given stress

ii) rapid response; early exposure, quick dynamics

i) signal-to-noise ratio: sensitivity to stress

iv) ease/economy of monitoring: field sampling, lab expertise, data base
v) relevance to endpoint: intrinsic, string of ecological connections

vi) feedback to regulations or management: adaptive management potential
vii) relevance to recovery process

Source: Kelly/Harwell 1989

A multitude of criteria can be used to identify and evaluate the significance of natural
areas (further details in: Smith/Theberge 1986); they include:

rarity, uniqueness biotic, abiotic type

diversity biotic, abiotic

size biotic, abiotic, planning and management
naturainess biotic, abiotic

productivity biotic

fragility biotic, abiotic

representativeness biotic, abiotic

importance to wildlife abundance of biotic, abiotic types
threat planning and management
educational value cultural

cultural resource cultural

research investment cultural, economic

recreational value cultural

level of significance ptanning and management
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consideration as buffer planning and management
geographic location planning and management
shape S 'pianning and management, biotic.

Source: Smith/Theberge 1986

General references: Kaule 1992 Freedman 1989; Kelly/Harwell 1989; Cowling in: Mathy ed.
{ECE) 1986; FAO (EEF &, EEP 7, EEP '8) 1986; Westman 1986

Review of literature relevant to ecological assessments:
Duinker 1989:  Ecological effects momlormg Momtormg can be used as a check on changes over
time. For prediction, implicit, process- based quantitative forecasting models are favoured.

Woakeley 1988: Simplified versions of ex|5t|ng Habitat Suitability Index (HSI) for Habitat Evaluation Pro-
cedures {HEP) which determine the impact on fish and wildlite habitat (US-models)

Herricks/ Schaeffer 1985: Optimisation of Biomonitoring as-an element of enviranmental management

Gassner/ Siederer: Definitions of terms Gestaltsanderung, Nutzungsanderung, Beeintrachtigung des
Naturhaushaltes und Landschaﬂsblldes Erhebllchkell und Nachhaltigkeit der Beeintrachtigungen
(German) :

see also ynder: wellands section 4.7.

Increases in human population have meant an increase in the demand for food, which, in
tum, has resulted in conversion of bushiand/forests into cropland. Whereas population
growth remained rather low in most developing countries {except Latin America) until the
19th century, there has been an accelerated rate of cropland expansion in the 20th cen-
tury and especially over the past 30 years. Between 1850 and 1950, cropland in Asia in-
creased at an annual rate of 1.2 M ha, resulting in an increase of cropland from 70 to
200 M ha in South Asia, and from 10 to 60 million ha in Southeast Asia. Currently, in Asia
are some 374 M ha under cultivation. '

The situation differs from country to country, for example, in China, cropland area has al-
most tripled in this century, whereas in Bangladesh increases were small because most
arable lands were already under cultivation at the 'beginning'of this century. However,
croptand expansion slowed down in recent years and expansion in some countries is ex-
pected to come to a halt as the land frontier is exhausted and structural changes of eco-
nomies reduces the absolute size of agricultural populations. In some Asian countries the
total cropland area decreased over the decade 1976 to 1986 {eg in China -2.9%), and
only in Southeast Asia and Pakistan are growth rates in the range of 3 to 8% over that
decade. It is projected that these expansions will level off in the early 1990s.

QOver the past two decades agricultural grbwtli without: arable land extension was made
possible by the application of land-use saving technologies such as: irigation and modem
farm technologies (agricuitural imputs such’as fertilisers, pesticides, improved seeds, high
yielding varieties, mechanisation, |mproved tl!lage) ll'l most Asian and QECD countries
(ADB 1991).

However, the situation is different in Afnca where only 2% of the world’s irigated areas
are located and food production per capita has declined by some 17% although conversi-
on of land to cropland had been increased over the last 20 years. By 1985, only 15% of
the imigation potential is developed in Sub-Saharan Africa (FAO.1987). The irrigation
needs for crop production in Africa are high, because many areas suitable for rainfed
production outside the rainforests require, irrigation for secured and increased yields, due
to temporary or permanent water deficits.
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The land resources for arable farming in Africa are ass_essed by FAQO as follows:

good rainfall areas 244 M ha 38% of arable land (120-270 growing days)
low rainfall areas 62  Mha  10% of arable.land (<120 growing days)

problem areas 288 Mha = 45% of arable land (>270 growing days)
flooded areas 44 M ha 7% of arable land (naturally flooded)
desert 1 M ha currently under irrigation

total arable-areas - 639 M ha 100%

It is estimated that in Africa about 115 M ha are suitable for: irrigation (18% of the arable
land). The water resources are sufficient for irrigating some 40' M ha of which probably
20-25 M ha match with land suitable for irrigation (without Gonsideration of large scale
water transfer schemes). Water reuse increase the water resources in some areas.

Source: Seckler in: Barghouti/Le Moigne (wWB) 1990; FAC (EEP 6) 1986

There is no reason to assume that the rapidly growing demand for food can be met in Af-
rica without future expansion and intensification of agriculture. It cannot be that Africa
needs less irrigation or fertilisers or other agronomic inputs than Asia does, nor that Afri-
ca has a surplus of agricultural land and therefore requires a low-input, low—yleid form of
agricultural production. There are still vast savanna and forest areas which could be con-
verted to cropland, but land use saving technologies are also applicable, such as irigati-
on and other means to improve rainfed productivity or a combination of irrigation and new
agricultural technologies.

Sources: Seckler in: Barghouti/Le Maigne ed (WB) 1990; FAQ 1987; FAQ {EEP 6) 1986
Further readings: Barghouti/Le Moigne -ed. {WB) 1990; FAQ (EEP 6, EEP 7, EEP 8) 1986

A major environmental cost’ of agriculture is related to land occupancy in relation to na-
tural ecosystems. Irigation competes, like any other human land use system, with natural
ecosystems. Figure 4-1 shows the increase in irrigated area. Per unit area, irrigated agri-
culture produces considerably more food than any other agricultural cropland system, and,
thus, irrigation may also be understand as a land-saving cropland technology (Further de-
tails related to the productivity of agricultural systems are compiled in Table 4-1; but: see
also: section 4.7). For example, in a semiarid region, irigated farming produces about 3.5
times more grains than rainfed farming (Sub-Saharan Africa, FAO 1987) and irrigation im-
provements in Asia {namely India and China) contributed to the decrease in the per capi-
ta agricultural land area.

On the other hand, inigation tends to use the most fertile agricultural lands, areas which
are ecologically sensitive, or areas of a high natural biotic potential or diversity. Irrigation
is, independent of agro-climatic zones, mainly practiced in riverine areas, floodplains and
along seasonal or perennial wetlands and lakes. These, in turn, belong to natural ecosy-
stems with the highest productivity and degree of diversity: riverine or riparian woodlands,
wetlands, alluvial savanna (scrub or grassland) plains.

Losses of natural ecosystems or dlsturbances may occur within and outside the irrigation
command area: _
- the irigated area itself (command area) is converted to agricultural iand,

- upstream areas: if dams are built then the reservoir zone may submerge vast areas
of land (land losses to large reservoirs are shown in Table 4.2),
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- downstream areas: loss or deterioration of seasonal or perennial wetlands due to
shifts or substantial changes in hydrological regimes, eg reservoir operations for
flood control will reduce the downstream flooded areas.

Biodiversity is an important feature of an ecosystem’s function and structure. The extincti-
on of a species represents an irrevocable and regretable loss of a portion of the biologi-
cal richness (Fig. 4-2; Tables 4-3, 4-4). Anthropogenic habitat destruction, eg by large-
scale conversion of wetlands in irigated agriculture, is an increasingly dominant cause of
extinction, although other conversions may contribute to extinction at-much higher levels,
for example tropical forest conversions with the extinction of endemlc taxa w:th local di-
stributions.

Biodiversity can be interpreted from agricultural, floral or !agng[ perspectlves or from en-
vironmental or economic views. Perceptions may vary with different socio-cultural back-
grounds. For example, in African societies maintaining biodiversity is currently often seen
as an alternative, rather than a complement to economic development. In contrast, biodi-
versity in modem ’environmental economics’ is, amongst others, an important feature {or
indicator) of the natural capital stock. This stock is an indicator of sustainability, with the
presupposition that maintaining environmental quality is a condition for sustainability.

important criteria for such analysis includes 'intergenerational equity’ and ‘risk_minimising’.
In this respect, biodiversity may be related to risks and irreversibilities of human interfe-

rence in ecosystems. A major problem arises with the fact that the environmental conse-
quences of development projects are often unknown and hence impacts emerge from na-
tural resource degradation over time. The problems stem from the lack of comprehensive
understanding of (1) ecosystem functions, structures and interactions and (2.) how ecolo-
gical systems assist certain economic activities. Irreversible losses of environmental fu-
nctions and structures are difficult to identify and to evaluate in economic terms.

Thus, sustainability includes avoiding, as far as possible, imeversable changes due to hu-
man inteference and, hence, moves towards the preservation of integrity of biological
communities {see also section 3.1}. Any change in biodiversity, however, must be interpre-
ted in the context of human basic needs (eg for food production) and the need for the
development of human ecosystems such as irrigated agricuiture.

Further readings: McNeely et al. (EUCN) 1990; Risser in: Naiman/Dechamps ed. (UNESCO) 1990; Pearce
et al. 1989; Freedman 1989; Barbier 1989

7 Wetland Degradation

In the past, wetlands were often seen as wastelands or as places which should be avoi-
ded or at least be reclaimed because they carry diseases or were of little human use un-
less drained. Only recently has their value been re-assessed in industrialized countries
{Figure 4-3); natural wetlands help to control floods, they produce various types of food,
serve as a resource for materials, help to stabilise wildlife population, remove bacteria,
viruses, organic and inorganic toxicants/pollutants and suspended solids, and serve as a
genetic resource for precious fauna and flora (Hemond/Benoit 1988).

Since 1900, over half of the world’s wetlands disappeared (Figure 4-4, Tables 4-5, 4-6).
Originally, some 6% of the land was classified as wetlands (Dugan IUCN 1990). ln the
USA alone, some 87 M ha were lost, of which 87% are accounted for by agricultural de-
velopment, 8% by urban development, and 5% by other conversions (Maitby 1986).
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Case studies

Many river basins in Africa contain large floodplains that are of outstanding ecolo-
gical importance. Among those are the Sudd and White Nile region, Lake Chad
(Logone-Chari system), Inner Delta of Niger, and the Okavango Delta in Botswana.
Major riverine plains exist along the rivers Senegal, Gambia, Nile, and Zambesi.
These areas help to control floods, stabilise river flow, trap sediment, and are

highly productive for natural ecosystems, ie for plants and migratory wildlife, such
as mammals. and birds. o '

But, considering the productivity per unit of water in the Inner Delta of the Niger
and the Office du Niger irrigated rice schemes, the former produces some 10 000 t
meat, 120,000 t milk, 100,000 t fish, and 80,000 t rice (traditional) whereas the lat-
ter produces 100 000 t of rice. When computed per unit of water, irrigated rice
produces almost 10 times as many calories and almost twice as many grams of
protein as the swamp, although the swamp’s produce is much more varied in type
and nutritional value (Le Moigne/Barghouti in: Barghouti/lL.e Moigne {WB) 1990).
This is illustrated in Table 4-7a (from: Hollis et al. 1988). Whilst both systems (tradi-
tional and modem rice schemes) produce about the same gross profit margin, the
high interest charges arising from the modern itrigation scheme tums the net profit
of irrigated rice into a loss of $0.65 per 100 m® of water.

In West Africa there are 114 dam projects, which are likely to have an impact on
wetlands, with 51 percent operational at present (Ketel et al. 1987, cit. in: Hollis et

al. 1988). Modermn medium and large scale irrigation projects in West Africa are
shown in Fig. 4-4b.

In northem Nigeria, the Bokolori dam was built in the mid-1970s to supply a 30,000-
ha irrigation scheme. The dam reduced the magnitude of the wet-season floods
which supported an extensive agriculturral system and a fishery upon which some
50,000 people depended. Reducing flooding caused a shift from rice to jower-value
millet and sorghum crops in the wet season and a significant reduction in the extent
of dry season cultivation. Fish population declined, and fishing decreased (Adams
1985, cit. in Hollis et al. 1988). Other case studies in: Goldsmith/Hildyard 1984,

Inland wetlands, ie marshes and swamps, in the world equal about 2 M km®, of which
75% are located in the tropics (Crutzen cit. in: Lal 1987). In South and Southeast Asia
most of these swamps have been utilised intensively, In fact the Asian lowland rice cultu-
re is a sustainable system that has supported the high population density in these regions
without causing far reaching ecological imbalances and soil degradation problems that
have limited the intensive utilisation of tropical uplands. :

Also tidal marsh vegetation is under serious threat and vegetation changes result from ti-
dal restriction. Restrictions are imposed by tide gates and associated structures to pro-
tect agricultural (including irigated) land from flooding by seawater and from discharge

regulation devices imposed by dams across larger rivers, eg. Senegal River, River Volta,
etc. .

The characteristics of wetlands are influenced: primarily by hydrological regimes which af-
fect many abiotic factors, including salinity, nutrient availability and soil anaerobiosis (Ho!-
land et al). Many wetland-uplands support relatively high. biological diversity, but species
diversity for a particular wetland system may be affected by a variety of factors. Some
upland ecosystems have few species due to sharp boundaries. Often the primary produ-
ction is high in wetland-open water systems but conditions can be stressful for less
adapted plants, especially in wetland-upland ecosystems which are only occasionally
flooded. On the other hand, such periodically or seasonally flooded plains provide suffi-
cient moisture for prolonged plant growth periods in semiarid and arid areas, and distinct
community structures exist, adapted. to both flooded and upland conditions. Human interfe-
rence in such plant communities often reduces productivity and homeostasis and stability-
of the wetland as well as adjacent systems can be disrupted.
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Figure 1. Valuing Wetland Beneflts
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Source: Holland/Whigham/Gopal in: Naiman/Dechamps ed. (UNESCO) 1990; Roman/Niering/Warren
1984; Dugan (IUCN) 1990

Further reading regarding cumulative impacts on wetlands and their assessment: Hemond/Benoit 1988

The characteristics of wetlands with value to humans include (details see Table 4-8)

Components {direct harvest or use of structural ecosystem components; resource stocks)

1. Water Resources

Fisheries Resources

Forest Resources

Wildlife Resources

Agricultural Resources {germplasm collection)
Forage Resources

Medicinal Plants Resource, Herbs
Ornamentals Resource

®NO G AW

Attributes
1. Biological diversity
2. Uniqueness to culture, heritage
3. Aesthetic views

Functions (ecosystems flows and services which may assist or support human activities)
Groundwater discharge and recharge

Flood and flow control

Shoreline stabilisation

Sediment retention

Nutrient retention and decomposition

Retention and decomposition of toxins

Water quality maintenance (general)

Storm protection (shelterbelt)

Extermnal support

el B i o

—
o

Micro-climatic stabilization
11. Recreation/Tourism
12. Water Transport

Sources: modfied after Barbier 1989, see also OECD 1985; ADB 1988, Westman 1985]

The ecenomic values of these components, atiributes and values may be direct (value de-
rived from economic uses), indirect (through services) or related to preservation or non-
human uses (typically the attributes). The magnitude of importance is subject to the speci-
fic valuation. An approach to the valuation of wetland benefits is shown in Fig. 4-5.

Further details on economic evaluation are given in Barbier 0.J. ; Pearce/Barbier/ Markandya 1988

The impacts of irrigation on wetlands may include:

- direct conversion to agricultural land under irrigation,

- hydrological interference by up- or downstream water abstractions,

- pumping of groundwater with subsequent lowering of watertables,

- land filling and drainage for new land uses or for eliminating vector habitats,
- ' alteration or complete removal of vegetation,

- pollutant inputs: fertilisers, xenobiotic organic chemicals

BIOLdGICAL RESOURCES T2




IRRIGATION AND THE ENVIRONMENT PART |

- peat harvesting,
- wildlife management (through 'pest’ control, or by neighbouring population)
- drainage effiuents {these may have negative or beneficial overall effects).

Further readings on general wetland degradation: Hemon/Benoit 1988; Winter 1988; Preston/Bedford
1988; Bedford/ Preston 1988; Hirsch 1988; Stakhiv 1988; Harris 1988; Cable/Brack/Holmes 1988

In addition, the conversion or alteration of wetlands may have impacts on downstream
water resources, eg water quality, which, in turn, may affect other downstream users.

Further reading: Brinson 1988; Dugan 1990

The development of irrigation and drainage projects has typically had detrimental impacts
on wetland ecosystems. In semiarid to subhumid regions irrigation areas, especially for
paddy cultivation are those areas around lakes or low lying depressions. In other places,
wetland zones are dispersed within riverine floodplains which generally offer the best po-
tential for irrigation because of fertile alluvial soils and ample availability of water for irri-
gation. To meet the increasing demand for food production, additional wetlands will have
to be brought under irrigation, especially under paddy production. In fact, the area sown
to rice is expected to increase from 98 to 126 M ha by the year 2000 (Dudal cit. in: Lal
1987).

Wetlands in tropical Africa constitute a huge potential useful land resource for intensive
cropping. Wetlands and hydromorphic soils can often be utilized for double or triple crop-
ping provided that environmentally sound agricultural and soil/water resource management
practices are applied. In humid to subhumid areas of West Africa the total wetland area
ranges from 13 to 28% of the tota! land area of various countries. One third of this is in
streamflow valleys which are the likely targets for development to meet future land use
demands in tropical Africa. Most of these areas also offer great potential for irigation.
However, their use in large-scale irrigation would jeopardise or destroy wildlife and plant
diversity and would be detrimental to indigenous populations and/or traditional land use
systems which rely on fish, collection of plants or fruits and rainfed crops.

Indirect impacts of irrigation on surface water resources are of similar importance.
Changes in quality and quantity of stream flow typically result in a deterioration of habitat
quality for wildlife and aquatic life.

It is obvious that more precise information needs to be obtained on the environmental and
economic costs and benefits associated with large scale irrigation development to deter-
mine whether water diverted from swamps {or further upstream) will indeed find more
worthwhile use elsewhere. This however, also implies that development or conservation
priorities must be set in the social, cultural and economic context of the area under con-
cem. Technical and ecological information may contribute towards formulating alternative
solutions if conflicts between various actual or potential future users arise.

Case Studies:

USA. San Joaquin Valley in Califomia: An increased concentration of selenium from
drainage effluents has caused reproduction failures and death in some species of
afuatic organisms and waterfow! in the Kesterton National Wildlife Refuge. (Tanji/
Hanson in: Stewart ed. 1990),

USA. Central Valley in California: This area once contained some of the finest bird
and fish habitats in the world. As the valley was developed and land was conver-
ted to agricultural (irrigation) use, fish and wildlife habitats declined. Today only
120,000 to 170,000 ha of natural wetlands remain out of an estimated 16 M. In ad-
dition, 10,000 km of productive stream and river habitat habe been reduced to ab-
out 1,500 km, as a result of construction of dams and other major water develop-
ments. Reduction of habitat area has resulted in corresponding reductions in fish
and wildlife populations. (Hoffman in: Lesaffre ed. 1990).
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USA. Arid Western States: Many wildlife refuges are, in essence, terminal points
for irigation schemes. These areas are often closed basins with no outlet to the
sea, and so water quality problems can become severe. In all cases, the reduction
of stream flow and the deterioration of water quality have been stressful for fish
and wildlife. (Hoffman in: Lesaffre 1990)

Australia. Central Murray River Catchment: Large scale flood irrigation of pasture
lands and associated infrastructure works without adequate drainage has lead to a
rise in watertables and the build-up of soil, groundwater and streamflow salinity.
Most of the stream systems have been degraded by works intended to upgrade
their water carrying capacity, including dredging, channelisation and levee banking.
Dredging of low-lying natural streams has led to the interception of saline ground-
water and consequently more saline streamflow. All wetlands have undergone major
changes affecting the water regime, water quality and the vegetation. None of the
wetlands can be classified as pristine. 21 out of 40 wetlands in the area have de-
clined in rating in the past 15 years. Increasing salinity has reduced the value of
many wetlands for waterbird breeding to the extent that some wetlands no longer
meet the Ramsar Convention criteria. Salinity can reach high levels during the non-
imigation season and dramatic changes can occur in some areas as saline slugs
are flushed through the system during the early part of the following irrigation sea-
son, These slugs are particularly detrimental to the aquatic environment and to high
value horticuiture enterprises. Stratification in lakes and streams due to salinity and
the associated deoxygenation of the lower, more saline layer, can result in signifi-
cant loss of habitat and the development of potentially toxic conditions for instream
fauna (Lakey in: Lefeffre ed. 1990)

Sources: Lakey in: Lesaffre ed. 1990; Hoffman in: Lesaffre ed. 1990; Tanji/ Hanson in: Stewart 1990;
Holland/Whigham/ Gopal in: Naiman/Dechamps ed. (UNESCOQ) 1990

Further readings: UNESCQ/UNEP/FAO 1979; Dugan IUCN 1990

Further reading: Assessments and Regulatory Alternatives for Management: Lee/Gosselink 1988

Riparian habitats support some of the richest terrestrial vertebrate faunas of semiarid and
arid areas. These composite terrestrial-aquatic ecosystems are ecotones (ecosystem
transitional zones) which have not only the highest densities of bird populations but also
contribute significantly to the distribution of birds in adjacent areas. They also contain nu-
merous habitats for large and small mammals in dryland regions. Changes in ecotones
thus affect the diversity of adjacent ecological communities. For example, 95% fewer
birds and 32% fewer species were recorded on agricultural lands along the Sacramento
River, USA), from which the adjacent riparian vegetation had been removed. Such remo-
vals may also reduce invertebrate and fish production due to a loss of energy inputs into
adjacent streams. Generally, riparian forest can affect the flow of water, nutrients and ot-
her materials from uplands into streams. They may capture (filter) significant portions of N,
Ca, P, and Mg which otherwise would have been washed into the river. Each riparian
ecotone has unique features which reflect different hydrological regimes and positions.

Source: Risser in: Naiman/Dechamps ed. (UNESCQ) 1990

Imigation development typically contributes to the clearing of riverine forests, especially in
semiarid regions. Often, they consist of fertile strips of land which are brought under cul-
tivation. But the construction and operation of intake structures may also result in portions
“ of riparian rivers being destroyed. Riparian habitat degradation may occur due to human
health or other pest control activities because riparian forests may be sources of agricul-
tural pests or provide habitats for water-related vectors.
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4. impacts on Aguatic Faun

Aquatic fauna is affected twofold by impacts resulting from irrigation and irrigated agri-
cultural activities:

- Changes in hydrological regimes of rivers by water abstractions: typically seasonal
variations and total flow volume may be changed by irrigation projects. The magni-
tude of impacts on aquatic life varies from negligible to significant. Changes and
impacts induced by large dams are treated in section 11.

- Changes in water quality, namely increased salinisation and other water pollution
from agro-chemicals from washed or leached from agricultural areas into the river
systems (especially persistent pesticides and toxic metals, see sections 3, 4 and
9).

Any significant impact on the hydrological regime of a river has effects on fish populati-
ons and indirectly on fishery. lirigation projects may have direct and indirect impacts:

- Direct impacts are related to (i) the total reduction of downstream water flow, (ii)
changes in seasonal flow regimes, and (i} changes in downstream water quality,
namely increasing salinity and introduction of toxic chemicals.

- Indirect influences include changes in river regime caused by large-scale water de-
velopment schemes such as reservoirs. These impacts can become a serious threat
to migratory fishes and may result in a reduction of breeding habitats.

Case Studies

In Thailand dams have impacts on marine and fresh-water fisheries; the daming of
main inflows caused a serious decline of fishery productivity, since dams trapped
nutritious sediment loads; in several cases the dams interupted the life cycle of fish
or crustaceans (Tuntawiroon in: Goldsmith/Hildyard ed. 1986).

in Egypt, after the construction of the Aswan High Dam, both downstream fishery
and marine declined.

On the other hand, favourable fish_habitats may be developed in reservoirs, with new fish
populations adapted to lacustrine conditions and typically higher fish catches compared
with the average fish catches in such rivers:

in Egypt, the Aswan High Dam reservoir exhibits high rates of biological production
in the range of 8-15 g O%/m®/d in some favourable habitats (khores).

The actual impacts from changes in water quality differ greatly and may vary from insigni-
ficant to acutely toxic. Fish kills as a direct impact from irrigation projects are rarely ob-
setved because toxic concentrations from drainage effluents may only occur incidentally.
In large resevoirs the development of aquatic weeds may become a threat to fish popula-
tions. For example, blue-green algae (Cyanophyta) in reservoirs or swamps are impound-
ment organisms which deplete the oxygen in water, fix nitrogen, cause taste and odour
problems, are toxic to certain fish and represent the dead end in the food chain.

More important are indirect effects from changes in fish breeding habitats in downstream
reaches which may be affected by siltation or changes in seasonal water level fluctuati-
ons. However, the most serious impacts are where reservoirs across larger streams ham-
per the migration of fish populations. In addition, some fish species may not adapt to lake
or reservoir conditions and fish numbers may fall unless new species are introduced. Indi-
rect impacts alse occur from an increase in sediment loads in rivers caused by increased
farming and soil erosion on farmland. Irrigation practices may increase or decrease runoff
but poor farming practices will increase runoff and hence increase turbidity in downstre-
am reaches of rivers.
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The concentration of a pesticide is rarely distributed evenly through the aquatic phase.
Soon after introduction {or application) there is a high concentration close to the surface
or the emitter (eg drainage pipes) where it may kill fish, and thereafter, it tends to beco-
me absorbed on to particulates or dead organisms and become depostied on the bottom,

Most planktonic organisms tend to be extremely susceptible to pesticides in solution, Ho-
wever, there is much less difference in susceptibility between different groups of aquatic
invertebrates belonging to different taxa than there is between organsim of different taxa
that inhibit the soil. Invertebrates used in laboratory bioassay tests provide evidence of
this comparatively uniform susceptibility to pesticides, eq water fleas, ostraceds and sto-
neflies,

Most insecticides, including the organochlorines, organophosphates and pyrethroids are
very toxic to aquatic arthropods with relatively little difference in relative toxicity bet-
ween them, The greatest kill occurs within a few hours of a pesticide reaching the sy-
stem. Usually, the effects of several successive incidential exposures are catastrophic.

Although aquatic systems are often polluted with herbicides, most of these chemicals ha-
ve little direct toxicity to aquatic invertebrates, although they have drastic effects on the
availability of food. The use of herbicides can decrease the amount of floating phyto-
plankton but, when they are killed and sink to the bottom, detritus-feeding invertebrates in
the bottom sediment may be favoured. The greatest reduction in aquatic invertebrate po-
pulations resulting from herbicide use reported to date is 50% (Edwards 1987).

After the aquatic invertebrate fauna population has been affected by pesticides, the time
taken for repopulation depends mainly on how long it takes for the residues to disappear.
Populations tend to take longer to recover in isolated ponds or streams than in faster flo-
wing systems where contamination is soon removed (dilution effect). Usually, repopulation
is relatively rapid and direct effects on fish populations feeding on invertebrates are rela-
tively small. Many invertebrates, however, accumulate pesticides in their tissues without
being killed, so that fish that feed on them are exposed to the residues. Fish may contain
concentrations of residues many thousand times greater than the water. However, altho-
ugh it is common for animals at higher trophic levels to contain greater concentrations of
residues, such bioconcentrations, induced by typical pesticide poliutions from agricultural
lands, have not been demonstrated in food chains at significant levels. Thus, pesticides
certainly have the potential to affect all the functions of aquatic systems and fish produ-
ctivity. Care should therefore always be taken to minimise or eliminate such poliution
even if direct killings are not encountered.

Source: Edwards 1987

Further readings regarding changes in reservoirs: Baumann et al. {(BMZ) 1984, Zauke/Niemeyer/ Gilles
1992
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51 Introduction

Impacts may occur on-site and off-site: on-site effects are especially related to particu-
late emission (dust) and potential health hazards from pesticide usage. Off-site effects
can be related to air deposits {particulate, vapor) on areas neighbouring irrigated lands
{settlements, natural vegetation) and contributions to the ’greenhouse effect’ by emissions
of the greenhouse gases CO=z, CHa and N20. The relative contribution (ratio) to global
warming is 15, 5 and 1, respectively. If only biotic sources (natural, agricultural areas,
cattle} are considered, their relative contributions are 5, 4 and 1. Especially CHa and
N20O have important impacts on atmospheric photochemical reactions in addition to their
effect on the atmosopheric radiation baiance.

Irrigated agriculture impacts on air quality are usually of minor concern because of their
marginal significance and - often - limited spatial impact, when compared to air pollution
from non-agricultural sources. Nevertheless, some negative and postive impacts do exist
and it should be noted that air quality itself has some stress effects on agricultural produ-
ction, too.

Significant direct air pollutant emissions, related to soil cultivation, irrigation, crop produ-
ction and waste disposal, are usually fugitive and include:

- during field operations particulate, NOs, HC, CO.., odour, visibility effects

- during growth particulate, HC (Hydro-Carbonates),

- during decay particulate, HC, COx, odour (anaerobic)

- field fires particulate, NOx, COx, HC, odour, sulphur, visibility

- transpontation related  particulate, NOx, CO., HC

- during irrigation aerosolized enteric pathogens during wastewater irrigation.

Source: Canter 1886 (air poliution by other farm activities is treated in depth in Laehr 1576)

The proportion of various emissions produced by agricultwe is estimated to:

methane 40-60 % paddy, livestock, biomass burning
nitrous gases 10-25 % fertilisers, biomass buming
ammonia 80-80 % livestock, wastes, paddy

other combustion gases 60-65 % biomass burning

particulates, smoke 60-65 % biomass burning.

Source: Pretty/ Conway 1989, using other sources

During tillage operations dust particles are injected into the atmosphere from the loose-
ning and pulverisation of soils. Emissions can be significantly reduced when the soils are
slighly moist. Under irrigation good water management soils are moist during field operati-
ons such that dust emissions under irrigation are lower compared with non-irrigated crop-
ping practices. ' '

52  Biomass Buming

Globally, biomass burning contributes approximately 10 to 20% of total annual CHa emis-
sion, 20 to 40% of CO, 5 to 15% of N=20, and 10 to 35% of NO. emissions, in addition to
contribution to atmospheric CO= emissions. Agricultural buming due to shifting cultivation
and pastureland buming contribute more than 50% of all biomass burned annually. Agricul-
tural field buming (including farm wastes, crop debris) can be a major source of carbon,
sulphur and nitrogen pollution. However, this cannot be directly attrributed to irrigation
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practices. Usually carbon monoxide and dioxide, nitrogen oxides, nitrous oxide, ammonia;"._*' '
methane and other hydrocarbons and various sulphur products are' emitted during burning.
In places, emissions can be of about the same quantity as those from wood refuse or
open buming of municipal refuse, or - in the case of catbon monoxide - considerably hig-
her, by a factor of 1 to 2.

Open burning of harvest residues is rarely practiced under irrigation and is more common
in traditional non-irrigated farming and pasture or wildlife management. On the other hand,
crop production usually increases under irrigation, and so do crop residues. These are of-
ten used in irrigated agriculture either for cattle feeding or as organic manure.

During land clearing large areas of natural shrub and woodland are converted to unvege-
tated land subsequently used for agriculture. Land clearing is practiced for rangelands,
dryland and irigated agriculture and often includes buming, either on-site or later as fire-
wood. In some cases, the degree of land clearing and the amount of debris can be higher
in irigated areas compared with dryland (rainfed) agriculture, eg due to riparian wood-
land clearing, canal cleaning and higher crop residues. As yet, no estimate of the contri-
bution of irrigation to the total budget are available.

Source: Canter 1986; Burke/Lachof in: Kimball et al, 1990

e | ' _' : 53 Other Poliutants

521 introduction
Fig. 5-1 APLICATLON : A

DECONPOSITION : Air poliution from agricultural yehicles may increase under irrigation because of increased
(air)

farm mechanization. Pollution includes sulphur oxides and particles from the exhaust sy-
stem, carbon monoxide, hydrocarbons, nitrogen oxides, and particulates from tyre wear. In
developing coubntries, the emission control standards, where present, are less rigid than
in" industrialized countries and most vehicles are older aged. This usually implies conside-
rably higher emission rates per unit in developing countries, although the number of vehi-
cles is much lower than in industrialized countries.

[ AIR RESIDUE
vapotr and particutate

wiso [> DRIFT >

TEANSPORT

Harvesting and grain handling can produce large quantities of particulate and hydrocarbon
emissions. The magnitude depends on handling practices. In developing countries traditio-
nal practices often favour the emission of particulates (eg during drying and threshing of
CYPORATION ERoS 100 : small grains) (Canter 1986).

vapor particulate

IRECIPITATLION

Air pollution from pesticide/hetbicide applications are significant during spraying operati-
ons. Appreciable quantities may drift under windy conditions and later on volatilisation
. occurs during evaporation (Fig. 5-1}. The relative amounts of constituents of a given pesti-
DECOMPOSITION . ' cide entering the atmosphere depend on the type of application method, weather conditi-
(ot ete) : ' ons during application, its physical properties, chemical reactions and volatilization during
evaporation. Drift losses, besides having implications on economics and efficiency, may
pose a health threat to exposed on-farm and off-farm personnel and phytotoxic damages
to non-target foliage may occur.

Figure 29: Sources and Fate of Airborne Residues Related to Pesticide

Applications (Seiber, et al., 1980) : Source: Canter 1986 In developing countries, technical standards for safe pesticide operations are usually not

adeqately followed by farm workers (and probably neither the personnel from extension
services). Therefore, risks of pollution in developing countries are considerably higher than
in industrialized countries where farmers are generally well trained.

In irrigated agriculture there is a trend to cultivate high yielding varieties or other crops
which often require pesticide applications. Therefore, the risk of air pollution from pestici-
de applications is generally increased under irrigation.

Health. Dispersion of enteric pathogens in aerosols occurs during wastewater treatment
and sprinkler irrigation. Under average conditions with sprinkler irrigation, between 0.1 and
1% of the liquid is aerosolised. Variable factors which affect pathogen survival and con-
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centration are wind speed, sprinkler nozzle {orifice) diameter, water pressure, humidity;
and radiation.

The initial density of microorganisms in the aerosols is a function of their concentration in
wastewaters. This initial concentration is usually rapidly reduced by dilution, initial aeroso!
shock, biological decay, or die-away with time and distance downwind. Enterovituses are
least affected whereas survival rates of most bacteria are low, ie they die at a rate of
1.0 logio reduction per 100m distance. Enteric bacterial indicators are usually found within
400 m distance from the source with maximum distances being 1.0 to 1.2 km. Typical con-
centrations of microorganisms range from 1-100/m®, Thus a person may respire 10 to 1000
airbome microorganisms daily. Therefore, sprinkler irrigation with wastewaters pose a po-
tential risk of disease transmission to farmworkers and to people living within the vicinity,
since some bacteria and viruses cause infections by the respiratory route {see also secti-
ons 3.6, 8.1 and Part Il 4 and 5.2}.

Sources: Shuval et al, 1986; see also: Hillman in: Biswas/Arar 1988; WHO 1979

52.2 Nitrous Oxide

Other air pollutants may include pollens, odours and several nitrogen forms. Odours in irri-
gation projects may be caused by organic decay in stagnant water in drainage canals
and by processing industries. Nitrogen losses are more important. It is estimated that ap-
proximately 90% of all N=O is of biogenic origin. Further research is needed to define
the proportion of N2Q originating in different ecosystems (eg irigation). Recent estimates
assume that from a global emission of 8 to 22 M t/y, nitrogenous fertilisers and biomass
buring contribute 0.14 to 24 M t/a and 1 to 2 M t/a, respectively (Burke/Lashof). The
most important smgle source is given by natural soils whlch account for >40% of total
global N=O emissions.

Special attention must be paid to areas with high rates of organic matter and N-turnover
such as (tropical) rainforests, areas with marked dry-wet seasons (semiarid regions) as
well as heavily N-fertilised areas. It is estimated that some 10-20% of the applied nitro-
gen fertiliser is released into the atmosphere, ie converted by bacterial action to Nx and
nitrogen oxides, and volatilised (Canter 1986). Other estimate suggest that 30-40% of ni-
trogen is volatlhsed (see section 2.3).

Fertilized soils often emit about 2 to 10 times as much NOx as non-fertilised soils. Pra-
ctices affecting fertiliser-derived NO=z emissions include fertiliser type, amount of fertiliser
application, tillage practices, use of other chemicals, trrlgatlon practlces type of vegeta-
tion, and residual N in the soil,

Natural factors such as temperature, rainfall, organic matter content, and soil pH also af-
fect emissions. Ammonia losses can occur during application, but proper application can
minimise losses. Ammonia losses from animal wastes and biomass burning are most im-
portant. Estimates suggest that the fertiliser-derived emissions of NO= are 0.5% N (of N-
applied) for anhydrous ammonia and 0.1% N for ammonium types. Nitrous emissions are li-
kely to be higher with increased fertiliser applications, broadcasting rather than deep-pla-
cement, and when the soil is flooded intermittently. It can be deducted from general ob-
servations that mmigation may contribute to increased N-losses as a result of intensificati-
on of agricultural production: fertilisation rates are higher, organic decomposition is in-
creased, organic matter is applied at higher rates, and soils are more often prone to dry-
ing-wetting cycles.

Sources: Burke/Lashof in: Kimball ed. (ASA) 1990; Conway/ Pretty 1988; Canter 1986; Bolle et al. in: Bo-
lin et al, (UNESCO) ed. 1986
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523 Methane

Methane (CHa) is produced by bacteria during anaerobic decomposition of organic mat-
ter. Main sources include natural swamps and wetlands, oceans and paddy rice fields
{Fig. 5.2). The total budget (on world scale} for methane is relatively well defined, but in-
dividual sources are poorly documented. About 70% of atmospheric methane is of biotic
origin, the rest is fossil (ISRIC1990). Human activities contribute about 350 out of the 550
M t total annual emissions (Graedel/Crutzen. 1986). Tentative estimates of global produ-
ction rates of individual sources are presented in Fig. 5-3 and Tables 5-1 to 3.

Average emissions of methane from anaerobic decomposition in rice paddies during the
growing season are estimated to range from 12 to 25 or 54 g/m® according to various
measurements {cit. in: Lal 1987). Emission rates are affected by the particular growth
phase of the rice plant, temperature, irrigation and water management practices (eg dura-
tion of inundation), fertiliser usage, presence of organic matter, rice species, and number
of rice harvests (continuous growing). Manuring techniques enhance methane production.
High yielding varieties (HYV), which have a higher grain-to-straw ratio than traditional va-
rieties, produce less methane per unit of rice, due to a relative reduction in the amount of
crop residue avaitable for decomposition and the reduction of the maturation period which
reduces the time period during which the paddy is flooded (Tables 5-4 to 6). These expe-
riences are mainly from Europe and the USA; precise data from the major rice producing
areas of Asia are still lacking and available data do not characterise the full range of
water management regimes used under paddy rice production. However, research to de-
ctease methane emissions into the atmosphere is now under way in the IRRI, Philippines.

Example "rice species”: Bacterial soil decompositions of organic matter in flooded rice produces
methane, But most of this methane is broken down by oxidation. 80% of gas that escapes enters
the atmosphere by pasisng from the roots up through the ptant, which acts as a chimney. Smaller
amounts bubble up or diffuse slowly from the soil through the water. Increased methane oxidation
in flooded rice soils would mean less escape. Some rice varieties bring in mare oxygen than ot-
hers (Neue, project leader at the IRRI).

Other methane sources {see Fig. 5-3) are enteric fermentation (eg in the guts of cattle,
other ruminants and wood-eating insects), burning of fossil fuels and biomass, decomposi-
tion of biomass and landfills, mining of coal and mining of natural gases.

The recent growth of areas under paddy rice cultivation has resulted in an increase in
methane emissions (Fig. 5-4). Other sources estimate that rice production nearly tripled
between 1950 and 1984, whereas the area under cultivation increased by only 40%. On
the other hand, in most subhumid and humid regions rice is cultivated on former wetlands
(swamps, marshes) and, hence, only the relative increase compared with natural emissions
can be directly atiributed to irigation. Nevertheless, in the light of global implications of
increased methane concentrations it may be desirable to increase mean on-farm rice
yield rather than areas under production {Fig. 5-5).

Other strategies for limiting emissions are the removal and alternative uses of crop resi-
dues (eg for building materials or animal fodder), although this will reduce soil fertility. Al-
so, improved fertilisation practices such as direct placement during (trans)planting, could
increase crop yields with no concomitant increase in CHa. Improved understanding of the
factors controlling methane emissions is important and quantifications of processes are
required. Appropriate soil and water management practices, breeding of new varieties,
and a shift to upland varieties may contribute towards reducing emissions.

Sources: Burke/Lashof in: Kimball ed. {ASA) 1990; ISRIC 1950; Lal 1987; Graedel/Crutzen 1986; Wada/
Takai in: Scharpenseet et al. 1990;
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‘Source: Burke in Kimball ed. (ASA) 1990
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524 Particulate Emissions

Impacts mainly include dust (particulate poliution) and reduced visibility resulting from
wind erosion. Dust is produced by high wind speeds in considerable amounts when the
protective vegetation is diminished, either natwally in deserts or due to human interferen-
ces in semi-arid and humid regions (see Chapter 3.4). Wind erosion is a natural process
in all climates. However, semiarid and arid areas are highly prone to wind erosion due to
limited vegetative cover of soils resulting from soil moisture deficits and high wind veloci-
ties.

Regarding particulate pollution, positive and negative trends can be attributed to irrigati-
on:

- in arid regions the vegetated area under irrigation usually increases during all seasons.
In addition, the establishment of shelterbelts and windbreaks contributes to the reduction
of wind speed and hence wind erosion and dust derived from imigated lands is reduced.
There is usually only a limited off-site impact,

- in semiarid areas, under natural conditions, a sparse vegetative cover exists. In areas
with high population densities, extented livestock keeping and dryland agriculture, many
areas become degraded and wind erosion may be as important as in arid areas. Under ir-
rigation the length of the cropping season is extended and soils are moist for longer peri-
ods compared with dryland farming. Therefore, under irrigation, detrimental effects of wind
erosion are generally reduced and dust production decreases,

- irrigated fields in subhumid areas may be temporarily or seasonally bare, whereas the
surrounding natural areas are densely vegetated. However, wind erosion is usually not si-
gnificant in subhumid and humid areas. Furthermore, non-irrigated agricultural areas are
usually more exposed to wind erosion because they are fallow in the dry season, where-
as imigation is usually practiced in the dry season. Therefore, irrigation in subhumid areas
has usually a minimal impact on dust pollution when compared to other arable land use
systems.

Occasionally, detrimental impacts may occur from abandoned irigated lands once saline
accumulations have developed on soil surfaces. These lands usually have a very scatte-
red vegetation cover and they are prone to severe wind erosion. Consequently, saline
particles may be distributed with the dust over vast areas. Saline dust depositions occur
in many arid areas under natural conditions, being derived from the surroundings of saline
lakes. In this respect, irrigation may contribute to off-site saline dust pollution in addition
of the natural cycles. Large scale impacts are known from irrigated lands in the southern
ClS-states (eg Lake Aral).

Qccasionally, health impacts may occur in areas where {(human} excreta or other forms of
organic manure are used for soil fertilisation and these excreta are partially transported
as solid particles over considerable distances during dust storms. The persistance of ma-
ny pathogenic microorganisms is a potential risk for airbome disease transmission, not on-
ly for farmworkers but also for populations working or living in the vicinity (see section
8.1).

5.3.5 Summary

Air pollutants from various agricuitural activities have the potential to cause damage to
other plants and animals and contribute to global air pollution. Compared to the effects
of air pollutants from industrial or other human sources, agriculture has relatvely little im-
pact on large scale air-bormne emissions of toxic substances. Potential problems related
to soil contamination or health impacts exist on-fairm and in the vicinity by the inapprop-
riate use of pesticides and by sprinkler applications of wastewaters. A number of effec-
tive remedial measures exist for control (see Part Il sections 2.5 and 4).

AR QUaALITY 81




IRRIGATION AND THE ENVIRDNMF.NT Part I

More important are emissions of radiatively active gases, especially N-emissions and
methane. A tendency of increased emissions under irrigation is observed because of in-
tensified agricultural production, however, the balance of ecological trade-off must consi-
der the increased yields from irrigated fields. These emissions may be only partly control-
ted or avoided by technical innovations or new operational practices.

brigation may have beneficial overall impacts with regard to a considerable reduction of
dust pollution. Irrigation, in this respect, can be regarded as a mitigating measure to fight
seasonal or annual soil moisture deficits, ie drought, which contributes to air pollution in
agricultural production systems.

Sources: Kimball ed. 1990; ISRIC 1990; Canter 1986, Pretty/ Conway 1989

Further readings in: Mathy ed. 1986; Scharpenseel et al. (ed) 1990; Scharpenseel/Hamadi (ed) 1990, Bo-
| : . in et al. ed (UNESCO) 986 '
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Impacts on climatic elements may occur on the meso- and microclimate levels. Impacts
from irrigation schemes may be caused by inigated fields and open water surfaces, asso-
ciated larger water reservoirs, and occasionally fish ponds {eg in rice cultivation}. Typi-
cally, off-site impacts of irrigation are only marginal.

M:gﬁemﬂ

There are no confirmed reports of significant changes in the vicinity of small reservoirs
serving for irrigation supply. Mesoclimatic influences are usually attributed only to large
reservoirs with areas exceeding about 10 km”. Large reservoirs of some thousand km®
may have influences on climatic elements at a distance of some 15 to 25 km from the
water body, although significant changes are usually confined to the lakeshores.

Changes of temperature, air humidity, windspeed and direction, cloudiness and precipitati-
on are reported from the USA and the CIS. Investigations on rainfall and cloudiness at
Lake Nasr/Aswan High Dam, Lake Volta, Lake Kariba and in india showed that changes
are insignificant. Temperature changes in the vicinity of large reservoirs are more likely,
and generally a lower temperature up to about 3 °C can occur. During nighttime and in
the cool season higher lake water temperatures may result in slight increases in tempera-
ture in neighbouring areas. Air humidity changes can become significant if hot, dry air
masses pass over large reservoirs and moist air advects into adjacent areas. Wind speed
and tubulence may increase due to pronounced land-sea differences in surface tempera-
tures and convection. The magnitude of changes depends on specific orographic features
and macroclimatic conditions; thus generalizations should be avoided.

Sources: Baumann et al, 1984; Panella {(COLD) 1973

6.2 Irrigated Areas

Imigated soils have a distinct influence on the microclimate caused by changes in soil
water status and by wind erosion control measures. The magnitude of effects depends on
the climatic characteristics of the areas under irrigation. Changes are significant in arid
areas, seasonally significant in semiarid regions and less significant in semihumid or sub-
humid regions. Impacts are usually beneficial for crop growth because they minimise or
reduce harsh climatic factors. In this respect, wind erosion control measures which redu-
ce windspeed, namely windbreaks and shelterbelts are most important. Their efficiency
depends mainly on the barmiers composition, shape, width, and porosity.

The following effects on microclimate caused by irrigated cropland can be derived from
generalised observations:

- Slightly reduced short-wave radiation in the shading areas (eg windbreaks),

- Slight interception of long-wave outgoing radiation through the whole day (effect on
evaporation, temperature),

- Slight effect on temperature: modifications depend on changes in soil moisture sta-
tus and turbulence of the air masses. At low windspeeds in sheltered areas (low
turbulence and advection) temperatures of dry soils are usually slightly higher during
daytime and lower during the afternoon and night. During the moming hours when
the heat balance is positive, the windbreaks produce a warming effect and the ver-
tical temperature gradient is higher than in unprotected areas {unless the area is
shaded). In the afternoon, when the balance is negative, windbreaks produce coo-
ling effects; the heating and cooling of air results from contact with the surface of
the soil and the vegetation which receive and impart energy by radiation. Thus the
lower air layers are warmer than the higher ones when they receive energy by ra-
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diation and cooler when they impart it. With decreased windspeed {(advection for-
ces) the vertical and horizontal exchange is lower.

Reduced radiation (eg cloud cover; seasonal changes) lowers the effect of wind-
breaks. High windspeeds reduce the effects of sheiterbelts on temperature. The
areas close to the shelterbelts or windbreaks show different changes in temperatu-
res, caused by interception of outgoing radation and reflection. Temperatures are
usually higher in the moming and during nights, except in shaded areas.

Without considering the cooling effects of evaporation, it seems that windbreaks in-
crease daily average temperatures in sheltered areas. In Europe the effect is in the
range of 0.5 to 2.0 °C, but in areas with higher incoming radiation the effects may
be more pronounced. It may be expected that in dry, hot summers the effects on
crops can be slightly detrimental, but in dry, cool winter time the effects are bene-
ficial. Experiences from the (former) USSR have shown that increases may be
harmful to some summer cereal crops, but beneficial to sunflowers, maize and soya-
beans. Frost hazard may be increased by shelterbelts due to low advection, espe-
cially in sloping areas; although this may be compensated for by slightly reduced
outgoing long-wave radiation during night hours.

In arid areas, however, the assessment of temperature changes is complicated due
to the fact that high actual evaporation of irrigated soils has a cooling effect. This
cooling effect may completely compensate the other effects which contribute to a
temperature increase, especially during light winds.

The cooling effect is greater under sprinkler irrigation than surface or drip irrigation.
With the latter method only soil and plant surfaces contribute to cooling, whereas
under sprinklers significant portions of the water evaporates before reaching the
ground {(up to 50% may be lost). The magnitude of temperature changes depends on
actual water management practices and soil-plant-atmosphere characteristics and
may range from almost zero to several degrees.

- The influence on air humidity is not uniform. Generally, relative and absolute air hu-
midity increases and the amount of dew fall increases. The magnitude of changes
again depends on water management, irrigation type and soil-water-plant characte-
ristics. Under sprinkler irrigation, the air humidity increases significantly. Higher rela-
tive air humidity usually occurs during the early moming and {ate afternoon in prote-

Flgure 56 - The dependence of the cted areas.

decrease of evaporation power upon : - Changes in temperature, windspeed and air humidity will result in changes of eva-

the distance from shelterbelt ' poration from soil surfaces and crops. Generally, potential evaporation will be signi-

(Konstantinov and Struser, 1953) ficantly reduced in sheltered areas. The main effect is attributed to reduced adve-
« = experimental vatues _ ction, but higher air humidity over irigated areas also contributes to reductions.
' Tentatively, the overall reduction is in the range of 10 to 30% over a distance of 20
times the height of the belt (Fig. 6-1). The actual evaporation increases with supply
of sufficient moisture, and in wet soils the actual evaporation may be close to the
potential evaporation. The effect of reduced evaporation is higher during calm days
with low to moderate advection. The reduction is partly compensated by increased
50 a0 convection, which is caused by higher temperatures under calm conditions.

Distance trom shellerbelt Source: van Eimern 1364 - Theoretically soil moisture depletion will be reduced in accordance with lower po-
' tential evaporation. As most water saved by reduced potential evaporation will be
used for actual consumptive evaporation by plants, the use of field moisture data
without consideration of actual increase in dry matter production is meaningless.
This effect was shown by investigations in the CIS (USSR): in sheltered areas total
evaporation increased from 173 to 217 mm but soil evaporation amounted to only
52% in open areas and 37% in sheltered areas.

Decrease of evaporation power
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The following data illustrate the effects, although they are only indicators of the signifi-
cance and absolute values will depend on local conditions '

reduced windspeed behind windbreaks 30 to 47% reduction (USSR; Bliithgen 1966)

reduced potential evaporation 34 to 47% reduction {USSR,; Bliithgen 1966)
reduced windspeed (average) : 39% reduction (FRG. Kreutzer in: Bliithgen)
reduced potential evaporation 19% reduction (FRG. Kreutzer in: Bliithgen)
increased air humidity above ground 19% reduction (FRG. Kreutzer in: Bliithgen)

Agro-climatological data from semi-arid Botswana (Petermann unpublished 1990} showed
microclimatological differences between areas under flood recession farming, sheltered
by an irregular mesorelief and riparian treelines, and adjacent dryland areas without shel-

ter:

- mean annual temperatures are lower (1 °C) in sheltered areas,

- temperature differences are greater for Tmin than for Tmax, ie 2 to 3 °C and 05°C
- differences are higher during the dry cool season than during the hot rainy season

- gound frost (ie air temperature below 3 °C) occurs more often in sheltered areas

- average relative air humidity is about 10% higher in sheltered areas in the dry season
- reduction in daily windspeed amounts to some 50% in sheltered areas

- potential evaporation is reduced by 10 to 20% in sheltered areas.

The impact of irrigation on- absolute air_humidity is obvious because irrigation is used for
mitigating drought. The impacts increase with increased aridity of the region. Any water
applications to soils will always result in increased moisture releases to the air through
evaporation from both plants and soil. The effect of increased air humidity, however, is
confined to the air strata immediately above the irrigated areas and with advection (slight
wind) the effect is lost within about 10 to 20 times the horizontal extension of the areas
{estimate derived from effect of shelterbelts on air flow). It is assumed that an increase
in air humidity does not have any significant effect on adjacent ecosystems or human
settlements.

Reference: van Eimern ed. (WMO) 1964; FAD 1962, Berenyi 1967, Bliithgen 1966
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Energy requirements for various farming systems differ substantially. Irrigation systems are
typically more mechanised than non-irrigated systems, as a result of substitution of labour.
Thus, they require more energy for water lifting, farm operations, off-farm activities (pro-
cessing) and the provision of farm supplies (fertilisers, pesticides, machines, etc.).

71 Traditional Irrigation tem

Generally, energy has always played a critical role in many imigation systems, either thro-
ugh its limited availability at the time of demand or high costs involved. Before the wides-
pread use of fossil fuels for pumping, the availability of human or animal muscle power
was a major constraint to imigation development. In other words, in traditional systems,
the amount of water available for imigation was limited by the availability of human and
animal labow. They, in turn, consumed a considerable proportion of the crops and fodder
produced on irigated fields. Apart from watering crops, human and animal power was
needed to build and maintain irrigation schemes, as well as dams, reservoirs, levees and

canal systems, and for land development and farming operations, such as land levelling
and the construction of ditches and furrows.

Ancient studies in Egypt in 1800 showed that the energy input (in terms of the ave-
rage labour requirement) in traditional irrigation systems for the five main crops was
115 work day per ha per crop and that nearly one quarter of power expended in
agriculture was used to apply irigation water. Some 255 KJ of human energy was
metabolized to lift 1 m™ of Nile water three meters from the irrigation canal to the
field, some 9 times the theoretical minimum energy requirement for lifting the water.
. In the modem USA systems, the labour needed to irigate 1 ha varies from a maxi-
mum of 40 work-hours (hand-moved sprinkler) to a minimum of about 1 work-hour for
"drip or center pivot systems. In Egypt, 100 work-days of labour were needed in
1800 to irrigate the same hectare of maize.

Source: Stanhill 1984

2 M rrigation t

In modern irrigation systems the annual variable costs of energy may be in the range of
some 25 to 40% of total fixed and variable on-farm costs {in Brazil. Rodriguez et al. in:
ICID 1990). In US famming, irrigation requires about 17% of the total farm energy require-
ments, including costs for fertilisers and other farm inputs (Hughes 1980). The progressive
mechanisation in water lifting for irrigation in India (45 M ha} is shown in Fig. 7-1. From
1950 to 1985, mechanized pumping units increased from fewer than 70,000 to more than

9,000,000, whereas the number of man- and animal powered units decreased by more
than 50%.

The energy require'd for different types of irigation is indicated in Fig. 7-2. In total, the
average annual consumption of energy in India over the period 1980-1987 is 83 M t of oil

- equivalent (1t OE = 10.2 M KJ). Agriculture is accounting for 24 % and itrigation uses 60

% of the agriculture total, ie 1.5% of total energy. The energy is obtained from burning of
fossil fuel {coal, diesel, gasoline) and from hydropower. The use of renewable sources is
almost non-existent {Michael et al. in: ICID 1990). In Brasil, about 1% of the total annual
energy consumption is used by irrigation (Rodrigues et al. in: ICID 1990).

A complete analysis of the energy requirement of an imigation system will consider the
energy required to manufacture the different components of the system and transport from
the manufacturer to the site, and energy related to the water supply and distribution sy-
stem. In the case of groundwater supply, additional energy requirements occur during dril-
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ling, pump tests and well construction, and reservoir construction also involves a variety
of energy consuming activites.

Fig. 7-3
g A complete energy balance for a modern US-farm is shown in Fig. 7-3. Figure 7-4
(R3.8) Eine moderne Nahruhgsmittelversorgung arbeitet : comapares the engergy balance of a traditional rice scheme in the Phillippines and
| mit einem Gesamtwirkungsgrad von etwa 3.1% : ' the modern scheme in the USA. :

Um die erforderlichen 3.6 GigaJoule Nahrungs-
energle fiir die Jahresversorgung eines Menschen
zu erzeugen, missen 8¢ GJ an Biomasse unteyr
Einsatz von 35.5 GJ fossiler Energie erzengt und

Furthermore, on-farm energy requirements arise during land preparation and construction
and may include:

verarbeitet werden. Der Aufwand an fossiler Ener- : . - levelling, vegetation clearing, grading, subsoiling
ﬁeh':l:nzg‘;h“mal so hoch wie die Energie in der - imigation infrastructure construction, eg intakes, canals, distribution structures,
a
. . A : - construction of drainage systems, eg subsutface systems, ditches, collector drains
Beispiel USA (GJ/a): Der Energieinhalt der erzeugten Bio- Fig. 7-4 . ot ge sy » €9 4 s , _ s
masse = 30 GJ, davon gelangen nur gh:i- als pféanzhgla; Ngh- - .
direkt in die menschliche Erndhrung. Etwa 90% der . . ) .
rEu::lgtcmengc dient der Erzeugung tierischer Produkte in (R39) Traditionelle landwirtschaftlicke Verfahren sind Also the construction of fanm houses, farmsteads and farmroads consumes energy. In mo-
" wesentlich energieeffizienter, allerdings bei gerin- s . ’ . . . . g .
Hohe von 1.9 GI. geren Hekiareririgen, dem irrigation systems, this so-called embodied energy’ is of minor significance, ie some
Energfeinput 80 +7 +15 + 13.5 = 115.5 Traditionelle landwirtschaftliche Methoden crfordorn cinen 5 to 10% of that used to transport thg water.. In ancient Egypt, the embodied energy for
Energieoutput = 1.9+ 3.1 =5 wesentlich geringeren Binsatz an kommerziellen (vor allem’ canals amounted to some 25 KJ per m> (Stanhill 1984).
Erndhrungsenergie: 10 MJ * 365 = 1.6 fossilen) Energien. Ahnliches gilt auch fiir extensive Vieh- " . .
Hirkungsgrad der Umwandlung = 3.6/115.5 = 3.1%, haltung. Die unrationelle Energienutzung in der modernen In ad'dltlon, there will be an annual energy requirement y_requireme t for most 5y5tems_: .generally for
andwirtsc t sich nur durc ere Hektarertrige umping water from wells, r eservoirs to the fields and for pressurising the water
Land haft 140t sich durch hdhere Hektarertrd pumping water f lls, rivers or r to the fields and for p g th t
Aufgewendete fossile Energle: 7 + 15 + 13.5 = 35.5 t : rechtfertigen. : if so required by the system.
Verhiltnis fossiler Energieaufwand zu Nahrungsenergie = Belspiel: Beim Reisanbau nach traditionellen Methoden . . . _ . ' o
35.5/3.6 = 10 werden fiir einen kommerziellen Energieeinsatz von 1 Ein- The energy required in manufacturing is high for sprinkler and drip irrigation systems. On
ottt Gya = 16%0 heit 107 Einheiten gewonnen; bei modernen Reisanbaume- - the other hand, surface systems requires considerable site preparation which is fabour in-
(pro Puraee) thoden ist das Verhiltnis nur noch 1.34. tensive or uses heavy machinery. Water supply costs are typically higher with groundwa-
Energicinhalt von Reis: 15 MJ/kg ter supply systems (except if groundwater is lifted by renewable resources, eg wind and
Traditioneller Reisanbau (Philippinen): solar pumping systems) than by systems with supply from rivers or reservoirs which often
Produktion pliadalicer Blocasess Energicaufwand fiir Maschinen und Gerite): 0,173 GJ/ha : use gravity for conveyance.
_ Ernteertrag: 1250 kg/ha
B Energicinhalt des Ertrags: 1250 * 15 = 1875 Gl/ha - The actual manufacturing, construction and operation energy requirements differ substanti-
130 oy &fgﬂﬁ&ﬁ:ﬁggfﬂe@cam&d: 108 ally, depending on site conditions and farming systems,
268 Commiepeodutic Energicaufwand fiir Maschinen, Geriite, Treibstoff, Diinger, PR RT i ; : :
- - Bowasscrung, Biozide, Trocknung, Tramsport v.a: 649 | fn wastewater lrnga.:tif:m f.ystems, energy is u.sed to treat water of inferior quality so that
— Vesteaceh Mibrasg 60 produle 35 Gl/ha it can be used for irrigation (see Part |l sections 2.5 and 4). The amounts of energy invol-
Roba b Emte?rmg;l tsgoo Eg’h? trans: 5800 * 15 = &7 GY/h ved vary with the type of treatment, the concentration of pollutants and the water quality
nergicind es Ernteertrags: s a i, . . s .
Viefoter ) P b Verhiltnis Nahrungsenergie/Energicaufwand: 1.34 . :;3“:?:':,_;,-1-0 c‘:rn:fne;rtar::r:g:l[:;le:f:lsuti::hillr;t:)g;:la;ter suitable for irrigation, approximately 10
ENERGIEAUFWAND | g9y perm 9 '

hoher fossiler Energicbedarf

// MJ pro kg Oetreide|J 40 : 7.3 f_‘_;k;' Ret
A i 8
ertscher o Systems with a low water application efficicency will use more water per unit of crop
Stoeechest _ : 1 . preduction and operation cost per unit may be higher than in automatized systems with
. 1 Nobrmsgermicbing ] / 2 ; higher manufacturing and construction costs.
@ 2l 45 Tranep -
" Prastabe ond 100 Nabresprsbersitucg - e To illustrate the trade-offs between energy and water the total energy requirements of
h U S . -] modern various systems are compared {Stanhill 1984):
:;hﬂfll ::hl'-l LTIy L i Dbergang : - -
— ' e traditioncll : gravity-supply 100 m lift
ety e : ' surface system 50 % efficiency 37 GJ 110 GJ
PR ' hand-moved sprinkler system 75 % efficiency 383 GJ 109 GJ
Mabrosgsbedart 36 lﬁ& ‘ drip system 90 % efficiency 249 GJ 103 GJ
1 barrel of oil is equivalent to 5.5 GJ; the figures indicate only the variation in energy requirements; abso-
hei lute figures are only valid for the special case under investigation.
. : ; i i tung
ie intensive Landwirtschaft und }ﬂdustnel!c Verarbei
];fordcrn etwa zehnmal mehr fossile Energie, f;](S 2315] N]. ;111 Hence, substituting a sprinkler system for flood irrigation in a situation with a gravity sup-
rungsencrgie) in der gelicferten Nabrung steckt ¢ Sources: Boesel 1990 ply results in a 90% energy save. Converting a sprinkler to a drip system saves a similar

Verhiltnisse filr Westeuropa).
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volume of oil equivalent for each m® of water saved, due to the lower operating pressu-
re.

When water must be pumped to a significant height (eg 100 m, above), the energy cost
for lifting the water increases enormously, so taht the costs of applying water by alterna-

tive irrigation systems hardly vary, despite different system efficiencies giving different
water requirements (Stanhill 1984),

It is evident that there are no simple and general answers to the energy problems in irri-
gation and each location requires an assessment individual so that the energy costs of
different irrigation systems can be balanced against their water-, labour-, and capital
costs. Further issues relating to energy saving measures are dealt with in Part I} section
54,

Sources: Kruse et al, in: Stewart et al. ed. {ASA) 1990; Michael et al. in: ICID 1990; Keller in: iICID 1990;
Stanhill 1984

Further readings in: iCID 1990 Volume E; Batty and Keller in: Pimental ed. 1980

In many irrigation projects located in tropical or subtropical regions there has been serio-
us impacts on human health. This stems from the fact that irrigation water enhances the
spread of infectious human diseases. Examples of the spread of schistosomiasis can be
cited from irrigation schemes in Gezira (Sudan), Tanzania, Swaziland, and Egypt. There
have also been malaria outbreaks reported in Tunisia and river blindness {Onchocerciasis)
in Central America and Africa (Zonn 1979). On the other hand, drainage facilities in irri-
gation projects or drainage projects for wetland development are explicitly, amongst ot-
her benefits, aimed at controlling human diseases {Holy in: ICID 1975}.

The range of human diseases associated with water is summarized in Table 8-1. In the

context of this review water-washed faecal-oral and wastewater induced public health
impacts are outlined in section 8.1. Other vector-bome diseases are treated separately in
section 8.2, Health control measures are introduces in Part Il sections 2.5 and 4.

Sources: Zonn 1979; UNESCO {MAB 8} 1978; Coumbaras in: COWAR 1976; Holy in: ICID 1975
Further readings: Oomen et al. 1990, Tiffen 1991, Birley 1991, WHO 1980, COWAR 1976; ICID 1975

Domestic wastewaters and excreta can carry the full spectrum of fecally excreted human
pathogens endemic in the community. This includes viruses, bacteria, protozoans, and hel-
minths (Table 8-2). Their concentrations and their persistence are often great enough to
create the potential for human infections. The mere detection of a pathogenic microorga-
nisms in water, soils, food crops or the air, is not in itself proof that human beings are in
fact becoming infected or sick as a result of contact or exposure to that pathogen.

In some regions, irrigation is considered an efficient method of waste disposal, in addition
to other land treatment approaches. However, in arid regions, the scarcity of water ma-
kes its conservation a matter of survival. The reuse of wastewater in agriculture is there-
fore expected to rise in future, It is estimated that by 1987 some 540, 000 ha worldwide
(excluding China with some 1.3 M ha) were irigated with treated or pre-treated waste-
water; most of these areas are located in India and Mexico, but also Peru, Chile and Tu-
nisia, others in Germany, USA, Australia, Israel and the Near East (Bartone/Arlosoroff,
cit. in; Mara/Caimcross WHQO 1989).
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Growing interest in issues dealing with the reuse of wastewater effluent in irrigation has
resulted in a steadily growing number of publications dealing with engineering, health and
environmental aspects. The following sections draw heavily on these sources, namely Oo-
men et al. 1990, WHO 1989, Mara/Caimcross 1989; Birley 1989, Shuval et al. (WB) 1986.

811 Pathogens

The infections in question are communicable diseases whose agents (pathogenic microor-
ganisms) pass via the excreta of infected persons, eventually reaching other people,
whom they enter via the mouth (eg consumption of contaminated food) or the skin (eg
hookworm, schistosomiasis). There are about 30 excreta-related infections of major public
health importance. They can be grouped into five categories according to environmental
transmission characteristics {Table 8-3). Epidemiological features are shown in Table 8-4.
Major helminthic, viral, bacterial and protozoal pathogens are listed in Tables 8-5a-b.
Water-borne pathogens and their effects on health are shown in Table 8-6.

8.1.2 Health Risks and Epidemiclogical Factors

Any wastewater or excreta used in agriculture is a potential hazard which becomes an
actual risk to health if all of the following criteria are met:

- either an infective dose reaches the field or the pathogen multiplies in the field
- the infective dose reaches a human host, either on farm or off-farm

- the host becomes infected

- the infection causes disease or further transmission,

If the sequence is broken at any point, the potential hazard cannot come to constitute an

actual risk. Pathogen-host properties influencing the sequence of events are shown in
Table 8-7.

Excreta and wastewaters always contain certain concentrations of pathogens and many
of these amive at irrigated fields where they may multiply. However, even if sufficient pat-
hogens do reach fields, infections only occur if the infective dose is received by a sus-
ceptible host. This depends on (i) survival times of pathogens, (i) presence of the inter-
mediate host where relevant, (i) mode and frequency of wastewater applications, {iv) ty-
pe of crop to which wastewater is applied and (v) nature of exposure of the human host.
Strategies to minimise these effects are discussed in Part Il sections 2.5 and 4.

The persistency of pathogens in various environments has already been treated in section
3.6 (soil contamination). The most important concem is with pathogen survival rather than
pathogen removal because health hazards are posed by pathogens that survive the treat-
ment process. A removai figure of 99% may appear impressive, but the degree of survival
may still be highly significant and a survival of 1% can be inadequate.

Another important intervening factor is host immunity with viral and several bacteriological
diseases. Some endemic pathogens, such as enteroviruses, are obviously so infectious
and so common in the household environment of the developing countries that most infants
acquire lifelong immunity at an early age. Consequently, additional external environmental
exposures do not lead to a quantifiable increase in disease levels, even under the most
unsanitary conditions such as paddy cultivation when human or animal excreta are used.

In many countries multiple concurrent infections from contaminated water, food, and poor
personal and domestic hygiene may be at such intensive levels that additional exposure
by wastewater will not cause excess disease. However, when such routes are restricted
or blocked {eg by improved domestic water supply and standard of living) exposure to
the same level of pathogens may lead to detectable levels of disease. For example, this
occured with the case of typoid fever and sewage irrigation in Santiago, Chile.
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On a generalised level health burdens associated with common wastewater-related di-
seases can be ranked in the following descending order:

- hookworm serious debilitation, widespread infections of all age groups
- tapeworm moderate to serious
- ascaris, trichuris light for adults, serious for infants

- typhoid fever & cholera during times of epidemics very severe , and with serious
economic implications, less serious under Jow-endemic level

- shigellosis seldom severe implications; serious for children
- enteric viruses mild or benign to quite severe; infants or children infected.
Sources: Qomen et al. 1990, Shuval et al, 1986,

8.1.3 Evidence of Quantifiable Health Impacts

An examination of credible evidence of quantifiable heaith effects from well-designed
and validated epidemiological studies did not support the widespread view that waste-
water irrigation contributes significantly to health hazards {Shuval et al. 1986). The conclu-
sions of the World Bank/UNDP review are:

- crop irigation with untreated wastewater causes significant excess infection by in-
testinal nematodes in consumers and farm workers (under poor health safeguards).
Long-term repeated exposure results in severe debilitating effects,

- salad crops and other vegetables that are nomally eaten uncooked and that are ir-
rigated with raw wastewater can effectively transmit helminth diseases caused by
Ascaris and Trichuris, as well as typhoid fever and cholera,

- crop irrigation with treated wastewater does not lead to excess intestinal nemato-
de infection,

- cattle grazing on pasture irigated with raw wastewater may become infected with
beef tapeworm with little evidence of actual risk of human infection,

- limited circumstantial evidence that aerosolizd enteric viruses in poorly treated wa-
stewater from sprinkler irrigation may be transmitted to infants and children,

- sewage farm workers with low levels of personal hygiene can become infected
with bacterial diseases (eg cholera) and parasitic diseases (eg Ascaris, Trichuris),

- well-settled wastewater which has been retained over a sufficiently long period
entails an efficient reduction in the concentration of helminths and protozoans; no
evidence that exposed populations or consumers showed excess levels of ascaris
or other parasitic diseases.

Agricultural use of excreta offers higher health risks caused by
i) considerably higher concentrations of pathogens in human or animal excreta than in
either treated or raw wastewater

ii) less rigid control of excreta from domestic sources than from controlled treatment
plants.

Experiences from Asia show that

- crop fertilisation with raw excreta causes excess infection with intestinal nemato-
des in both consumers and field workers

- excreta freatment reduces transmission of nematode infection

- fenrtilisation of paddy fields leads to excess schistosomiasis infection among rice
farmers (see also section 8.2).
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8.1.4 Assessment of Risk for Developing Countries

The following main variables contribute to effective transmission of pathogens by waste-
water irrigation as compared with other routes of transmission (Shuval et al. 1986):

long persistence in the environment

low minimal infective dose
short or no immunity

minimal concurrent transmission through other routes (eg domestic hygiene)
long latent period for development in soil required.

The epidemiclogical characteristics of enteric pathogens as related to these variables are
listed in Table 8-8. Derived from field evidence, the pathogenic agents can be ranked in
the descending order of risk. for developing countriess under poorly treated wastewater
irrigation and excreta applications:

1) high risks for helminths (intestinal nematodes,‘ascaris, trichuris, hookworm, taenia-
sis),

2) lower risks for enteric bacterial infections {cholera, tiphoid, shigellosis) protozoan
infections (ambiasis, giardiases),

3} low risks for enteric viral infections (gastroenteritis, hepatitis),

4) wematode and cestode infections, eg schistosomiasis, taeniasis, chlonorchiases va-
rying with circumstances, from high to no risks.

In countries where helminth diseases are not endemic risks may be limited mainly to ba-
cterial and virus diseases, in that order. Wastewater treatment processes that effectively
remove all or most of these pathogens could reduce or even eliminate the health effects
known to be caused by untreated wastewater reuse {(Shuval et al. 1986).

Sources: Feigin et al. 1990; WHQ 1989, Mara/Cairngross (WHO/UNEP) 1989; Biswas/Arar 1988; Pes-
cod/ Arar 1988; Shuval et al. (WB) 1986

Further readings: Hillman in: Rydzewski ed. 1987; Cairngross/Feachem 1983; Feachem et al. ed. 1977

8.2.1 Introduction

Irrigation brings with it profound ecological changes and in tropical regions these changes
may have more severe impacts on health than in temperate climates. One reason is that
vector-borne diseases are already a major public health problem in most developing co-
untries, and ecological changés associated with irrigaton often lead to the explosive pro-
pagation of these vectors. Another reason is that the public health infrastructure in most
developing countries is unable to cope with the increased burden of diseases (see Tiffen
1991). Unrealistic assumptions or projections by planners and politicians have contributed
to the aggravation of existing health problems. '

Case Stutlies

In India, malaria in rural areas increased with the area under irrigation:

year 1965 0.1 M incidents 33 M ha irrigated land
year 1973 1.9 M incidents 37 M ha irrigated land
year 1977 4.7 Mincidents 51 M ha irrigated land
year 1978 4.1 M incidents 54 M ha irrigated lands.

Source: Michael in: Biswas/ Queping 1987. There is, however, still some debate as to whether the
increase in malaria can be attributed solely to the development of irrigation; however, it is gene-
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Fig. 8-1 - -' : IRRIGATION AND THE ENVIRONMENT _ _ PART I
ig. 50 —e— Chikore (no control measures) | R e
-~ > -- Asheroft block e
| - —+— Invicta block -
40 e -— Misty Vale block
E a0 rally recognised that irrigation contributes to this increase (Biswas 1991). Case studies are cited
ry later in this section. Further case studies are provided in: Goldsmith/ Hildyard 1984.
[ =
%3 04 In the Nile Delta, Egypt, prevalence of bilharzia is highest amongst farmers and fisherman:
£ farmers and farm laboureres: male 53%, female 43%
10 fisherman : 60%
all other occupations : male 25%, femate 25% (eg clerical: 21%)
0
1986 | 1087 1588 I Source: Qomen et al. 1991:144. However, there are alos many examples which show that health
v whtosoe haematobinm in adits and nan-school childrer. : controls can improve existing situations, eg in Zimbabwe {Fig. 8-1).

Control of aquatic snatls is cantributing towards a reduction In schistosomiasls
transmission in two pilot areas, but other factors are counteracting thig in the third.

Source: Chimbari et al. in: Wool drid.g The close relationship between water use and public health is well established and it is

not surprising that the development of irrigation has distinct: impacts on the health of tho-

Fig. 8-2 - ‘ se who apply irrigation water or live within the vicinity of irrigated farms or reservoirs. Ir-

) Figure 2-1 How development can affect health. : _ rigation changes the environment (eg breeding habitats) and the community vulnerability

: ' which influence the contact with potential carriers of diseases (Figs. 8.1, 8-2). Conse-

quently, health impacts should be regarded as an equally critical design parameter as the
estimation of yield, water demand or land reclamation measures (Tiffen 1991).

Development Project

: Unfortunately there is ample evidence that the importance of health impacts have not
/ \ _ been fully recognized by decision makers, economists, technical planners, extension wor-

kers or farmers. The example of bilharzia (Table 8-9) demonstrates this.
Chi Envi tal Ch In Communit . . . .
ang%g\cegg‘fﬁgmena an\%ﬁlnr:arablﬂty i : The spread of water-related diseases not only contributes to the ill-being of people but
: also to economic losses which should be considered in economic analyses:
: ‘ . — Case Studies
v ! it . o . . . . .
Ch?\%%?mégnggmr Chéﬂgﬁo'r’n{c"?&ﬂs?{es" In Egypt, it is estimated that bilharzia, one of the major water-related diseases,
was in 1969 responsible for a direct loss of some 5% of the gross national product,
\ / ; on the basis that about 2% of the people had heavy clinical involvement or total di-

sability, and that 31% had moderate disease with a working capacity rduction of
11%. In 1972, there was a 3 % loss in manpower in irrigation and agricultural sectors
because of the disease, with a consequent loss of 0.25% in other sectors. {Aga-
mieh, cit. in: Pike 1987).

In Tanzania, a study amongst sugar cane workers indicates that uninfected field

Change in contact

Change in Heaith

azard workers were 5% more productive than infected ones (Fenwick/Jorgenson cit in:
Pike 1987).
Sources: Birle . T
On the other hand, heaith is also related to development and irrigation is one means of
Fig. 8-3 The pathways by which water resourc';l%:';ree!zc;gment projects affect vector-borne dis- agricultural development. There. is. historical evidence that the decrease in mortality and
ease transmission. the increase in life expectancy in industrialized countries were associated with (1) de-
creased incidence of infectious diseases and (2) with improved nutritional standards (suf-
ficient and balanced food supply), nutritional hygiene, drinking water supplies, and excreta
I Terrestrial Breeding Sites I . disposal systems. Therefore, irigation contributes to increased incomes, albeit with a
1 ] : considerable time lag in most developing countries, which in tun has an overall positive
Eriebotomines » . : impact on health.
Teetse flias Animal Resarvolr Hosts ) ' )
Sleeping slckness r v _ Sources: Qomen et al. ed. (ILRI) 1990; Hilman in: Rydzewski ed. 1987
Leishmaniasis : Remark: This section draws heavily on recent publications by PEEM (Panel of Experls on Environmental
r : ~ Malaria, Arboviruses - = : Management for Vector Contral), WHO/FAQ/UNEP, namely Bidey 1989 and WHO 13989 and on the LRI
Vector contact =" - |_Mosaultoas publication: Omen et al. 1990
LWater Contact Blackflies
~ racunculiasls 8.2.2 Types of Diseases
' Bilharzia - . . ) . . .
I Snails and Cyclops ] Vector-borne infections are characterised by one {or more) intermediate host(s) which are
necessary for the transmission to occur. They are not distributed uniformly through a regi-

| Aquatic Breeding Sites _I . on but occur in rei_ative!y discrete !:)atch_es where the habitat and ‘cli.mate are favourablg.
The hosts may be insects or aquatic animals. Vector-borne transmission can be mechani-
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. Table 2-3
Fig. 8-4 The principal diseases associated with water in relation to the principal habitats
of the vectors.
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cal (ie the vector carries the parasite from one host to another, eg viruses, bacteria) or

H I H l H th v . N . . ) v .
And and semi-arid lands biological (eg most helminths and protozoa, with parasite multiplication within the host).

Rain forests Some types of vector infections, diseases, and disease organisms are listed in Table 1.10,
Riverain vegetation although not all of them are directly related to irrigation.
Savanna woodlands
Irrigation ditches and canals The most important diseases, relevant to water resource developments (Fig. 8-3) are:
Lakes and ponds .
Wetland rlce cultivation (1) Schistosomiasis (bilharzia), (2} malaria, (3) yeliow fever, {4) lymphatic filariasis,
Rivers and streams (5) ri . . .
Human settlements river blindness (onchocerciasis), (6) dengue and dengue haemorrhagic fever, (7}
Principal disease Coastal plains visceral leishmaniasis, (8) cutaneous leishmaniasis, (9) Japanese encephalitis, and
Arboviruses: Dengue (10) African trypanosomiasis. _
Haemorshagic Dengue Eact sheets on these diseases are given, copied from Birley (PEEM) 1989 (Tables
Eﬁggghfaei\i"t?c':‘ 8-Ma-e). Further details on definitions, distributions, symptoms, diagnosis, life cycle,
Dracunculiasis epidemiology, and control are provided in Oomen et al. ed. 1990: 36-69.
Fitariasis: _ L |
Bancroftian .
Brugian . . oy —— .
s | 8.2.3 Diseases, Vectors and their Regional Distribution
Onchocerciasls I L] _ _ .
Letshmaniasls: Cutaneous The distribution of vectors and reservoir hosts are- strictly limited, usually to zoogeographi-
Visceral cal boundaries, The main regions are indicated in Table 8-12 together with infections
Malaria which are naturally transmitted in the region. The association between disease and region

Schistosomiasis

African trypanosomiasis is shown in Table 8-13.

Mosquitos are by far the most important insect vectors and they are well adapted to ca-
pitalise on environmental changes produced by water resources developments. Such
changes in vector habitats due to project activities can be enhancing or decreasing the
area of favourable habitat (see Pant || section 42), The distribution of mosquito-bome di-
seases is shown in Table 8-14. [n 1980, about 3,100 M people were living in malarious re-
gions; of these, 2,200 million were in areas with high to moderate malaria hazards.

Table 2-4
Association between vector, disease and water.

Fig. 8-5

The geographical distribution of schistosomiasis is shown in Table 8-15. WHO estimates
that by 1980 some 200 million people were suffering from the infection and some 600 mil-
lion people were constantly exposed to the risk of infection. About 900 million people
are under the threat of contracting lymphatic filariasis, while river blindness {onchocercia-
sis) infects more than 20 M people.

Culicine mosquito
Anopheline mosquito

Simuliid blackfly
T e sandily Sources: Birley (PEEM) 1988; Pike 1987; Mather/Ton That (FAQ) 1984
Tsetse fly
B Cyclops
Rrincipal Cisease Water snai 8.2.4 Habitat of Vectors and Transmission Factors
Dengue
Haemorrhagic Dengue The principal habitats of vectors or intermediate hosts associated with important diseases
gr?gg\ghfgl\i’t?é are indicated in Figure 8-4. Typical mosquitos habitats are
Ei{gﬁggig%lllasm B -  impoundments: bodies of fresh water in full or partial sunlight; larvae occur in floa-
Bancroftian ting or emergent vegetation or floatage near the edges; lakes, pools, bays, large
B{ggsaig borrow pits, slow rivers and pools in drying beds of seasonal rivers are all mosqui-
_Onchocerciasis - | | to habitats
Leishmaniasis: Culaneous - marshes: wetlands, swamps and bogs associated with impoundments
‘ Visceral | | - rainpools: small temporary collections of runoff; stagnant and often muddy, but not
ggrlm?;{%somlasis polluted; full to partial sunlight; includes roadside ditches, clogged drainage ditches,
Afrlcan trypancsomiasis [ ] small borrow pits, natural depressions

- paddy fields: rice fields become seasonal breeding sites which are especially im-
portant between transplanting and closure of the crop canopy

- shaded water: partially or heavily shaded water in forests, including pools, ponds,
and swamps

- siveams: running water courses in direct sunlight; includes Iowland grassy or weedy
streams and irrigation canals

The vecior’'s relationship
with water

Breeds in water [ ]

Breeds in wet ground | |
Breeds in damp ground |
Lives near water

Found in drinking water
Entire lifecycle in water
Lives elsewhere

Sources: Bitley 1992
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Table 2-5 ‘
The main animal hosts of vector-borne diseases.

Pigs
Birds
Rodents
Monkeys
Large herbivores
Carnivores
Principal disease Human Is principal host

Arbovituses:

Denhgue

Haemorrhagic Dengue

Yellow fever

Encephalitic

Dracunculiasis
Filariasis:

Bancroftian

Brugian

Lolasls

Onchocerciasis
Leishmaniasis:

Cutaneous

Visceral

Malaria
Schistosomiasis: .
mansoni
haematobium
Japonicum
Tican ¢ nosomiasts:
African trypa Rhodesian
Gambian

Source: Biriey 1992
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- seepage: springs, seepage from streams, irrigation canals or tanks {reservoirs) with
clear in direct sunlight

- natural containers: such as wells, cistems, water storage tanks {eg night storage
reservoirs/tanks), basins, tins/barrels

- poliuted water: water contaminated by faecal or other organic waste; foul water;
However, highly saline waters are unfavourable sites for anopheline mosquitos

- other breeding sites: according to local circumstances
Sources: Birley (PEEM) 1989; WHO 1982, WHO 1980

The breeding site preference of a particular species may depend on factors such as the
exact degree of shading, flow rate, temperature and amount of organic material. Favou-
rable habitats for aquatic snails {eg Bulinus, Biomphalaria, Ocomefania ) are:

moderate light penetration, partial shade; gradual change in water level; water ve-
locity < 0.3 m/s; gradient < 20 m/lm; little turbidity, temperature 0-37°C (optimum:
18-28°C); slight pollution with excreta; firm mud substrate (Birtey (PEEM) 1989).

Vector-bome diseases may be categorised as water-based or water-related. in all cases
the parasite or pathogen leaves an avian {bird) or a mammalian host and must undergo

development in an insect, crustacean or snail before entering a new mamalian or avian
host.

The vector's relationship to water is explained in Fig. 8-5. Parasites which have non-hu-
man hosts are indicated in Fig. B-6. The method of transmission together with the life cy-

cle of the parasite determines whether a low or high frequency of contact (see Fig. 8-2)
is required between humans and the vector or infected water to cause clinical illness.

- low frequency: malaria - arboviruses - african trypancsomiasis - leishmaniasis

- high frequency: filariasis - dracunculiasis - schistosomiasis.

Direct injection of a parasite is most efficient in measn of infection. The frequency of
contact will depend on the abundance of the vector or infested water source and the de-
gree of contact between vector and host,

For example, in resettlement schemes diseases requiring only low frequency con-
tact are likely to affect the communities at an early phase whereas diseases requi-
ring high frequency contact will increase in prevalence more slowly.

The diseases themselves are classified as chronic or acute and the importance of each
disease will vary according to cultural and political boundaries and settings.

Source: Birley (PEEM) 1989

8.2.5 Classification of Health Risks

Possible risks to human health and welfare due to under circumstances related to water
development are

- occupational risks: increased exposure to various vectors; accidents; handling of
toxic chemicals,

- infections in adults: respiratory diseases, parasitic or other communicable diseases
{see above),

- infections in children: respiratory and virus infections, diarthoea, intestinal parasites
(see above),

- non-infectious diseases: eg malnutrition,
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social risks: both uncontrolled and controlled migration of people are stimulated by
reservoirs and irrigation projects. They often result in poor sanitary conditions in
new settlements, inadequate relocation and resettiement procedures, high populati-
on density in new settlements what favour respiratory infection, loss of traditional
economic activities, loss of social security, economic insecurity, poor hygiene and
nutritional conditions.

The existence of adequate health services and of an infrastructure for the control of en-
demic diseases can reduce or eliminate specific risks and improve general health.

Source: Hunter/Rey/ Scott (WHO) 1980

8.2.6 Specific Impacts of Irrigation

There are numerous human activities which have impacts on the environment in relation to
breeding sites of water-related vectors. Many of them are directly related to irrigation as
it contributes to an increase in the surface of water bodies through the construction of
impoundments, canals and wetted or flooded areas. These environmental changes may
create favourable mosquito habitats which were not previously present or which increase
in size and number. If a disease already exists in an area and a habitat is created for the
vector then the new habitat will be invaded and transmission may occur.

Impacts on health hazards are typically related to on-site effects within the command
area and where new mosquito breeding sites may be created such as

small pools during construction of buildings, along farmroads, buildings, borrow-are-
as during land preparation works, bunds, ete

digging of shallow wells,

conveyance and distribution canals especially if poorly designed, implemented or
maintained, eg sediment loads or vegetation which create blockages, irregular gra-
dient, shallow side slopes which favour vegetative growth, etc.

inlet structures (or other structures in canals) which restrict flow and create floating
vegetation blockages,

temporarily submerged fields (especially paddy fields) and ponding of water in
small pools caused by over-imigation or reduced infiltration after heavy rains from
compacted soils (caused by tillage),

stagnant pools resulting from excessive canal seepage or overflow from canals,

drainage systems: ditches, runoff-collectors. Under poor maintenance they are easily
invaded by weeds and aquatic vegetation which provides a habitat for mosquitos,

reservoirs or tanks associated with water supply for irrigation

indirectly the intensification of agricultural production leads to the creation of new
and rapid pathways for vectors: increased mobility through roads, fords, paths, agri-
cultural equipment which moves over large areas; increased number of migrating
people,

inorganic pollution of ground- and surfface waters may be detrimental to naturai
enemies of vectors (but may also be detrimental to the vectors),

increased intensity of weed growth and increased length of growing season(s) on
irrigated fields may extend the breeding outside the normal season under natural
conditions. In- addition, creation of terrestrial succession by planting treelines, bus-
hes or perennial crops may provide habitats for birds and animals which are poten-
tial reservoirs of disease. These activites may contribute to longer transmission sea-
sons and more frequent contacts between potential hosts and vectors.

HEALTH IMPACTS

95




IRRIGATION AND THE ENVIRONMENT PART I

Generally speaking, the least risks are presented by the following irrigation systems:

- low head closed pipe irrigation systems (eg subsurface systems)
- pressure pipe irrigation systems, eg sprinkler, drip
- closed pipe subsurface drainage systems.

On the other hand, the higheét risks are imposed by irrigatibn and drainage systems which
leave stagnant water in earth canals during vector breeding season.

Off-site _impacts are typically related to changes in the hydrological regime of streams
and to new buildings and settlements associated with village development. The type and
magnitude of impact differs and depends on site specific water resources development
measures, such as: ‘

- reduced occurence of flash floods in streams due to reservoirs which regulate flow.
Reduced flows may flush larvae out of stagnant pools or rainpools, although flood-
pools are not any longer recharged, ‘

- water abstraction and reservoir management may lead to reduced total seasonal
or/and annual flow in lower reaches of streams which may create more temporary
stagnant pools,

- prolonged periods where breeding sites are available due to increased flow volume
during dry seasons (changes in seasonal discharge pattern),
- borrow pits for dam sonstruction, buildings and structures,

- creation of drainage outlets which carry water enriched with fertiliser leachates
which are easily invaded by weeds and aquatic vegetation.

Typical habitat changes induced by water resource developments can be outlined with
regard to other important vectors and diseases:

Blackfly {onchocerciasis): all spillway structures provide potential breeding sites; down-
stream scouring of river beds, caused by changes in flow regime (example: River Nile)
may expose rock which forms a suitable breeding habitat.

E

Sandfly (leishmaniasis): in arid and semi-arid areas they typically feed on the blood of ro-
dents. In irrigation projects they may feed on humans. Desert rodents often inhabit low ly-
ing areas with fertile alluvial or loess (aeolian) soils which have a very high production
potential under irrigation. Ploughing eliminates some species of rodents (eg Rhombomys)
but encourage others to increase in numbers, eg Meriones. Rising watertables favour a
sandfly species which is the most important vector of rural cutaneous leishmaniasis. Se-
rious outbreaks have been recorded in Libya, Saudi Arabia, USSR, Pakistan and India.

Sources: Birley (PEEM) 1989; WHO 1982

Diseases and crops. There are many examples where disease outbreaks have been re-
corded in association with irrigated crops. For example cotton, or rice and malaria, and
sugarcane to bilharzia; asian tea and malaria or hookworm; coffee and hookworm; bana-
nas and bilharzia; sugar cane and yellow fever (Oomen et al. ed. 1990). In most of these
associations, water is the major causing disease factor. In paddy rice cultivation, water
requirements are high and areas of shallow water is provided for several consecutive
months. The large work force required for rice cultivation provokes frequent contact bet-
ween vectors and humans. Sometimes, requirements for certain crops coincide with the
micro-climate and soil conditions favoured by certain species of snails or mosquitos. De-
sign criteria originally intented to be applied for certain crops may, in fact, have adverse
impacts on human health through providing excellent conditions for the transmission of
water-related diseases,
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snail  snails
Fig. 8-7 control under —1.5

irrigated sugar began Pfgan coptee! Case Studies Diseases and water resources development & irrigation projects

The risk of spread of parasitic infections has been stressed on many occasions. Evidence
of helath impacts would be most valuable when a direct comparison can be made bet-
ween pre-project and post-project development data. There are, however, few instances
where such comparison is possible due to (i) the absence of reliable pre- or post deve-
lopment data, or data which are adequate for interpretation of cause-impact relationships,
and (ii) reluctance on the part of governments to publish reports. Generally, the develop-
ment of health hazards in irrigation projects must be seen in the context and the backgro-
und of general health developments in surrounding areas. Typically, few reliable studies
deal with the development of health hazards in areas without projects. Nevertheless, the-
re is evidence that under uncontrolled management the intensified water use may result in
increased prevalences of specific parasitic infections. Most data are available for Africa,
probably because here irrigation development has lagged behind that in Asia, where most
water-bome diseases were already endemic, but also because traditional or new control

measures in Asia have been more effective due to advanced social and economic condi-
tions.
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The pattern of the relationship between irrigated sugar, schistosomiasis and snail control in Puer

Source: Pike 1989
Rico {7).

Puerto Rico:; The {arge scale introduction of irrigated sugar in the 1910’s caused an
increase in bitharzia infection in humans (Fig. 8-7) (Jobin cit. in: Pike 1987; detailed

information in: Oomen et al. 1988).
Sudan. Gezira-Managil irrigation Scheme: Perennial irigation coupled with increa-
Fig. 8-8 elence of mataria in% January sed waterlogged conditions resulted in a sharp increase in the incidence of malaria
'9- o in the early 1970’s. The rise in the annual parasite index (number of positive cases
- e st ol srarrey co;::glg:::fegv detected per 1000 of population) is shown in Fig. 8-8. Malaria has been closely lin-

control ora begins cr .

ont : ked to agricultural developments ever since the Gezira Scheme began in 1924,
- ¢ e — —f—— ——— > — e —— pe——K ﬁ

During the first 25 years control was possible through good water management and
larviciding. After 1950 chlorinated hydrocarbons were used for household spraying.

During the further expansion of the project there was a gradual trend towards pe-
sticide resistance because of large scale applications.
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The occurence of resistance to drugs produced a serious health crisis in the 1970’s
which coincided with agricultural expansion and intensification programmes. Introdu-
cing winter wheat was the critical element in increased transmission in addition to
the creation of new habitats (horizontal and vertical expansion of irrigation). The ir-
rigation of wheat added water to the larvae-producing fields at a time when tem-
peratures favoured long life in the adult insect. This allowed the parasite an increa-
sed chance of completing its development cycle and being passed on to a second
human carrier before the mosquito died. The main breeding grounds were irrigation
ditches, drains, swamps, and those lands flooded due to excess water applications,
in addition to small pools around taps for drinking water and leaking canals. High

|

1970 1980

B ‘ q lenee of malarid e | ) numbers of migrant workers also contributed to infections.
Figure 4.3 Pesticide resistance and preva o Sources: Oomen et al. 1988 Vol. The reorganization of the health service and new organophosphorus chemicals cau-
sed a rapid decline in prevalence. In the late 1970's a comprehensive approach
N ' with reduced chemical treatment, new biological measures, improved village water
Fig. 8-9 ggz\;:t,:?;:&,ﬂs - Sl.lppiy -and educational measu.res were introduced. o .
100 7 T Bilharzia was also prevalent in the area from the very beginning of the project. Ur-
» from study zone villages . . . . . . .
o from Riche Fond, inary and mt?stina! bliharz.la were equal in pre.valence. However, this chang_ed du_e
®j; St Luci from Jordan et al.— to the dynamics of tr:?nsm;sslon, and the intestinal form had .becomt? predomm.::mt in
™ the 1970's. Field studies showed that the prevalence of schistosomiasis was inver-
80 ~3, sely related to the rate of safe water consumed (Fig. 8-9). The residual prevalence
' & most likely selation of some 40% is due to non-domestic activities such as irrigation, daily bathing, and
o T T swimming (children). In addition, a close relationship was found between the preva-
205 70 a0 120 160

arnual rate of safe water

lence and the distance to the nearest minor (feeder) canal in small villages (Fig 8-
consumnption in litres/capita/day

10). Similar relations between the safe domestic water supply and prevalence of di-

arrhoeal diseases were established as indicated in Fig. 8-11. {Oomen et al. 1988).
Figure 4.5 Prevalence of Schistosema mansoni in villages in the ‘Study Zone” versus their apnual mean exper-

jence of safe water consumption, 1981 - 1982
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Flg 8"15 prevatence of Schistosoma mansoni in %

100 Sudan. Rahad Scheme: Pre-project bitharzia prevalence in 1978 was intestinal S.

S : mansoni 14% (29%), and urinary S. haematobium 1% (figure of S. mansoni for uncon-
-7 ~%| L : ' trolled Gezira in brackets). A comprehensive programme for control was initiated

I~ including chemotherapy, sanitation, moliusciciding, and village water supply. By
s \o _ ' 1982, the prevalence of S. mansoni had declined to 10% (increase in uncontrolled
o Gezira to 61%). (Pike 1987),

* . Egypt. River Nile: An increase in intestinal bilharzia infections occured as a result
. e 5 TE60 7000 : . : of int.ensified irrigation and shift§ in water regime (associat,ad with imp:a\cts on
L ' - canal i small willages, with- : aquah_c ecology) b5_’ the construction of dams alo'ng the Biue Nile, Atbara Bwer and
4.6 Prevalence ofSchl's!o.s'arTmmausomvers‘usdlslance to ne_arestn‘_nrtlo tion with comprehensive the Nile (Aswan ngh Dam). Before 1940, the wrinary form of S. haematoblum, was
out safe water supply, in ‘Study Zone', 1981-1982, prior to Interyention Wit predominant in the Nile Valley. Now, the intestinal form, S. mansoni, is dominant in
strategy : most large scale irrigation systems, namely the Nile Delta, Gezira and El Gitba
schemes in Sudan. This marks a shift from light, inconsequential infections to heavy,
debilitating, and even lethal intestinal infections,

Figure

-

Fig. 8-11  prevalence of darhen : ' The change is based on the difference between transmission of both forms of bil-

cases por wo weeksin® . harzia, in terms of the excretion of bilharzia eggs: in dry areas or in simple irrigati-
on systems with short periods of favourable habitats for snail populations, the urina-
ry form predominates. Where imrigation is intensified and the number of snails in-
) creases, the intestinal form overcomes its disadvantage in the snail phase of the
QAAD ELEWN transmission cycle. Then, in the human host, the intestinal worm dominates over the

e urinary form, and has the extra advantage of a longer life span {Oomen et al. 1980},

/\"A\ AAYEBA ' Brazil. North-East Coast Reservoirs: Small reservoirs built by individual farmers or
w [ small village communities have been a serious source of bitharzia infection. Snail
“~annual mean water ™~ control with the chemical bayluscide has been successful in these reservoirs but
é%‘é?i‘é?:;“é‘;lr?éii‘;{fi,"ﬁh?ﬂé long-term applications are uneconomic due to high costs of chemical contro! and
20 the need for continuous treatments. An analysis of snail populations and snail habi-
tats showed that main chemical applications are most effective when applied at
ol = = the start of the dry season, when reservoir levels are low {(immediately before the
30 40 i cate of safe water reservoirs fall dry) and when temperatures are too high for oviposition. This forces
consumption ltres/capita/dey intensive study ‘ the survivors to aestivate {Oomen et al. 1988).

fran. Dez Scheme: The expansion of irrigation to 20 000 ha (final stage 125 000 ha)
resulted in an increase in bilharzia infections. Inigation canals and drains were more
important transmission sites than village ponds. A bilharzia control program {drugs,
habitat modifications, chemical control of vectors) reduced the prevalence of urina-
ty bilharzia to a level lower than pre-project (Fig. 8-12). The early decline in preva-
lence, since 1965, is attributed to land improvements during early irrigation develop-
» ment. (Oomen et al, 1988).
fraction positiv

Fig. 8-12 o5 ‘ ' _ ' Swaziland. Lowfeld: Irigation started in the late 1950s and within four years the
prergation) construction phae) g’rl:f;;“i‘;’:;;‘;e"c‘f'"‘“"“““j"_"i“’__M . prevalence of S. mansoni rose in three areas from 23% to 60%. The concurrent pre-

LE s Eeommmo T m T : project prevalence of S. haematobium was 68%. The reason for the increase in S.
o4 mclhiieisding  chamotherspy ' . mansoni was attributed to the complete lack of any anti-schistosome precautions,

n ¥ schistosomiasis control project - and in particular because: (1) thick faeces were found along the banks of channels;

80

B0

4.8 Relation of prevalence of diarrhoeal discases and safe water consumption for

Figure
villages, 1981

A o (2} all housing was close to canals; (3) night storage dams and fields above chan-
. : : nals were used for sanitary purposes; (4) water for domestic purposes was drawn
' ' from channels, dams and seepage areas. {Pike 1987).

07 i\ sy _ - Ethiopia. Awash Valley: Prevalence of schistosomiasis increased from almost nil to
1N — predicted values - 5-11% and malaria incidents increased slightly as a result of estate irigation deve-
lopment in the area. On the other hand, schistosomiasis declined by 50% in the Lo-
osh . " L wer Valley due to the drying up of swamps resulting for upstream water abstracti-
\-/ . \\ ' : ons from irigation schemes and the provision of drainage (Kioos cit. in: Tsegaye in:

. : : _ i Wooldridge ed. 1991),

O 452 V663 1964 1905 1968 1867 1866 1969 1970 1971 1972 e Tanzania. Arusha Chini: In an inigated sugar cane estate schistosomiasis prevalen-

ce among field workers rose from almost nil to 85%, and the annual incidence of
new infections was more than B0% (in the late 1930s). After several control pro-

03

Fioure 4.2 Bitharzia prevatence in the Dez Trrigation Scheme. 1961-1973
gl 22

Sources: Qomen et al. 1988 Vol 2
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grammes (chemotherapy and mollusciciding) the prevalence declined from 59 to 31%
in field workers, from 36 to 15% in other workers, and from 28 to 14% in wives of
employees {Fenwick/ Jorgenson cit. in: Pike 1987).

Large Dam Projects without health control:

Lake Volta in Ghana: (hydro-energy project). Over 80 000 people were resettled
around the lake shores in villages without sanitation or piped water. Fishermen mig-
rated from outside and introduced bilharzia. In three villages the prevalence of schi-
stosomiasis rose from some 5% to 30% after 3 years and 91% after 4 years.

Lake Kariba in Zambia; 70% and 15% increase in schistosomiasis was found in chil-
dren and adults, respectively, within 10 years after implementation in Zambia.

Lake Nasser jin Egypt: After implementation of the Aswan High Dam, a 60% increa-
se in schistosomiasis after both fishermen and irrigators.

Kainjii_in_Nigeria: Schistosomiasis increase by 30% after 1 year and 45% after 2
years amonst irrigators (Sam/Ayibotele in: Wooldridge 1991; Pike 1987; Hunter/
Rey/Scott (WHO) 1980).

Lake Kariba: Resettled Tonga tribesmen were exposed to trypanosomiasis infecti-
ons due to relocation into tsetse fly infested woodland areas (Bolton in: Goldsmith/
Hildyard ed. Vel.2 1985).

Small Dams in Mali: In the circle de Bandiagara urinary schistosomiasis increased
from about B0% to 93% during reservoir implementation (1977). The local transmissi-
on of instestinal schistosimiasis (S. mansoni) was recorded for the first time in the
same year (Hunter/Rey/Scott (WHO) 1980).

Parana-Paraguay Basin: Endemic malaria has found to be aggrevated by water im-
poundments and irrigation projects {(Hunter/Rey/Scott (WHO) 1980).

In Indonesia, the prevalence of intestinal helminths range from 70 to 80% and mala-
ria and filirasis are a continuous threat to traditional irrigators {Hunter/Rey/Scott
(WHO) 1980)

further examples are in;: Goldsmith/ Hildyard 1984 and Goldsmith/Hildyard ed. 1986

To summarize, there is firm evidence that inigation contributes directly and indirectly to
the potential spread of water-related diseases caused by either the intensification of en-
demic or the introduction of new diseases. This is mainly the result of

- the increase of water surfaces in and around agricultural areas,
- poor maintenance of canal systems,

- the poor sanitation and domestic water supply conditions of the steadily increasing
population in irrigation schemes,

- careless waste disposal.

Access to water during all seasons also contributes towards changing people’s habit, es-
pecially those of children, who use the imigation canals for other activities. This is clearly
demonstrated by the fact that for example the impact of schistosomiasis is closely rela-
ted to people’s living circumstances: use of home latrines, use of potable water for drin-
king, avoiding canals for bathing and swimming, and avoiding canals for laundry and hou-
sework all contribute to significant reductions in prevalence in the range of 10 to 20%
(experience from Egypt, cited in Pike 1987). Further precautions can significantly reduce
the prevalence of diseases. However, the literature also indicates that

- there are considerable differences between the impact of irrigation and different di-
seases. Malaria or river blindness prevalence may rise or may decline, whereas
schistosomiasis typically increases unless controlled,

- the impact of inigation on diseases varies substantially from project to project. The-
re are locations with a decline and locations with a sharp increase of prevalence
or incidence.
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Sources: Birley in: Wooldridge ed. 1991; Bolton/ lmevbore/Fraval in: Wooldridge ed. 1991; Chimba
soko/Bolton in: Wooldridge ed. 19991; Tayeh/ Cairgross in: Wooldridge ed. 199%; Qamen et a (|LHI) Vol

ry/ Chit-

1, 1990, Vol 2, 1988; Birey (PEEM) 1989; Hillman in: Rydzewsli ed. 1987; Pike 1987; Mather/
(FAO) 1984; WHO 1980; Hunter/Rey/Scott (WHO) 1980: Amin in: Worthington ed. 1977; Farid
hington ed. 1977 . :

Articles: Mistry in: {CID 1990; Grubinger/ Pozzi {ICID) 1985

Further readings: Wooldridge ed. 1991; Listori {WB) 1990; Oomen et al. ed. Vol 1990, Vol 2 1988: Chan-
lett 1973

Critical review in: Goldsmith/ Hildyard 1984; 1986

Ton That
in: Wop-

B} tional Health Risks in Aaricultur

The handling and use of agro-chemicals may pose potential health risks to farmers or per-
sons coming into contact with agro-chemicals stored on the farm. Agro-chemicals compri-
se soil amendments, fertilisers and pesticides. Each aspect of storage, handling and its
application in the field has its own type and degree of potential hazard. Poor practices
and failure to follow the manufacturer’s instructions may lead to effects varying from acu-
te to chronic toxicity or insignificant or nil, in adults and children, pets, livestock and wor-
king animals or wildlife (especially aquatic life). The result of exposure to pesticides will
depend upon the organism exposed, the situation in which exposure occurs, the duration
of exposure, and upon variables relating to the pesticide itself, especially concentration
and mode of exposure.

The detrimental effects of specific pollutants and risks of nutrient, pesticide and metal to-
xicity are treated in sections 2.3 and 3.4. Special pathogenic problems related to the use
of wastewaters under irigation are treated in sections 2.5 and 8.1. Specific poliutants in
irigated farming or induced by irrigated farming are

- sediments which may have adsorbed pollutants. They occur as runoff from the farm
 but inay also be received with irrigation water,
- nutrients, especially excessive N and P concentrations in effluent or supply waters,

- salinity, namely the concentration of Cl and SO4 in ground and surface water efflu-
ents from irrigated fields,

- _pesticides in soils, plants and ground and surface water effluents. Advisory health
standards for pesticides in drinking and irrigation waters are given in Table 8-17.
- toxic concentrations of trace elements cause toxicosis and damage to vital organs.

Source: Hornsby in: Stewart ed. 1990
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9.1 introduction

Sprinkler irrigation
Interception

Irrigation usually implies the intensification of crop production and increased yields. In se-
miarid sub-saharian Africa, the productive value of an irigated area is about 3.5

times
dn Prigaton ' that of rainfed area. This intensification is associated with the (i) exploitation of soil ang
Stemflow, drips methods

water resources, (i) increased application of agronomic off-farm inputs which are desi-
gned to stimulate growth or protect crops and (jii) farm mechanization with negative im-
pacts from farm machines on soils and greater energy inputs. Hence, irrigated crops are
managed and fertilised differently, and grow more luxuriantly than non-irrigated crops.

Surface runcff

Lateral percolation »

Subirrigation

Transpiration
Evaporation

-—q—r Surface storage
Infiliration

Such major adjustments in crop management have important effects on plant diseases and
insect problems. Modification of the natural water supply changes the biclogical equilibria
between crops and their pests in numerous and complicated ways. Even changes in farm
operations that may be required under irrigation may, in tum, make it necessary to deve-
lop new pest control methods, Parasitic diseases (eg fungal and bacterial foliage disea-
ses) need, in order to develop to damaging proportions in a crop, a favourable microcli-
mate for spore germination and infection, and for sufficient sporulation for secondary infe-
ctions. In general, free water must be present on the plant surface during moming hours
to permit infection, and a much longer time is necessary for secondary sporulation. In ad-
dition, many disease organisms depend on the splashing of water to spread them to other
plants. Usually, optimum temperatures for spores production, germination and infection are
lower than normally prevailing during hot periods. The normal process of fungus disease
development in plants is thus uniquely adapted to the natural humid microclimate

- Plant storage

Soil moisture storage
in the root zone

A

| Upward fiux | i Drn_innge]
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Y
|Groundwoter recharge }—-4-—
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Water storage in the water source and irrigation conals

Groundwater storage It is obvious that irrigation, especially sprinkler irrigation of low-growing vegetables, often

provides more favourable conditions for disease development than natural rainfall, which
does not provide prolonged periods of high humidity and lowered temperatures conducive
to disease development. Increases in diseases may not only occur in arid or semiarid re-

Figure 5.1 The field hydrological cycle as influenced by irrigation Source: Rydzewski ed. 1987

gions but also in subhumid regions where irigation is practiced to supplement natural
rainfall. Under such supplementary irrigation the magnitude of disease outbreaks is closely
related to weather conditions and even a slight prolonging of time in which favourable
. ) - conditions for the spread of diseases occur may be im ortant. The root diseases of irri-
Fig 9-2 | ture P y P root dise
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Reproduced from: OECD 1984: Workahop on Crtical Irsies in Nawwral Rezource Management, Paris, 1112 October 1984

Source: ESCAP 1991
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Hessian fly and fruit-fly on wheat in Russia; clover root borers; rice stem borer in
India; two-spotted spider mites on alfalfa; mirid bug on cotton (Klostermeyer 1967).

Continuous development of irigated lands in arid regions may result in the development
of ’bridges’ over deserts across which pests can travel,

On the other hand, experience has demonstrated that the careful use of irrigation will ra-
rely lead to significant increased risks of crop diseases. Healthy crops which do not suf-
fer from water shortages are typically less susceptible to diseases. In some circumstan-
ces, irrigation techniques may even be used to control potential pest, eg (i) irrigation dit-
ches and canals may serve as barriers for certain species, for example for migrating
Mormon crickets and (i) flooding may be used to control certain soil pests, eg the lesser
com stalk borer attacking maize and sorghum; on the other hand, weeds may be transmit-
ted and more evenly distributed across fields under flood irrigation.

Sources and further readings: Menzies in: Hagan et al. {ASA) ed. 1967; Klostermeyer in: Hagan et al,
(ASA)} ed. 1967; Viets et al. in: Hagan et al. (ASA) ed. 1967

2 lrrigation th f Fertiliser

With regard to land productivity, fertilisation can be regarded as an agronomic ’land sa-
ving input’ because the productivity per unit area increases considerably with increased
fertiliser use. It is estimated that higher fertiliser inputs have been responsible for a quar-
ter of the growth in output since the mid-1960s, the remainder being due to new varieties,
irrigation, and other agronomic improvements (Conway/ Pretty 1988). The result has been
a rise in global food production per capita by 7% since 1964, in Asia by 27%, in Latin
America by 9% and only in Africa, with a low adaption rate has it fallen by 17%. (FAOQ
Production Yearbook 1987).

In many respects, fertilisation and irrigation are complementary means to increase produ-
clivity, because irrigation reduces water stress and allows increased extraction of nu-
trients from soils, thus increasing yields. In order to replace them and to sustain the fertili-
ty levels, chemical fertilisers are applied. The use of high yielding varieties and other im-
proved seeds requires - for their full production potential to be met - the use of fertilisers
or other amendments to provide adequate nutrients.

It is estimated that, on a global scale, less than 20% of the cropped area is irrigated. it
produces 40% of total crop production, and receives more than 60% of all fertiliser that is
applied (Hotes 1982; cit. in: Qomen ot al. (ILRI) 1990). In 1988, the consumption of fertili-
sers in developing countries reached almost the level of average applications in industria-
lized countries, which is 54 kg N/ha and 57 kg N/ha, respectively {OECD 1991a,b; ADB
1991; Conway/Pretty 1988). Most Asian countries doubled or tripled their consumption du-
ring the period 1970 to 1987, reaching levels of between 26 and 395 kg N/ha, compared
with some 200 kg N/ha in Germany and Britain. In contrast, in Africa the consumption
was only 4 kg N/ha (1985).

Impacts of excessive fertiliser applications and their subsequent leaching into surface or
groundwater caused by poor soil conservation and water management practices are trea-
ted in detail in section 2.

Sources: OECD 1991; ADB 1991; Conway/ Pretty 1988; Canter 1986
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. Irrigation_and the Use of Pesticide

The effects of irrigation on potential pests are usually brought about by irrigation’s influen-
ce on crop growth and soil moisture conditions. Under conventional pest management,
many irrigated agricultural crops are increasingly dependent on the increased use of pe-
sticides to control crop losses. Consequently, the use of pesticides in modern irrigated
farming is typically much higher than on traditional or ecofarming systems with integrated
plant protection (eg Kotschi et al. {GTZ) 1989). Large scale monoculture, high-value crops
and fruit trees contribute especially to increased pesticide applications,

Environmental problems associated with the widespread use of pesticides are not only
caused by soil and water pollution (see sections 2 and 3). The disturbances of biological
balances in natural ecosystems are significant, too. Here, the development of new plant
pests and diseases and the development of resistant strains of pests must be mentioned.
It is essential to bear in mind that

= The population growth potential of organisms tends to be stabilised by abiotic factors,
such as climate, air, soil, water, space, and light, as well as biotic ones through the di-
rect or indirect activities of other living organisms. The resulting complex interactions de-
termine a population leve| for each organism, which fluctuates about an equilibrium level
characteristic for any given ecosystem.

- When such organisms are harmful, the role of their natural enemies in keeping them un-
der control can be considerable. Of the total number of insect species of 1.5 M, some
5000 are considered as potentially important because they damage crops and injure do-
mestic animals or humans, either directly or by transmission of disease. If these pests had
no natural enemies, the figure would be much larger. Unfortunately, these parasites and
predators of pesis are often more susceptible to pesticides than their prey, and there are
few types of insecticides selective enough to kill any particular pest, without affecting
their predators (systemic insecticides do to a certain extent achieve this).

- Furthermore, pesticides sometimes kill not only the enemies of pests but also those of
relatively innocuous plant-feeding species, which, released from predator/parasite pressu-
re, may muitiply rapidly in numbers and become new pests. For example: fruit tree red
spider mite becomes a pest after applications of DDT; cotton pest species increased
from two to as many as 15 with the advent of pesticides into new regions; new pests ha-
ve emerged in tea and cocoa plantations. These effects are of particular importance in
developing countries, where pesticides are just beginning to be used on a large scale.

Source: Edwards 1987

Most major technological innovatons in modem agriculture, such as monoculture, fertili-
sers, cultivation equipment, precision drilling, minimum tillage, new crops and varieties,
were introduced without adequate assessment of their influence on crop protection issu-
es. Many of these have led to increased crop losses to pests, although the increasingly
efficient control of weeds may have also promoted the incidence of pests, because they
provide not only altemate sources of food for pests, but also encourage the buildup of
populations of pest predators.

When some pesticides are used continually repeatedly against the same pest it often he-
comes necessary to gradually increase the dose applied. Eventually the pest may beco-
me almost immune to the insecticide and resistant strains are developing. Although only
about 5% of the 5000 known arthropod pests have developed resistance, this 5% unfortu-
nately includes some of the most important pests.

Source: Edwards 1987
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4 _irrgation and Tillage Practices
ig. 8-3 . . . . ; .
Fig Tillage operations are aimed at creating an optimum environment for seeds to germinate
and emerge, and for roots to develop. Weeds should be controlled and if possible eradi-
Tiiiage Effects on : : : cated and organic material should be incorporated into the topsoil horizons. Hence, tillage
Agriculiural Sustainablity - practices have distinct impacts on physical soil properties, especially pore size distributi-
on, bulk density and soil strength, which, in tum, determine soil moisture and aeration sta-
_ tus and ultimately crop growth conditions. Various tillage effects on agricultural sustaina-
R * bility are shown in Fig. 9-3. Tillage may enhance or curtail soil fertility properties, soil for-
: ming processes and crop yields, depending on antecedent soil conditions, the type of til-
. 3 v : lage tools and practices used, and crops grown.
Pmﬁg'r'“es _ meﬂaes G‘:ﬁ’h : : An important effect of tillage is its impact on soil degradation and pollution of ground and
surface waters. While conservation tillage can reduce soil erosion, it may increase the
e e lsrioution) - Compasiion ~ Woter wee afcoricy - risk of water pollution through increased use of pesticides and surface application of fer-
. b, pora si N . : oy ' . .
.ﬁﬁﬂ?fmfo.(a cu'::acily_ jéf;:;:’n" '::::?s':ol;ﬁ;{lmm : tilisers and other agricultural chemicals. In contrast, plough-based tillage methods may en-
+ Hydrauiio conductivily « Leaching and internal drainage - Harvast index : hance the risk of soil erosion, increase rates of mineralisation of soil organic matter. and
 Tharmal conductivity « Mineralizatlon of soil organic matier « Economic ylald . . 9 ’
<pFouves argani mafior siratfiation - Soit avaparation ‘ Y accentuate emission of greenhouse gases from soils.
« Aclivily and species divershy of soil fau ’ . . . . . . .
Actily and spacies dverely of sollfauna Tillage practices are govemed by various biophysical and agronomic factors including
e carbon A AR .
- Soll motetors tagime crop se‘lec!lon, lr‘rlgatlo.n management and the i."arrnl.ng system,.for example the d.egree of
 Soil temparatura regime mechanisation. Biophysical factors are shown in Fig. 9-4. Soil factors play an important
Fig. 2. Tillage effects on agricultural sustainability. role in determining the intensity, frequency, and type of tillage required.
' He In developing countries four types of mechanised farm operations are often practiced in
irrigated agriculture:
. - - soil reclamation and land preparation for irigation by, for example, deep subsoiling
Fig. 9-4 T : . and levelling or tied ridging
B?ph}'slﬁlb;m: ' - tillage for seedbed preparation and planting
Affecting o ) : : .
Thlage Methods : - tillage to control weeds
' - harvesting.
' : Typically, irrigation requires additional mechanised tillage operations in comparison with
] ) l ! non-irrigated cropping systems. Such practices include land leveiling, re-shapening of fur-
k: . . + - . . . . n
4 ! Energy _ rows or ridges for water distribution, maintenance of drainage ditches, soil loosening to
Sall Properties Landscape Climata Crop Needs : eliminate crusting of surface layers which may result from droplet impact or overland
— Toroqranhy - « Grawth duration « Totat anargy ; - flow, and increased weeding requirements caused by enhanced weed growth. Some of
. roperiies - . . - . aas . . I
- Ghemieal sharactodstics (DUER0R s e g ey feaudrament : these activities can be performed by hand labour but speed, timeliness and precision of
3 . - aristics « Tam v . . . P . .
Feteanaton” Slopa chare - Evaporaliva domand - Nutriant domand operations are a unique advantages of mechanised farming. In many irrigation farming sy-
. = La covar . s . v . . . -
* Reating dop Geawing season - Blomats production stems in developing countries there are constraints in {abour available, and mechanisation
ping )
Fig. 1. Factors affecting choice of tillage methods, ' ' is the only means to overcome these. On the other hand, limitations exist in efficient large
1y _ scale use and the use of heavy equipment in most smallholder farms in developing coun-
: triess. Often the optimum field layout for most surface irrigation systems curtails the effi-
cient use of modemn farm machinery (Wolff in: DLG 1982). Nevertheless, there is room for
- : small farm machines which are often more appropriate in farming systems in many develo-
Sources: Lal in Lal ed. 1991 E ping countries (Wienecke/Friedrich 1982).
Socio-economic aspects and impacts of farm mechanisation are beyond the scope of this review. the
reader is referred tq the relevant literature, eg. Doppler in: DLG 1982
Despite tillage operations are aimed at loosening the soil to promote aeration, create fa-
vourable soil moisture status, and enhance infiltration and permeability, there is some evi-
dence that tillage implements and other wheeled traffic on agricultural lands lead to the
compaction of topsoils and subsoil horizons. Typically, bulk density and soil strength may

be adversely affected during land clearing and with continuous ploughing and farm machi-
nery traffic. For example, subsoil 'plough pans’ may develop when heavy machines are
used for tillage operations and/or tillage operations are conducted under wet conditions

FIGURES 104 EXT : : AGRICULTURAL IMPACTS 104
. . :




IRRIGATION AND THE ENVIRONMENT PART |

which cause the destruction of soil aggregates and a loss in macroporosity. A loss in
macroporisity usually results in reduced permeability, frequent waterlogging, and may have
detrimental impacts on soil fauna, too. Habitat conditions for invertebrates (worms) may
be adversely affected but microorganism habitat can also be damaged by heavy traffic.
This, in turn, has impacts on the microbiotic activity in the topsoil layers; the decompositi-
on of organic matter may be hampered. A loss in micropores may result in frequent wa-
terlogging and anaerobic conditions in some hotizons. This, in turn, has effects on nutrient
availability and denitrification (N-loss to the atmosphere) is enhanced. Root growth may
be hampered by high penetration resistance.

Sources and furlher reading: Lal ed. 1991 with country reporis from Latin America, West Africa, semi-
arid West Africa, India, North America, and Australia; ISTRO 199%; Hanus in: Blume ed. 1990

However, it is impossible to generalise from empirical data on tillage impacts due to the
immense variety of tillage equipment and practices, the heterogeneity of soil physical
conditions under which tillage and cropping takes place, variability in climatic conditions,
variable irrigation management, and crops grown.

- In arid regions, ploughing and deep subsoiling has been shown to create a favou-
rable soil structure by increasing porosity, root growth, permeability and increasing
crop yields in structurally inactive (eg sandy) soils. However, ploughing brings about
only a transient improvement in soil structure, and follow-up restorative measures
are necessary for long-lasting effects {Lal in: Lal 1991 with further references; La-
ryea et al. in: Lal ed. 1991). '

- Conservation tillage practices ("no- or minimum till") may result in a higher bulk
density in topsoils, and lower macroporosity, infiltration rates and crop yields as
compared with conventional tillage (disk ploughing) {(Alegre et al. in: Lal ed. 1991).

- No-tillage in comparison with conventional tillage on loamy soils may result in in-
creasing microflora activity, soil porosity, infiltration rates, soil water retention ca-
pacity, and organic carbon. The reverse occured in a sandy soil with conventional
tillage outyielding no tillage. (Hulugalle/Maurya in: Lal ed. 1991).

- Appropriate tillage in irigated soils with high organic matter and fine sandy or silt
particles can create a favourable structure which cannot be achieved under no- or
minimum tillage (Hulugalle/Maurya in: Lal ed. 1991; Laryea et al. in: Lal ed. 1991).

Tillage is practiced in various regions at different levels. In Africa, irrigation is traditionally
manual with animal traction being more frequent used in recent times (Starkey/Faye ed.
1990). Minimum or no-tillage are common practices in traditional irrigated lowland agricul-
ture. In large-scale irigation projects intensive use of tractor-drawn implements is more
common {Hulungaile/Maurya in: Lal ed. 1991).

Estimates of economic losses or gains are difficult to make owing to the compounding
effects of several interacting variables {Lal in: Lal 1991). Hence, only site specific predi-
ctions and recommendations on improved tillage practices are available (see Part Il 5.1).
There is ample empirical evidence of both beneficial and detrimental impacts of tillage
operations on soil properties and of both increased and decreased yields under various
tillage systems (see articles in: ISTRO 1991, Sections 1, 3, and 4; and Lal ed. (ISTRO
1991}. In some circumstances, slight soil compaction is desired, namely when light textu-
red soils are under swface imrigation and the infiltration rate should decrease to allow a
more uniform water distribution within a field or along furrows (eg Agrarwal et al. 1987).

Sources: Lal in: Lal ed. (ISTRQ) 1991; Lal =d. 1979

Furlher reading: Lal ed. {ISTRO) 1991; ISTRO 1991; Wolff in: DLG 1982; Doppler in: DLG 1982; Koopman/
Hoodgmoed in: DLG 1982; DLG 1982; Wienecke/Friedrich 1982
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- Irrigation development is ultimately aimed at the benefit of the people, but experience in
large scale projects and especially in projects associated with large scale water deve-
lopment schemes or reservoirs has shown negative impacts at least on parts of the affe-
cted communities. Any development has impacts on social values and attitudes and is
accompanied by socio-cultural and socio-economic changes in the communities. Irrigation,
for example, implies the intensification of agricultural production, integration into the na-
tional economy, extension of area under cultivation, intensification of land use, and inten-
sification of the use of soil and water resources.

The rural community {or parts of it) has explicit influences on the type and intensity of de-
velopment and, in tum, the irigation development exerts distinct impacts on the rural
community in which development takes place, but also on neighbouring communities. Im-
pacts may be adverse to all or to groups of community members if an imbalanced, unsu-
stainable economic and social development takes place, aithough irrigation is primarily ai-
med at mitigating drought for increased and secured food production.

Environmental effects related to socio-economic and social changes are the subject of
environmental protection policies. It is not intended to cover the full range of issues and
impacts which irrigation development may exert on rural communities. This would be sub-
ject to socio-economic and agronomic appraisals in the context of formulating strategies
for the development of rural communities.

The role of modem (not necessarily mechanised) irrigation for development is under deba-
te:

Some argue that "to build water-development schemes, ... , is a lost cause’, espe-
cially if they are associated with the construction of large dams. Cut-off funds from
all large-scale water development schemes would mean: Nor it will condemn those
inhibiting the irrigated areas to see their children ravaged by malaria and schistoso-
miasis to which many of them must inevitably succumb. Nor will it systematically
transform their remaining agricultural land [ie rainfed] into a waterogged and salt-
encrusted desert [ie irrigated land]...” {from Goldsmith/Hildyard 1984, p.346).

Others argue that the importance of irrigation cannot be overemphasised in efforts
to develop agriculture. In Asia the irrigated areas, although covering less than halif
the cultivated land, provide almost two-third of the food production. In Brasil 3% of
land is irigated but produces 16% of the grain harvest. About one-thirds of the
world population depends directly on irrigation for food. (Barghouti/Le Moigne
(WB) 1990; Kruse in: ICID 1990; FAQ (industrialized countriesTP) 1986; Taba in:
COWAR 1976}

There are four critical issues which must be addressed in the socio-economic and socio-
cultwral context: resettiements in association with large-scale water development pro-
jects, social imbalance of development induced by irrigation, the loss of land of cultural
or heritage value, and aspects of mechanisation in irrigated agriculture.

Further reading: Cernea 1985; Carruthers/ Clark 1981

S0CI0-CULTURAL IMPACTS ' 106




IRRIGATION AND THE ENVIRONMENT

Generally, there are four groups associated with resettlement or irigation  settemen
schemes:

- relocatees or evacuees: communities displaced by large-scale irrigation projects
and especially by associated reservoirs (large dams)} {see also section 1)

- scheduled migrants: settlers selected by government

- unscheduled settlers: self-selected settiers, squatters and encroachers
- temporary residents: construction workers and seasonal farm workers.

Evacuees are typically associated with the development of large multi-functional reser-
voirs. For example, the network of reservoirs that will accompany the Narmada Valley
Project (India) will displace possibly some 80 000 people living in the inundated area (Di-
xon et al. (WB) 1989). Similar resettiement schemes have been implemented in Egypt, Sy-
ria and Ghana. The social, organisational, economic and health impacts accruing from
such resettlement programmes are generally either neglected or underestimated by the in-
stitutions involved. Further problems may arise if the evacuees are tribal people of diver-
sified ethnic and linguistic groups and especially minority groups.

Several examples of such settlement schemes and their negative impacts have
been compiled by Goldsmith/Hildyard 1985 and specific project details are given in
Hildyard/Goldsmith ed. 1986 by for example, Graham/Volta; Vriksh/Narmada.

Often, the arrival of unscheduled migrants is completely unanticipated or underesti-
mated during the initial planning phase. For example, many unscheduled fishermen

- settled at Lake Volta, ghana, attracted by the abundance if fish during the early
years of the project. these migrants were almost as numerous as the evacuees, for
whom settlement provision had at least been made by planners.

It is a common feature of large-scale water development projects that affected rural pe-
ople are neither consulted nor involved in decision making. Inevitably, the upheaval of re-
settlement will cause social breakdown of traditional social and economic structures. The
authority of the elders will be weakened and young people will no longer accept the ru-
les of family life which provides some social security in traditional rural societies (eg
Mounier in: Goldsmith/Hildyard ed. 1985). Such large-scale resettlements are typically ju-
stified by decision makers in order to overcome cultural impoverishment and to initiate or
enhance economic development. Obviously, such developments did not occur to the high
levels anticipated in many projects in the past {see Goldsmith/Hildyard 1984; example:
Lake Kariba/Zambia),

Typical project killers which limit any positive benefits of large-scale resettlements pro-
jects include:

- lack of appropriate communication between the agency and settlers,
- selection of unsuitable sites for the anticipated level of irrigated agriculture,

- project located in close proximity to critical ecosystems or other communities with
potential for conflict over land, water, and soil resources,

- failure to take into account the different needs and perceptions of various hetero-
geneous groups, especially between indigenous people and migrants,

- disregard of level of technology, capital investment, and skilled manpower required
to manage the systems,

- degradation of the resource characteristics of neighbouring sites,

- lack of sufficient on-site management safeguards to promote sustainable develop-
ment,
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- settlers lack technical skills, managerial capacity and social (organisational) back-
ground to successfully utilise the irrigation system,

- rigid implementation of irrigation production system that limits modification and local
adaption based upon farmers experience or desires,

- lack of regional planning and watershed controls to protect the new schemes from
adverse off-site impacts which increases the vulnerability of new schemes,

- hazards to human health resulting from the build-up of disease vectors following
changes in vector habitats (see section 8).

Source: modified after Burbridge et al, (FAQ) 1988

Irrigation settlement schemes must be based on an objective investigation of the physical
land use capability, irrigation methods and farming systems, and the level of technology to
be employed (see Part Il section 1.3 and 3.1). Of special interest are the following issues:

- agricultural skills of the potential farmers,

- training and technical support to assist farmers to adapt to the new location and ir-
rigated production system,

- cost of necessary agricultural inputs for anticipated production level,
- market prices for goods produced,
- access to credit and technical support,

- land tenure and farming systems of proposed irrigation schemes,
- indigenous land/water rights,
- measures to ensure equity and sustainability

Seurce: modified after Burbridge et al. {FAQ) 1988

Generally, principles and procedures for environmental management are similar for both
settlement/resettlement schemes or rehabilitation/extension schemes. However, to ensure
sustainable development for farmers who have been transferred to new areas or must
adopt new farming systems or new technologies, some socio-economic considerations re-
quire closer attention. The following questions typically arise:

- bave altematives to resettlements been considered, for example are all means to
improve socig-economic conditions under current production and irrigation systems
fully exploited?

- have these alternatives been fully explored?

- have the social, economic and environmental background of the pecple who will be
resettied been fully assessed?

- has the proposed resettlement project been selected on the basis of the backgro-
und and perceived needs of the farmers being relocated? Are incentives for sound
land husbandry and irrigation absent, for example by lack of secure land titles? Do
settlers participate in or control the decision making processes?

- what altemative locations and possible economic activities have been explored?

- has the proposed irrigation system been selected on the basis of the abilitities of
the settlers to manage the activities and the ability of the natural resource systems
to sustain these activities?

- bave provisions been made in the project design and management plan to assist
settlers to adapt to their new environment and to manage the new techniques and
the new agricultural production system?

~ will the project be sustainable once external financial and technical assistance is
removed ?
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- have potential adverse environmental impacts been identified within the project do-
cuments and what mitigating measures are proposed to reduce or eliminate these
impacts ?

- does the project make provision for environmental monitoring, periodic assessment
and the adaption of policies, management strategies and techniques?

- further questions for irrigation projects deal with: land and soil suitability for antici-
pated crops and cropping pattern, reliability of water resources; assessment of wa-
ter resources versus anticipated crops or cropping pattern and total area to be de-
veloped; safeguards and mitigating actions to control water-related diseases; flexi-
bility of the management plan to respond to moenitoring findings.

Source: modified after Burbridge et al. {FAQ) 1988

Socio-economic principles for environmentally sound {re-)settlement schemes are outlined
by FAO as:

- sustainability: development must be capable of being sustained by the natural resources,
abilities of people to manage both their new environment and the proposed irigated agri-
cultural system, and the ability of local, regional and national institutions to provide the
technical support and other facilitites (credit, marketing, etc) to service the scheme once
external development assistance is withdrawn,

- equity: all people being settied and the local population should have equal access to
the physical and economic resources available within the project, including housing, land,
water, machines, equipment. agronomic inputs, marketing facilitites, other materials, finan-
cial assistance, credit and public services such as education, training, and health care,

- conservation of natural resources and development options: the location should be com-
patible with the conservation {or long-term use) of the ecosystem functions which genera-
te the resources required to sustain the proposed irigated farming activities; attention
must be given to current or future altemative forms or mixes of development offered by
the resource system {see Part Il section 1),

- matching people and potential settlement locations: the new development area should
have environmental features similar to the areas from which settlers are moving, otherwise
intensive technical training programmes and health safeguard programmes must be incor-
porated,

- integration of activities: other activities than irrigated farming may be introduced or inte-
grated, eg part-time fishery, depending on local potentials and farmers’ preferences,

- monitoring and adaptive management: a follow-up of environmental impacts must be en-
sured because not all changes and environmental impacts can be precisely predicted;
furthermore, key indicators of environmental impacts should be established for an efficient
and management-oriented monitoring and evaluation system.

Source: slightly modified after Burbridge et al. {(FAQ) 1988

Socio-economic aspects which influence the gnvironmental requlation system are:
- existence of well defined and accepted limits of different types of environmental
degradation: eg erosion, salinity, wetness, drainage pools, etc

- provision for restrictions on the use of common property resources (eg water) thro-
ugh direct regulation or cooperative management by users

~ inclusion of standards with respect to sound environmental management in terms
which farmers must meet to obtain land (and water) titles, credit and governmental
subsidies.

Source; madified after Burbridge et al. (FAQ) 1988
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Checklists for basic information, essential for sustainable development of resettlement
schemes, are listed in Birbridge et al. (FAQ) 1988 Chapter 5. The relevant factors are di-
vided into bio-physical, socio-economic and productive factors. Forestry, fishery and agri-
cultural projects are considered. Checklists for agriculture (including imigation) are given
in Table 10-1. Further checklists are available for the selection of settlers, property rights,
the economic system, assessment of equity of access to project benefits, knowledge and
learning systems, and adaption systems and emergency response systems.

During the final environmental assessment the following issues are to be addressed:;

- scope of potential adverse impacts

- specific potential impacts which may reduce the sustainabilty of the settlement pro-
ject or have an adverse impact upon ecosystem functions, environmental quality, na-
tural resources, economic activities, and human populations outside the command
area

- measures proposed within the command area to avoid, ameliorate, or compensate
for potential adverse impacts

- assessment of the adequacy of initial assessment and planned mitigating measures

- formulation of amendments to previous measuwres to reduce potential adverse im-
pacts

Source: modified after Burbridge et al. (FAD) 1988

Source: Dixon et al. (WB) 1989; Cernea (WB) 1988: Burbridge et al. (FAO) 1988; Goldsmith/ Hildyard
1984

The real economic benefits from irrigation and especially aspects of equity are often a
matter of arguments:

India: Irrigation has lead to changes in cropping pattern and has encouraged the
transfer of 'green Revolution’ techniques. These developments have led to economic
polarisation and social conflicts - a pattern which is well documented in the litera-
ture. Moreover, few irrigation projects can be counted economic successes. n ma-
hy cases, the revenues from water-taxes are not enough to cover the annual main-
tenance and operational expenses. In effect, many irrigation projects were subsidi-
sed by ordinary people {Bandyopadhyay in: Goldsmith/Hildyard ed, 1986). in 1981,
the Auditor General of India pointed out that the Rs 1 billion Tawa irigation project
in Madhya Pradesh had reduced farm production instead of increasing it (Mishra in:
Goldsmith/Hildyard ed. 1986; also: Vriksh et al. in: Goldsmith/ Hildyard ed. 1286)..

Often, expected (or measured) increases in agricuftural production are exclusively
attributed to be a result of irrigation; in reality, the increase is due to various other
agronomic inputs such as improved tillage, fertilisers, pesticides, high yielding varie-
ties, etc (after: Vriksh et al. in: Goldsmith/Hildyard ed. 1986).

But, findings of World Bank evaluations in Mexico (two large-scale partly mechanised
surface irrigation projects for smallholders with 12 ha average farm size) and Morocco
{two medium scale sprinkler systems for smallholders with 2.1 ha average farm size) we-
re:

- regarding agricultral and economic impacts: a tendency at project completion to
over-estimate yields and cropping intensitites at full development when uptake of ir-
rigation is successful and agricultural development is rapid. In Mexico, private far-
mers have performed well (high value crops) but most ejidos {government scheme
farmers) went bunkrupt and lost credit, resulting in reduced use of agricultural inputs
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and low yields. There is a need to pay close attention to minimising risks in the
transfer of technology in climates which permit rainfed farming or livestock produ-
ction with higher profitability and lower risk (eg Mexican-case studies). The most
rapid transfer has come in the projects with low annuai rainfall {rainfall <500 mm/a)
with satisfactory results (economic rate of returns in the range of 9-12%).

- regarding land tenure: in Mexico, there is a tendency to revert back to the situation
which prevailed before agrarian reform or land consolidation; in irrigation, with in-
creased value and higher productivity of land, the land tenure system is continually
evolving; in both countries, experience has shown the danger of introducing colle-
ctive farming where there is little tradition of communal cultivation. Systems tend to
develop back to small group or individual farming. The smallholder approach with
high employment and high productivity per unit area is questionable in Mexico but
sucessful in Morocco.

- regarding social impacts: large income disparities developed in Mexico with yearly
incomes of US $ 40,000 and US $ 1,320 for private (average farm size >30ha)} and
ejidos in Panuco project; in Sinaloa project average incomes have increased by ab-
out three times to US $ 15,300 and US $ 5,480 for private farmers and ejidos, re-
spectively. Hence, the expected namowing of income distribution among beneficia-
ries is not attainable or sustainable in the absence of a smallholder development
approach. Nevertheless, all projects contributed towards stabilising the rural popu-
lation, limiting migration to cities and alleviating underemployment. In Morocco, su-
ccessful agricultural development entails an increasing workload, particularly for
women and children, and in traditional societies is often at the expense of school
attendance. New villages may complete iack success and traditional styles should
be maintained wherever possible.

Source: WB 1389

Further reading on ecenomic aspects: Dixon et al. (WB) 1989, Chapter 4

Some land which is lost to agricultural and irrigation development, including impoundment
areas of associated reservoirs or lakes, may be sites of cultural heritage importance for
the local population, related to their religious beliefs and traditional customs. Often such
sites are sacred riverine forests, traditional sites for community conventions or cemete-
ries. There are numerous examples where these cultural heritage sites have been negle-
cted during planning for both large and small scale projects. Appropriate participation of
all members of the 'target’ group during early planning phases (site selection) is an easy
and efficient way of avoiding such impacts.

Archeological monuments and sites of general public interest {eg ancient village site re-
mains} are sometimes also submerged by the development of reservoirs. There are nume-
rous examples of such sites of jocal or general public interest being completely submer-
ged by large reservoirs, for example

Lake Nasser in Egypt: impoundment of numerous ancient temples and other histori-
cal sites; some, like Abu Simbel and Philae, were replaced

Rajghat Dam Project in Uttar Pradesh, India: 23 temples were submerged; 2 pala-
ces were submerged. (Source: Sudershan in: Goldsmith/Hildyard ed. Vol. 2.1986)

Remains of prehistoric settlements may exist in remote or sparsely settled areas. Such
remains include stone terracing, stonewalling, granaries, middens containing pottery, bo-
nes, ironware and glassware, mining for minerals, metal working and foreign-trade goods,
etc. These may be destroyed by large scale irrigation development or by associated re-
servoirs. Examples of serious losses of unique sites are:
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In the Fezzan in Libya and the New Valley in Egypt, various new smaltholder seti-
lements or productions schemes were constructed on unique prehistoric sites witho-
ut attention having been given to archeological surveys or sampling. Similar settle-
ments and prehistoric sites may exist in Southem Africa (South-Africa-Zimbabwe-
Botswana} in areas which are now under agricultural or large-scale water develop-
ment.

In contrast, in Botswana, for example, such developments have included, since the
jate 1980s, archeological surveys and mitigating actions to survey and collect im-
portant artefacts from prehistoric sites to preserve the cultural heritage {eg deve-
lopments associated with the Lower Shashe Dam; Feasibility Study - Environmental
Impact Study, unpublished. Department of water Affairs. Gaborone}.

it is essential that, prior to large scale inundations or new land developments, the archeo-
logical importance of a given area and the impacts on any archeological features be as-
sessed. Mitigating actions must be identified and important and unique areas must be in-
vestigated by an archeological survey, archeological recording and excavations. The po-
tential for damage to sites ouiside the projected development area must also be conside-
red, eg damage from access roads, campsites, borrow and broad-acre stockpiling areas
directly associated with the development.

Further reading: Goodland/Webb (WB) 1987

10. ocio-Demographic Chan

The population in many parts of the world has doubled or will do so in a few decades.
The world's population reached five biilion in 1987 and is increasing by some B0 M each
year. In many places in the Middle East, Africa, and Latin America, the population is gro-
wing at a rate of 3% or more. As nearly all of the additicnal inhabitants of developing
countries earn their living directly from their physical suroundings, thus putting stress on
the immediate environment, population growth will constitute one of the principle obsta-
cles to protecting resources on a global scale and to integrating it with socio-economic
development in a sustainable way.

Sources: QECD 1991a

Rural development and associated socio-economic and cultural changes must also be
seen against this changing demographic context. The creation of social imbalances, in-
equity and loss of cultural identity, which are often due to the negative influences of lar-
ge scale development projects, must be seen in the framework of increased consumption
of environmental resources by the rapidly increasing population in most rural areas in de-
veloping countries.

The development of mechanised imigation has not always proceeded as rapidly as me-
chanisation of other agricultural operations. Among the reasons are the varied and disper-
sed nature of imigation enterprises in developing countries, and site characteristics (eg
paddy terraces in SE-Asia), traditions or personal preference, or simply the lack of finan-
cial resources and technical know-how all of what resulted in the development of many
different types of traditional, manually operated imigation facilities.

Mechanisation is seldom technically unsuitable in developing countries, but frequently the
social and economic conditions necessary for their sucessful application pose serious
constraints and have not been given adequate attention in many large-scale irrigation de-
velopments financed with public funds. Of greatest concem is the additional energy requi-
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red for mechanised pumping and pressurised systems and the need for special support
systems to provide repairs, spare parts and mechanical services. The more mechanised
and automated the technology, the more complex the required support structure and off-
farm inputs. This requires involvement in the cash economy and that increased productivity
be economically feasible.

Farmers who use modem technologies (either surface or pressutised methods} may not
need much special training to operate them. However, they still must understand and
adopt the new principles involved and be aware of and meet the maintenance require-
ments. Most often failure is due to use of untested, unreliable or inadegate equipment, in-
sufficient service and spare parts, lack of maintenance and knowledge by farmers of how
best to use the equipment, and limited knowledge amongst technicians as to where and
how best to apply, design and service the system. In contrast, traditional systems can be
constructed and maintained using indigenous capacity available within communities in de-
veloping countries.

For the average farmer, the main reason for mechanisation is to save laboyr. Labour is
often either scarce or expensive in industrialized countries. Benefits other than labour sa-
vings include more precise control of water delivery, higher accuracy of on-farm water
applications, increased reliability of operations, greater flexibility for the farmer because
his presence is not required during the whole imrigation application period, greater flexibi-
lity of irrigation scheduling around the clock and greater flexibility regarding changing di-
scharge rates (for example low application rates may be possible for longer periods). Ty-
pically, irrigation efficiency is higher in mechanized systems than in non-mechanised sy-
stems; with traditional methods, only farmers with small areas, small water supplies, and
high value crops can afford to take the time to attain high application uniformities. Strate-
gies for development through mechanisation may contribute towards reducing the impact
on water resources (see Part Il sections 1.3, 2.3 and 5).

Sources: Keller in: ICID 1990; Kruse in: iCID 1930

The high capital costs of mechanisation relative to traditional systems, is the major factor
inhibiting their adoption. Despite the fact that savings in labour, increased crop production
or reduced water demand will, over a period of years, repay the inital and operation
costs of well designed, operated and maintained mechanised systems, most smallholders
in developing countries face many constraints and risks. In those cases where mechanisa-
tion would result in more reliable, uniform and efficient irrigation, investment may be requi-
red for improved seeds, fertilisers and pest control to get maximum benefit from the irri-
gation investment,

The cost compenent of mechanised irrigation varies from one region to another, mainly on
account of national market prices, site-specific {and and water development characteri-
stics and the irrigation method used.

In Brazil (Rodriguez et al. in: ICID 1990), for example, costs of surface irrigation de-
velopment (in 1988) were in the range of US $ 900 to 1,300 per ha, drainage acco-
unting for US $ 200 to 350, irrigation for US $ 530 to 1,100, operation and mainte-
nance for some US $ 30 to 50 per year.

Total fixed costs for sprinkler systems range between some US $ 200 and 350 per

ha, total variable costs between some US $ 220 and 330 per hectare per year.
Energy costs may account for some 25 to 40% of the total costs.

In Chile, the investment costs of sprinkler and micro-irrigation may vary from some
US $ 2,500 to 9,000 per ha, the lowest unit costs being for fodder crops (Avenda-
no in: ICID 1990}.

In France, annual costs (fixed and variable, as of 1989) of surface irrigation sy-
stems were in the range of US $ 150 to 200 per ha, and for modern types of gated
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pipe and buried pipe with suface cablegation costs were between US $ 430 to
800 (Frey et al. in: ICID).

Table 10.2 lists initial costs and annual maintenance as a percentage of initial costs in
mid-1980 prices for various modern itrigation methods and techniques for installations on
large fields (65 ha). Typically, costs for modem systems range between US $ 1-3,000
without large scale water supply facilities, which may account for some US $ 5,000.

In most developing countries there is an additional increase in costs in the range of 25 to
100% due to freight, taxes, small units, etc. In India costs for government-financed pro-
jects designed to deliver water to smalitholder farms vary from US $ 2-4,000. in other co-
untries where many resources must be imported the costs may average US $ 5,000. In
Sub-Saharian Africa government-financed irrigation development costs are often US $
10,000 per ha and more. Drainage costs generally vary between US $ 1-2,000 per ha
(Keller in: ICID 1990).

Thus, a global average cost for govemment-financed irrigation systems complete with
drainage works range from US $ 5-6,000 per ha. To recover such high costs high produ-
ctivity is required (Keiler in: ICID 1990),

Typically, irrigation mechanisation results in improvements in farm practices, farmers inco-
me, and in both regional and national economies. Commonly, a single farmer’s response to
mechanisation may be affected by farm size, labour availability, site-specific land and
water characteristics and suitability for a variety of crops, market conditions, need to
support livestock and other factors.

In India, as a result of pumped irrigation development, the farmer's crop selection
options have become greater, productivity (per unit area) is higher, farm income in-
creased, and risk of crop failure reduced. Multiple cropping has increased, resulting
in a 40% increase in cropping intensity and a single farmer can irrigate more land
with his family labour (Michael in: ICID 1990).
Impacts on the community vary with the type of irrigation. Large-scale sprinkler systems
{eg center pivots) which irrigate a number of small farms may constitute the type of me-
chanised irrigation with the most impacts. In such situations, it is imperative that the land
holders organise so as to make cooperative decisions on crops, cropping pattern, and ir-
rigation scheduling. Under certain favourable socio-economic conditions such systems may
operate fairly well, eg in Morocco and Guatemala {Abderrazak/Mohamed in: ICID 1990;
Keller in: iCID 1990).

In several countries the mechanisation of irrigation has had beneficial impacts with regard
to the creation of new jobs in the manufacturing industry, eg in India, China and Brazil.
However, in other, less industrialised countries, only marginal effects may occur and a lar-
ge porportion of foreign currency eamnings must be used for purchasing equipment and
spare parts from outside. If additional income from irrigation must be spent on foreign tra-
de, then farmers may be forced by govermment policy to grow export crops and the be-
neficial effects of imigation may be counteracted. On the other hand, new opportunities
for foreign trade may be offered through the development of high-value crop or fruit pro-
duction in more productive mechanised imigation systems. For example, in Chile some
12% of current national exports are eamed from fruit exports,

Sources: Kruse in: ICID 1990; See also: critical discussien in: Goldsmith/Hildyard 1984

Energy consumption in mechanised irrigation systems is obviously higher than for traditio-
nal systems {see section 7). Pressurised systems use more energy than (modern) surface
irrigation systems. iIn traditional systems, most energy is used for water supply facilities,
especially for pumping groundwater. If farmers must do their own pumping, they must be
involved in the cash economy to be able to pay for fuel/power.
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Labour savings and convenience may be the principle factors that induce farmers to
adopt mechanisation. Often the type of labowr required is different for mechanised than

for manual systems. Manual labour may be required during installation, but such require-
ments are typically reduced when the systems are operational. Then, operators with abili-
ty to understand the system, diagnose problems and repair mechanical, electrical and
hydraulic systems. Hence, mechanical (hand) labour may decrease, but 'cultural’ labour re-
quirements increase, with an increased demand for operational skills, demand for more
fertiliser and pest control, greater volume of harvest, selling of produce to market, etc.
Farm labour is more highly-qualified and family labour may become less important where-
as qualified off-farm (seasonal) labour is available. Labour skills must also be considered
with regard to water distribution if water supply is provided by centralised systems.

Mechanization may thus result in the displacement of unskilled manpower. In the fruit pro-
ducing sector in Chile, increased mechanisation is expected to eliminate the need for
3000 workers in the irrigation sector. However, the added irrigation potential (increased
productivity, increased efficiency of water use, side effects on trade and manufacturing)
will create the need for 45 000 additional farmers or farm workers (Avendano in: ICID
1990).

Sources: Kruse in: [CID 1990; Keller in: {CID 1990; Miche! et al. in: ICID 1990; Rodrigues et al. in: ICID
1990; Marr in: Hagan et al. ed. (ASA) 1967

Further reading: most recommended: Keller in: ICID 1990; other in: ICID 1950

Critical review in: Goldsmith/ Hildyard 1984; Various case studies in: Goldsmith/Hildyard ed. 1985

10.8 Solutions: Conflict Minimising Strategies

Sustainable irrigation development in its economic, social and cultural dimensions requires
environmental management of natural resources in terms of natural goods and services.
The objective is to improve the quality of human life by the mobilization of land/water
and biotic resources and the administration of both natural and economic goods and ser-
vices. Important criteria include acceptance, equity and improved efficiency.

Practical consequences and possible strategies and procedures for sustainable develop-
ment in irrigation projects are outlined in section Part Il sections 1.1 and 14.
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The construction of large reservoirs and their funding by donor agencies and international
banks leads to widespread criticism of these projects. However, only a small number of
dams are in fact funded by the industrialized countries. The World Bank for example, is
funding about 5-10 dams per year, ie less than 5% of the average annual construction of
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on a!l important potential impacts and interrelations: a generalized impact matrix, an
activity-impact matrix and an assessment matrix (Fig. 11-1a). ’
Goldsmith/Hildyard (1984 and 1985) submitted a most critical review of the impacts
and effects of large dams, including modem irigation. They conclude that most lar-
ge dams and irigation projects had not met their objectives, and that they were
destructive to the environment and social life. Their recommendation is: ”... to per-
suade Third World governments to abandon plans to build water-development sche-
mes ... ” (Vol. 1, p. 345).

Bolton (in: Goldsmith/Hildyard ed. Vol.2. 1986) notes, referring to the Cabora Bassa
Dam in Mozambique, "the tendency throughout the history of the Cabora Bassa Dam
for the authorities to underestimate the constraints goveming the regulation of a ri-
ver of this size and the extent of changes which the dam must introduce. As a re-
sult, unrealistic claims about supposed multiple-purpose benefits have been made
which, on close examination, are technically unjustified, since they fail to take into
account possible long-term environmental problems or depend on the availability of
skills and resources that are not, in fact, available” {p.165).

Dilger (in Stiiben ed. 1987, in german), provides a critical overview (Fig. 11-1b) and
concentrates on biological issues (Table 11-1 b),

Dixon/Talbot/Le Moigne (World Bank 1989) submitted a review of potential envi-
ronmental hazards based on spatial relationships: upstream - on-site - downstream
_(Fig.11-2). Environmental aspects of reservoir projects are outlined in Tables 11-2a-b
in terms of natural goods affected. Environmental effects and their likely economic
impacts are shown in Table 11-3. Impacts can be negative or destructive but also
generating benefits. Sometimes one physical component will produce both environ-
m,antai costs and benefits. For example, the creation of a dam may block a fish
mlgration route, thereby reducing fish stock and catch. At the same time, the reser-
voir can create a potential lake fishery. Environmental processes and effects are
usually interconnected: people relocated from the inundated area may move upstre-
am into the watershed. Their land use practices may contribute to erosion and thus
an increased siltation rate of the reservoir, This, in turn. may reduce capacity for
hydropowar.or water supply to other lake water users, whilst sediment trapped in
the reservoir may improve downstream water quality for imrigation and domestic
supply. A detailed summary of findings is presented in detail in Table 11-4.

A comprehensive overview of environmental issues was compiled already in 1975

g;; Hagan/Roberts. A checklist on dam impacts was prepared by Canter (Table 11-

D nd Irrgation

Abo.ut_ 50?6 of all dams funded by the World Bank are primarly aimed at flow regulation
for irrigation. The number of small dams which are built primarily for irrigation purposes
are not known, but they by far outweigh the number of large and medium sized dams. A

list of all dams higher than 100 m is given in Goldsmith/Hildyard Goldsmith/Hi
984, Aopendin) yard Goldsmi ildyard Vol 1,

The influences of dams/reservoirs on irrigation are manifold:

(i) effects on (timely} water availability

- ip arid regions: mitigating drought through the supply of water for crop growth
which would otherwise not be possible,

- in semi-arid and subhumid regions: extension of the growing season into the dry
season when the natural discharge of most streams in semiarid zones is declining;
allowing two or more crops per season (increasing seasonal and inter-seasonal

availability); allowing an early start to the season by water supply prior to the rainy
season (depending on storage capacity),

FIGURES 117 EXxT.
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- elsewhere higher security of irrigation: mitigating the seasonal variations and an-
nual variabilities of long-term water supply through the scheduled delivery of water,

{ii) effects on water volume:

- typically more water is available for irrigation through the provision of reservoirs;
however, the exact water volume depends on reservoir management options depen-
ding on the type of reservoir and other users such as hydro-electricity, multi-purpo-
se dams, navigation reservoirs (canals), irrigation reservoirs or tanks, etc.,

- the percentage evaporation losses from reservoirs depends on several factors,
especially the ratio of surface area extent to storage volume. Generally speaking,
there is an increase in proportional evaporation losses especially in shallow reser-
voirs which are filled during the hot-dry season. However, some evaporation losses
are compensated for because of reduced flows to the downstream floodplains
which would occur under natural flood regimes. Under natural regimes these are ty-
pically flooded during peak flow(s} and losses to evaporation (and infiltration) from
these shallow inundated areas can be higher than lake evaporation losses; on the
other hand, these natural floods may be favourable to wetland ecosystems, flood-ri-
ce cultivation or other human-made ecosystems, such that depriving such areas of
flows constitutes a net cost.

- further losses to downstream users are posed by seepage losses which usually
account for 10 to 30% of the losses in reservoirs; losses usually decline after seve-
ral years because of fine deposits at the bottom of the reservoir.

(i)} effects on water quality

- usually there is slight increase in salinity in the downstream flow of large reser-
voirs because some of the stored water evaporates, thus increasing concentrations
in the remaining water. The rate of annual increase is directly proportional to the
volume of water evaporating, which depends on climatic factors, water temperatu-
re, dynamics of thermal stratification, surface areas, and occurence of aquatic
weeds. The actual increase is modified by the annual reservoir exchange ratio. If
saline layers occur within the river bed additional salts may be dissolved and thus
increase the reservoir salinity. Increases in the water salinity are given for two ex-
amples for large reservoirs: i

Egypt. Aswan High Dam: Average reservoir evaporation 11%. An increase of EC 5
to 20% (from 026 to 0.37 dS/m) was predicted before construction, 10 years after
construction (1984) an average increase of only about 4% was measured: 027 dS/
m {Source: Wolff 1986]

Iraq. Mosul Dam River Tigris: predicted increase from 0.42 to 0.46 dS/m or 3%.
Tharthar Reservoir: increase from 0.46 to 050 dS/m. [Source: A. Al-Layala/L.N.
Fathalla in: ICID. Transactions. Brazil 1984)

Case Study
Impacts of the Aswan High Dam in Egypt
The dam was designed to serve three functions:

(i) to store water from the annual flood to allow for secured regulated releases for
irrigation and other purposes throughout the year and carry over storage

(i) to generate hydroelectric power
{iii) to control disastrous high floods.

Some 20 years after completion (1968) it can be stated that the reservoir achieved
its major goals: floods have been controlled, irrigated areas enlarged, and power
generation increased. In fact, the reservoir allowed continued irrigation of the Nile
soils, even during the drought years for the 1980s. The displacement of some
110,000 people in Egypt and the Sudan was unavoidable. Egyptians were resettled
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civer Nile Water north of Kom Ombo and some ip the New Valley. They were Proyided.with new irri-
Fig. 11-3 lbelore High Oam) gated lands. Health conditions improved through ‘a reduction in infectious diseases.
_ ' (During fow seasan) : : Fishing in the reservoir provides employment for some 7,000 fishermen; the catch
tDuring flaod] \ ' amounts to 20,000 to 34,000 t. About B5 M m” of sediment load is sedimented in
(CEETARN (A"efgqe‘ {T“’DS;‘ (;9;2 'A:E:ge B | the reservoir, ie 88% of the total load. It will require some 350 years to fill the de-
1;6%;}1 1;'7%;1 122%@ © @gppm  199ppm  19Lppm _ : .. - ad storage reservoir, assuming the current rate of sedimentation. The retention of

T20°.  T20°C,  T20°C, e, T2rc. TIRC _ . silt has had some effects on downstream users:

pHEC  pH79  pHAL pHer - pH3g - P

- stream channel degradation: releases of water low in silt resulted in stream bed
degradation, bank erosion and. meandering of the main stream. Scouring resulted in
changes in the river cross section; the water surface elevation dropped 06 m
downstream of Aswan High Dam, 1.0 m downstream of Naga-Hamadi barrage and
. 0.7 m downstream of Assiut Barrage. Meandering and shallow water depth in the
winter season created navigation problems at some locations, especially when new
banks developed within the bed. Some downstream structures needed to be
strengthened and additional scour depth was created by local scouring downstream

Mg™

oy - HEO3
€03 » HCO3

Mg

K +Ha'

o

cr

No'
Slsoy

{After High Dami | Nosser Loke Water (1972] from the barrage apron floor {at smaller downstream barrages). Dredging is required
Betore  IAfter | : ' o to allow for continued navigation through these blockages.
) flood) flood) lAverage : i . . . . . . .
{1979 ltggzl (A“Tegﬂsg‘-’ ibe  TpS  TDS : - navigation: benefit from regulation: maximum fluctuation in water level decreased
7. i Ds. S Mo el : ) . . . R
J,?,‘,i‘m 235ppm  22ppm  205ppm  236ppm  22ipom from 9 to 3 m; navigation also developed behind the dam
1°C, T?5°C,  T25°C, TG . .- " N

-:-)?-;IBE; Li:;% LZHM oz pHBi  preZ _ - water quality: turbidity dropped by 94% but the amount of dissoived solids increa-

sed by 30% along the river section between Aswan High Dam and the Delta, cau-
sed by drainage retum flow from irrigated lands. The High Dam water releases sho-
wed no significant trend of increased salt contents (Fig. 11-3). No significant
changes in pH, oxygen content and Cl-contents were observed in dam releases.
Loss of nitrogen added to fields during flooding is estimated to be equivalent to
1,800 t annually. Before construction, the average annual sedimentation rate was
about 1.0 and 0.3 mm in the Upper and Lower Nile Valley and 0.06 mm in the Nile
Delta, equivalent to 18, 12 and 1.5 t/ha.

Hg™
CO§ « HCOy

K=eNa*

o

F.ig. 1. Graphical represeniation of water chemical analyses

Due to the rather low nutrient content of the Nile water, the actual high nutrient de-

Ca(HCOs ) mand of c:_rops,_.__an_c'i__"'thl_a relatively fai'rodfable-sbil"c'o_'ndi'tion.s (6-‘12 m thickness of
- i flood sediments) the importance of annual nutrient deposition' may have been largely
(M1 Me®CO% . . over-estimated- in' the past In any case; h;gh yielding varieties would require fertili~

: ser applications.
B (Na+K), HCO, : : Increases in water salinity after construction are due to lncreased leaching of soils
@ and wastewater from settlements. The water quality is still sufficiently good for irri-
(Na+K); SO: ' gation and domestic purposes.

BE ou00 Source: Khalil/Hanna 1984 - imrigation: irigated areas have increased; the supply to individual fields has in-

creased and is now reliable; many areas have been converted from irregular floo-
ding to perennial irrigation; some imigated areas have been degraded or lost due to
waterlogging, salinisation and alkalinisation.

- drainage: is the major problem: due to the rapid areal extension of irigation, in-
troduction of perennial irrigation, over-irrigation and poor land levelling, groundwater
levels have risen in many areas. Drainage problems are addressed by large scale
drainage schemes and improved water management practices

- fishery: this has declined, both in the downstream par‘t of the Nile and in the Me- .
diterranean. The species dwersﬂy has also declined. .
- agriculture: productivity has increased due to an expansion of the irrigated area
and intensification of irrigation. S

- endemic water-related deseases: urinaty schistosomiasis has declined (due to vil-

lage water supply schemes) but intestinal schistosomiasis has spread espec:alty in"
the Delta.

FIGURES ' 119 ExT. : : LARGE DAMS ' 119




Fig. 11-4

- basic changes in
spetific TesOUTCes cover type
alternative sitectod of land use

—— e

decreased
woodland
[to lake}

. probable social, probable data needed
physical and biological economic, and imporiance 10 evaluate
chemical eftects other terminal of terminal important
etlects . elfects effects efecta

———

decreased wood- decreased hunting high

fand, wildlife, ¥ and asscciated uses
/ decreased decreased timber low

farest plant ¥ production

increased #n
urban/buiit- / communities

decreased

{10 lake}

create an
impoundment

increased
lake type
{from wood-
{end and
ytream)

air . .
\ tempotary short-term etfect on existing 4
changes in disturbance septic systems, —p- moterate

up land . change area life o
|contages). \changﬂ non- eutrophication styles, income _» high examp

m
point sources etfect levels, and downstrea
! economy

fishery evatuation

stream type altered water etiminate water
\..,cnndilllons “==—p onsile OUt pradual decrease moderate dissolved oxygen

populations in quality of lake temperature
downstiream . volume flow

i imi isth tish population
water quality alter down- . eliminate existing populati
\b stream fish canoe use and —p moderate fertility indices

changes i
populations rental business land

changed evapd-

papulations i ]

altered water and “miﬂed—-\_. Iql:sot‘;li:,:\iailf:ll:at
conditions organisms stimulate lake- i
type boating, ~ — high e

changed increased associated recreation

ground-water wetland plants *uses and economw
regime and animals effects

bank condition
i sediment yield
snspiration proliferation. change amount and . .
;:-nd siepage of lake fish type of recrea-  —» high  — pollution sources
——4 tional fishing resource use for

current velocity
benthic organisms

air quality of wildlife \ roads, croplands

L increased water-
fowl production — moderate

—» very low

temporary decreast
in attractiveness  — low
of area 10

Network dr'agraifn for analyzing probable environmental impacts. recreation i

roje

Planned:31 maior dams, 450 medium dams, 3,000+ minor dams

Cost: - $8 billion Time-scale: 40 years o
Benefits:Hydro-slectric power, piscicutture, tourism, irrigation,
urban water supply, flood control

.
aujarat “Tea
p‘hmedabad

Sar
Power: 1,450 MW
Irrigation: 1.9m hectares

Tha'environmentak cost..
Submerged: 250 villages
Displacad: 70,000+ tribals
Ecological damage: unknown

a5 Indlan [opt of Envirenmant, Enviconm

32

-

tadnya Pradest

ey it ]

.
ta

100 milog/{60 km
£ Major dam - }

Baba Amte: 'a symbol’ )

4

of destructive development

D+C 1/93

Source: from Development & Cooperation, DSE 1/93

FIGURES

120 EXT.

IRRIGATION AND THE ENVIRONMENT PART |

It seems evident that the beneficial overall effects outweigh the social and environ-
mental costs. Most negative impacts were anticipated in advance, eg drainage pro-
blems. However, funds were not available in time and corrective measures commen-
ced too late. Only recently have water quality aspects received more attention be-
cause water quantity aspects had always been the major issue in regulating the Ni-
le.

Sources: Gasser/Saad 1991; in: ICID (STS-B13) Bejing; White 1988; Shalaby in: ICOLD 1988; Abu-
Zeid in: Biswas/Qu Geping 1987; Wolff 1986; Khalil/Hanna 1984

1i. nclusions

1. Generalisations on the impacts of large dams should be avoided: not all dams have si-
gnificant negative or disastrous impacts on the environment. The type and magnitude of
impacts on each environmental factor should be separately investigated for each individu-
al reservoir project. The network Fig. 11-4 shows that complex analysis is required for

qualified statements. The following spatial dimensions must be observed: upstream - on
site - downstream.

Not all factors pertain to all dams, for example not all dams impound villages, important
agricultural land, wetlands of ecological importanc or marketable timber.

2. Some major critical environmental issues are now being given a higher priority than in

the past: for example, involuntary resettlements, tribal people’s interests, cultural property
and wildlands (see section 10).

3. It is important to use a holistic environmental approach in the planning stage, where all
relevant factors are considered. Environmental appraisals should be performed as early
as possible to allow for adjustments in the location or design of the project.

4, Despite the fact that environmental issues are now treated more carefully even during
early planning stages, the dam-issue will also in future remain controversial. The holistic
balance between negative and positive effects of dams will remain merely a political
question which is beyond the scope of scientific arguments. One may argue that even re-
location of a few people will outbalance otehr positive aspects, and hence most water
resources development (eg irrigation) with large dams is not justified.

Recent examples of such controversial debates over dams are for example:

% the Narmada project in India (Fig. 11-5), see: Dixon et al. 1990 (Annex) and various
other World Bank papers.

% the Southern Okavango Integrated Water Development Scheme (SOIWD} in Botswana.
After a planning period from 1986 to 1991 the SOIWD was terminated just before con-
struction started in 1992 due to environmental and socio-economic aspects (IUCN review
report 1992, Botswana unpublished report). However, debates are still ongoing.

Main Sources: Dixon/Talbot/Le Moigne (WB) 1989; LeMoigne/Barghouti/ Plusquelles (WB) 1989, Bau-
mann et al. 1984; Wollf 1986

Further readings: Talbot 1987; ICOLD 1987
Main criticism: Goldsmith/Hildyard Vol.1 1984, Goldsmith/Hildyard ed. Vol.2 1985

Ecological studies on human-made lakes in the tropics: Zauke et al. 1992,

LARGE DAMS
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gation

Most of the important ecological (environmental) conditions which are required for sustai-
nable development of irigated agriculture are well understand and known. There are many
textbooks which deal with these conditions in detail, eg Stewart {ed) ASA 1990, FAO
(Irigation & Drainage Papers, Soil Bulletins, Conservation Papers), van Schilfegaarde (ed)
ASA 1974, and Kreeb 1964. Hence only a few issues will be outlined in the following
chapter. Section 2.5 includes a summarising list of potential environmental factors affe-
cting irrigation.

121 Water Quality Effect

Poor quality of irrigation water affects the following qualities of inigation environenments:

soil salinity build-up (through adding salts to the soil which are only partly removed
by leaching and plants),

- soil sodicity build-up (through altering the soil's exchangeable sodium content to-
wards an equilibrium with the content of the irrigation water),

- soil alkalinity build-up (through modification of the chemical compasition of the soil
solution and the exchange complex),

- drainage effluent quality: the quality of groundwater or surface run-off may be im-
paired

- soils may be contaminated by toxic substances or pathogens from wastewater or,
to a lesser degree, from surface water resources. If the project is located in the
lower watershed this may be due to industrial and domestic wastewaters.

Increased soil salinity/ alkalinity/ sodicity influences the type of plants suitable for irigati-
on and the cropping pattern may need to be adapted to saline/alkaline/sodic conditions.
Furthermore, reclamation needs will be higher or more sophisticated with poorer water
quality: the leaching demand will increase, permeable soils are required and land draina-
ge must be secured either through natural drainage or the provision of a drainage system.

Seawater Intrusions

The intrusions of saline seawater is of importance in some estuarine deltas, eg in Asia
and West Africa. The salt water intrusions may be a danger to delta agriculture (or other
users} by direct flooding or through lateral saline groundwater movements. During the wet
season the upland flows are usually so large that the entire delta is fresh. At the end of
the wet season (or flood season) a sudden change occurs especially in the passive se-
ctors of large deitas, ie the old channels that in the dry season take little flow. Their
freshwater inflow is cut off and saline intrusion advances again.

Seawater intrusions are able to contaminate increasingly larger areas of deltas. This is
due to both the increase in water abstraction by domestic and industrial uses along the
upper river, and the establishment of imigation schemes in the upper catchments both of
which reduce freshwater inflows to deltas particularly during the dry season.

This change in upstream abstraction patterns causes a gradual recession of freshwater
upland flows. The pattem of saline intrusion in tidal deltas is determined by the balance
between saltwater flow causing upstream motion, and the freshwater flow causing down-
stream motion.

Source: ODU Builetin 1987
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122 Water Availablity Effects

Upper watershed fhinterland) mismanagement may lead to disastrous floods further down-
stream, causing damage to human live, livestock and wild animals, riverine ecosystems,
and settiements. It is commonly agreed that conversion of woodland to agricultural lands,
either cropland or rangeland, in humid mountain and hilly areas leads to a significant in-
crease in total downstream flow volume and a change in distribution and timing of floods
in downstream reaches.

Recent research, however, has not supported the hypothesis that deforestation in the up-
per catchments is the major contributor to disastrous floods in the great river plains in
Asia. The following factors are more likely determinants of the extent of floods in Asia:
changes in lower catchment basin characteristics, river constrictions, large areas of hu-
man-made compacted and sealed surfaces, and increased river- and floodplain occupan-
cy by man and his modified environments. In general there is growing uncertainty amongst
scientists as to the effect of environmental conditions in upper watersheds on the fre-
quency and severety of flooding, because the effects usually diminish with distance down
the watershed, ie. as the catchment area increases. On the other hand, in small catch-
ments the direct impact can be clearly measured. The disentangling of impacts of upland
uses from other factors in determining the frequency and severety of floods is an elusive
task. Sound statistical analysis is often impossible due to poor and limited data and theo-
retical analysis is often speculative and hazardous. A consensus has emerged that agri-
culture and forestry in upper watersheds are less important than was previously thought in
exacerbating the effects of major flood events in Asia:

Case Study

Brahmaputra River. Actual data on annual runoff, sediment load, and high and low
flows for the Brahmaputra river system show no definite trend towards a deteriora-
tion of environmental quality. Data are often not consistent with expectation that
upland degradation leads to higher peak flows; data on incidence and severety of
floods do not show a trend towards worsening floods; it is likely that concem over
floods is growing as a function of greater economic activity in floodplains.

Sources: Rogers et al. 1989; Hamilton/King 1983; Hamilton 1988; Ives/Meserli 1989, ali cit. in: Magrath/
Dooclette 1990

123 Lan ity Eff

Physical land qualitites are important determinants of land development options, especial-
ly in irrigated agriculture because of high development costs involved. Important land fa-
ctors are:

- topography: slope, microrelief, slope length

- hydro-pedological and soil physical conditions and constraints: infiltration, permeabi-
lity, aeration, watertable level and fluctuations, land drainage, available soil moistu-
re capacity, texture clas, bulk density, structure (aggregate} stability, consistency

- soil chemical properties: cation exchange characteristics, salinity, alkalinity/sodici-
ty, available macro- and micronutrients, soil reaction, mineral compositon

- erodibility

~ climatic conditions: daylength, temperature characteristics, potential evaporation, ef-

fective rainfall and rainfall pattem (the climate is considered a land quality in land
evaluation systems). For further details see Part Il section 3.1 and 3.2.
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Many irrigation projects have failed because of poor planning (eg site selection, ground-
water resource evaluation, hydropedological surveys) and the lack of understanding of

Fig. 12-1

_ conditions which are suitable for irrigated agriculture. On the other hand, many natural

€O, concentration : : conditions can be changed to some degree by water management (eg mitigating drought),

? _ agricultural measures (eg fertilising), and land improvement measures (eg levelling, draina-

. - ge, terracing, subsoiling). The type of conditions which can be changed may vary under

‘:Aphoiosynthesisl Iphoiorespirati’on 1 different technical, economic and socio-cultural conditions and settings. For example, lea-~

|stoma|a| resistance ching and drainage may be technically suitable under a given set of conditions but eco-
nomically unfeasible due to low anticipated production ievels. The feasibilly of a given

transpiration . 3 7 land development option depends on the unique setting of each individual location or pro-
Icarbon avallability | ‘ ' : ject with regard to natural resources, socio-cultural perceptions {and needs) and econo-

]lissue temperalure‘ _ mic constraints, These factors are interrelated and solutions must be found individually for

' _ each location depending on the perceived needs of the local populations and regional

: - : _ R ] . land development planning targets.
ltlssue water potential

Criteria and standards for land evaluation regarding land and soil resources are given in
Part |l sections 3.1 and 3.2, whilst water resources are treated in Part |l section 2.

. Further reading: Maletic/Hutchings in: Hagan et al. ed. (ASA) 1967; Kreeb 1964
Fig. 4-1, A hierarchy of plant responses to [CO;l. _

124 Efiects of Air Pollution on Agricultur r

The current state of knowledge regarding known and projected responses of ecosystems
to airborne chemicals is as follows:

(i) essential nutrient substances which are regarded for growth are dispersed in the at-
mosphere. These substances include 13 essential mineral elements (eg C, S, P, B,
Mo, ClI, K, Ca, Mg, Fe, Cu, Zn, Mg) and some other beneficial elements which are
required for normal growth (Cowling 1986) {see Figs. 12-1 and 12-2).

{i) injurious airborne chemicals may inhibit growth or cause direct injury: examples are
toxic gases (Oa, SOz, NO, NOz, F, H20=, PAN, PPN), toxic metals (Al, Pb, Hg,

_ _ _ Cd, Zn), excess nutrient substances (especially NOx and SOz}, and growth-altering

o Maie _ organic chemicals (Cowling 1986). _

? Whea (iii) radiatively active gases contribute to climate-altering (global warming), by absor-

bing energy and thus altering the radiative energy balance of the atmosphere {eg
COz, N20, NO=, CHa, Sz). (Cowling 1986).

N
N—

Photosynthesis {mg COzm'2 s')
—

200 400 " 600 80O ' {iv) increased carbon dioxide stimulates the photosynthetic process and promotes crop

€O, concentretion (umol mol growth; about 5 to 10% of the actual rate of increase of agricuitural productivity
Fig. 4-2. Leaf net photosynthetic rate as a function of [CO;] for m: worldwide can be ascribed to the fertilising effect of rising atmospheric CO2 (Go-
-Pig. 4-2. ) it

ta & Moss, 1973). udriaan/Unswoth in: Kimbell ed. (ASA) 1990).

Source: Acock in: Kimball ed. (ASA) 1990
All of these airbome substances are derived from a wide variety of natural sources and
human processes. Natural sources include volatile emissions from decomposing plant and
animal remains, volcanoes and weathering, fires, sea spray, wind blown dust from arid/
semiarid areas, and biogenetic materials. Human processes include the release of volatile
waste products from combustion of fossil fuels (eg for power generating, heat, transport},
volatile emissions from decomposition or incineration of domestic, industrial and agricultu-
ral wastes, buming of residues, evaporation of solvents, liquid fuels, pesticides and other
chemicals. The relative contribution of airborne chemicals from natural and human sources
of aitborne chemicals vary greatly with the particular chemical and in time and space.
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Damages to Agricultural Systems

Airborne pollution is thought to cause damage not only to buildings and forest ecosystems
but also to agricultural crops. The economic damage caused by pollution-induced reducti-
ons in the yield of major crops in the USA in 1980 is estimated to be 12 to 3 % 109 $
(Bonte 1986). Most susceptible areas are in industrialized areas where a generally high
level of industrial and urban air poliution occurs, but also in developing countries high
concentrations of toxic airborne chemicals may cause damage to agricultural lands adja-
cent to industrialized or urban centres. For example, injury to vegetation caused by air-
borne fluorides from an Al-factory has been reported from Greece. Fluoride is phytotoxic
and accumulates in plant tissues even when air concentrations ar low. Visible toxicity
symptoms were found in orchards within some 10 km distance, whereas accumulation in
leaves were found at even larger distances from the source (Holevas 1986).

Plant growth occurs in a dynamic biological system. Hence, envrionmental factors {eg
water, temperature, humidity, nutrient availability, soil reaction, soil aeration status) can
substantially modify the response of crops to air pollutants. The reverse also applies and
air pollutants may exert unexpected impacts on agricultural crops via such secondary pa-
thways, but the nature and magnitude of these have rarely been investigated. Extensive
studies have been undertaken recently in the USA (NCLAN and NAPAP programmes, Ir-
ving 1986) and in Europe (acid rain, 'Neuartige Waldschiden', eg Krause 1986). The most
important pollutions are those with high concentrations of NOz, SOz and Os (Bell/Post-
humus 1986). However, the results should probably not be extrapolated to tropical clima-
tes and the different types and magnitudes of air pollution which are predominant in de-
veloping countries.

Quantifying Air Pollution Stresses

Despite the fact that research into the effects of air pollution on agricultural crops com-
menced only recently and that cause-effect relationship under field conditions is extreme-
ly complex, some current research results may be given here:

Based on fumigation experiments, it is expected that growth reduction can occur at SO=
concentrations in excess of 40-50 mg/m”, Exposure to SOz, Oz, SO= plus NO= can in-
crease the susceptibility of woody plants and herbs to frost. The morphology of plants
(shoot to root ratio) can be changed by exposure to pollutions. Reduced capacity for
stomata to close under serious water stress after slight exposures to SO= and NO=z
(concentration of each 10 ppb) has been reported. Attacks of both fungal and insect pat-
hogens may be increased by exposures to SO= (0-100 ppb)

The nutrient status of the soil can exert a strong influence on the response of the whole
plant to aerial pollution {Mansfield/Lucas/Wright 1986). Photosynthesis is affected dire-
ctly by elevated ozone concentrations. Wheat grain yield was more affected than straw
yield (Fuhrer et al. 1986). Experiments in the USA have shown that there is no measurab-
le and consistent yield response from current levels of rain acidity (S-induced). The redu-
ction in crop yield from high ozone concentrations varies widely with species and cuiti-
vars, ranging from negligible (sorghum, maize) to -30% (alfalfa) (Irving 1986).

The effects of an increase in carbon dioxide concentrations on phyotosynthesis, plant
growth and other processes can be summarized:

- the primary effect is to increase photosynthesis and decrease the transpiration rate;
the former response is more pronounced in C-3 plants (eg wheat} than in C-4
plants {maise) at concentrations below 400 mmol CO= per mol {or cm3 CO=/m3).
At higher concentrations, the C-4 plants will gain that advantage.

- the extra carbohydrate increases the dry weight of all organs, with proportionately
more going to roots and stems in many plants
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- the size of most vegetative organs increases unless limited by other environmental
factors such as nutrients, water, temperature, and light.

Source: Acock in: Kimball ed. (ASA) 1990; furher readings in: Kimball ed. {ASA 1990

Summary. Excessive concentrations of aitborne chemicals or toxic substances have
direct physiological effects by reducing growth and indirect effects by increased damage
by a range of important crop pests. Pollutant stress may also occur as a result of the
accumulation or mobilization of toxic substances in soils after deposition from the atmos-
phere. The magnitude of importance may be negligible for most developing countries be-
cause the level of pollution is generally considerably lower than in industrialized countries,
especially in rural areas. Locations close to industrial sites (probably within 10 to 20 km)
may be exposed to toxic airbome pollutants which should be considered, when designing
irrigation projects. Occasionally, the addition of airborne nutrients during dust storms in
arid areas may contribute marginally to an increased supply of nurtients to plants.

References: Acock in: Kimball ed. (ASA) 1990; Bonte 1986; Cowling 1986, Bell/ Posthumus 1986, Irving
1886; Mansfield et al. 1986, Holevas 1986, Krause 1986; Fuhrer et al. 1986 all in: Mathy ed, (CEC) 1981,

125 Natural Hazards which m ffect Irrigation Schemes

Natural hazards which may have detrimental impacts on irrigation schemes are

Water

saisonal variability in water availability
groundwater fluctuations

high groundwater table

floods

high sediment loads in irrigation water

saline or sodium-rich irrigation water

seawater intrusion

polluted water (metals, organic compounds, pathogens, pesticide residues)
extremely low saltload and nutrient level in imigation water

* % ¥ X +F X ¥ ¥ X *

seasonal and annual shortage of floodwater for flood recession farming (not all are-
as are flooded to optimum stages)

Soils

low fertility and moisture storage capicity

high salt contents or alkalinity

irregular soil pattern which may restrict large scale operations
high susceptibility to wind or water erosion

unfavourable soil tilth conditions

unfavourable infiltration/permeability rates

* * ¥ ¥ ¥ ¥

Air/Climate
high windspeed and high rainfall erosivity

* hurricans, sand storms
* etratic seasonal rainfall with frequent dry spells
* low annual total rainfall
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% heavy rainfall which may cause local wetness -
* favourable conditions for vector diseases
* extreme temperatur and humidity ranges

Biotic risks :
vector-borne diseases including malaria and schistosomiasis -
water-borne diseases including gastroenteric diseases and hepatitis A
other health diseases inciuding hookworm, amoebiasis, trachoma
pests including quelea birds and locust

favourable conditions for other crop pests

wildlife damages to crops, fences, and flood control structures
wildlife harm to livestock and humans

¥ X X ¥ ¥ X ¥

weeds as competition for crops

other
* earthquakes
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At compiling data the conventions and styles set for the American Society of Agronomy
(ASA Publications Handbook and Style Manual 1388) were followed as far as possible,
although, in some cases, due to the indifferent use of conventions and styles in various
sources, deviations from the Sl system or other standards are still incorporated. Referen-
ces are cited mainly following the ASA guidelines, by one exeption: papers in conferen-
ce/ symposium/ workshop proceeedings are cited only with the name-year system, and
reference is made solely to the editor(s), ie only the editor and the textbook or procee-
dings title are mentioned in the List of References’: For example:

citation in the main text is: Smedema in: van Hoorn ed. 1988,

further citation in the List of References: van Hoorn, JW. ed. 11988, Agrohydrology - Recent De-
velopments. Proceedings of the Symposium 'Agrohydrology’ at the IAC 1987, Wageningen. Else-
vier. Amsterdam,

Abbreviations of Organizations

ADB Asian Development Bank

ASA American Society of Agronomy

ASCE American Society of Civil Engineers

BMZ Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung
DSE Deutsche Stiftung fiir Internationale Entwicklung

DVWK Deutscher Verband filr Wasserwirtschaft und Kulturtechnik
ESCAP Economic and Social Commission for Asia and the Pacific
FAQ Food and Agricultural Organization of the United Nations
(FAO CP) FAQ Conservation Paper

(FAO-EEP}  FAOQ Environment and Energy Paper

(FAO IDP) FAO lIrrigation and Drainage Paper

(FAQO ICTP} FAO investment Centre Technical Paper

{FAO PY) FAQ Production Yearbook

(FAO SB) FAQO Soils Bulletin

GTZ Deutsche Gesellschaft fiir Technische Zusammenarbeit

ICID internation Commission on Irrigation and Drainage

ICOLD intemational Commission on Large Dams

ED Intemational Institute for Environment and Development
ILACO International Land Deviopment Consultants Amhem

ILRI International Institute for Land Reclamation and improvement
INCID Indian Commission on lirigation and Drainage

IRAI Intemational Rice Research Institute

ISM International Soil Museum Wageningen

ISTRO International Soil Tillage Research Organization

IUCN The World Conservaton Union

QAS Organization of American States

QDI Overseas Development Institute

obu Overseas Development Unit of Hydraulics Ressearch
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QECD Organization for Economic Co-Operation and Development
PEEM Panel of Experts on Environmental Management (WHO)
RSU Rat der Sachverstindigen fir Umweltfragen (FRG)
SSSA Soil Science Society of America
UNEP United Nations Environmental Programme
UNDP United Nations Development Programme
UNESCO United Nations Educational, Scientific and Cultural Organization
USAID United States Agency for International Deviopment
USDA United States Department of Agriculture
UsCiD US Committee on Irrigation and Drainage
WB The World Bank
WHO Wortld Health Organization
WMO World Meteorological Organization
WRI World Resources Institute
- ' Common units and measures
a year {annum)
ds deci-Siemens (equivalent to mmhos})

EC electrical conductivity (salinity measure)
ECe EC from a saturated soil extract

EQ open water evaporation

ESP exchangeable sodium percentage

ET evapotranspiration
. g gram

ha hectare

hr hour

[ litre

M million

MCM million cubic meter

m meter s

N north

TDS  total dissolved solids
w Watt; kW kilowatt, MW megawatt, GW gigawatt

y year
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1. Use of agro-chemicals and ecotoxicological impairments
(1) pesticides: choice; transport; storage; handling; use-maintenance-repair of application
equipment; safe 8 effective use; complience with local laws and regulations; disposal
(2) fertilizers including soil amendments/conditioners: choice, storage, handiing, safe &
effcient use, disposal
{3) post-harvest control measures
2 Direct intervention into protected areas (UCN-categories | to X)
strict nature reserves, national parks, natural monument, managed nature reserves, bios-
phere reserves, natural world heritage sites; protected landscape, resource reserve, mul-
tiple use management areas
3. Direct or indirect interventions into wetlands and other ecologically
sensitive areas (ESAs) :
{1) wetlands which have important functions, products or attributes: estuarines, mangro-
ves, floodplains, freshwater marshes, 1akes, peatlands, swamp forests
{2) areas susceptible to wind or water erosion
(3) habitats that support important natural vegetation on soils of low inherent fertility and
(4) yields of little value if transformed
(5} habitats that provide important biogenetic and medicinal potentials
{6) critical habitats of threatened plant & fauna species for breeding, feeding or staging
4. Interventions in sensitive water resources
(i) international rivers or groundwater reservoirs
(ii) important national water reserves
(il water supplies of regional importance
5. implications to public health
(1) extra risks in faecai~oral {water-washed or water-bome), water-washed, water-ba-
sod or water-related vector-bome diseases: increase in community wulnerability, environ-
mental receptivity and vigilance of health services
(2} extra risks from excreata use
(3} extra risks from water pollution {pathogenic microorgansim, nitrogens, toxicants)
(4} risks from toxic aerosols {pesticide applications)
(5} risks from chemical health control measures: molluscicides, residual house sprayings
6. Impairments of socio-cultural values
(1) critical habitats which provide livelyhood for specific and minority population groups
(2) areas of unique historical, archeological, or other cultural heritage, or important to
cultural or religious beliefs
(3) unique areas of diversified rural pattems: settlements, diversified croplands
{4} areas which provide important habitat for natural industry: cottage industry, handicraft
materials, indigenous food
7. Resettlement and migrants
relocations or evacuations; scheduled or unscheduled migrants, temporary residents
8. Degradaded watersheds

typically impairments on Irigation schemes: floods, unreliable water supply, sedimentati-
on, etc.

Table 1-1




Wat L !
* river flow changes, flooding pattern changes,
groundwater fall/ -rise, saltwater intrusion

% stream degradation {bank erosion, river bed

changes}

* creation or alteration of impoundments, drainage
lakes

* estuary degradation (coastal erosion, delta
formation}

Poliution

% particle pollution of surface waters (erosion, se-
diment transportation, siitation}

% organic pollution of surface waters (nutrients,
.organic compounds, pathogens)

% eutrophication of suface waters {nutrients, or-
ganic compounds)

% organic pollution of groundwaters {nutrients, or-
ganic compounds, pathogens)

% toxic concentrations of substances in surface
waters (metals, salts, pesticides)

* toxic concentrations of substances in ground-
waters (salts, metals, pesticides)

* toxic concentration of substances in soils (salts,
acids, pathogens, metals, pesticides)

* gas “emissions (air pollution, radiatively active
gases) :

= aerosol emissions (pathogens, toxic concentrati-
ons of pesticides)

Soil d fati

* soil loss or accumulation {wind & water erosion)

*  waterlogging

% salinization (also: acidification, alkalinization)

* soil compaction and structural degradation

* loss in fertility {biotic activity, agricultural produ-
ctivity)

biclogical imbalances increase (pests, weeds)

*

co-hiolo i c
impairment or joss of valuable wetlands
plant community changes {temrestrial flora)
plant diversity loss (terrestrial flora)
threatened or/and endemic species loss or im-
pairments
wildlife habitat loss, wildlife migration restricti-
ons

¥ X X ¥

%

Land use and ecomomic development conflicts

* conflicts with competing agricultural uses

* conflicts with other land uses

* use of non-renewable resources (fuel, materials,
etc)

% conflicts with other water users (industrial, do-
mestic, agricultural)

* conflicts with navigation (through water regime
& stream morphology changes)

* conflicts with fishery

* conflicts with natural resources industry

* conflicts with forestry/woodland uses

*

conflicts with planning (policies, programmes,
projects)

Public health ris}

* communicable disease risks (communal vulnera-
bility, environmental receptivity, vigilance of he-
alth services)

* non-communicable disease risks (occupational,
water and air pollution, phytotoxic crop conta-
mination, accidents)

* risks associated with general well-being (water
" supply, nutrition, habitation, sanitation}

Natural_beauty impaitments (landscape diversity,
aesthetics)

Cultural heritage site loss or impaiments {buildings,
monuments etc,)

Socio-economic impacts (higher order impacts)
regional disparity

population change

community facilities

group development (and participation)

ethnic minority group development
employment/labour

women's situation

income

¥ O ¥ X ¥ ¥ ¥ ¥

Resettlement effects (migrants, evacuees)

% river regime changes (hinterland degradation,
upstream uses)

% groundwater regime changes {regional urban
uses, hinterland degradation)

% surface water polfution (upstream urban pol-
lutions, hinterland degradation)

% groundwater pollution (urban pollutions, agri-
cultural poliutions)

* soil erosion (regional degradation)
* soil contamination {wastewater reuse)

* air pollution {urban pollution, traffic pollution)

* land use competition {livestock grazing, ur-
ban uses)

% health hazards (vector diseases, aninal di-
seases etc)).




Table 10.3 River Runoff and Its Use Table 2-1
cubic kilometers per yaar)
X ) Asirg 3 £
i il
stai River Runat 2,321 10,485 3,808 6945 10,377 2,041 4350  406%F
“Groundwater Discharge to Rivers B45 2,879 1,464 2,222 3,736 48B3 1,020 12,69
“Surface Runott 1,476 7,608 2,720 4,723 6,641 1,528 3330 2748
19808 .
igler Withdrawal 364 1,591 176 767 161 26 443 3,33
‘Consumptive Use 134 1,145 146 339 110 19 239 2,1z
Naste and Returning Waters 230 448 42 428 5% 7 204 1,
50 of Resources (percentage of totat river runot) 16 15 4 11 2 1 10 ]
éar 2000 Projection
ater Withdrawal 404 2,160 289 948 293 a5 533 4, b6
"onsumptive Use 158 1,433 201 434 165 225 286 i, ro
Vaste and Fietumning Waters 246 727 g8 512 128 125 247 4,96
Jse of Resources (percentage of total river runoff) 17 21 7 14 3 2 12 i
Tab, 4-4: Wassernutzung nach Sektoren und Entwicklung der Entnahme {2) Table 2-2
Agricitant Poweshe ujed Tudaivry
Reglon Landwirtschaft Haushalta und Indhustria
whAlisction ficrcese éffertfiche Mutrung Lhlisce - fasrense
Nutzung (%) Anstieg (%) Nutzung (%) Anstiag (%) Nutzung {%) Anstiag (%)
80er Jahre 2000 80ar Jahra  80er Jahre 2000 80ar Jahre  B0er Jahre 2000 80er Jahra
bis 2000 bia 20600 bia 2000
Europa at 20-33 14 14 12-15 17 55 52 - g2 4-55
Asien 8 T4 15 8 10 127 8 16 « 17 171 - 188
Afria 83 -7 a9 7 1914 200 5 1418 382 - 439
Nordamerika 48 48 18 10 1" 38 LX) 43 — 44 2 -28
Shdamerika 58 38 -39 o 19 17 67 24 43 ~ 48 233 - 267
Australien und 4 69 - 70 25 19 19 ' 7 11 =12 114 - 150
Ozeanien
UdsSsR 65 6269 18 6 7 52 29 28 - 31 20 - 28
GESAMT 68 59 - 62 17 8 10 - 11 74 24 27 -3 52 -72
Quelle; World Resources institute, World Reastrces 199091, New York, Oxtord 1890
Table 10.4 Water Withdrawals for Irrigation Table 2-3a

Europe 17 110 95 15 19 125 105 =20
Asia 140 1,300 980 320 165 1,500 1,150 --350
Africa 1 120 85 35 15 BT 110 80
Nocth America 29 330 215 115 as 390 260 130
South America 8.5 70 55 15 Eh! 80 70 20
Australia and Qcsania 2.0 16 13 3 2.5 20 15 5
US.SR. 20 260 180 80 235 300 210 90
Woild Total 2275 2,208 1,623 582 271 2,585 1,920 665

Source: AV, Belyaev, 1J.5.5.R, Academy of Sciences, Institute of Gaography, Moscow in consultation with other internaticnal sources.
Nate: Ocoania Is defined as Australia, Fiji, New Zealand, Papua New Guinea, and Sclomon Islands.

Sources: World Resources Institute




Table 1. Sourcas of Water Supply in 16 Asian Countries

Arnable Actuz] Cropping

Type Area cultivated area intensity
(miliion ha) { million ha} {5%)
Surface irrigation 100.0 1445 45
Groundwater irrigation 350 463 [32
Rainfed and uthers 2230 2010 102
Total 3580 4178 117

Note;  Summarization of 16 Asizn countries j.e, Bangladesh. Bhutan, China, Korea {DPR),

Korea (Repubiic of}, India, Indonesia, Laos, Mataysia, Nepal, Pakistan, Philippines,
Sri Lanka, Thailand, Vietnam and Japan.
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Table 2. Groundwatar Utilization in Asian Cauntries

G d
Gmunduia!er [Tl‘::;a::::nﬂ Land irrigated
Country .po.len!ul< {Billion cubic By groundwaier
(Billion cubic hetsefyear) {Net)
metrelyear) brri Others Torag (million ka)
_
Bangladesh‘_f_—mj'_‘lﬁj—_'_o:s_‘%
China 100 396 - - 9.0
Indiy 423 435 65 500 19.0
Indonesia 456 o0 37 37 0.02
Pakistzn - 400 - 400 ’ 56
Philippines 33 05 2 2.6 0.2
Thasland - 0 7 29 0.01
Source: Water Resources Journal (ESCAP) Dec. 1986 and uther information gathered by
FAG/RAPA,
REPOAT: INDIA {1} 105
Table 2. Area Irrigated by Diffarant Sourcss in Indis
During 1950-51 to $984-84 {Area: ‘000 ha)
Sousce 1950-31 196061 1970-7t  1980-81 1984.85
Camls 8295 10370 12838 15292 15861
(39.8) G2 (413 (39.5) 319}
Tanks 3613 4561 4112 3198 3330
{17.3) (18.5) {13.2) {08.2) {01.9)
Tube welis N.A, £35 4461 9517 £1165
{0.4) (4.3 (24.6) (210
Other wells 5973 7155 7426 8207 8723
CRTY 900 (239 ) o
Other sources 2967 2440 2266 2585 2600
(4.2} {09.8) 107.3) {06.6}) 06.2)
Toal 20853 24661 31103 38806 47719
{Net Lrrigated Area) (100.0) £100.0) {100.0) {100.) {100.0%

(Figures in parenthesis indicate perventage of ot irrigared area}

Serurce: lndian Agriculture in Brief *|g Edition. Diectorate of f:'conumics and Seatistics,
Dept. of Agric. & Coop., Ministry of Agriculture, Governmem of India, New Delhi.

Source: APQ 1991

Table 2-3b

Table 2-3c




Table 2-3-e

Table 22.1

Freshwater Resources and Withdrawal

Annual

Intemal Renewabie
Wailer Resources

1950 Annual River Flows Annual Withdrawal
Per Capita From Other  To Other Percantage Sectoral Withdrawal
Total (000 cubic  Couniries  Countries  Year of Total of Water Per Capita (percent)

{cubic km) meters)  {cubic km) {cubickm) Data  (cubic km} Resources (a} (cubic meters) Domestic Industry Agriculture
WORLD 4067300 b 7.6 o 1967 b 3296 8 860 8§ 2 69
AFRICA 4,184.00 b 646 - 1987 b 144 3 244 7 5 aa
Algeria +8.90 0.75 0.20 070 1980 3.00 18 161 22 4 74
Angala 158.00 b 15.77 X X 1987 b 0.48 ] 43 14 10 76
Banin 26.00 5.48 X X 1987 b 0.1 ] 26 28 4 58
Botswana 1.00 0.78 17.00 X 1980 0.09 1 98 5 10 a5
Burkina Fasa 28.00 b 311 X X 1987 b 0.15 1 20 28 5 67
Burundi 360 b 0.66 X X 1987 b 0.1% 3 20 36 o 64
Cameroan 208.00 18.50 X X 1987 b 0.40 & 30 46 19 35
‘Cape Verde 0.20 0.53 0.00 0.00 1972 0.04 20 148 9 2 89
Central African Rep 141.00 b 48.40 X X 1987 b 0.07 & 27 21 5 74
:. Chad 3840 b 6.76 X X 1987 b 0.18 4] 35 16 2 B2
Comoros 1.02 b 1.97 0.00 0.00 1987 b 0.1 1 15 48 5 47
Congo 18100 b 90.77 621.00 X 1987 b 0.04 a 20 62 27 11
Cole d'lvoire 74.00 587 X X 1987 b .71 1 13 22 hal &7
Djibouti 0.30 0.74 0.00 X 1973 b 0.01 2 28 28 21 51
Egypt 1.80 0.03 56.50 0.00 1985 56.40 a7 1,202 76 5 88
Equaterial Guinea 30.00 b $8.18 X X 1987 b 0.01 ] 11 a1 13 6
Ethiopia 110.00 2.35 X X 1987 b 221 2 48 11 3 (3]
Gabon 16400 b 140.056 X X 1987 b 0.06 Q¢ &1 72 22 &
Gambia, The 3.00 3.50 19.00 X 1982 0.02 ¢ 33 7 2 a1
Ghana 53.00 353 X X 1970 0.3¢ 1 35 35 13 52
Guinea 226600 b 32.87 X X 1987 b 0.74 L] 15 10 a- 07
Guinea-Bissau 3100 b 1.4 X X 1987 b 0.01 o 18 n 6 63
Kenya 14.80 0.59 X X 1987 b 1.09 7 48 27 1. 52
Lesatho 4.00 b 2.25 X X 1987 b 0.05 1 34 22 22 56
Libena 23200 b 90.84 X X 1987 b 0.13 ] 54 27 13 60
Libya 0.70 0.15 0.00 ¢.00 1985 2.62 374 262 15 1] 75
Madagascar 40.00 334 0.00 .00 1984 18,30 41 1,675 1 4] 99
Malawi 9.00 b 1.07 X X 1987 b 0.16 2 22 34 17 49
Mali 6200 b 6.62 X X 1987 b 1.3 2 159 2 1 97
Mauritania 0.40 0.20 7.00 X 1978 0.73 10 473 12 4 84
"Mauritius 2.20 1.99 0.00 0.00 1974 0.26 16 415 16 7 77
Maracco 30.00 1.19 0.00 0.30 1985 11.00 a7 503 6 ¢ k] 91
Mozambigque, People's Rep 5800 b 3.70 X X 1987 b 0.78 1 53 24 10 66
Niger 1400 b 1.97 30.00 X 1987 b 0.28 1 44 2 5 74
‘Nigeria 261.00 b 2.3 47.00 X 1987 b 3.63 1 a4 3 15 54
Rwanda 630 b 0.87 X X 1987 b 0.15 2 23 24 8 68
Senegal 2320 b 3.15 12.00 X 1987 b 1.2 4 201 5 3 92
Siarra Leons 160.00 b 38.54 X X 1967 b 0.37 0 9% 7 4 89
Semalia 11.50 1.52 .00 X 19687 b 0.81 7 167 3 0 97
South Africa, 50.00 1.42 X X 1970 9.20 18 404 16 17 67
Sudan 30.00 1.19 100.00 56.50 1977 16.60 14 1,089 1 0 99
Swaziland 6.98 b 8.82 X X 1987 0.29 4 414 5 2 93
Tanzania 76.00 b 278 X 1970 0.48 1 as 21 5 74
Togo 11.50 333 X X 18987 b Q.09 1 49 62 13 25
Tunisia 3.75 0.46 0.60 0.00 1985 2.30 53 325 13 7 80
Uganda §6.00 b 3.58 X X 1970 0.20 0 20 3z 3 60
Zairg 1,019.00 b 28.21 X X 1887 b 0.70 4] 22 58 25 17
Zambia 9600 b 1135 X X 1970 0.36 0 86 63 1 26
Zimbabwe 23.00 b 2,37 X X 1987 b 1.22 5 129 14 7 79
NORTH & CENTRAL AMERICA €,545.00 b 16.26 1887 b 697 10 1,892 ] 42 48
Barbados 0.05 0.20 0.00 0.00 1962 0.03 a1 117 52 41 7
Canada 2,901.00 109.37 X X 15980 36.15 1 1,501 18 70 12
Costa Rica 95.00 31.51 X X 1970 1.35 1 779 q 7 89
Cuba 34.50 3.34 0.00 0.00 1975 a.1a 23 860 ] 2 89
Dominican Rep 20.00 2.79 X X 1987 b 2.97 15 453 5 ] 89
El Salvadar 18.95 .61 X X 1975 1.00 5 241 7 4 59
‘Guatamala 116.60 12.61 X X 1970 073 1 13% 9 17 74
Haiti 11.00 1.69 X X 1987 b 0.04 Q 46 24 ;] 68
Honduras 102.00 19.85 X X 1970 1.4 1 508 4 5 at
Jamaica 8.30 3.29 0.00 0.00 1975 0.32 4 157 7 7 86
Maxica 357.40 4.03 X X 1975 54,24 15 a0 6 a a6
Nlcaragua 175.00 45.21 X X 1975 0.89 1 370 25 21 54
Panama 144.00 59.55 X X 1975 1.30 1 744 i2 11 77
Tfl('lidad and Tabago 510 b 3.a8 0.00 0,00 1975 0.3 3 149 27 38 3
Unitad Statas 2.478,00 9,94 X X 1985 467.00 19 2.162 12 ¢ 46 dz
SOUTH AMERICA 1637700 b 3496 . | 1967 b 123 1 476 18 23 59
Argentina 694.00 21.47 300.00 X 1976 27.60 3 1,059 9 18 73
Bolivia 30000 b 41.02 X 1987 b 1.24 0 184 10 5 85
Brazil 5,190,00 34.52 1760.00 X 1987 b 35.04 1 212 43 17 40
Chile 46800 b 35.53 X X 1975 16.80 4 1,625 ) 5 83
Colombia 1,070.00 33.63 X X 1987 b §.34 [+ 179 41 16 43
Ecuador 31400 29.32 X X 1987 b 5.56 2 561 7 3 90
uyana 24100 b 23173 X X 197 5.40 z 7516 1 0 il
Paraguay -. 9400 b 2198 220.00 X 1987 b 0.43 0 111 t5 7 78
Pgau 42.00 1.79 X X 1987 b 610 15 294 19 9 72
Suriname 200:00 b 496.28 X X b ’ 9 1,181 5 5 89
Uruguay 59.00 b 18.86 65.00 X 1 241 [ 3 91

Venezuela g. X ] as? 43 1t 8




Table 2-3 e cont,
Annual
internal Renewabie
Water Resources
1990 Annual River Flpws Annual Withdrawal
Per Capita From Gther  To Qther Percantaga Settoral Withdrawa)
Total (000 cuble  Countries  Countries  Year of Total of Walar Par Capila {parcent)
i {cubic km) meters)  (cubickm) (cubickm} Data  {cubic km) Rescurces {a) {cubic Meters) Domestic Industry  Agficuture
ASIA S - 1048500 - 387 -0 - caeee o 1887 b 1,531.00 15 526 & -8 . 88
‘Alghanistan 50.00 3.02 X X 1887 b 26.11 52 1,436 1 0 a9
Bahrain 2.00 0.00 X X 1875 0.20 X 735 60 36 4
Bangladesh 1,357.00 11.74 1000.00 X 1987 b 22.50 1 211 a 1 96
Bhulan 9500 b 62.66 X X 1987 b 0.02 0 15 36 10 54
hina 2,800.00 247 0.00 X 1880 4680.00 16 462 L] 7 a7
Cyprus 0.90 1.28 0.00 0.00 1985 0.54 60 807 7 ¢ 2c N e ;
India 1,850.00 217 235.00 X 1975 280.00 18 B12 3 4 g3 |
[ndonesia 2,530.00 14.02 X X 1987 b 1659 1 BB 5} 11 76
Iran, Islamic Rep 117.50 2.08 X X 1975 45,40 39 1,362 4 ] B7
ifaq 34,00 1.80 66,00 X 1970 42.80 43 4575 3 5 92
israel 1,70 0.37 0.45 0.00 1986 1.80 13 447 16 ¢ 5 ¢ 79 ¢
Jaipan 547.00 4.43 0.00 o.op 1980 107.80 20 923 17 33 50
“Jordan 0.70 016 0.40 X 1975 0.45 # 173 28 & &5
Kampuchea, Dem 88.10 10.68 410.00 X 1987 b 0.62 L 69 & 1 94
Korea, Devn People’s Rep 6700 b 282 X X 1987 b 1416 21 1,649 11 16 73
Koraa, Rep 63.00 1.45 X X 1976 10.70 17 288 11 14 75
Kuiwait .00 0.00 0.00 X 1974 0.01 X 10 &4 32 4 ;
Lo People's Dem Rep 270.00 66.92 X X 1987 b 0.589 4] 228 g, 10 az ;
Labanon 4.80 1.62 0.0¢ 0.86 1875 0.75 16 2 11 4 85
Malaysia 456.00 26,30 X X 1975 9.42 2 765 23 30 47
Mongolia 24,60 11.05 X X 16887 b 0.55 2 272 11 27 62
Myanmar 1,082.00 25.96 X X 1987 b 3.06 0 103 7 3 a0
Nepal 170.00 888 X X 19687 b 268 2 155 4 1 85
Oman 2.00 1.36 0.00 X 1975 0.43 22 561 3 3 954
Pakistan 298.00 243 170.00 X 1975 163.40 33 2,053 1 1 58
Philippines 323.00 518 0.00 0.00 1875 28.50 g 693 18 21 81
atar 0.02 0.06 0.00 X 1975 0.4 174 234 36 26 38
Saudi Arabia 220 0.16 0.00 X 1975 2.33 106 3 45 8 47
- Sihgapore .60 0.22 0.00 0.00 1475 0.19 32 84 45 51 4
& fanka 43.20 2.5 0.00 .00 1870 6.30 16 503 2 2 96
rian Arab Aep 7.60 0.81 27.90 30.00 1976 3.34 9 449 7 10 83
aifand 130.00 .97 68.00 X 1987 b 31.90 18 599 4 6 80
Urkey 166,60 3.52 7.00 66.00 1685 15.60 a 7 4 ¢ 19 ¢ 57 ¢
ted Arab Emirates 0.30 019 ©.00 X 1580 0.42 140 428 11 9 B0
fiet Nam a76.00 b 5.60 X X 1987 b 5.07 1 a1 13 9 78
emen Arab Rep 1.0¢ 0.12 0.00 X 1887 b 1.47 147 X 4 2 94
emen, People's Dem Rep 1,50 0.60 0,00 X 1975 1.93 129 1,167 5 2 83
UROPE - - 232100 b 468 - iarao 3 w1887 b . 359 --15 - 726 .. 13, 64 33 .
lhania 10.00 3.08 11.30 X 197¢ 0.20 1 94 [ 18 76
Ustria 56.30 7.51 34,00 X 1980 3.13 3 447 19 73 8
Balgiumn 8.40 0.85 410 X 1980 9.03 72 "7 1t 85 4
lgaria 18.00 2,00 187.00 X 1980 14.18 7 1,600 7 3B 55
zechoslovakia 28.00 1.79 62.60 X 1580 5.80 6 379 23 €8 El
enmark 11.00 215 2.00 X 16977 1.40 il 277 30 27 43
inland 110.00 22.11 3.00 X 1980 3.70 3 774 i2 a5 3
Tance 170.00 3.03 15.00 20.50 1584 33.30 18 606 16 &9 15
erman Dam Aep 17.00 1.02 17.00 X 1980 9.13 27 545 14 68 18
s6rmany, Fed Rep 79.00 1.30 82.00 X 1381 45.40 26 LiTal 10 70 20
reace 45.15 4,45 13.50 3.00 1980 7.00 12 726 [] 29 63
ungary LE 0.57 109,00 X 1980 5.38 5 502 55 B
- Celang 170.00 671,94 0.00 0.00 1987 b 0.09 0 349 31 63 6
etand 50.00 13.44 0.00 X 1972 0.40 1 135 16 74 i
aly 178,40 3.13 7.60 0.00 1981 46.35 25 a1 14 27 39
i Uxembourg 1.00 272 4,00 X 1976 0.06 1 166 42 45 13
;  Malta 0.03 007 0.00 0.00 1578 0.02 92 68 78 a8 16
. etharlands 10.00 0.68 80.00 X 1980 14,20 16 1,004 5 61 34
% 3 orwa) 405.00 86.15 8.00 X 1980 2.00 Q 489 20 72 a
: v olan ) 49,40 1.29 6.80 X 1580 16.80 a0 472 16 &0 24
i ortugat 34.00 3.3 31.60 X 1980 10.50 16 1,062 15 37 48
o Romania 37.00 1.59 171.00 X t 25.40 12 1,144 33 89
Pain 110,30 2.80 1.00 17.00 1985 26.30 24 682 12 26 62
Swadan 176.00 21.11 4.0 X 19840 3.98 2 479 36 ] 9
witzarland 42.50 6.52 7.50 X 1885 3.20 [ 502 23 73 4
nited Kingdom 120.00 2N 0.00 X 1960 28.35 24 507 20 77 3
ufostavia 150.00 6.29 115.00 200.0% 1980 a.77 3 393 16 72 12
S.R.." ) " 4,384,00 1522 30000 .- X 1880 . 353.00 -8 1330 - 6 .29 65
" SCEANIA . ol v 211005 T8 g o eNBBT b | o 28 T 1907 8 5 AB i 76 s
Strafia 343.00 20.48 Q.00 0.00 1976 17.80 1,306 55 2 233
i: 2855 b 3B.12 0.00 0.00 1987 b .03 20 20 60
; ew Zaaland 397.00 117.48 0.00 0.00 1980 1.20 379 46 10 44
: Papua New Guinea . 801,00 b 199.70 X X 1987 b ¢10 25 25 22 48
) Solomon Islangs v 4470 b 149.00 0.00 0.00 1987 b 0.00 18 40 20 40
ol Soirees; Bureau of Geological and Mining Ressarch, National Geolegical Survey, France; LS. Geological Survey; and institute of Gaography,
National Academy of Sciences, U.5.5.R.
_lBS: a. Water resources include both internal ranewable resources and river flows from other countries.

b. Estimated by the insfitute of Seography, U_S.5.R.

c. Secloral percernages date from the year of other withdrawal data.
0= ze10 or less than half the unit of measure; X = not available.

For additional inéormation, see Sources and Technical Notes.

- Sources: World Resources Institute




Table 1. Definitions of arid regiomns.

Table 2-4 a

Typoof P Tassmiaiey P
Climate  Ttp Vegetation or 11, 4 {in mm) Utilization
Hyper- 0.03 No permanent vegeta~ up to 100% Nil or very Opeis culture.
arid tion or a very few low, extremely True nomadism
vory mcattered shrubs; irregular with by transport
ephemeral when rain sometimes no ocaravans
or dewy with short rain during
cycle, Oasis parma- long periods of
nent water. Beveral years.
Ardd 003~ Construsted along with 50—100% From 80-150 to Pastoralism
0s20 water channels, spiny 200=350. Low No farming
or succulent plants. atmospherio except wlth
Steppes, pseudo~ humidity. High irrigation
steppes, para—steppos. rainfall variae
bility.
Sami- 0.20-  Bteppes, pseulo= 25.50% From 300-400 Rain-fed cultiva-
arid 0.50 steppes, para~steppe, to TOO-BOO with tion with more or
low sBavannas  low sumimer rains, less regular pro—
savannas with bush, From 200-250 0 dwtion. Combined
thorny low savannas 450500 with with sedentary
exoeptionally savannae winter rains, livestock produc—
where high rainfall in tion.
BEUNDST s
Sub— 0.50=~ Savannas and wooded Less Abmdant with Rain=fed cultiva=
htmid 0. 75 savannes . Riparian than usually more tion and industriall
forests along rivers. 25% than six humid orops with a
Maguis and Chaparrals monthe (more regular produstion.
wmder Mediterranean than 30 mm)
climate: Steppes on
tchernozens
Table 2-4b
‘fable 2. Distribution cf erid lands
Semi-Arid Arid Hyperarid Total
Total Ar
Continemts o)™ Omd) £ Ged) 4 () % (md) g
(4) (B) (c) (#+B+C)
39,917,000 35943,160 10 2,910,000 1.5 780,700 2 74633 ,860 19,5
29,797,000 525465490 18,5 7,325,560 24,5 4,527,240 15 17,309,280 58
42,365,000 643544750 15 8,049,350 19 1,270,950 3 15,675,050 37
7+703,850 2,234,120 29 3,928,960 51 0 0 6,163,080 80
10,032,100 752,500 7.5 200,500 2 0 0 953,000 9.7
129,814,950 18,741,020 14.5 22,414,370 17 - 6,578,890 5 47,734,270 36.5
lande 23,418,050 0 o] 0 0 0 o] o 0
(Greenland.)
New Zealand)
otal Land 1oy 533,000 18,831,020 12,2 22,414,370 14,6 6,578,890 4.2 474134,210 3

Sources: FAQ 1985 {CG)




Table 2-5 a

Mexiko, Zentral und Sadamerika
\r'e.rschmulzunga— Vereinigte Karibik Amaronas Andere SJE::::tI::;nt sg:f:-.t— Pﬁf,’;i:ﬁ,he China A Japan,
. Staaten Orinoko Gebiete Neralien und
Pathogene Kelme 0—1 1-2 0 1-3 1-3 1=2 2-3 1-3 0-1
Organische Stofle 0 1-2 0 1-13 13 0-2 o=t 1-3 D1
fsalzung 0 1-2 0 o 0-1 0=1 0-3 0-2 0-2
rate 0-1 1 0 0-1 0-1 0-1 1-2 0-2 o-1
oride 0 0 0 0 01 o ] -2 0
Eutrophierung i1-2 1-2 1] 1-13 a=-1 0-~3 o] 0-2 0-1
Schwermetalle 01 0—1 0—1® 1~3 0o-1 ¢-2 0-1 02 0-2
stizide 0-1 n/a 0 1-3 o1 o~ 01 o~ 0~1
lfid. crganische Stoffe 0-1 0-1 ] 1-3 "/ na na n/a n/a
Sadimente 0-1 0-1 0-1® 1-3 0-2 0-2 o=t 0-3 -1
rsauerng Q-2 0 0 0—1 ° o=t © o-1 0-
Abwirme 0 0 0 0 ::: ::: :;: :;: :;:
oaktivitat 0 0 0 0
®  Quecksilber und Verschmutzung durch Sedimente
aus der Goldexploration an elnigen Fi(ssen
®  QOst—Kenada und norddstiiche USA
(a): Wasserqualitat in Afrika
= _ _ _— -
ibutzungs Maghred Sanel %ou':nv:an g::?tzn g:alcken sg:ig-stl::n 95':95: H‘:’;?;:’:T?_) Mitte In?:;::geblel
ogane Keime 1-2 1-3 1-3 1-2 -2 1-3 1 o 1
Ische Stoffe 1-2 1-2 12 0-1 -2 1-2 0 0 4
Ny 0-2 0-2 0-1 0 0-1 1-2 0 3 1
0-2 1~2 1~-2 0-1 0-1 1 Q 0 1
0-3 0-2 0 Q 0 1-3 ] 0 0
rung 0-2 0-1 1 0 0-2 0 16 0 1-2
mmetalle 0-1 0-1 0-1 0-2® 0-1 0-1 0 0 0
: 0—1 1 1-2 1 0—1 01 16 0 1-2®
nische Stoffe 0-1 0 0-1 0-1 0-1 0 0 1 110
imente 1-3 0-2 0 0 0-2 0-2 0 0 i
lerung 0 0—1@ 0 ) 0 0 0 o 0
_wamg 0 0 0 0 0 0 1® o
aktivitat 0 0~1® 4} 0 o 0 0 0
®  Kkein Oberflaichenwasser, Oberwiegend
ne Verschmutzung oder frelevant @} Uranminen im Niger Grundwasser und Meerwasserentsalzung
nge Verschmutzung, Wasser kann verwendet werden, ®) Oberes Zairo Basin ®  méglicherweise in KDstengebisten
Wenn geeignete MaBnahmen ergriffen werden ©  Lokale Probleme ©  mglicherwelse in Fidssen
rhere Verschmutzung @  {Jbersduerung des Badens
Chwere Beeintréichligung fiir Wassermnulzung & Die schiechtesto Qualitét wird generell
: im Mildelta vorgefunden
€: Waler Quality, Progress in Implementing the Mar del Planta Action Plan, New York, 1890
Source: GITEC 1992




Table 20:

Comparisen of Typical Magnitudes of Concentrations from Nonpoint Sources and Sewage
(Novotny and Chester, 1981)

Table 2-5 b

4

Source: Boesel 1990

S
¥
Suspended Total Total Total 9
Solida8 BODg con N 4 Lead Coliform g
5
| precipitation 11-13 12-13 9-16 1.2-1.3  0£.02-0.04 £
: &
: packground levelas 5-1000 0.5-3 0.05-0.5 0.01-0.2 0.1 g
: »
Agricultural ';
eropland 7 80 9 0.02-1.7 g
=
Animal feedlots 30 1000-11,000 31,000-41,000 920-2100 290-380 5
‘Urban storm water 100-10,000 10-250 20-600 3-1o0 0.6 0,35 103-108
: (630)P (30)
" Combined sewers 1002000 20-600 20~1000 9-10 1.9 0.37 105-108
(410) (115)
‘Municipal sewage, 100~330 100-300 250~750 40 10 107-10%
untreated (200) (200)
Municipal sewage,
treated 10-30 15-30 25-80 30 S 102-104
8511 units are in mg/l except for total coliform expressed in no./100 ml, 6
{b{ ) flow weighted averages Source: Canter 198
Table 2-5 ¢
TABLE
Summary of Nonpoint o Lo ristic?
Concsntration (mg/sitery “Area yield rale (egihalyenn)
: Surl:
oD BoD NG, -B Totsl N Todd?  oop BOD  NO,-¥ Toul N Toul ? ottt
16 12-13 0.14-1.1 113 0000 T oo - oY Tato YTy o
- - O.I-R3 031 DARLL - o783 13 00309 Forstares
= - - - - - 01 - 0.08 Rangs land
&0 7 04 ? 00247 - = Z o113 00629 Actve-crap land
Land eecelving - ) - - - T - - - +13 0829 Crop or unused land
manse ured for manuse
'I;ation tite dralnage, ditpotal
i western United States 22 020
- o 24-15 0.6-2, 24
- - - 27 1.044 Lrsigated wedtemn toils
- - 18-19 2.4-1% 0.1-23 -~ - 83 42-186 10 Irigated werern sos
- - - 10-25 040207 - - - 0.3-13 0.01-0.3 Active erap fand
110 12-160 - 3 0211 apa10 30-s0 - s 1156 Ulnumgae
25,900-31,500  10,300-13,800 - 1400-2,350  150-180 _ _ _ oo _ Munure holding sres
3,100-41,000  1,000-11,000  10-73 920-2100  290-360 439, 1360 _ 100-1,400 10-620 Contined, unenclased
animal holding aress
. 9Dpta do not reflact the extreme ranges caused by impropes uadte Management oF EXLeme ITOTM
conditions; the data represent the range of average values reporied, Snurce: Loehr 1976
Table 2-5 d Table 2-6
Herkunft der Gewdsserbelastungen TABLE 8.f N a P content in different sources (after McCarty).
leicht abbaubar schwer abbaubar
!'f;chrrlﬁl%z- N%hrf‘]: Iégat.. ls(r'tt& Salze Hetalle Source Nitrogen Phosphorus
Tac stoffe chad- (mil. kg/year) (mil. kg/year)
35 N.P stoffe ey il
Domestic wastes 500 to 720 90 to 225
Industrial wastes > 450 x
e Runoff from
o 0 +H I agricultural land 680 to 6800 54 to 545
++4 ++ +++ -+ +++ +++
Runoff from non—
+ + s + ' 0 agricultural land 180 to 860 68 to 340
Wastes from live-
) stock production > 450 x
uper 25% n:er Eesamtmenue Runoff from
?“ 25% urban areas 50 to 500 5 to 77
- " "
0 . . Atmospheric
' precipitation 13 to 265 P.5 to 4

X - no data

Source: Holy 1980



Teble 9-1, Factors affecting pesticide entrainment and transport in runoff, After Leonard (1988).

Table 2-8

Factora

Comment

Selected references

A. Rainfalllrunoff
timing with re-
spect to pesti-
cide appliction
. Ralnfall
intensity

. Rainfall
duration/
amount

. Time to runoff
after inception
of rainfall

, Water
temperature

. Soil texture and
organic matter
contents

. Surface crusting
and compaction

1. Climatic

Highest concentration of pesticide in runoff occurs in first signifi-
cant runoff event after application. Pesticide concentration and
availability at the soil and foliar surfaces dissipate with time
thereafter.

Surface runoff occurs when rainfall rate exceeds infiltration rate.
Increasing intensity increasea runoff rate and energy available
for pesticide extraction and transport. May also affect depth of
surface interaction. Increasing intensity reduces time to runoff
within storm.

Affects totel runoff volumes; pesticide washoff from foliage re-
lated to total rainfall amount; leaching below soil surface also
affected.

Runoff concentrations increased as time to runoff decreased. Pes-
ticide concentrations and aveilability are greater in first part of
the event before significant reduction occurs as e result of
leaching and incorporation by raindrop impact,

Little data available, but increasing temperature normally in-
creages pesticide solubility and decreases phyeical adsorption.

2. Soil

Affecte infiltration rates; runoff is uaually higher on finer-textured
goile, Time to runoff is greater on sandy soils reducing jnitial
runoff concantrationa of soluble pesticides. Organic matter con-
tent affects pesticlde adsorption and mobility. Soil taxture also
affects soil erodibility, particle transport potential, and chemi-
cal enrichment {actora.

Crusting and compaction decreases infiltration rates, reduces time
to runoff, and increases initial concentrations of soluble pes-
ticides

White et al., 1967; Bovey et al., 1975; Bradley et
al., 1972; Wauchope & Leonard, 1980a, b; Baker
& Johnaon, 1979; Edwards ot al., 1980; Smith
et al,, 1983; Triplett et al., 1978

Skaggs & Khaleel, 1882; Sharpley et ak, 1981;
Sharpley, 1986a

White et al., 1967; Bovey et al,, 1975; Baker et
al,, 1981; Willia et al,, 1980

Baker & Laflen, 1979; Gaynor & Volk, 1981; Bak-
er et al,, 1932; Barnett et al,, 1967

SHALVAA OVAANS OLINI INFWIAOW JAIDILSHd

Barnett et al., 1967; Bailey et el., 1974

Rawls & Brakenaiek, 1982; Rao & Davidson,
19580; Wischmejer & Smith, 1978; Foster et al.,
1980

Baker & Laflen, 1979

. Whater content

Slope

. Degree of

aggregation
and stabiilty

Solubility

. Sorption
properties

. Polarity/ionic
nature

. Persistance

E. Formulation

F. Application rate

. Placement

. Erosion control
practicea

. Residue
management

. Vegetative
buffer atrips

. Irrigation

Initial soil water content st heginning of a rainatorm may in-
crease runoff potential, reduce time to runoff, and reduce leach-

ing of soluble chemicals below aoil surface before runoff inception,

Increasing alope may increase runoff rate, aoil detachment and
transport, and increase effective surface depth for chemical ex-
traction.

Soil particie aggregation and stability affects infiltration rates,
crusting potential, effective depth for chemical entrainment,
sediment transport potential, and adsorbed chomical enrich-
ment in sediment.

3. Pesticide

Soluble pesticides mey be more readily removed from crop residue
and foliage during the initial ralnfall or be leached Into the soil.
However, when time to runoff ie ahort, runoff concentration
may be enhanced by increasing solubility.

Pesticides strongly adsorbed in soil will be retained near applica-
tion site, i.e., possibly at soil surface and be more susceptible
to runoff. Amounts of runoff when dependent on amount of soil
erosion and sediment transport.

Adsorption of nonpolar compounds determined by soil organic
matter; ionized compounds, and weak acids/bases affected more
by mineral surface and soil pH, Lyophillic compounds retamed
on foliage by leaf surface and waxes, whereas polar compounds
more easily removed from foliage by rainfall,

Pesticides that remain at the soil surface for longer periods of
time because of their resistance to volatilization, chemical, pho-
tochemical, and biological degradation have higher probability
of runoff., :

Woettable powders are particularly susceptible to entrainment and
transport. Liquid forms may be more readily transported than
granular. Esters less soluble than salts produced higher runoff
concentrations under conditions where initial leaching into soil
surface is important.

Runoff concentrationa are proportional to amounts of pesticide
preeent in runoff zone. At usual rates of application for pest
control, pathways and processes {e.g., sorption and degradation
rates) are not affected by initial amounts preaent, therefore,
runoff potential is in proportion to amounta spplied.

Pestigide incorporation or any placement below the soil surface
reduces concentrations exposed to runoff process.

4, Management

Reduces transport of adsorbed/insoluble compounds. Also reduces
tranaport of soluble compounds if runoff volumes are also
reduced during critical times after pesticide application,

Crop residues can reduce pesticide runoff by increasing time to
runoff, decreasing runoff volumes, and decreasing erosion and
sediment transport. However, peaticide runoff may be increased
under conditions where pesticides are washed from the crop
residue directly into runoff water (high initial soil water, clay
goil, intenge rainfall immediately after pesticide application),

Buffer stripas around treated fielda may reduce transport of some
pesticides by secondery inflltration, sediment depesition and
sorption on plant surfaces and debris.

Chemical application by aprinkler irrigation may move soluble
pesticides into scil surface and reduce runoff potential. Aerial
spplication of pesticides during periods of flood irrigation great-
ly increases pesticide runoff in surface drainage,

[383

Kniael & Baird, 1969; Davidson et al., 1975; Bar-
nett et al., 1967

Wauchope, 1978; Sharpley et al., 1981; Foster et
al,, 1980

Sharpley ot al., 1981; Foster et al,, 1980; Ahujs et
al., 1981

Barnett et al., 1967; Trichill et al., 1968; Beker et
al,, 1978; Baker & Johnson, 1979; Willis et al.,
" 1980; Balker ot al., 1932

McDowell et al., 1981;: Willis et al., 1983

Rao & Davidson, 1980; Willis et al., 1980;
Wauchope & Leonard, 1980a, b

Wauchope, 1978; Mills & Leonard, 1984; Leonard
& Knisel, 1986

Wauchope, 1978; Rohde et al., 1979; Wauchope &
Leonard, 19804, b; Wauchope, 1987b

Barnett et al,, 1967; Hall, 1974; Leonard et al.,
1976

Leonard et el., 1979; Wauchope, 1978; Rohde et
al, 1879; Wauchope & Leonard, 1980a, b

Caro, 1976; McDowell & Grissinger, 1976; Pionke,
1977; McDowell et al.,, 1981; Willis et al., 1983

Triplett et al.,, 1978; Baker et al., 1978; Baker &
Johnaon, 1979; Edwards et al., 1980; Baker et
al., 1982; Hall et al,, 1984

Asmussen ¢t al., 1977; Rohde et al,, 1980

Dowler et al,, 1982; Spencer et al., 1985

Source: Leonard in: Cheng ed. 1990




able 9-2. Runoff losses of pesticides from amall plots and single cover watersheds (1978-1985).

Conc. in Total seasonal
Rate, runoff, losses, % of
kgiha Lacation Crop/Cover pefket application Comments Reference
Runoff from natural reinfall or snowmelt
Various  Ohio No-till and conven- 480 0-56.7 No-till reduced herbicide runoff  Tripistt
tionally tilled primarily by reducing runoff et al., 1978
corn volume. Time of ranoff
Vorioue  Ohio No-4ill and conven- 1209 0-6.4 event relative to application
tionally tilled most important factor
corn
Various  Verjous Irrigation canels 260 - Applied to canals with and Anderson
: without flowing water et al., 1978
3.7 Florida Citrus 6 - Concentrations in tile outflow Whecler
generally in range of 20-26 et al., 1978
pglls
1.46-4,03 Georgla Corn 1 900 {water) 0.2-1,9 Results from comprehensive Leonard
1.53-16.3 Georgia Corn 980 000 (sad.} 3.4-10.9 studies to provids date for ef al, 1979
112 Georgia Soybean 21 {water} 0.1-0.3 mode! devalopment and
1.66 Georgin Grain sorghum 400 {watar) 6.7 testing
1.36-1,61 Georgia Corn 180 (water) 0.07-1.0
2.31-3.62 Georgia Soybean 2 070 (water} 0.1-7.2
2.24 lowa Corn 0.96 {avg.) Losses depend on time be- Baker &
2.24 Iowa Corn 2,1 f{ovg) tweoen application and . Johneon,
2.24 Iowa Corn 2.1 {avg.) runoff; decreased runoff and 1979
112 Iowa Corn 0.36 {avg.} srosion dscrsneed pesticide
losses, but not in proportion
bscause conc. in water and
sediment were higher for
congsrvation eysteme
Georgia Soybesn 283 0.1 Major differsnces in runoff Rohde et al.,
and dissipation of ethoprop 1979
Georgia Soybean 45 0.01 observed betwean liquid and
granuler formulations
Maryland Corn 16.9 {avg.) Field s0il sampling indicated Wu, 1980
Maryland Corn 0.6 {avg.} 0.16 both vertical and lateral
’ movement of atrazine, but
not of alachlor
2.8 Arizona Plnyon-Juniper 320 11 Highest runoff conc. in initial Johnsen,
runoff evant after application 980
1.10-8.96 Ohio No-till corn 5200 one event 1.85 {extreme Abnormally high conc. because  Edwards
others =100 yr, <1 other of high application rate and ot al., 1980
yr and runoff occurring 1 d after
watersheds application
1.12 Georgia Soybean a8 0.17 Triflurelin detected in surface Rohde et al.,
. runoff for 16 wk after appli- 1980
cation; nons in tile outflow
except trace 16 wk after ap-
plication
0.112 Louisiana Cotton <1 <1 Runoff losses low even under Carrol et al.,
{10 appli- extreme runoff conditions 1981
cations)
Missiseippi Cotton B 1-0.6 Lineer relationshlps observed McDowell
- between sediment yields and et al., 1981
toxaphena ytelds in runoff.
93% of toxaphene in runoff
attached to sediment; 7% in
golution
Oregon Rengeland - 0.014 Nearly oll herbicide runoff ob-  Norris et al.,
Oregon Rangeland - 0.25 served resulted from direct 1982
depoeits in stream channels
and atreambanks
Saskatchewan, Wheat stubble, 31 {avg.) 4.1 (6-yr svg) Snowmelt runoff Nicholaichuk
Canada fallow & Grover,
Fallow 8 (avg.) 0.3 1983

Toxaphene Mississippl Cotton Peuticide conc. in sediment Willis et al.,

DDT Missisaippl Cotton were directly proportional to 1983

DDE Mieeissippt Cotton aediment clay and orgenic

Trifluralin Mississippi Cotton matter cone. Storm and

ﬂield of pesticides wera
near functions of atorm
aediment yields in years
where no new applications
made. In those years, corre-
latione required separation
into similar tillage-
application regimes
; Azinophos- Louisiana Sugarcane 250 0.66 1981 losses shown were twice Smith et al,,
Methyl that in 1980, mainly because 1983

Fenvalerate Louigiana Sugarcane 0.56 of rainfall timing relative to

application, Fenvalorate
might cause problems for
aquatic hebitats immediate-
ly surrounding application

. gites .

Cyanazing 1.3-1,7 Pennsylvania No-till and conven- 0.73-5.7 Herbicide runoff reduction ac-  Hall ot al.,
tionally tilled conventional .complished primarily by 1984
corn <0.01-0.76 reduction in volume of

no-till " runoff
Picloram Toxas Bermudagrasa 250 6.3 Conditions during study Mayeaux et
strongly conduciva to herbi- al, 1984

cide transport from treated
source eren. Studies addi-
tionally traced transport
through larger watershed
system~

Sources: Leonard in Cheng ed, 1990
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Table 2-9
Conc. in Total seagonal s =2
Rate, . runoff, losses, % of . - -8 .
kg/ha Focatlon CropiCover pefgT application Comments Reference E-] .
Runoff from simulated reinfall %
2.24 Iowa Corn with varigus 1 330 (water) 11.0 avg, all Herbicide losses under conser- Baker ot al., =
treatments 5 140-420 (ged.) treatments vation tillage greater than 1978 E
2.24 Towa Sams as above 610-60 {water) 7.9 avg. all under conventional tillage; 2
3 590-510 (ged.) treatments effects of reduced n{noff 5
1.2 iowa Some as above 19-41 {wafer} 1.8 avg. all volumes offset by higher Z
treatmonts conc. Total loases of ]
Fonophos related to sedi- Q
ment transport "
2.6 Iowa Fallow with wheel- 3 800 {weter) 0,8-12.7 Runoff loases from surface ap-  Baker & E
track and pesti- 7 000 {eed.) plications compered to incor- Laflen, >
2.5 Jowa c}d" mcorpora- 6 800 (water) porated applicationa; runoff 1979 a
tion variables 28 000 {sed.j losses enhanced by wheel |2}
2.6 1o ~ tracks because of increased 4
owa zg ggg {;‘:T} 1.7-221 runoff volumes and shorter -
’ timea to start of runoff g
4.4 Varions - 087 <1 avg. Major emphasis placed on first  Wiese et al,,
’ ’ 0.30 {avg) event 1980
Limed and un- 37 Greater sediment transport of  Gaynor &
limed soil . terbutryne. Liming signifi- Volk, 1981
Same as above 0.3 cantly reduced runoff
. S wvolumes.
2.09 Towa - Fallow and plots §9-173 {water; avg.) 0.76-8.1 Values given are for range of Baker et al.,
- with corn 870-840 (sed,; avg.) averages acroas trestments. 1982
2,09 Towa residue - 83-141 (water; avg.) 0.97-5.1 Herbicide conc, not affected
§00-1110 {sed.; avg.) by placement above or below
2.00 Towa 78-220 (water; avg.) 1LO0-B.6 residue, but were negatively
880-2240 (sed.; avg.) correlated with time to
runoff which was increased
by presence of residue -
[abls 9-2. Continued.
Conc, in Total seasonal
Rate, runoff, loases, % of
kg'ha Location Crop/Cover sgikgt application Comments Reference
Runoff from irrigated fields
29 California Sugarbeets 6.2 0.03 Irrigation runoff Spencer
3.4-7.6  California Cotton 189 1.22-1.40 Irrigation runoff et al., 19856
13 California Cotton L 1.32 Irrigation runoff
2.8-13.8 Celifornia Sugarbeet and 1630 6.4-7.2 EPTC applied in irrigation
alfaifa water at 2 mg/L
1.3-8.1 California Cotton 1408 0.95-6.0 Trrigation runoff
0.96-1.1 California Cotton 18 0.14-0.29 Yrrigation runoff
0.562 California Cotton <0.5 - Irrigation runoff
0,98-2.38  California Cotton 480 0.02-0.24 Significant proportion of
losses because of aerial ap-
plication during irrigation
0.48-2.60  Californin Sugarbeet, mellon 22 0.04-0.07 Irrigation runoff
1.17-4.48  California Cotton, sugarbeot, 21 0.0003-0.09 Irrigation runoff
alfalfa, lottuce
1.02-1.12  California Cotton 473 0.16-2.0 Sigmificunt proportion of
losses because of aeriai ap-
: plication during irrigation
0.14 California Alfelfa 26 0.27 Trrigation runoff
0.28-4.20 California Lettuce, sugarbeet, ki 0.02-0.51 Irrigation runoff
aifalfa
0.14-2.1 California Lettuce, sugarbeet 27 0.003-0.32 Irrigation runoff
4,66-6,00 California Cotton .32 0.001-0.007 Irrigation runoff
0.4-5.82 Celifornia Cotton, lettuce, 223 0.13-1,78 Irrigetion runoff
. sugarbeet, alfalfa :
1.66-6.98  California Lettuce, melon 104 0.19-0.62 Irrigaiton runoff
3.2 California Lettuce 8.0 0.008 Trrigetion runoff
0.27-1.23 California Cotton 133 0.06-0.21 Significant proportion of
losses beceuse of nerial ap-
L - plication during irrigation
'trmethrin 0.10-0.71  California Cotton Ti 0-0.16 Significant proportion of
: losses because of aerial ap-
plication during application
aximurmn reported concentrations unless apecifiod otherwise.
Source: Leonard in: Cheng ed. 1990




. Pesticides in streams and water bodies resuiting from agricultural applications. Selected examples {1978-1985),

d Pesticide Cone. ranges
tems Location residues found {ngikg) Loads Comments Reference
erghed {63 ha); Riesel, TX Picloram 250 maximum from Most of herbicide leaving Experiments conducled to Mayeux
itial trentment treated 8-ha area treated area wes trans-  atudy paiterns of dilu- ot al., 1984
ide, Stream ported through the tion, transport, and dis-
taining 1772 ha 53-ha watershed- sipation of herbicides in
“hial paature system, but at reduced complex watersheds
iad concentrations
13 720 injected directly Only g small fraction of
into stream injection detected to
. pass 6400-m point. Ap-
parent loss because of
concentration decreas-
ing to below limit of
detection
Japan CNP 0.01-16.67 Highest levels found Suzuki
above 4 wk after rice et al, 1978
planting and when
flood watere released
from paddies.
Lincoln, NE  Atrazine 14-24 Results based on limited Schepera
: Alachlor 0-1.4 sampling during ot al., 1980
fmajor crop Propachlor 0.68-3.0 ] drought yeara
Creek. Watershed Allen Co,, IN 2,4,5-T 0.2-1.7 Atrazine, alachlor, car- Dudley &
bofuran, and malathion Karr, 1980
not detected
ney Creek Watorshed  Northweastern Atrazine 87t 7.6% of applied atrazine Study reports higher con- Baker et al.,
nd rivers of Northwest ~ Ohio Simazing 74t oxported from Honey centration values than 1981
Moetribuzin 2.3t Creek Watershed in expected from other
Alachlor 1051 1881 published sources; how-
Metolachlor 140% ever, rainfall during
Butylate 0.491 study was two to three
Phorete 0.241 times above long-term
Terbufos 0.641 average. Author con-
Fonofos 1.01 cludes that concentra-
Carbofuran 451 tiona observed not
acutely toxie to fish
* and fnvertebrates, but
may produce inhibitory
growth effecta on
plants and algee
a River, 600 km up- Argentina Lindane 0.009% Sediment transported pes- Lenardon
am from mouth Parathion 0.0221 ticides were positively et al., 1984
Alpha-BHC 0.0083 correlated with dis-
charge a8 was sediment
. concentrationa
water, surface water 205 sites in DBCP 0-0.4 In area of high use, 3T% Carter &
ce3, ponda, and South : of surfece water samples Riley, 1981
ers), and municipal Caroline exceeded background
ter - {0.05 pgfL} levels, but
none nbove 0.4
“orested watersheds Central Ten- None - : - 1.68 kgtha a.i, hexazinone [Neary, 1983
" nessee applied as polleta. No
detactable residue in
streamflow for 28-wk
after application
ted watershed; 104 Upper Pied- Hexozinone 442 + b3 first event maxl- 0.53% of application Authors conclude thet Neary et ak.,
i containing four 1-ha mont, GA mum for treated area. {avg. from watersheds) residue not high enough 1083
vatérsheds 0-40 hexazinone + for aquatic damage
metabolite in streamflow
for 104-ha watershed

Wyo: River Estuary ) Eastern Atrazine 0-300 edge of field; 16 >3% moved in estuary  Herbicide level rarely ap- Glotfelty
Chesapeake meaximum in eatuary; proached levela that et al., 1984
Bey region <3 avg. in estuary at would reduce aquatic
peak loading photoaynthetic rate
Simazine Simegine concentration in

estuary significantly low-
or than for atrazine

s drainage basina ~ Chesapeake ‘Linuron <10 {sed.} No spperent accumula-  Zahnow &
surrounding Chesapenke  Bay area : < (.2 water tion of inuron in Riggleman,
By estuary 1980

e River Watorshed Chesapepke  Atrazine 0-40 Little corralation betwe_en Wu et al,
Bay, MD use and hericide loading 1983

Alachlor 0-6 rates In water; herbi-

: cides in runoff from
nontreated areas pug-
gested aerial or aubsur-
face traneport in addi-
tion to surface runoff

gricultural watersheds Cenadian 18 parent compounds Atrazine 1.1, 1.6§ 202 ghayr Report summarizes exten- Fronk et al.,
BIgin, i'rbsize from Great Lokes plus isomers and  Endosulfan 0.0037, 0.002§ give atudies on pesti- 1982
=19 ilTl Basin, Co. = metaholites found Simazine 0,02, 0.06§ cides In streamflow;
Ontario in drainage watera, concentrations of four
Organochlorinea pesticides {organochlo-
not in current use rines consistently great-
also detected. Only er than established
atrazine, endosul- water quality criteria.
fan, and simozine Ne harbicide conc.ent_ra-
appesred year round tions exceeded criteria

aximum values observed. § Mean valuea, § Ovarall menn for 11 watersheds 1976 and 1877, respectively.




Table 2-10

Table 26: Classification of Pesticides by Availability index A2 (Wauchope and Leonard, 1930)

Asgigned Value of
A, ppb ha kg‘l

Properties of Pesticide or
Applicstion Situation

Pesticide Data Used in A Calculation
Common Name

10,000

3,000

1,000

300

Wettable powders applied to
soil surface

Soluble salts which strongly
bind to clay particles

Soluble salts applied to
foliage

Nonionic pesticides
applied in diesel oil

Soluble salts applied to
soil

Granular and pelleted
pesticides, regardless of
solubility--even if
incorporated

EC (insoluble), persistent
peaticides applied to foliage

Incorporated but persistent

Insoluble pesticides applied
to soil surface

411 incorporated but not
peraistent pesticides except
granular/pelleted soluble
salts

EC {insoluble) and nonper-
sistent pesticides applied
to foliage

Cyanazine, prometryne, fluometuron, simazine,
atrazine, terbuthylazine, diphenamid, pro-
pazine, propachlor, metribuzine, linuron

MSMA, paraquat

Arsenic acidb, 2,4,5-T,2,4-D, picloram,
dicamba
2,4,5-T ester®

2,4-D, picloram, 2,4,5-T, dicamba, Ffenac

Picloram, endrin, fonofas, dieldrin,
carbaryl, carbofuran, diazinon

Endosulfan, endrin, DDT, toxaphene, diuron,
methoxychlor

Dieldrin

Alachlor, 2,4-D ester, methoxychler

Atrazine, dichlobenil, trifluralin

Parathion

_after application,

ed data available

€ ratio between application rate (kg/ha) and runoff concentration (ppb) if runoff occurs immediately

Nic acid was not used as a "pesticide", but as a defoliant, in this experiment.

SAHLAILDY WANLINDINSY 3

SLOVAWT UOS ONv d3lvan

Source: Canter 1986




salt-nffected i

North America 15755 ha

Ceniral America 1965 ha " includad in

South America 120183 ha 10000 ha

Africa 80538 ha 12000 ha
Southarn Asia 64838 ha inchuded in N-Asis
North./ Cant,-Asia 211686 ha 220000 ha
SE-Asla 19983 ha seo N-Asia,

Australia 357330 ha 2200  ha

Europa 506804 ha 30000 ha

total 952082 ha 306200 ha

salt affacted soils include: Solanchaks and solls with saline phasas, Solonetz, and solls with alkaiine pha-

sos; figures from Szaboles 1979
irrigated solls in 1985: figures from Framji ICID 198

Tasiz 2. Disteibution of salinity and alkalinity in countries most extensively affeeted (expressed in §,000 ha)

Ater Solorcbabs Saling phate Solonrix AlhuHret phaer Totul
North America
Canzda — 264 6,974 -_ 1,238
United Sates of America -_— 5917 2,350 — 8,517
Mexico and Central America
Cuba — s - - e
Mexlco 242 1,407 - -— 1,649
South America .
Argenijna §,905 30,568 11,818 41,321 35,612
Bolivia - 3,23 716 — HR
Braxil 4,141 —_ 342 — 4,503
Chile 1,360 314 - 3642 6,642
Colombia " - — - 207
Ecuador 87 — — - w
Paraguay — 20,008 1,004 _ 21,902
Peru 21 —_ — — 21
Venerula 1240 -— - — 1.240
Africa
Alare and Tnsas i 1,682 —_ - 1,741
Algeria 1,132 1,389 -_ 129 3,150
Angols 126 4 & — 526
Botswana 1,1 38N el 610 5,679
Cha 2,417 - k% Lin 8,267
Egypt 3,283 4077 — — 7360
Ethiopia 9 10,289 — 425 11,033
Gambin — 150 — — 130
Ghans 200 — -— 18 38
Guines - 515 — -_— 415
Quinea-Ripau — 194 —_ — 194
Kenys - 3,501 909 - i 4,858
Liberin —_ 362 “ _ 406
Libyan Arab Jamahiriya $05 158 ' —_ — 2457
Madagascar n _ -— 1,287 1,324
Mali — 1,170 — — 2,170
Mauritania 150 450 -— — 40
Morocco L 1,106 _ — 1,148
Namibia 362 -— 1,151 — 2313
MNiger — — 1 £373 1489
Nigetia 435 210 -_ 3832 6,502
Rhodaaln — e — %6 26
1 14§ oM — — 765
Sierra Leone — 7 —_ — w7
Somalia 1,043 526 3744 9 5.602
Sudan —_ 113 _ 2, 4874
Tunitia 950 - — —— 90
United Republic of Cameroon -— —~— — (4] 47
United Republic of Tanzania — 1,954 - 583 3,537
Zaire - 3 — — 53
Zambin -— —_ —_ 863 863
Sowih Asig
Afghanisian 194 N - — 3101
Bangladesh — An - 53 3007
Burma s34 - —_ — 634
india 2979 20,243 — 574 23,796
Tean 24,817 1,582 - 486 27,085
g 6519 a1 - — 6.726
lsrael 28 — — — b2
Jorden ™ 106 — — 180
Kuwait 9 — - — 209
Muscat and Gman %0 — — — 290
Pakistan 103 9,353 — — 10.456
Qutnr n — — —_ 225
Sarawak — 1,528 - — 1538
Saudi Arabls . 6,002 — — — 6,002
Sri Lania 180 0 —_ — 200
Syrian Arab Republic — 532 — — 32
United Arab Emirmics 1,089 —_ — —_ 1,089
Norsh and Central Asla
China - 7307 13,914 — a7 34,658
Mongolin 378 342 — — 4,070
Solomon Istands — 238 —_— L e 238
USS.R. 11,430 39,662 30,062 89,366 170,720
Sourh-East Asta
Democratic KXampachea — 1,191 —_ — 1,291
Indoaciin —_ 13213 — — 13,213
Mahysia - o040 -_— — 3,040
Sociallst Republic of Yiet Nam - 983 — - 983
Thatland — 1,436 - — 1436

Awtralasia
Aunralia
Fiji

. 18,567

Table 3-1b




‘Table 17: Irﬁgnted 1and damaged by salinisation in the top five irrigators and the world
estimate for mid 1980s. ‘ : Table 3-1 ¢
Area damaged Share of irrigated Tand
Country . . damaged’
(Mha) . (per cent)
Tndia’ ' 20.0 ' 36
China _ 70 ' ‘ 15
United States . . 5.2 S 27
. i l
Pakistan - 3.2 : S 20
Soviet Union ) 2.5 12
Sub-total 179 24
" World S 60.2 . .24
Source: Postel (1990).

Table 11; Global extent of hurian-induced salinisation.

; Table 3-
Light Moderate Strong- - Exireme Total 2a
Continent (Mha)  (MRa)  (Mha)  (Mha) (Mha)
Afda - 4T 11 24 - 1.3
Asla - - 268 B.S 174 0.4 52.7
South America 1.8 0.3 .- - 2.1
Nerth and Central Amedica 03 . L5. 05 - 23
Eurcpe . 1.0 - 2.3 0.5 - 3.8
Australasia . 0.5 . 0.4 0.9
Total _ M6 08 W4 03 76.6
Source; Oldeman, et al. (1991b).
Table 10: Human-induced soil ‘degradation for the World.
able 10: Hamann o e ™ Table 3-2h
Type . - . Light " Modérate - Strong . Exireme - Taml:
. (Mha) . (Mba) . (Mha) (Mba) - (Mha) (Per cent)
Loss of Topsoil = 3012 4545 6.2 - 38 920.3
Terrain Deformation  * 42.0 S T2 56,0 ‘2.3 ‘173
WATER - w2 ss1 w2 . 66 10937 557
Loss of Topsoil 2305 - 2135 o4 09 asez
Terrsin Deformation - .38.1° 30.0 14.4 - 82.5
Overblowing A 2% 0.5 o I
WIND 2686 - 2536 4.5 e s83- 279
Lons of nutrients: 524 @1 - 198 . 1353
Salisiizatio 4.8 204 20.3 08 763
Pollution 41 114 0.5 - 21.8.
Acidification LT 27 13, . .53
CHEMICAL 930 103.3 419 0.8 me1. 122
Compaction EE T TR SEAS | & I - 682 ‘
Waterlogging -6.0 3.7 0.8 - ‘ 10.5
Subsidence organic sdils 3.4 Lo 0.2 - 46
PHYSICAL -, 442 =~ 268 . 123 P & 42
“Total (Mha) “749.0 o105 2987 93 - - 1964.4
(Peccenty 31 . 461 oIS 0.5 . 100

Source: Oldeman et al. (19910). "~ Source: from Ghassami et al. 1993 (draft)




Table 3-3 a

Tablels - dlolﬁal-esﬁlﬁatb of:se;;,ondai'y SaJiMSa_ﬁon in the world’s ir_rigéted lands.
o " ""'Cmpﬁed'nt-u“ ' hﬂgnud..lru“ | Sharof In‘ig_lle o Salt sffocted - Share of salt
Coumry ' . . o T . . cropped ares land in ,Ir:s-ud t:rfec:dd :ond
D X . 7 #ees® pated la
' ) Qe - (per cont) - Fhi) per cent)
“China’ 96,57 . é.ss a2 670 150
Dotia 16099 i ‘s 10, 65 .
s 18IST 048 5 370 15.1
Uated Saen fron g 98 =y 34
m;m w16 16.08 s i 5.2
ta "14._&5 s ;387 15 300
Thalland : 1'2@).03 X 40 199" 040 10.0
Eamt gy 169 - 1000, ‘ 088 no
-Aummf' : Caa 143 T " os 87 .
" Atgeetina _ 2828 . i . A8 es T ml
SouﬂiAfnu ; Y 119, RRTE 00 : 39
sub-ml . - - pazay BT Y Ty . 3109 "200
‘Wot ‘wma 2_2:7'.11 T saT STV R 1) -_

Source: (a) Data for 1987 fom FAO (1989); (b} Data For 19805 from different sources
referred to in part two of this publication. R L
| Source: Ghassami et al. 1993 (draft)

Table 3-3 b

Pakistan: Indus Basin, (1954), river salinity is low; increasing groundwater salinity in downstream
stretches. totally 18 Mio ha, 10% saline, 24% partly saline

Upper Indus: 11 Mio ha, saline 6%, partly saline 14%
Lower Indus: 7 Mio ha, saline 18%, partly saline 39%
annual increase in damage: 20,000 ha (1950s); 40,000 ha (1960s)
in total out of 28 Mio arable land 23% are salt affected. {FAD 1971)

Totally, some 40% of irrgated soils are affected by waterlogging, of which some 14-17% are serio-
usly affected {watertable within 1.5m). About 40% of the total areas have saline groundwater.
{Anver in: ICID (STS-B2) 1991).

lran. 16.8 Mio ha are arable land; 7 Mio ha are saline (naturally or human-made)

lrag3.6 Mio ha arable; 1.9 Mio cultuivated (1962), 50% are strongly saline {(declined yields at all
degrees), in irrigated areas 20-60% are alfected by salinity, less often in northern parts {higher
rainfall).; major cause: waterlogging, use of saline waler; high sodicity and alkalinity in places;
drainage systems are only recently introduced, hence, and accumulation of salts and buflt-up of
soil salinity and shallow water table over millennia {Dieleman 1977).

Saudi Arabia: Large scale problems in new development schemes, due to lack of drainage sy-
stems; tradilional systems only affected by sewage from big schemes

Libya. Large scale problems in some new developed schemes: use of safine irrigation water, lack
of drainage systems, selection of unsuitable soils {primary salinity); development of suitable land
with minor problems; often excellent water quality, artificial or natural drainage of new systems
created ocassionally problems of waterlogging and salinization in adjacent traditional irrigation.

Haili. Large scale development may create problems if inherent soil properties are not considered
and under poor water management; analysis revealed that -after 22 years development - slightly
saline soils are desalinized and problems aggrevated in soils already saline prior to irrigation (Pe-
termann 1986)

Jordan. About 12% of Jordan Valiey soils are affected {recently developed areas) (FAO 1970).

Syria. 8 Mio ha arable land; some 6.6. Mio ha are cultuivated, some 0.5 Mio irrigated; 50% of irmi-
gated areas (0.22 Mio ha) in Euphrates/Khabour Valleys are affected by salinity: 10% pf area ab-
andoned, 15% high and 25% moderate yield losses in 1970s. (FAO 1970).

Egypt. About 0.8 Mia ha, ie 30% of arable land is affected by salinity, waterlogging and insufficient

natural darainage (FAO 1970). In New Valley irrigated soils: 25% are non-saline, 50% moderately
saline; 25% strongly saline (either top- or subsails); under continuous irrigation with good manage-
ment soils become desalinized under irrigation initial salt contents are moderately high, ocassional- -
ly extremely high; extreme secondary salinization on low lying areas without drainage; proper sele-
ction of irrigated areas, average waler management practices and adequate draiange can avoid
degradation. :
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Table 8.8. Soil loss under different vegetal covers

Cover Slope Soil loss
(per cent) (kgm 3y
Primary tropical rain forest — 0.009 {1
Secondary tropical rain forest — 0.013 {1
_ 7 0003 @
Temperate mixed woodland 19 0.005 (3}
Dense savanna grass 4 0.005-0.02 {2)
Lucerne 9 0.025 (4)
Blue grass 9 0.007 @
Maize (shifting cultivation plot) — 0.03 (1)
Maize (1st year in maize/oats/
clover rotation} 9 44 {4)
Maize (with grass bunds) — 0.7 (5)
Maize {no conservation} — 12 (5)
Maize (rows up and down slope) 9 9.4 {4}
Maize (on subsoil) 9 128 {4)
Coffee (clean weeded) — 22 (5)
— 18-5.5 (5)
Bapana 7 1.5 (4]
Banana (trash mulch) — 0.05 (5)
Manioc 7 9.0 )
Sorghum 2 0.3-1.2 (2)
-— 2.6-52 3
Cotton 2 0.05-1.9 vi]
Ground nuts 2 0.3-1.2 94]
Crotalaria 7 40-50 (2)
Uptand rice (1st year) -_ 0017 (1)
Upland rice (12th year) — 0.289 m
Bare soil in humid tropics 7 10.0-17.0 @
Bare soil in savanna 4 1.8-3.0 )
Bare soil in temperate climate 19 1.0 3
After (1) Kellman, 1969; (2) Roose, 1971: (3) Morgan, 1977; (4) FAO, 1965; {5) Temple, 1972b. 7o
Source: Kirkby/ Morgan ed, 1980
Table 8.1. Recommended values for maximum permissible soil loss (kgm~? y™%) Table 3-4
Mego-scale (e.g. field level)
Deep fertile loamy soils; values used in the Mid-West of USA 0.6-1.1°
Thia, highly erodible soils 0.2-0.5**
Very deep loamy soils derived from volcanic deposits, e.g. in Kenya 1.3-1.5*
Soil depths: 0-25cm 0.2
25-50 ¢cm 0.2-0.5
$0-100 cm 0.5-0.7°
100-150 cm 0.7-0.9
over 150cm 1.1
Probabie realistic value for very erodihle areas, e.g. mountains in
the tropics 25
Macro-scale {e.g. drainage basins} 0.2
Micro-scale (e.g. construction sites) 25
After* Wischmeicr and Smith (1965); * Hudson (1971); * Smith and Stamey (1%65); “ Arnoidus (1977).
2oy o wylae ; i - ) A (‘ I 3_‘;_{\.’ } t"l
Source: Kirkby/ Morgan ed. 1980
Table 1.1 Rates of erosion in selected countries (kg m™2 y™) Table 3-5
Natural Cultivated Bare soll
China <020 15.00-20.00 28.00~36.00
USA 0.003-0.30 0.50-17.00 0.40- 9.00
Ivory Coast 0.003-0.02 0.01- 9.00 1.00-75.00
Nigeria 0.05 -0.10 0.01- 31.50 0.30-15.00
India 0.05 -0.10 0.03- 2.00 1.00- 2.00
Belgium 0.01 -0.05 0.30- 3.00 0.70- 8.20
UK 0.01 -0.05 0.0t- 0.30 1.00- 4.50

Sources: Bollinne, 1978; Browning, Norton, McCall and Bell, 1948; Fournier, 1972; li (i and Tan, 1981: Lal
1976; Morgan, 1981a; Rao, 1981; Roose, 1971. iang, Qi and Tan, 1981: Lal,

N)

Source: Morgan 1986




Table 1.5: TOTAL ESTIMATED ANNUAL COSTS OF SOIL EROSION ON JAVA Tab‘e 3-6
(US$ milliom)

West Java Central Java Yogyakarta East lJava Java
On-Site 141.5 29.1 5.7 138.6 315.0
off-Site
Irrigation System 1.7-5.7 0.8-2.7 0.1-0.5 1.2-4.0 7.9-12.9
Siltation
Harbor
Dradging
(1984/85) 0.4-0.9 0.1~0.3 - 0.9-2.2 1.4-3.4
Reservolr 9.0-41.3 3.5-16.3 - 3.8-17,3 16,3.74.9
Sadimentscion
Total 152.6-189.4  33.5-48.4 5.8-6.2 1&44.3-162.1 340.6-406.2

d Bank (1989a).
Sourcas  Wordd Bank ( * Doolette/ Magrath 1990

PESTICIDE IMPACT ON THE ENYIRONMENT
a1 Table 3-7
Table 12-1, Relation of physicochemical properties to environmental behavior.
Physical chemical data  Related to
Solubility in water Leaching, degree of adsorption, mobility in
environment, and uptake by plants
Partition coefficient Bioaccumulation potential, and adsorption by
organic matter
Hydrolysis Persistence in environment or biota
Ionization Route and mechanism of adsorption or uptake, persis-
tence, and interaction with other molecular species
Vapor pressure Atmospheric mobility, and rate of vaporization
Reactivity Metabolism, microbiological, and photochemical
and autochemical degradation
Source: Madhun/Freed in: Cheng ed. 1990
. . Table 3-8
Table 2-1. Pesticide sources and environmental exposure pathways.
Pesticide Transport Exposure Receptor (Pop-
source process - pathway ulation at risk}
Canopy Volatilization Inhalation/skin contact Human, animals
Crop residue Volatilization Inhalation/skin contact Human, animals
Soil surface Volatilization Inhalation/skin contact Human, animals
Root zone and Volatilization Inhalation/skin contact Human, animals
below
Grain/foliage Manufacturing/ Food/ingestion Human, animals
feedingt )
Crop residue Overland flowt Surface water [potable Human, fish ;
water})/ingestiou i
Runcff Overland flowt Surface water (potable Human, fish

water and food chain) :
Eroded soil par- Overland flowt Ingestion surface water  Fish !

ticles and formu- {food chain)/ingestion,
lation—bound contact

Leachate-dissolved- Leaching/per- Groundwater {potable Human, animals
bound on e¢ol- colationt water)/ingestion

loidal particles

+ Environmental flux of concern to either on-site or off-site receptors. After Bailey et al.
{1985).

Source: Himel et al. in Chehg ed. 1990




Tabla 14-1. Status of knowledge concerning pesticide fate processes.

1. Transformation processes
A. Sorption
1. Hydrophobic pesticides
Causative factors known
Sorbate—hydrophobic, low water selubility
Sorbent—organic matter content
Predictor—K,, o Ko, % fraction of organic matter; well-tested rela-
tionship
Isothecrn behavicr—variable—reversible or irreversible, linear or nonlinear
Desorption—Kkinetically controlled
2. Hydrophilic pesticides
Causative factors not well known
Sorbate—acidic in character, pKa
Basic In character, pKb
Tonic
Sorbent—not well known
Lewis acid-base character or complexation capability
Predictor-—prototype, not tested
Desorption-—not wetl understood
B. Microbial tranaformations .
1. Hydrophobic and hydrophilic pesticides in an oxidizing environment
Causative factors known—temperature, pH, nutrient, and moisture
content
Mechanisms known for major families
Transformation products known (their environmental behavior not well
characterized)
Otrgenism specificity—essentially known
Kinetics—well known
2. Hydrophobic and hydrophilic pesticides in an anaerchic environment
Causative factors—Eh, pH, O nutrient content—not well known
Redox cliemiatry not well understood
Kinetics—not well defined
Organism specificity—not well known
C. Chemical transformations
1. Hydrophobic and hydrophilic pesticides In an oxidizing environment
Structure-reactivity relationships fairly well known
Causative factors—pH, temperature, ionic gtrength—well known
Surface catalytic properties of heterogeneous media surfaces—early
definitive stage
Mechanisms—hydrolysis, (acid, bass, and neutral} substitution, elimi-
nation, and ring cleavage—well known
Kinetics—generally well known
Products—geperatly well known
2. Hydrophilic and hydrophobic pesticides in an anaerobic environment
Causative factora not well known
Mechanisms—early definitive stage
Kinetics—not well known
Products—not well known
D. Photolysis
1. Water
Causative factors—fairly well known
Role of Fe, Mn, and DOC content currently being defined
Mechanisms-—known for major families
Predictor—prototype available
2, Soll surface
Causative factors, pathways, mechanisms, known, ressarch in its
infancy
. Foliar or crop residua nurface
Similer atage as photolysis on soil surface .
Effect oefi leaf morphotogy and hiochemical character on process not
defin
E. Bioaccumulation/biomagnification
Causative factors not entirely known
Data on hydrophobic pesticide bioaccumulation/magnification known
Predictor—first-generation pharmacolinetic prototype availabls for
fish
I1, Transport processes
A. Volatilization
1. Soil aurface
Causative factors—vapor density, soil matrix properties, and meteoro-
logical conditiona—well known
Predictors—screening level simulation models available
2. Foliar surface :
Causative factora not well known
Predictor—not available
B, Drift ' :
Caugative factors—partially known
Predictor—simulation models
C. Ercsion/pesticide overland flow
Causative factors—generally well known for solution end sediment-
bound pesticides
Predictor—simulation models available
D. Washoff
Causative factors—pertially known
Predictor—prototype model available
E. Infiltration
Causative factors—known
Predictor—equations available
F. Percolation and leaching in subsoil
Causntive factors—generally known except for spatin! variability of
soil properties
Predictor—coupled advective/disperaion model with linear or non-
lineat/reversible or irreversible sorptive algorithma are available.
Generally, not well tested, Tranafer function model available but not
well tested.
G. Groundwater/pesticide transport in aquifer
Causative factors not well-defined
Predictor—1, 2, and 3D models available, not widely tested
H. Aeolian pickup and transport
Causative factors generally known
Applicable pesticides—sorhed pesticide
Predictor—models available, but in question and being re-avaluated

Source: Bailey in Ch_gn

g &d. 1990




: Tabie 2. Effects of Salts on Adsorption of Herbicides by Soils and Soil Components®
Sall effect
= lonic lonic
- : . strength strength Experimental
- ‘Adsorbent Herbicide <l >1 conditions
- ‘Montmorillonite Na Fenuron -t + NaCl
= Montmorilonite Na -~ Fenuron ! 0or- + NaCl ]
o Montmoriflonite Mg Monuron MeCh,y Identica! )
S concenlrations
- Mantmorillonite Ca CaCl, _ _
' “Soils Terbutryne - + NaCl ldenucal jonic
- : strengl
- Atrazine KCl1
- CaCl,
‘Goethite 24-D , - + NaCl o
o Soils 1,3.5-triazines + KC! Identical onic
o : strength
Substituted ureas NH,Ci
o CaCl,
sols Fictoram i ke Cancentations
- R c
- . : CaCl,
Soils Prometryn + NaCl Identical
= ; Fluometuron - CaCly concentrations
- aAfier Calvet (19800 ) . o
- 'by = no efiect; — = the adsorption decreascs as the ionic strength increases; + = the adsorption inereases with the ionic strength,
- Behavior of Herbicides in Irrigated Soils Table 3-12
Table 7. Half-Life (Days) of Some Paddy Herbicides in Flooded Soils®
-~ Table 3-11 {erbicide In laboralory experiments® - In paddy fields*
- . . 24-D 30-40 13, 48
o ‘table 1, Effect of the Temperature on the Adsorption of Herbicides by Organic 2.4-D ethyl <1 hr
crials. Minerats, and Soils® MCPA 3,04, 7.7, 15, 20 7, -
. ; MCPA ethyl 7-14
- . Effect of Phenatlsiol < 5
“:o orbent Herbicide lemperature Dalapan 3-5.14-21 10-15, 2031
o P _ pCP 5, 10-17, 12-70 (mean 30), 60 3--10, 6-7, 10-17
L Simazine b . : L b h v
- ?1?};“802?0““3 Benthiocarly 7-100 {mean 40) 3-8,7,8,11,62
e i 24.D - Molinate 7,15, 18, 30 <1, <35, <5, <5, <9, 11
Monimorillenite 24D 0 g“'“"_ " 2(}9'1] 017 151- 1-14 <10
Montmogillonite i Paraguat 0 Nr'll:’s:::?:nilid ; c: L 2(1;: .
i H 4 N " .
o amide
- Vemiauliie Na Parsquat : Do a3 o
- . . 0 i - N
- [ g:,?,r:;:: 0 Credazine 50-150 22, 45
- Afrazine 0 Trilluralin 9,10, 22, 45 10, 43
. 24-D 0 Nitrofen 3-35 mean 1) ~14
e Himic acid A:sruzine ¥ Chiornitrofen T 35 tmean 15), 17, 35 7.9, 12,03, ~1t4
TG gk ; Chlomethoxynil — 7-35 (mean 153, 30 1-8
umic acid Atrazine + Difenox 4.1 44
. Lignin o . '
- iimic acid Atrazine + g;:::‘:g: 25‘333;?8 Is. 15
- reoal Prometon 0 Simetryn <.3',' ‘61 :
24-D - _ .
oits 1,3.5, triazines - iromelr}; ne 12%01 20 180
] Alachlor - D:,"“qua - 150
. oils Picloram - lquat >
Soils §2 dinitroanilines - TData callecled from various sources: after Crosby, 1983.
“Afier Calvet (1980} "Ea-:h chemical was mised with soil and incubated at 25 10 30°C in dark.
- = 1o effect; ~ = adsorption decreases as iemperature increases; + = adsorption increases Jﬁz?lslcme in soils in paddy rice fields in Japan. Most herbicides were applied in May or
- terperature. .
i
I s
Table 3-13
o 114 B. Yaron, Z, Gerstl, and W.T'. Spencer
Table 8. Fate of Molinate When Applied in Paddy Seils®
- ' Estimated
" Process loss (M)
Soil adsorption and metabotism <10
= Plant uptake and metabolism <5
- Aqueosus microbial metabelism <1
_ Hydrolysis <]
= Photolysis 5-10
- } Volalitization lo atmosphere 15-85

2 Afier Crosby (1983),

Sources: Yaron et al. 1985




Kontamination von Boden

2.7

Tab. 2.7.3/4: Mittlere Gehalte (mg/kg) einiger Mikro-Nihrelemente und potentiell toxischer Elemente in Gesteinen
(n. WEDEPOHL 1984, Lockersedimente n. BLUME, BRUMMER 1984)

As Be B Cd Co Cr Cu Hg Mn Mo Ni Pb Se Sm T vV ZIn
Kontinentale Kruste 34 1% .08 .10 1% 88 35 .02 800 1.5 45 15 08 2.5 .49 109 69
Uhrabas. Gesteine 1 05 150 1600 10 03 1600 0.3 2000 1 0.5 06 A0 50
Basalte, Gabbro 1.5 06 .04 .10 48 168 %0 02 1 3%0 1 134 35 .08 15 08 251 100
Gneise, Glimmersch. 4.3 3.8 .10 .10 13 76 23 (2 600 (1.5) % 16 .08 25 .85 60 65
Granit, Gesteine 1.5 55 .19 .09 4 12 13 03 325 1.8 7 32 04 35 11 94 50
Grauwacken 8 3 .07 .09 20 50 45 11 750 07 0 14 0.1 {3) 20 67 105
Tonsteine 10 3 13 13 1% 50 45 .45 850 1.3 68 22 0.5 25 .68 130 95
Katke 2.5 (0.5) .02 .16 2 11 4 .03 700 0.4 15 s a9 LY 05 20 px}
Sandsteine 1 .05 0.3 35 5 .03 50 0.2 2 7 0B 15
L&f .5 L2) 9 g 15 .02 300 12 28 34 1.8 64 53
Geschicbemergel 8 0.3 7 35 15 .04 400 1 18 20 3.4 29 40
Meerschlick 11 0.3 8 15 .01 460 22 43 96
Sande 1.3 0.1 1.5 <3 <.01 46 1 5 10 3 3.3 11

{ ) wenige Daten
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Tab, 2.7.3/6: Nariicliche und anthropogene Quellen der atmosphirischen Belasrung, Angaben in 108 g/a (nach
LaNTZY und MCKENZIE 1579, aus MER1AR 1984)

narirlich anthropogen
Element Kontinent. Vulkan Vulkan Indust, Fracht gesamte Atmosph,

Staub " Staub Gag Partikel d. foss. anthrop. Interferenz-

Fracht Fracht Fracht Emission  Brennstoffe Emission  faktor!)
Al 356 500 132 700 8.4 40 000 32 000 72 000 15
Ti 23 000 12 000 - 3 600 1 600 5 200 1$
S5m 32 9 - 7 5 12 29
Fe 190 00O §7 750 3.7 75 000 32000 107 000 39
Mn 4 250 1 800 2.1 3000 160 3160 32
Co 40 30 0.04 24 20 44 63
Cr 500 84 0.005 650 250 940 161
v 500 150 0.05 1 000 1100 2100 323
Ni 200 83 0.0009 600 380 980 344
Sn 50 2.4 0.005 400 30 430 821
Cu 100 93 0.012 2 200 450 2 630 1363
Cd 2.5 0.4 0.01 40 15 55 1 897
Zn 250 108 0.14 7 000 1 400 8 400 2 345
As 25 3 0.1 620 160 780 2786
Se 3 1 0.13 50 20 140 3 390
Sb 9.5 0.3 0.013 200 180 380 3878
Mo 10 1.4 0.02 100 410 510 4 474
Ag 0.5 0.1 0.0001 40 10 50 8 333
Hg 0.3 0.1 0.001 50 60 110 27 500
Pb 50 8.7 0.012 16 000 4 300 20 300 34 583
) Toerh o - totale snthropagene Emission

totale sarirliche Emission

Table 3-14

Table 3-15

Sources: Blume ed. 1992




Tab, 2.7.3/17; Physiclogische Notwendigkeit und potentielle Toxizitit fiir Pflanzen und Tiere {n. ADRIANO 1986).

Table 3-16

Ernihrungs- Potentiell toxisch  Bemerkung
physiologisch ii
essentiell bzw. niitzlich
Element  Pflanze Tiere Pflanze Tiere
Ag - - + .
As - + + + Wirkt bei Pflanzen in geringeren Konz. toxisch
als bei Tieren
B + —_ +
Ba - ?
Be - - + + Bindungsformen wichtig
Bi - — + +
Cd - - + + Bereits in geringen Konz. toxisch, Anreicherung
iiber Nahrungsketten
Co + + + + relativ ungiftig, starke Anreicherung iiber Nah-
rungsketren :
Cr - + + Bindungsformen entscheidend fiir Toxizitit
Cr¥1 sehr giftig
Cu + + + Org.-komplexe Bindung in Béden
Hg - - + Anreicherung iber Nahrungsketten
Mn + + Lislichkeit im Boden stark Redoxabhingig
Mo + + + In Pflanzen stark angereichert, bereits in gerin-
gem UberschuR fir Tiere roxisch
Ni - + + + Sehr mobil in Pflanzen, relativ ungiftig
Pb - - + + Weit verbreitet iiber die Atmosphire
Sb - - + Relativ unlaslich
Se + + + + Bereits in geringem Uberschuf fir Tiere toxisch,
synergistische, antagonistische Wirkungen mit
anderen Spurenelementen
Sn - + + Relativ ungiftig, geringe PAanzenaufnahme
Ti - - - Sehr mobil in Pflanzen
v + + + Bereits in geringem Uberschuf toxisch
W - - Geringe Gehalte in Boden und Pflanzen, un-
laslich
Zn + + Weite Spanne zwischen Pflanzenbedarf u. Toxi-
zitir. Fiir Tiere besteht oft Mangel
g Mikro-, Mokrondhrstott Schadstotf
= A - R
fn’
£ 4
2 “Non= Eftect=-
E Level”
Abb. 2.7.3/10: EinfluB der nE-
Konzeatration von Mikro- g
und Makronihrstoffen sowie P
Schadstoffen auf Pflanzen-

wachstum und Ertrag (sche-
matische Darstellung, n.,
BROMMER 1989)

Stotl- Kanzentration im Boden

Source: Blume ed. 1992




Tab, 2.7.3/18: Transferkoeffizient Boden-Pflanze, normale Gehalte in Béiden, normalc und kritische Konzentrationen

von Schwermetallen im Pflanzenmaserial (Bezug anf T.5.) (aus SAUERBECK E985, n. KLOKE et al. 1984; ergianzt). Table 3‘17 a
Element normal Grepzw.l) Transfer-
in Béden KocHizieat normal krit. fiie krit. als '
mg/kg mg/ kg Boden-Pflanze in Pllanzen Pllanzenwuchs Tierfuter
o Cd 0.01- 0.7 3 1 -10 < 01 - 1 5 - 10 0.5 1
_;’;,% : Co 1 - 10 (50) 0.01- 0.1 0.01 - 0.5 10 - 20 1 - 50
= Cr 2 - 50 100 0.01- 0.1 < 0% - 1 1 - 2 ¢~ 3000
- 5 Cu 1 - 40 100 01~ 1 3 - 15 15 ~ 20 it - 100
S Hg 0.01- 05 2 0.01~ 0.1 < 01 -~ 0.5 05- 1 > 1
Ni 2 - 50 S0 61 -1 01 - 3 20 - 30 56 - 40
Pb 01 - 20 100 £0.01- 01 1 - 5 10 - 20 1 - 30
Tl 001- 0S5 (1} 1 -10 < 0.5 - % 0 - 30 1 - 3
Zn 3 - 50 300 1 =10 15 ~-150 150 - 200 300 - 1000
o

i} As 01 - 20 (20) 0.01- 0.1 < 01 - 5 10 - 20 > 50
B 3 -100 (25) 1 =10 s - 10 > 75 150

Be 0.2 - 40 0.0~ 0.1 0.01- 0.5 > 1 ?
F 20 -400 (200} 6.01~ 0.1 i - 5 > 50 40 - 200
Mo 02 - § 0.1 -10 01 - 23 »>100 10 - 53
Se 0.01- § {5) 61 -10 0i1- 2 10 - 20 4 - 3

Sn 1 - 20 0.01- 0.1 ? > 60 ?
- v 0.01 - 200 01 -1 01 - 1 10 10 —~ 50

NG der Klrschl d { 1in Disk
Table 3-17 b
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o Tab. 2.7.3/21: Schwermetallgehalte von belastungsgefahrdeten Boden Nordrhein-Wesifalens im Einfluflbercich ver-
schiedener Belastungsursachen {Angaben in mg/kg Boden, Erklirung teilweise im Text, n. KONIG und KRAMER 1985).

. : Element Grundbe- Normal- Klir- Strafflen  Emission Uber- Erzabbau  Grenz-
| . lastung  gehaltel)  schlamm {Rhein-  schwem- wertel)
- Ruhrgebiet) mung
Cd 0.8 0-1 0.8 0.9 1.4 2.7 37 3
Zn 110 0-50 120 160 250 480 610 300
Pb 50 0-20 40 65 70 150 810 100
Cu 20 0-20 35 18 40 75 30 100
Cr 30 0-50 70 30 35 60 30 100
Hg 0.30 0- 1 0.25 0.35 0.35 1.10 0.43 2
’ Ni 50 0-50 23 17 oz 39 25 50

1) Normalgehalte nach Kioke (1980) %) Grenzwerte der Klirschiammverordnung

Tab. 2.7.3/19: Relative Akkumulation von Schwermetallen in efibaren Pil ilen verschied Obst- und Gemii- Table 3'18
searten (n. BERGMANN 1988) Lt
Akkumulation R
hoch mittet niedrig sehr niedrig
Salat {Lactuca sativa) Griinkoh] (Brassica Kopfkohl (Brassica ofer.} Bohnen (Phaseoius)
Spinat (Spinacia oler.) oler. var, acephala) Zuckermais {Zea mays)  Erbsen (Pisum sativurm)
Mangold {Beta vulgaris Kohl {Brassica oler.) Broceoli (Brassica oler. Melonen (Cucurmis melo)
var.cicla) Rote Riiben (Beta vulg. italica} Tomaten {Lycopersicim
’ ' . o Endivie {Cichorium conditiva} Blumenkohl (Brassica esculentum)
endivia) Steckriihen (Brassica oler. var. botrytis) Paprika {Capsicum
Kresse {Lepidiurn latifol.) rapa) Rosenkohl (Brassica annuum)
Mohren {Daueus carota) Rettich {Raphanus oler. gemmifera) Eierfrichte (Solanum
sativus) - Sellerie (Apium melorgena)
Karoffel (Selanum graveolens) Kernobse, Steinobst

tuberossm) Beerenfriichte

- : . Sources: Blume ed. 1992




Tab. 2.8.4/2: Wasserqualititsvergleiche (in mg/1) nach AUTORENKOLLEKTIV, 1972; VEu u. Epom, 1981; Bau.
MANN et al., 1976; GTZ, 1984

Spale 4: Angaben zur Einleirung i.d. Sffeacliche Kanalnee

Table 3-20 a

Source: Blume ed. 1990

Wastewater agricultural nutrients

Nutrients kgll, 000m?
N 30
P 10
K 30

LAY

j/k._l L«E,"in
5o 2 ban
ft.)’ (G
36 "L”’

Source: Shuval et al, 1986

Stofle Trinkwasser Abwasser Kanalein- Landw.
hiuslich leitung Anspriiche
1 2 3 4 5
KMnO,-Verbr. 0-12 S00—-1 450 -~ 12-4 000
BSBs 0-4 200 - 400 500 25-50
Leitf. g§ x cm-! 100 - 400 1 800 -4 200 - 7503 000
Salzkonz. 50-250 1200-2 700 - 500-1 500
Reakyion, pH 6.5-8.5 7.6-8.6 6.5-10.0 5-8
Gesamr-Rilckst. 100 -1 000 500 -1 400 - 5 000
Glihvertust - S~65 200-1 000 - b
Org.geb. Kohlenst. 5-40 50-420 - “
Kjeldahl-N 0-15 4-50 - b
Mineral -N 5-10 5-55 - -
Gesamt-P 0.01~1.5 10-50 - b
Phosphar-P 0.001-0.1 1-1§ - -
Niar-N 0-20 0.2-20 - 1-10
Nirrit-N 0-0.06 0.05~0.1 6 1
Ammonium-N 0-0.4 5-50 80 25-120
Chlorid 0-250 100 -1 000 500 140 =350
Sulfat 0-150 50150 300 - 600 300
Hydrogencarbonat 1-100 1200 - 2-10
Natrium 10-50 50-450 - 20-50
Kalium 210 10-80 - »
Calzium 15-70 30-80 - -
Magnesium 0-60 10-20 - *
Eisen 0-0,20 0.1-0.7 5 2-20
Sauerstoff 6-12 . 0-3 - Sartgung
Ges. Hiirte, mmaol {-1 0.4-5.5 2-10 - *
Carb.-Hiirte mmol 1-1 0.4-22 3.9-7.6 - *
Kohlendioxid 1 - - -
Cyanide 0.05 0.01-0.05 ¢.1-20.0 0.05-1.0
‘Chrom 1 0.05 0,025 -0.05 3 0.01-1.0
. Chrom VI - - 0.5 -
Zink 0~15 5-15 5 1~10
“Kupfer 0-1.5 0.1-1.0 2 0.2-5.0
Cadmium 0-0.006 0.005-0.01 0.5 0.1~-1.0
> Arsen 0-0.2 0.01-0.05 1 0.1-2.0
Sulfit-Schwefel 0-0.0§ 0.05-0.1 2-5 -
krives Chlor 0-0.3 - 5 0.3-1.0
Gesamt-Phenol 0-0.001 0.002-0.5 50-100 5-250
- Teer 1] 1] 10 -
erte, Ole 0 20-40 250 5-10
. Waschakr. Sub. 0 0.5-10 10 50 -~200
: Lasungsmirel 0 - 1 -
fuminium 0-0.08 - = 520
[ei 0-0.3 0.05~0.2 2 0.5-10
Fluoride 0-1.5 2-20 60 S 1-15
Quecksilber 0-0.004 0-0.05 0.05 0.001 -0.02
‘Selen 0-0.008 0-~0.005 1 0.001 -0.02
Nicket 0-0.05 0-0.02 4 0.2-10
ntimon 0-0.01 - - -
Barium 0-0.1 - - -4
ilber 0-0.01 - - -
Mangan 0-0.1 0-0.05 - 0.5-10
‘Bor - 1 - 1-2
Beryllium - - - 0.1-0.5
(obalt - - - 0.2~5.0
ithium - - - 2.5-5.0
Molybdin - 0-0,005 - 0.01 -0.05
; Vanadium - - - 0.1-1.0
Zinn - - 5 -
‘Urochrome 0-0.2 20-60 50 -
Legende: Spake 2: Sweubrei Her Trink qualitdt Eurapas Spalte §: Angshen .d. Jandw. Ab g
Spalte 3+ Ab qualitic der Bundeszepublik Deurschland - = keinc Angaben i.d. Literatur = = keine Begrenrung f.d. Stof

* = Fflanzenndhestofl, Bodomverbesserung, hohe Konz, erwiinschy

Table 3-19

Table 3-20 b

Table 2.4 Typical properties of primary effiuents

(Thomas and Law 1977)

Concentration
Constituent Range Median
mg/l
Solids
Total dissolved 200-1500 500
Total suspended 50--150 100
BOD 65-200 135
CcoD 150-1750 135
Nitrogen
Total 10-60 40
Free ammonia 7-40 30
Nitrate ——— <0.1
Phosphorus, total 5-17 8

Source: Feigin et al 1991




Table 3-21 a
- Table 2.2 Concentration of trace elements in raw and treated municipal eflluents and the permissible level in irrigation water' and upper limit for O
rinking water for livestock® 3
&
Water quality g:i
criteria for ]
irrigation® Upper limit g
Raw wastewater Primary efflluent . Secondary efMuent for drinking ¥
Long-  Short-  water €
Range Median  Range Median Range Median term term? {livestack) f
=]
mg/l K
-— — — — — — 5.0 — 5.0
< 0.0003-1.9 0.085 < 0.005-0.03 < 0.005 < 0.005-0,023 <0.005 0. 10.0 02
—_— — — — — — 0.1 — 0.1
< 0.123-20.0 — <0.01-2.5 1.0 <0.1-25 0.7 0.75 20 5.0
< 0.0012-2.1 0.024 < 0.02-6.4 <0.02 < 0.005-0.15 < 0.005 0.1 0.05 0.05
<0,0008-81.3 0400 < 0.05-6.8 < 0.05 <0005-1.2 0.02 0.1 200 1.0
— — — — — — 0.05 — 10
<0.0001-36.5 0420 <0.02-5.9 0.10 < 0.006-1.3 0.04 0.20 5.0 05
— — - — — -— 1.0 20
—— — — — — — 50 — Not needed
0.001-11.6 0,120 < 0.02-6,0 <0.2 0.003-0,35 0.008 5.0 200 0.1
— — — — — — 25 — —
— — — — -— - 0.2 e 005
< 0.0001-30 0.110 0.000t-0.125 00009 < 0.0002-0.001 00005 — — 0.0t
<00011-09 — < 0,001-0,02 0.007 0.001-0.0018 0.007 0.04 005 —
0.002-111.4 0.230 <0!-1.5 <01 0.003-0.6 0.004 0.2 20 —
< 0.002-10.0 0.041 < 0.005-0.02 < 0,005 < 0.005-0.02 < 0.005 0.02 0.05 0.05
— — e - — — 0.1 — 01
<0.001-28.7 0.52 <0.02-2.0 0.12 0.004--1.2 0.04 20 100 24.0
Chang and Page (1983); Page and Chang (1985).
Ayers and Westcot (1985). B
The maximum conceniration is hased on a water application rate of 1200 mm/yr, In cases of higher rates, the maximum concentration should be adjusted
ccordingly.
¥ ~4

For use on fine-textured soils.

Table 3-21 b

Table 3.16 Range in concentrations of selected trace elements in dry digested sewage sludges®
{Chaney 1989)

. Typical Maximum
Reported range median Typical domestic
Element® Minimum Maximum sludge soil sludge
14 230 10 — [
1 3410 10 01 25
Cd/Zn, %, 0.1 110 08 — 1.5
1.3 24%0 0 — 200
84 17000 800 t5 1000
10 99000 500 25 1600
80 33500 260 200 1000
A 0.1 15.4 1.7 20 40
0.6 56 6 — 10
Mn 2 9870 260 500 —
Mo 0.1 Y700 20 — 15
i 2 5300 80 25 200
Pb® I3 26 000 250 1 500
26 29 14 — —
17 17.2 5 — —
101 49000 1700 50 2500

*Composting using wood chips as a bulking agent generally produces composted studge 50%, as high
in trace elements as a digested sludge from the same treatment plant.

"mg/kg unless otherwise noted.

“Sludge Pb concentration has dropped significantly during the 1980's in the USA due to reduction of
leaded gasoline.

Sources: Feigin et al. 1991
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Tab. 2.7.3/18: Transferkoeffizicnt Boden-Pflanze, normale Gehalee in Biden, normale und kritische

Konzentrationen

von Schwermetallen im Pflanzenmaterial (Bezug auf T.5.) (aus Saurieck 1985, n. KLOKE et al, 1984; erpini),

Element normal Grenzw.'} Transfer-
in Béden Kocffizient normal krit. fir krit. als
mg/kg mg/kg Boden-Pllanze in Pflanzen Panzenwuchs Tierfuter

Cd 0.01- 0.7 3 1 - 10 < 01 - 1 s - 10 0.5~ 1
Co )] - 10 {5 00— 01 0nr - 0.5 1w - 20 10 - 50
Cr 2 - 50 100 0.01 - 0.1 < L - 1 1 - 2 50 - 3000
Cu 1 - 40 1) -1 3 - 15 15 - 2 0 -
Hg 0.01- 0.5 2 001~ 0.1 < &1 - 05 05— ! > 1
Ni 2 - 50 50 [ T | ol - 5 20 - 30 M - 61)
Ph 01 - 20 100 .01 - 4.1 1 - 5 - 20 1 - 30
Ti 0.01- 0.8 {1} 1 - I < (LS - § 20 - 30 | I 5
Zn 3 - s 300 1 =14 15 -150 150 - 200 300 - 100
As 01 - 20 {20} 0.01 ~ 0,1 < 0] - § - 20 > 50
B 3 —imn {25) 1 — 1) S -3 > 75 150
Be 0.2 - 4) 0.01- 1 0.01- 4.5 > 1 ?

F 20 —-4(0) (2490} 0.01 - 0.1 1 - 5 > 50 40 - 200
Mo 0.2 - 3 0.1 -10 01 - 3 > 1(H) 0 - 58
Se 0L~ 5 (5) 0l -1 01~ 2 "W - 4 - S
Sn 1 - 20 001 - 0.1 ? > 6l ?

v Q.01 - 200 t1 - | L8 B | 1 | 11— 30

"y Greazwene der Klirschlammyerordnung; ¢ ) in Diskussion

Tab. 2.8.4/5: Enrziige von Spurcnclementen durch die
Vegetation bei Abwasserbewiisserungen (n. ISKANDAR,

1981)

Element Konz. in Ernte-  Abwasser Relation
Planzen  entzug zufuhr Zufuhr

zu Encrug
mgxkg~? gxha-1 gixha-! v.H.
xa-! xa~!

As 1 3 60 5

B 50 150 12 000 1.25

Cd 0.5 1.5 60 2.5

Cr. ges. 0.5 1.5 300 0.5

Cu 15 45 1200 3.75

Hg 0.02 0.06 1 0.55

Mo 1 3 60 3

Ni s 15 240 6.25

Pb 2 6 600 1

Se 0.5 1.5 &0 2,5

Zn 50 150 1 800 8.3

Ertragsbasis fiir Ernteentzug: 3000 kg - ha=1 TS;
Abwassergabe: 1 200 mm - a-!

Table 3-22 b

Sources: Blume et al 1992

Table 3-22 a




Table 320 Movement of viruses through soil in relation to wastewater application (After

Frankenberger 1985}

Nature of Nature of Distance Percentage
Virus type fuid medivm Flow rate of travel of removal
T1,TL12 Distilled water 9 types of 0.078-0.313 mi/min 45-50 cm =99
with added soils from
salts California
Poliovirus 1 Distilled water, Dune sand 1-2 mi/min 20cm 99.8-99.9
107*N Ca
and Mg salts
Poliovirus 2 Distilted water Low humic 41-57m*m *day ™! 4-15cm 96-99.3
latosol
Poliovirus 2 Secondary Sandy gravel — 60m 100
eMuent
Coxsackie Spring water Garden soils - 90cm 50
T4 Distilied water Low humic 41-51m*m~*day " 4-15cm 100
fatosol
T7 Secondary Sandy forest - 19.5cm 99.6
treated .
Indigenous Secondary Loamy sand Intermittent 3-9m 100
cnteric eMuent soil avy: 0,02cm/min

Table 3.3 Movement of bacterla through soils

Source: Feigin et al. 1991

Noture of fluid Type of organism Soil type Maximum
distance of
travel (m)

Tertiary treated wastewater Coliforms Fine to medium 6.1

sand

Secondary effluent on percolation Faecal coliforms Fine to loamy sand 9.1

beds 1o gravel

Primary sewage in infiltration beds Faecal streptococei Silty sand and grave} 183

Inoculated water and sewage Bacitlus Crystailine bedrock 28.7

injected subsurface stearothemophilis

Sewage in buried latrine Bacillus coli Sand and sandy clay 10.7

intersecting groundwater

Canal water in infiltration basins Escherichia coli Sand dunes 11

Source: Frankenberger {1984)

Source: Pescod/Arar 1988

Table 4.2. Survival times of selected excreted pathogens in soil and
on crop surfaces at 20-30°C

Pathogen

Survival time {days)

On crops

Viruses
Enteroviruses?

Bacteria
Faecal coliforms
Salmonella spp.
Vibrio cholerae

Protozoa
Entamoeba histolytica
cysts

Helminths
Ascaris lumbricoides eggs
Hookworm larvae
Taenia saginata eggs
Trichuris crichiura eggs

< 100 buc usually <20

< 70 but usvally <20
<70 but usually <20
< 20 but usually < 10

< 20 but usually < 10

Many months

< 90 but usually < 30
Many months
Many months

< 60 but usuaily <15

< 30 but usvally < |5
< 30 but usually < I5
<5 but usually <2

< 10 but usually <2

< 60 but usually <30
< 30 but usually < 19
< 0 but usually <30
< 60 but usually <30

#includes poliovirus, echovirus, and coxsackievirus.

From Feachem et ai, {1983), reproduced by permission of the Weorld Bank.

63

Source: Mara/Caircross 1989

Table 3-23

Table 3-24

Table 3-25




Table 3.18 Survival of pathogens in soils* and crops®

Table 3-26
Organism Survival time in soils {days) Survival on crops {days)
Coliforms 38 <30 (<15)F
Streptococci 35-63
Fecal streptococci 26-77
Salmonellac 15— =280 <30 {<15)
Shigella spp. — 10(<5)
Vibrio cholerae — 5¢(<2)
Salmonetla typhi 1-120
Tubercle bacili > 180
Leptospira 15-43
Entamoeba histolytica cysts 6-8 <10{<2)
Enieroviruses 8-175 < 60
Ascaris ova Up to 7 years
Hockworm larvae 42 <60 {<30)
Brucella abortus 30-125
Q-fever orgamisms 144 Source: Feigin et al. 1991
%% !
o Survival times of excrated pathogens in feces,
% night soil, and sludge at 20-30° ¢ Table 3-27
|
i Survival time
Pathogen {days}
o
- : Viruses of
- Enterovirusea.~ <100 but usually <20
Bacteria
Fecal coliforms < 90 but usually <50
o Salmoniella spp. < 60 but usually <30
o Shigeila spp. < 30 but usually <i0
Vibrio choleraa < 30 but usually <5
Protosoa
- Entamosba histolytica cysts < 30 but usually <13
f% Halwinths
. Ascavis lumbricoides egge Many months
D
- */  fncludes polio-, echo—, and coxaackieviruses.
o
-
ﬂ% : Survival times of excrared pathogens in freshwater
and sewage at 20-30° C Table 3-28
Survival time
Pathogen {days)
. virusesd!
?@ ; Enteroviruneuy - <120 but, usually <30
Bacteria . .
Fecal cnlifomaﬂ" < 60 but usually <30
Salmonella sp ]!’ b < 60 but usually <30
Salmongl.s
Shigella spp.~ < 30 but usually <10
Vibrio chnt:raes" < 30 but usually <10
Protozoa., ' :
Entamoeba histalytica cysts < 30 but usually <15
3 * Helminths '
Ascaris lumbriocoides esge Many months
% a. In seawater, viral survival is less, and pacterial survival is very much
1ess than in freshwater. -
b. Includes polio=, echo-, and coxnackieviruses, . .
c. V. cholerae survival in agueous enviconments is still uncertain.
Pactors affecting survival time of enteric bacteria in soil
. Table 3-29
Soil factor Effect on bacterial survival
Antagonism from soil Increased survival time in sterile soil
microflora . '
Moisture content Greater survival time in moist soils and during
times of high rainfall R
Moisture-holding capacity~ Survival time is less in sandy soils than in

Organic matter
pH

Sunligh'l‘:

Temperature

soils with greater water-holding capacity

Increased survival and possible regrowth when
sufficient amounts of organic matter are present

Shorter auzvival time in acid soils {pH 3-5) than
in alkaline soils -

Shorter survival time at soil surfaca

Longer survival at low temperatures} longer
gurvival in winter than in summer

Sources: Shuval et al, 1986

Source: Adapted from Cerba, Wallis, and Melnick (1975).




MICROBIAL DEGRADATION OF PESTICIDES IN RICE SOILS

Tabls 1. Relative stability of pasticides in floodad and nonflooded solls.

Concen- Soll Time {deys) for 50% disappearance
Posticide tration sam-
{ppm) ~ ples Floodad Nonflooded
Insecticidea ,
BHC {y-, a=, 8—, 8-) 5 4 20 Ne degradatlon
in 28 days'
Dot 20 4 10-45 N? deg;adglti,on
n 28 days
Mathoxychior 30 4 5-40 a0b
Heptachlor 16 4 15-86 . gob
Chiordane 15 4 No dag:;dation No degradat'i:on
in 90 days in 90 days
Dieldrin 15 4 No degradation No degradalli,on
in 90 days in 90 days
Endrin 20 1 [:] No degradation
in 60 days®
20 k] No degradation No degradation
a .dg 60 days ;rslcsﬂ dayst
— >
Aldrin 20 4 80 35-50"
Parathion 50 4 2~-9 No degradation
in 15 daysd
Diazinon 10 3 15 ;’
isoxathion 30 3 <20 40
Carbofuran 30 1 20 95:
Sevin 30 2 13 27
Herbicidas R
PCP 100 7 30 50,
Nitrofen 10 5 1 50,
CNP 10 5 15 50,
Chtomethosxynil 0 5 16 s0'
Benthiocarb 20 5 30-60 10-26" )i k
Swep 5 5 7 2
Propanil 1 1 1 v
Picloram 1 2 60180 90180’
2,4,5T 0 1 a5 Eh
10 1 17 84!
2,4D 20 1 28 9!
20 1 36 3g!
Amiprophos — 1 10 som
Trifluralin 1.3 1 3-10 150"
Benefin 23 1 4 40°
Fungicides
PCNB 100 3 20 No dogradatj)on
in 60 days’
DCNA 100 3 530 No degradat;on
' in 60 days'
Hinosan 50 1 4 109
Kitazin P 10 1 14 10°

%Yoshida and Castro, 1970. BCastro and Yoshida, 1971. “Gowda and Sethunathan, 1976.

Sethurnathan and Yoshids, 1973c. °Sethunathan, unpublished data, 1971, INakagawa et al., 1975.
9venkateswarlu et al., 1977, "Wenketeswarlu and Sethunathan, unpublished data, 1977, ‘Matsunaka
and Kuwatsuka, 1975. iChen et al., 1978, kishikawa ot al., 1976. Yoshida, 1975b. MTomizawa, 1975.

"Probst et al.,, 1967. °Probst and Te

Sethunathan, 1976, "Tomizawa et al., 1976.

, 1969. PWang and Broadbent, 1973. Y9Rajeram and

IRR! 1978
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Dic krisenhafte Situation der menschlichen Existenz 95
Tab. 10: Nettoprimirproduktion von Teiiékosystemen in p C {(Annabme: | g € Table 4-1a |
= 2 g'Trocken-Biomasse). Nach Licth, Whittaker u. Likens, Likens, Wetzelu. a., |
in: Ricpl '
N Produktivititin  Flichenaus- % der Erd-
Okosystem gC m™?-Jahr™'  dehnungin% produktion
Erde total ca. 150180 100 % 100%
marine Gkosysteme @ca. 75 71 % 32- 35%
offener Ozean 1- 200 65 %
Auftriebsgebiete 200~ 500 0,1%
Kontinentalsockel 100- 300 5 %
Korallenrifie usw. 250-2000 0,1%
FluBmiindungsgebiete 100-1750 0,3%
terrestrische Okosysterne @ ca. 370400 21 % 61- 67%
Giletscher, Kiltewiisten,
Trockenwiisten - 5 4,5%
Tundra 5~ 200 1,5%
Halbwiisten, Buschwiisten 5- 125 3,3%%
borealer Nadelwald 100- 750 2,2%
sommergriiner gemiligter
Laubmischwald 2001250 1,3%
warmtemperierter
Mischwald 300-1250 0,9%
Hartlaubwald, Trocken-
biische, Waldsteppen 125- 750 1,6%
tropisches Grasland
(Steppenu, Savannen) 100-1000 2,8%
warmgeméBigtes Grasland
(Steppen, Wiesen) 100- 750 1,7%
regengrine Monsunwilider 300-1750 1,4%
tropische Regenwilder 500-1750 3,2%
oy
3 Kulturland 50-3500 2,6% Abb, 22, Zusammenhang zwischen Fliichenertrag und Naturschutzwert
_— " 407 2.7.3.99 beim Rauhfutterbau,
limnische Okosysteme Bea. 125 0% i34 gluelle: H.\:.tltlg)cm 1588, Abb. 3, p. 14. kStE (Kilo-Stiirkeeinheit, in der Rin-
. o o o ermast giiltig) und GJ NEL (Gigrjoule Nett Laktation i
Fliisse und Seen 1-2500 2,0% 0,3-0,6% Milchkuhfiitterung) sind Nettoerf:z-giemnﬂe, 3?: :Tc; d:ntw;-l: Q:sd;:ttters
Siimpfe und Marschen 400-1750 2,0% 2,4-2,6% E::,““};‘f‘;‘,’é‘f";; I;ﬁssimhﬂm Br;{nnwen enthiilt t kg guies Heu mehr kStE
. echtes Heu,
Source: Kinzelbach 1989
(R1.11) Durch Landwirtschaft ist die fiir den Menschen Figur 4-1b
verfughare Erntemenge pro Fliche stark erhdht ‘
worden. Gegeniiber der Sammlerkultur hat sie
sich etwn vertausendfacht.
Erntgertrag erforz‘d.F]ache
kdfn * a m /Mensch
Sammlerkultur 1- 40 400000
Landwirtsch. ohne Energiezufuhr 100 - 4000 4000
Getreideanbau mit Energiezufuhr 4000 - 40000 400
Algenkuituren mit Energiezufuhr 40000 - 160000 40 Source: Boesel 1990
Figur 4-1c
3
g
Halbtrock 1 oder Kleinseggenried, \ )
‘vielo gefBhrdefe Plianzenarten )
%
£
Traditloneile Mahwieas, o
hoher Naturschutzwert %
P El
| :
H a
Feltwlese oder- welds, g £
wenlg arlenreich =
8 &
g =
Silomais, = a
nahazu chne Begleltfiora T~z
' &
kSIE 1060 2000 SUIDO 4600 5060 6500 5
GJ NEL 10 20 a0 40 50 60 a
——  Flachenertrag E

Source: Hampicke 1991




Table 4: The Impact of dams on fish, pasture, and agricuiture i
African floodplains g production on
Floodplain Areain Area remaini E
1960 (ha) in 2020 (ha) o, :ﬂiﬂ,‘ﬁ?
Sanegai delta 300,000 30,000 80%
Sanegal valley 550,000 55,000 90%
Niger delta 3,000,000 2,700,600 10%
Niger valley 300,000 150,000 50%
Sokolo and Rima 100,000 50,000 50%
Hadsjia Komadugu 380,000 38,000 00%
Logone 1,1 00.600 660,000 60%
Source: Dugan 1990 {Modified after Drijver & Rodenburg, 1988)
Verursacher (Landnutzer und Wirtschaftszweige) Zahl der Table 4-3
betroffenen
Pflanzenarten®
Landwirtschaft 513
Forstwirtschaft und Jagd 338
Tourismus und Erholung 161
Rohstoffgewinnung und Kleintagebau 158
Gewetbe, Siedlung, Industrie 155
Wasserwirtschaft 112
Teichwirtschaft 79
Verkehr, Transport 71
Abfall- und Abwasserbeseitigung 71
Militar 53
‘Wissenschaft, Bildung, Kultus 40
Lebensmittel- und pharmazeutische Industrie 8
Ubersicht 7. Ursachen und Verursacher des Riickgangs von Pflanzen-
arten der Roten Liste in der Bundesrepublik Deutschiand
Ursachen (Okofaktoren) Zahl der
betroffenen
Pflanzenarten*
Anderung der Nutzung 305
Aufgabe der Nutzung 284
Beseitigung von Sonderstandorten 255
Auffiillung, Bebauung 247
Entwiisserung 201
Bodeneutrophierung 176
Abbau und Abgrabung 163
Mechanische Einwirkungen 123
Entkrautung, Rodung, Brand u. . 115
Sammeln 103
Gewiisserausbau und -unterhaltung 68
Aufhéren von Bodenverwundungen 59
Einfiihrung von Exoten 43
Luft- und Bodenverunreinigung 38
Gewissereutrophierung 36
Gewisserverunreinigung 35
Schaffung kiinstlicher Gewisser 27
Herbizidanwendung, Saatgutreinigung 26
Verstidterung von Dorfern 22
Aufgabe bestimmter Feldfriichte 8 Source: Hampicke 1991




i
- : Table 8: Principal threats to protected wetlands In Asla, .
' Tabl
- able 4-5
i Threat ‘Incidence
(% of sfies)
o : Hlegal hunling 48
e
o Dralnage or jon of land ler agricul purposes and human selllement - 45
lllega! fishing and/or overfishing 92
Cutting of wood for domestic purmposes 20
. Pollution lrom domestic sewage, Indusirial waste, pesticides and fertilizers 26
. ; Ovargraring by domeslic livestock 23
o Commaerchal logging 19
; Cutting of aguatic vegetalion for fodder, fuel ete. 15
Harvesting of eggs of waterbirds and/or repliles 15
Eutrophication 12
Source: Data are laken from 89 proteciad Asian wellands of i ional imp idered o be under
moderate (o severe threat {modified irom Scoll and Poole, 1963).
Dugan 1990
Teble 5: Examples of Threats to Protected Watlands Table 4-6
Threat Example )

Groundwater absiraciion The Tabias de Dalmia) National Park {Spaln) has for several years
experienced an acute shorlage of water caused in large pert by uso
of groundwaler for Irigated agricufiure in the surrounding land
(Lamas, 1888), .

Dams “in Tunisia, the waler supply of Lac kchkeul, a Ramaar and World

Heritage site, has bean reduced through dam construction in the
catchmeant (Hokiis, 1588}

Paliulion -0 InBrazi, gold mining In the basin of the Paraguay river has resulted in
severe mercury pollulion of the waters of the Panlanal.
The delicatoly poised wetiend ol Everglades Malional Park

are lhruata;lec_i by auvident runoff from pealland converled to agri
and by alared water flows into the Park,

Siltation The weilands of Gonarezhou Natlonal Park in Zimbabwae are subjec| to
sitting and pallution because of agricuitural activitias in the basin of the
Lundi and Sabi rivers which feed the park {IUCNUNEP, 1887}.

Drainage In Uruguay, epproximately ona third of the Bafiados detf Esta, a Ramsar
site and Unesco Biosphere Rasarve, has basn drained for agricultura.

Source: Dugan 1990

-
Table 4-7
Table 3. Productiviry per 100m’ of water for a natural floodplain (inner delta of the Niger) and an
irrigated rice scheme (Office du Niger)'
Niger inner delta ‘ Qffice du Niger
Meat Milk Fish Rice Total Rice Total |
Total weight (t} 10 118 100 78 100
Weight/ 100m’ (g) 44 506 427 235 5 003
Value/100m’ ($) 0.02 0.20 0.17 0.03 0.42 0.55 0.55
Protein/ 100m’ (g) 8 17 77 18 119 190
Energy/ 100m® (kcal} 83 318 401 853 1 656 i3 749
Inputs/ 100m’ ($) 0.12
Fertilizer 0 0 0 0 0.01
Management 0 0 Very small 0.08
. Oxen ete. 0 0 Very small 0.03
Profit margin
' per 1G0m’ (3} 0.42 0.43
et .
Loss of interest
per 100m’ ($) 0.00 1.08
0 Net profit
per 100m’ ($) +0.42 - .65
i 1. The assumptions underlying this table are detailed in Drijver and Marchand, 1985.
b Source: Drijver and Marchand, {985, ;
Source: Hoolis et al. 1988




fapie 2 Welldricd JUBLTONS Grid Wil iethidit i wanii

Imponance

Role Elements Funciion 10 humankingd Unwise use
Store/sink  Rare, threatenad Genetic diversity Gene pool Excessive or
or endangered Recolopization Science/education uncontrokled
plant and animal source Tounsm harvesi
species and Recreation Damage removal or
communities Heritage pollution
Representative Ecoiogical Gene pool Excessive or
piant and/or diversily Science/education upcontroiled
animal Habitat Tourism harvest
communities maintenance Recreation Damage removal or
Heritage poliution
Peat Nutrient, Fuel, Drainage
conaminant Palaco-environmemal data  Harvest faster
and energy store Horticultural use than
Habitat support Heritage accumulation
Water storage Medicinal products Destruction
Human Archaeological Heritage/cultural Destruction
habitation remains Scientific Lowering the
sites Recreation water-table
Pathway Terrestrial Food ¢hain Food production Interruption or
nutrients, water supporn Water supply abnormal change
and detritus Habitat Waste of Nows
suppon disposal Pollution
Twlal exchanges Food chain Fish, sheiifish Pollution
of water suppornt and other food Barriers to
detritus and Habitat suppont production flow
nutrienls Nursery for Waste disposal Dredge and
aquatic organisms fill
Animal Suppor for Harvest Overexploiation
populations migratory $pecics Recreation Interruption of
including fish Science migration routes
Obsiruction
Habitat degradation
Lakes and Wategpays Navigation Obstruction
rivers N Reduced flows
and tevels
Builer Water bodies, Flood attenuation  Reduced damage Filling and
vegetation, to propeny reduction of
soils and and crops storage capacity
depressions
Water bodies, Detention and Food Removal of
vegelation, retention of production vegeution
soils and nutrients Improved waler Drainage and
depressions quality flood prowection
Waler bodies, Groundwaler Water supply Reduction of
vegewation, recharge and Habitat recharge
soils and discharge maintenance Qverpumping
depressions EfMucnt dilution Pollution
River fisheries
Navigation
Water bodies Locat and global Equable Desiccation
and peat climate climate for
stabilization agriculture and
people
Water bodies Large volume Cooling waler Drainage
Large area Filling
Thermal poliution
Producar Production Food, materials Harvest of Qvergrazing
of plants and habitat timber, thatch Qverexploitation
for migratory fuel and food Drainage
species and Science Excess change 10
grazing animals Recreation dry land or
other agricultural
uses
Animal Fish, shellfish, Harvest and Overexploitation
production grazing and farming Excess change
fur-bearing Habiuat degradation
animals
{rganjc matter Methane production Fuel Drainage
Nutrient cycling Plam growth Desiceation
Sink Lakes, deltas Sediment Raised soil Channelization
Noodplains deposition and fertility Excess reduction
detention Clean downstrean of sediment
channels throughout
Improved water
quality downstréam
Lakes, swamps Bio-chemical Natural filter Destruction of
and marshes self-purification for conlaminants the ecosystem
Mutrient Treatment of Qver-loading
accumulation Organic wastes, of the system

Source: Holiis et al.. 1987.

pathogens and
eflluents

Table 4-8

Source: Hollis et al. 1988




Table 15.40 Contribution of tropical areas to the global flux (102 g/yr) of CH,, N;O,
H,, and CO between different ecosystems and the atmosphere (After Seiler and

Conrad, 1985)

Total Tropical areas

CH, emission by rice paddies 70-170 67-162
CH, emission by wetlands 11-57 9-46
CH, emission by ruminants 72-99 20-50
CH, emission by termites 2-5 2-5
CH, emission by biomass burning 53-97 42-78
CH, uptake by soils 32 25
N,O emission from soils 4.5-17 315
N,O emission from fertilized rice paddies <0.1 <0.1
H, uptake by soils 70-110 3040
CO uptake by soils 190-580 7040
CO emission by plants 50-1040 40-75
CO production by photochemical oxidation of

CH, and NMHC 700-2200 560-1800

Source: Lal ed, 1991

Table 5-1

Table 5-2

Table 15.3¢  Global production rates (10'Z g/yr} of individual sources for atmospheric CH, {After Seiler and Conrad, 1985)

1950 1960 1970 1975
Sources
Ruminants 49 - 69 56 - 81 65 - 92 7299
Paddy ficlds 43 - 106 56 - 135 65 — 158 69 - 167
Swamps 11 - 57 11 - 57 11 - 57 11 - 57
Other biogenic sources 8-20 8§-21 9-22 9-22
Biomass burning 41-74 47 - 84 51-91 53-97
Leakage of natural gas 3-4 7-10 14-20 19-29
Coal mining 20 24 28 30
Other nonbiogenic sources 1 1 1 1-2
Total production 176 — 351 210 - 413 244 — 469 264 - 503
Sinks
Reaction with OH 210 230 270 290
Flux into stratosphere 44 48 56 60
Soils 24 26 30 32
Total decomposition 278 304 356 382

Source: Lal ed, 1991
Table 5-3

Table 1. Atmospheric concentrations, increase, residence time, sources and sinks for major greenhouse gases, and their contribution to global warming.
{adapted from Bouwman, 1990} .

Residence time (yr)
Annual increase (%)
Concentration in 1985
Radiative absorption per
ppm of increase
Contribution (%) to
giobal warming

Total source

Biotic sources (%)}

Major sources
{in Gt or Tg)

Sinks (in Gtor Tg)

co,

100

0.5

345 ppmv
1

50

657.5GtC
20-30

fossil fuel (5.7),
deforestation (1-2)

atmosph. accum, {3.5)
oceans (< 1),
biosphere {7},
charcoal formation (?)

CH,

8-12

1

1.70 ppmy
3z

19

400-640 Tg CH,
70-90

paddies {60-140)
wetlands {40-160)
ruminants (65-100)
termites (10-100)
landfill sites (30-70)
aceans/lakes {15-25)

NO

100-200
0.2-0.3
300 ppbv
150

4

11-17 TgN
90-100

cultivated solls (37)
naturat solls (7)
fossil fuel ()

biomass burning (50-100)

tosail fuel (50-95)
stmosph. accum. (50}
soil oxidation (32)
atmosph. chemistry
(300-650}

Source; from Scharpenseel ed. 1990

almosph. accum, (2.8)
atmosph. chemistry
{10.5)

solls (?)

0,

0.1-0.3
20

na
2000

8

atmospheric

atmosph. accum.
atmoaph. chemistry

CFCs

65-110

3.0

0.18-0.28 ppbv
> 10000

15

manmade

atmosph. accum.
atmosph. chemis-
try




Tabelle 6{2 R i
Zeitliche Verinderungen verschicdener Merkmale im iberfluteeen Reisboden {hach Tarar u.a. 1956).:
o Mertkmal bzw., Giéfic Inkubaticasdauer {in Tagen) T
- 2 8 13T
- Tonisiertes Fe (mg/100 g) 0 20 103 114 95
Be** (O, von Fe** 4+ Fe*t?) 43 59 6 84 78
- Acrobe Bakterico {in 1000/g) 34 110 53 62 65
Anaerobe Bakterien (1000/g) 22 23 10 130 45
Sulfatrednz, Bakeetien (1000/2) 0,3 1.3 18 4.8 5
§* (mg/100 g) 02 0,2 28 125 16.2
NOyN (mgf100 &) 05 o 0 0 0
NH;-N (mg/100 g) 0.4 34 78 8,8 2.6
Gaszusammensetzung (ml/25 g)
0, 0,80 D 0 [} 0
Ny : 2,17 2,00 2,29 4,50 3,37
CH, 0 0 3,67 1240 15,07
Hy 0 0,01 053 2,96 3,30
CO, . 20,9 430 564 56,6 50.3
|
Source: Pagel 1981
TABLE 25.2 Produc!ipn of hydrocarbons during first week of waterlogging soils, Tabie 5'5
Production in p g/kg soil
. Y Organic . -
Soif /"mfm CH, CH, C,H, CH, CyH,
Sand 14 03 06 01 01 7
Sandy loam 3% ¥1 55 . 05 10 16
Gault clay 50 12:5 T6 06 (R} 16
Loam from basalt 98 i79 133 05 12 17

Source: Russel 1973

- TABLE 25.3 The redox potentials associated with the production of different Table 5-6
o reduced substances in waterlogged soils
! E, (at pH 7} in volts
2 ; Chemical transformation
From To
Disappearance of molecular oxygen (14 03
Disappearance of nitrates 06 05
Formation of Mn?* 6 4
Formation of Fe2* 05 03
o Formation of sulphide 00 019
o Formation of hydrogen gas w15 —-022
o Formation of methane ~-015 —0i9
Russel 1973
| !




Health Aspects of Irrigation Development Table 8-1

Table 8.2 Environmental classification of water-reiated infections

Category

Pathogenic
Infection agent

1. Faecal-oral

(water-borne or
water-washed)

Water-washed:
{a) skin and eye
infections

{b) other

. Water-based:

Diarrhoeas and dysenteries
amoebic dysentery
balantidiasis
Campylobacter enteritis
cholera
E. coli diarrhoea
giardiasis
rotavirus diarrhoea
salmoneilosis
shigellosis (bacillary
dysentery)
yersiniosis

Enteric fevers
typhoid
paratyphoid

Poliomyelitis

Hepatitis A

Leptospirosis

Ascariasis

Trichuriasis

Infectious skin diseases
Infectious eye diseases
Louse-borne typhus
Louse-borne relapsing fever

YWREE TILY4awT T To<vwomed

Fig. .24 Major

(a) penetrating  Schistosomiasis H
skin
(b} ingested Guinea worm H
Clonorchiasis H
Diphyilobothriasis H
Fasciclopsiasis H
Paragonimiasis H
Others H
. Water-related
insect vector
(a) biting near Sleeping sickness P
water
(b) breeding in  Filariasis H
water Malaria P
River blindness H
Mosquito-borne viruses ]
yellow fever \'
dengue \4
others \4
= bacterium R = rickettsta
= helminth § = spirochaete
= protozoon V = virus
= miscellancous
Source: Hillman in Rydzewski ed. 1987
Table 8-2
Agent {Pollutant Health Effect
zcteria 1 .
Pathogens----4 Viruses me] mmmesmmeee —————— Infection, Disease
Protoroa
Helminths .
....... wmmmane=---Hypersensitivity
—Urganics A (P P, Acute Toxicity
........ ~--Mytagenesis and
Trace Elements Carcinogenesis
Toxic ] ememng e .---Teratogenesis
Substances--
Nitrates cmeemmmre—ememe- Other Chronic Effects
{cardiovascular,
{mmunological,
Sodium hematological,

neuralogical, etc.)

health effect of pollutants (Kowal 1983)

Source: Feigin et al. 1991




Table 4.1 Environmental classification of excreted infections

Category and

Environmental

Major control

epidemiclogical features Infection transmission focus measure
I, Non-latent; low Amoebiasis Personal Domestic water supply
infective dose Balantidiasis Domestic Health education
Enterobiasis improved housing
Enteroviral infections Provision of toilets
Giardlasis
Hymenolepiasis
Hepatitis A
Rotavirus infection
5. Non-fatent; medium or Campylobacter infection Personal Domestic water supply
high infective dose; Cholera Domestic Health education
moderately persistent; Pathogenic Escherichia Water Improved housing
able to multiply coli infection Crop Provision of toilets
Salmonellosis Treatment of excreta
Shigellosis before discharge
Typhoid or reuse
Yersiniosis
Il Latent and persistent; Ascariasis Yard Provision of toilets
no intermediate host Hookworm infection Field Treatment of excreta
Strongyloidiasis Crop before land
Trichuriasis application
‘ reatment of excreta
intermediate host Fodder before land
application
V. Latent and persistent; Clonorchiasis Water :°ollm.1g. meal:.lnspecnon
aquatic intermediate Diphytlobothriasis Trovumn of toilets
hosts(s) Fascioliasis reatment of excreta

Fasciolopsiasis
Gastrodiscoidlasis
Heterophyiasis
Metagonimiasis
Opisthorchiasis
Paragonimiasis
Schistosomiasis

before discharge

Control of animal
reservoirs

Control of intermediate
hosts

Cooking of water plants
and fish

Reducing water contact

Source: Feachem et al, (1983).

Source: Mara/Cairncross 1989




TABLE 2-13

Basic epideniological features of excreted pathog by envir al .c..u'tg.gnry

Hedian A ;]
. . Multiplication infective : --g:.j'“. :
xeroete outside human dose Signifi : w0 PRI
H b ¢ gnificant nonhusan " Tat
Pathogen load~ Lntem:yJ Persiatence! host (IDgg) fnmuntty? reservolisr? .;:::"t'
CATEGORY 1
Bnteroviruuny 107 1] 3 montha No L Yes Ho "
Repatitie A 'virus 108 (1) 0 T Ho L1 Yen Ho ,.:“
Rotavirus 10% {7} 0 ? Ho L1} Yes Ro(1) lln::
pelantidiunm coll T 5 1] ? Ho L) Ho(t) Tes Nooe
Entamoeba histolytica 10 ‘0 25 days Ho L No(?
Glardia lsoblia . 10% 0 25 daya No L No:'r; ::. ::::
Enterchive varmicularias Hot 0 7 days No L No . No Hone
uBualily .
found
in feces
Rymenoleple oana ? 0 I month Ko L Yen(?) Ho(?1) None
CATEGORY I1
Campylobacter fatua
sap. Jejuni 107 0 7 days Yost! - (T8 3] H Yeo Hona
Pathogenic
Escherichia colif/ 108 0 J wonths Yeo H Yeo(?) Ho(?) Rone
Salmonslla
5. typht 108 [4] 2 monthe 'leli’ H Yeo No Rona - !
Other salmonellaa ll:lg 0 3 months Yool H Ho Tes Hona i
phigells spp. 107 [} 1 month Yeut N No No Hona
Yibrio choleras 10 4] 1 month(?) Tes H Yes({?) No Hone
Yerainias enterocolitica 10} 0 3 monthe(?) tea H{1) Ro Tes Hoae
CATEGORY 111
Ascaris lupbricolden 10“ 10 daya 1 year No L Ro Ho Nona
Tostroral] 10? 7 daye 3 monthe Ho L Ho No Mone
Strongyloiden stercoralis 10 3 daye 3 weeks Yea L Yes No Hone
{free-living
stage much
. N longar}
Trichuris trichiura 10 20 days 9 mantha Ho L No No None
ta and
10* 2 monthe 9 months Ro L Ho - He [
(T.saginata)
or pig
{Y.n0lium)
CATEGORY ¥ .
lonorchis sipanssall 102 6 wgaks Lifa of fish Yeol/ L No Yas Suat) and
s fish
'Dl.ghilifboththm ' 10 2 months Life of fish Ho L Ho Yan Copopod and
dat fioh
: Faselola htgatiu‘-‘-’ T 2 months 4 eonthe Tool/ L Ho Yao Snail and
squatic
lant
Pasctolopste Dusks?/ 103 2 months 1 . Tasd/ L Ho Tes shail and
aquatic
3 . lant
1 1 sonthe(?) ? Tasd! L flo Tae S6ati and
squatie
: : lant
Hatevophyes haterophyel/ 1 6 wesks  + Lifa of fieh Yeol/ L Ho Tee spatl and
: " . fish
Hetagoniwuo :okogwd.y ] 8 waaka(?) Life of fioh Youd/ L No Yas Soall and
. . fish
_Ili_ii t 4 vonths Lita of crab Youl/ L Ho Yas Saall and
nsnnnl.-[ crab or
croyfish
Schistosoms &4 par 5 wosks 1 daye Yaal/ L Yea Ho Snall
‘B.hassatoblunt/ milliliter
of urioe
; g_-jgm:‘i?‘w 40 7 vasks 2 days Tand/ . L Tas Tas Snadl
3. mavsond” 40 4 vesks 1 days Yaud/ L t flo Soall
‘laptospira lpp.y' urira(?} 0 7 days Ho L Yan(?) Yas Hons
. 1
L Lew (€207); M medium (v 10%); ¥ high 2106). ;
Uncartain.
s» Typicsl svarage number of orgsnisas par gram of faces {ancept for Schimtosoms hasastobium and Laptoepirs, vhich oceur ina urios}.
b. Typical minimum time froa axcretion to lofectivity.

¢. Ratimatad msxleus 1ifa of infactive stage at 207-30° C,
:ds  Includes polio=~, acho—, and comsachiavirusea,
@« Woltiplicstion tskes placa pradosinantly on fooed.
f. 1ncludes enterctoxigenic, sntaroinvasive, acd enterophathogenic B, cold,
-8 Ancylostoms duodsnalé end Hecator smaricenys.
. hs  Latency 1s ainiswm time from excretion by man to potential reinfection of man, Persistence hers refars to miximun survivel tiee of final infactive
3 stege. Life cycla involves one intersediste hoat.
" 14 Latency sud parsistence as for Tasnia. Lifa cycle fovolves two intermadiate hoats.
§. Multipliestion takes plsce in intermediate smail host.
k. For the reasons given in Chapter 1, Leptospira spp. do not fit any of tha categories dafined im Table 2-2.

Source: gﬁval et al, 1986




TABELE 2-4

Belwinthic pathogens axcreted in feces

Table 8-5 a

Helminth Comman name Niseane Tranamissfon Distribution
Ancyloatoma Hookworn Hookworm Han «> goil ~> man Hainly in wara wet
ducdenals climates
Ancaria Reundwora Ascariaaia Han ~» aoil «> man Worldwide
lumhricotdes
Clenorchis Chinese liver fluke Clonorchiasis Han or animal -> Southeant Anla
sinersin aquatic anail -»
— Eigh <> man
Biphyl)ebo- Flah tapeworm Biphyllobe— Han or animal ~» Widely distributed,
thrium thriagia copepod - fish -» mainly in
Tatum aan temperate reglons
Esterablus Fimiorn Enterobiasis Han ~> man Worldwide
veraicylaris
Fasciols Sheap liver Fluke Fascloliasie Sheep -> aquatic Worldwide in sheep=
epatica anail -» aguatic and cstrle-cvaising
vagatation —> man areas
Fasciolopsia Gisat intestinal Fapciolopsianfis HMan or pig -> Southeast Asla,
huski £luke aquatic Anaill =» rafnly China
aquatie vegetation
= man
fiastrodis~ L Gaatrodia- Plg ~> squatie India, 3angladesh,
colden coldiantn anall -» aquatic Vietnam, Philippines
hominis vegetation -> man
Haterophyes n.a. Heterophylanis Dog or car ~» kKiddle East,
Eetarogﬁzel . brackish water scuthern Europe,
snail => brackish- Asla
water fish -> man
B .
Hymenolepis Dwarf capeworm Hymenolepianin Han ot todent =} Worlidwide
napa man
Hetagonimus n.a. Hetagoniniasie Dog or cat -=) Eaat Asia, Siberia
yokogawad aquatic anatl -)» (USSRY
. freshuacer fish =>
mzn
Hecator Hookwora Hookworm Han => soil => man Hainly fn warm wet
americama clinates
Opisthorchis Cat liver fluke Oplsthorchiasts Cat or man ~> USSR, Thailand
falineus aquacie anail =»
fish => man
D wiverrind n.a,
Faragonimug Lung fluke Paragonimiasis Fig, man, dog, cat, Southeast Asia,
westeraani or nther animal -> scattered foel fn
aquatic anail -> crab  Africe and South
- or crayfish -> man Ameclcy .
Sehistosoma Schistosong Schistosoniasie; Man -> aguatic snail -» Africa, Middie East,
hacaatobimm bllharziasis man India
5. Japonleun Aninals and was -> Southeast Asia
snail => man
5. mansoni Man -> aquatic snail -=> Africa, Middle Fast,
L1 Contral and South
America
Strongyloides Threadwors Strongyloidiasis Man => man Hainly in ware wet
stercoralis elinstes
Taenia Beef tapeworm Taeniasis ¥an => cow -> aun Worlduide
saginata
T, 2olium Pork tepevorn Tasniasis Han => pig {or man} => Worldwide
aan
Irichuris Whipwora Trichuriaais Han -» sail ~> man Worldwide
trichiura
n.x, Wot applicahle.
Viral pathogens excreted in fecea
Table 8-5b
Can
symptomless
infectciona
Virus Disease occur? Reservoir
Adencviruses Numerous conditions Yea Man
Entercviruses
Polioviruses Poliomyelitia, paralysis,
and other condicions Yes Man
Echovirusea Numerous conditions Yes Han
Coxsackieviruses Numercus conditions Yes Man
Hepatitia A virus Infecticus hepatitia Yes Man
Reoviruses Kumerous conditions Yes Man and
animals
Rotaviruses, Norwalk agent,
and other viruses Didrrhen Yea Probably
man

Source: Shuval et al. 1986



Bacterial pathogens excreted in faces

Can
symptomlaess
. infection
Bacterium Disease occur? Reservoir
Campylobacter fetus assp. jei;ni Diarrhea Yes Anig,ls & man
Pathogenic Escherichia coli=! Diarrhea . Yes Man2
Saimonella
8. typhi Typhoid Fevar Yes Man
$. paratyphi Paratyphoid fever Yes Man
COther salmonellae Food poisoning and
other salmonelloses Yes Animals & man
Shigella spp. Bacillary dysentery Yes Man
Vibrio
V. cholerae Cholera Yes Man
Other vibrios Diacrhea Yes Man
Yerginis enterocolitica Diarrhea and
septicemia Yea Animals & manEl

a. Includes enterotoxigenic, enteroinvasive, and enteropathogenic E. coli.

b. Although many animals are infected by pathogeniec E. coli, each serotype is
more or leps specific to a particular animal host,

c. Of the thirty or more serotypes identified so far, a number seem to be
associated vith particular animal species, There is at present insufEicient
epidemiological and serological evidence to determine whether distince
serotypes are spacific to primates.

TABLE 2-3

Protozoal pathogens excreted in feces

Can
symptomlesg
infection
Protozoon Dissate gceur? Reservoir
Balencidium Diarrhaa, dysentery, and Yea Man & animals
coll colonic ulceration {especiatly
X . R pigas and rats)
Entamoeba Colonic ulceration, amoebic
histolyrieca dysentery, and liver abacess Yen Man
Giardia Diarrhes and malabsorption Yen Man and aAnimals
Lanblia

Source: Feachem et al. (1981).

Sources: Shuval et al. 1986

Table 2.11 Water-borne pathogens and their effect on health (Cowan and Johnson 1984)

Group Genus Effects on human health
Bacteria Salmonella Typhoid fever, paratyphoid fever, enteritis,
: salmonellosis, food poisoning
Shigella Dysentery
Escherichia Enteritis (pathogenic strains)
Vibrio Cholera, enteritis, food poisoning
Clostridium Gas gangrene, tetanus, botulism, food poisoning
Leptospira Leptospirosis
M ycobacterium Tuberculosis, skin granuloma
Viruses Poliovirus Fever, poliomyelitis, enteritis

Coxsackievirus A
Coxsackievirus B
Echovirus
Adenovirus

Reovirus

Hepatitis A virus

Protozoa Entamoeba
Giardia

Helminths Schistosoma

Trematodes

Cestodes Taenia

Nematodes Ascaris
Anchylostomum
Heterodera

Headache, muscular pain

Nausea, meningitis

Diarrhoea, hepatitis :

Fever, respiratory infection, enteritis, inflammation of
the eyes {conjunctivitis), involvement of central
nervous system

Common cold, respiratory tract infections,
diarrhoea, hepatitis

Infectious hepatitis {fever, nausea, jaundice)

Amoebic dysentery

Giardiasis

Schistosomiasis (Bilharzia)

Tapeworm infestation in man, in cattle eating eggs
(T. saginata or T. solium, respectively), eggs develop
into the Cysticerus stage

Roundworn infestation

Hook worm infestation

Potato cyst eelworm

Source: Feigin et al. 1991

Table 8-5 ¢

Table 8-5 d

Table 8-6




Safe use of wastewater and excreca

Table 8-7
Figure 4.1 Pathogen-host properties influencing the sequence of
events between the presence of a pathogen in excreta or
wastewater and measurable human disease attribut-
able to excreta or wastewater use
EXCRETED LOAD
» latency
+ multiplication
« persistence
« treatment survival
9
INFECTIVE DOSE APPLIED TO LAND/WATER
+ persistence
» intermediate host
» type of use practice
» type of human exposure
L
INFECTIVE DOSE REACHES HUMAN HOST
+ human behaviour
+ pattern of human immunity
RISKS OF INFECTION AND DISEASE
» alternative routes of transmission
]
PUBLIC HEALTH IMPORTANCE OF EXCRETA AND
WASTEWATER USE
From Blum & Feachem (1985), reproduced by permission of the International Reference Centre for Waste
Dispotal,
Source: Mara/Caircross 1989
TABLE 2-14 Table 8-8

Epidemiological characteristies of enteric pathogens vis-i-vis
their effectiveness in causing infections through wastewater irrigation

Persistence Minimum Concurrent Latency soil
in infective routes of development
Pathogen environment dose Immunity infection stage
Viruses Medium Low Long Mainly home No

contact and
food and water

Bacteria Short/medium MWedium/high Short/medium Mainly home No
contact and
food and water

Protozoa Short Low/medium MNone/little Mainly home No
) contact and
food and water

Helminths Long Low None/little Mainly soil - Yes
contact outside
home and food

Source: Shuval et al. 1986
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Table 8.1 Examples of increased prevalence of schistosomiasis
resulting from water resource development projects

Project Preproject Postproject Schistosome
(year prevalence prevalence species
Country  completed) (%) (%)
Egypt® Aswan dam 6 60 (3yr  S. haematobium,
(first) (1906) later) S. mansoni
‘Sudan® Gezira scheme 0 3060 (15 S. haematobium,
(1925) yr later)  S. mansoni
Tanzania® Arusha Chini low 53-86 (30 S. mansoni
(1937) yr later) '
Zambia Lake Kariba 0 16 adults, S. haematobzf.tm,
and (1958) and 69 S. mansoni
Rhodesia? children
(10 yr
later)
Ghanad Volta Lake low 90 (2yr 8. haematobium
(1966) later) ]
Nigeria®  Lake Kainji low 31 (yr S haematobium
(1969) later)
45 2 yr
later)
Iran® Dez piiot 15 27 (2yr S haematobium
irngation later)
project
(1965)

Source: Hillman in Rydzewski ed. 1987

Table 2.1 Type of vector infection, diseases, and disease organism

Type of vecior infection Disease Disease organism

Mosquito-bomne Malaria Protozoon
Filariasis Nematode
Yellow fever Viruses
Dengue {arbo viruses =
Encephalitis arthropod-borne
Other arbo-viral infections viruses)

Snail-bome Schistosomiasis " Trematode
(bilharzia)
Clonorchiasis Trematode
Opisthorchiasis Trematode
Paragoniamiasis Trematode
Fascioliasis Trematiode
Fasciolopsiasis Trematode

Fiy-borne African trypanosomiasis Protozoon
(sleeping sickness)
Onchocerciasis Nematode
{river blindness)
Leishmaniasis Protozoon
(kala azar, oriental sore)
Loiasis Nematode
(various types)

Miscellaneous

Water flea Dracontiasis Nematode
(guinea worm)

Bug American trypanosomiasis Protozoon
(Chagas’ disease)

Louse/tick Plague, louse-borne fevers, Bacteria,
and other fevers spirochete,
(tick-borne, mite-borne) ricketisiae

Source: Qomen et al. 1990

Table 8-9

Table 8-10




- Table 8-11

human health
Dlagnosis
Traatment

Economic
Importance

Vactor cantrol

Prevention

weak and may have seriously diseased Tiver or
bladder,

Eggs are found In stool (mansoni and Jjaponi-
ctm) and urine (haemalobiin).

Effective curative drugs are available,

An estimated 200 million people are infected
but heavy infection is patchy. However, both the
distributlon and the number of heavy infections
are inereasing.

Removal of snail habitats or killing gnails with
chemicals,

Provision of safe water sources and proper sani-
tation, reduced contaminatlon of water with
human faeces and urine, changes in humen be-
haviour. . .

human health

Diagnosla
Treatment

Economic
Importance

Veetor controt

Prevention

=
. Fact sheet for Schistosomiasis Fact sheet for Malaria
Common name Bilharzia Typs of caLrlsal Blood pratozoon, genus Plasmodium
. organfsm
Type of causal Blood fluke, genus Schistosoma. 9
organiam 1mpoﬂ7m Plasmodium faiciparum, vivar, ovale and mala-
{mportant Schi h tobh j and faponi- specles rige.
specles cum Vector Mosquitoes of the geaus Anopheles. There are
Vector Anuatic snails mainly of the genera Bulinus, one or two important species in each region,
Biomphalaria and Oncomelania, respectively . Transrission By the bite of mosquitoes which previously fed
Transmlssion Human contact with weter contelning infective on infected humans,
stages which are shed from infected snails. Con- Environment ‘Within 1.2kms of suitablc breeding sites which
tact often accurs while bathing. inctude a wide variety of relatively clean water,
Environment Fresh water associated with ircigation schemes, dFPEt“d‘“S an species. The mosquito bites at
reservoirs and water holes. night,
Eftact on Heavily infected individuals feel unwell and Effect an Fever and wealkmness are common. F. faleiparsm

infection can lead 1o death if untreated. Partial
imnunity after long exposure,

Examination of blood films,

Effective prophylactic and curative drugs are
available but there is increasing drug resistance.

Many hundreds of millions of people are in-
fected or expased but partial immunity Is wide-
tpread. Can serfously undermine development
projects, especially when non-immune setilers
are involved.

Source reduction; residual house spraying; envi-
ronmenta! management.

Prophylaxis; personal protection using bedners
and repellents; vector ¢contral.

Common name

Type of cauaal
organism

Impaortant
specles

Vectar

Transmiselon

Environment

EHect on
human health

Diagnosis
Treatment
Economle
Imporiance
vector control

Prevention

Fact sheet for Onchocerclasis

River blindness
Filarial worm

Onchocerca vohvdus

Blackflles of the genus Simurdiien. Imporiant
specles includ bers of the Simuium dam-
Aosum compler.

By the bite of blackilics which previously fed on
infected humans, They bite during the day.

Within abous, 10kms of rivers and streams where
the Bles breed In elean, well aerated, fast flowing
water.

Intense itching, skin changes and swelling with
blindness in the later stages.

Examination of skinsnips.. ... -veeace

Oral administration of 8 newly develaped drug
celied Ivermectin.

Fear of blindness causes people to leave the
river valleys, Severe disability due to biindness.

Acrinl spraying of breeding sites. Design of spill-

ways and canals to reducs breeding.
Repellents; vecior control.

Common name

Type of causal
organism

Vector

Tranamlaaton
Environment

Effact on
human heaith

Dlagnoals
Treatmant

Economie
Importance

Vector controf

Provention

Common nama

Type of causal
organism

Vector
Transmisslon

Environment

Effoct on
_ human heaith

Dlagnosis
Treatment
Economic

importance

Vector control

Prevention

Fact sheet for Japanese Encephalitis

IE,
Virus

Maosquitoes in the genus Culerx,

Bite of mosquito. Animal reserveir in pigs and
birds such a5 herons and egrets.

RiceBelds, Night biting mosquitoes.

Serious mental disturbances leading to brain
damage and death. In epidemics children aze the
main victims.

Difficult and specialised.

Supporiive only.

Only a small percentage of infected people de-
velop symptoms. Epidemics could severely dis-
rupt irrigation projects.

Ricefield breeding mosquitaes are difficar to
control,

Avoid pig rearing near irrigation schemes; envi-
ronmental management.

Fact sheet for Dengue and Dengue
Haemorrhagic Fever

Dengue and Dengue Hat¢morrhagic Fever
{DHF)

Vinus

Mosquitoes of the genus dedes. A common
species is Aedes asgypti,

Human contact with day biting mosquiroes.
Urban areas, houses and gardens.

Often affects children, DF is relatively mitd but
DHF iz a serious complication requiring hospi-
tallzation and frequently results in death.
Difficult and specialised,

Supportive only.

Increasing numbers of epidemics in many tropi-
cal and sub-tropical areas, Great pubiic concern,
Dgsu-ucu'on or emptying artificial containers
twice per week, Insecticidal fogging can be used
to balt an epidemic,

Vector control.

Fact sheet for African Trypanosomiasis

Cammon name

Type of causal
arganiam

important
specles

Vector
Transmisslon
Environmant

Eftact on
human health
Dlagnosis

Treatment

Economic
importance

Veoctor control

Prevention

Gambian and Rhodesian Sleeping Sickness
Protozoon of the genus Thpanasoma.

Thypanosoma gambierite and thodesiense

Tsetse fies, genus Glassing.
There is an anlmal reservoir jn some regions.

Savannah woodiand and riverain vegetation of
Sub-saharan Africa, The fly bites during the day.

Mental disturbances, brain damage and death.

Detection of parasite in blood film or other parts
of the body.
Supervised administration of drugs with toxic
side-effects,

A similar disease is a major constraint on caitle
production, The human disease is nsually spo-
radic but devastating cpidemics continue to
oecur.

Environmental management; insecticide
spraying; trapping.

Prophylaxis; active case finding where no animal
reservoir; reduced fly contact,




Guldelines for Forecasting Vector-Borna Disease

‘Fact sheet for Yellow Fever

Type of causal Virus
organism
Vector Mosquitoof the genus Aedes. A common species

is Aedes aegypti. .

By the bite of mosquitoes which previously fed
on infected humans or monkeys.

Either forests inhabited by monkeys of urb.an
arens where the mosquito breeding site is artifi-
cial comtainers. The mosquito bites by day.

Transmisslon

Environment

Eflect on Many infections may not produce symptoms but
human health others are very serious.
Diagnosls Ditficult and specialised.
Treatment Supportive only.
Economic Occasional epidemics with widespread sickness
importance and death. .
Vector control In urban areas artificial containers should be
destroyed or emptied twice per week. Insectici-
dsl fogging can be used to halt an epidemic.
Prevention By vector control and vaccination of the human

population.

Guldetines for Foracasting Vector-Boma Diseasa

act sheet for Visceral Leishmaniasis
Common name Kala Azar

Type of causal Protozoon of the genus Leishmania,

Vector control

Prevention

organism
important Leishmania donovani
specles
Vactor Sandflies, genus Phlebotomus in the Old World
and genus Lutzomyia in the new world,
Transmission Bite of sandfly. Animal reservoir in rodents and
canines as well as people,
Environment In and around houses in India, more rural araas
elsewhere,
Effect on Enlargement of liver and spleen, Can cause
human heaith death if untreated.
Dlagnosis Detection of parasites in organ samples, Detec-
_ tion of antibodles, =~ T
Treatment Supervised administration of drugs with toxic
side-effects,
Economic Epidemics have occurred in India but elsewhere
Importance cases arc sporadie,

Residual house spraying witb insecticides where
transmission is domestic.

Destruction of canine resarvoirs; vector control;
repellents; resiting villages.

Appendht C - The Fact Sheets

Table 8-11 cont.

G5

Gommon name

Type of causal
organism

Important
specles

Vactor

Transmisslon

Environment

Eflact on
human health

Diagnosis
Treatment

Economic
Importance

Vactor control

Prevention

Fact sheet for Lymphatic Eilariasis

Elephantiasis, Bancroftian filariasis, Brugian
filariasis.

Filarial worms
Wiuchereria bancrofti, Brugia malayi.

Mosquitoes of the genera Anopheles, Aedes,
Culex and Mansonia. In urban areas the vector
isusually Cufex quinguefasciatus which breeds in
water polluted with sewage.

By the bite of mosquitoes which previously fed
on infected humans or, in one very restricted
area, on wild animals.

Mainly urban, Mainly night biting.

Repeating fever. Legs and sometimes genitals
become very swollen and infected in later stages.
Detection of the worm larvae in a blood film.

Ora} administration of a cheap and effective
drug known commonly as DEC,

Many millions of people are infected but are not
sick while others suffer repeated fever. People
with swollen limbs suffer much distress and have
difficulty moving about.

Source reduction by drainage and larviciding in
urban areas; residual house spraying.

By vector control or contact prevention.

Appendix C - The Fact Shests

Fact sheet for Cutaneous Leishmaniasis

GCommon names

Type of causa?
organism

Important
specles

Vector

Transmisslon

Oriental sore, Espundia, Chiclero’s ulcer
Protozoon of the genus Leishmania.

Leishmania tropica, major, braziliensis

Sandflies, genus Phiebotornus in the Old World
and genus Lutzoryia in the new world

Environment

Effect on
human health

Dlagnosls

Treatment

Economic
importance

Vector controt
Pravention

Bite of sandfly. Many reservoir animals, espe-
cially colonial rodents,

Semi-arid regions where irrigation is likely; S.
American forests,

Open sore, self-healing in some regions, more
serious in others.

Microscopic examination of stained material ex-
tracted from the ulcer.

Sclf—helaling forms require no special treatment.
Supervised administration of drugs with toxic
side-effects.

Serious outbreaks reported on water develop-
ment prajects in some semi-arid regions.

Residual house spraying.

Destruction of animal reservoirs; vaccination.

Source: Birley 1992




Table 8-12

Table 2-1
A broad indication of ihe vector-borne diseases naturally transmitted in
each zoogeographical region.

Table 8-13

Table 2-2
A broad indication of the distribution of disease between regions.

Mexico, Central and South America

Widespread dengue and yellow fever, some bancroftian fila-
riasis, some onchocerciasis, widespread cutaneous and re-
stricted visceral leishmaniasis, widespread schistosomiasis
(mansoni), widespread Chagas disease, widespread malaria.

North Africa and Asia excluding India and S.E. Asia

Widespread dengue, guinea worm, some bancroftian filariasis,
widespread cutaneous and restricted visceral leishmaniasis, re-
stricted schistosomiasis, malaria. .

India, S.E. Asia, the Indonesian and Philippine
archipelago and Indian Ocean

Widespread dengue, guinea worm, widespread bancroftian and
brugian filariasis, -some- cutaneous.and. more .¥jsceral leish-
maniasis, restricted schistosomiasis (jeponicum), widespread
malaria, Japanese encephalitis.

New Guinea, Solomons, Vanuatu and other islands of the
Western Pacific

Restricted dengue, widespread bancroftian filariasis, restricted
schistosomiasis (japoniciim), widespread malaria,

Africa South of the Sahara, Madagascar and S.W. Arabia.
Widespread dengue and yellow fever, bancroftian filariasis,
loiasis, widespread onchocerciasis, restricted cutaneous and
visceral leishmaniasis, widespread schistosomiasis, sleeping
sickness, widespread malaria, guinea worm,

4
[V

Japanese encephalitis is associated with rice growing and pig
keeping in Asia, sometimes becoming more severe away from
the equator,

Yellow fever is found in West Africa and South America, but not
in Asia (although the vector is present).

Malaria is widespread in the tropics and sub-tropics, restricted
by altitude.

Sleeping sickness is restricted to Africa, between the Sahara and
the Zambezi river basin,

American trypanosomiasis, or Chagas disease, is restricted to
Mexico, Central and South America. It is not specifically associ-
ated with water,

Bancroftian and brugian filariasis are associated with the
humid tropics or coastal areas.

Onchocerciasis is restricted to West Africa, South and Central
America and a few foci in Bast and Central Africa,

Dengue fever is spreading throughout the tropics and sub-tro-
pics.

Dengue haemorrhagic fever is currently reported mainly from
India, S.E. Asia, Philippines, the Caribbean and the Indian
Ocean.

Schistosomiasis due to S. mansoni and S. haematobium is asso-
ciated with the savannahs and semi-arid regions of Africa and
the Middle-East and South America.

Schistosomiasis due to 8. japonicum is restricted to South East
Asia, China and the Philippines.

Other forms of schistosomiasis with very restricted distribution
include intercalatum in Africa and malayiensisimekongi in South
East Asia.

Table 2-7

Source: Birley 1992

Distribution of mosquito-borne diseases.

Mosquito Disease

Distribution Table 8-14

Malaria

Throughout tropics

and sub-tropics

Subfamily: Anopheline

Genus: Anopheles Bancroftian filariasis

Asia and Africa

Brugian filariasis

Asia

O’nyong nyong virus

Africa

Bancroftian filariasis

Throughout tropics

Subfamily: Culicine

Genus: Culex Encephalitis virus

Asia, Americas,
Europe, Africa

Subfamily: Culicine Bruglan filariasis

Asia

Genus: Mansonia Other arboviruses

Africa, Americas

Yellow fever virus

Africa, Americas

Subfamily: Culicine
Genus: Aedes

Dengue virus

Asia, Americas, Africa

Dengue Haemorragic

Asia , Americas

Other arboviruses

Asia, Americas, Africa

Bancroftian filariasis

Pacific

Source: Birly 1992
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India 1977 625818 ... + - - - B2 NS REFEZ
Indonesia 1975 130 597 - 10009, 0.0l - - - + - 2 2a 5gpB0
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Lao People’s ac? B ogEwebd g
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.
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Data not provided by country.

endemicity; + + +-high endemicity.
These countries did not respond to the questionnaire.

Source: Qomen et al. 1990




Table 1. Some estimates of crop losses due to pests of cultivated crops in Table 9-1
selected African countries
Country Crop % Crop losses caused by
Insects Diseases Birds  Weeds
Ethiopia CoHae - 20-25 - -
Sasamea - 100 - .
Sorghum - - - a5
Gambia Millst - 20-30 - -
Ghana Rice 25 5-50 9-25 20-80
Cassava 10-90 50-100 - -
Groundnuts 12.50 5-25 - -
Kenya Cashew - a0 - .
Caraals - - 12 -
Mozambique Rice 50 - - -
Migeria Cocoa 15-25 3090 - -
Coliea 30-80 - - -
Grain lagumas 10-55 - - -
Cation - 20-50 - -
Cereals 1525 10-20 - -
Sierra Leone Swamp rice 10-20 380 - -
Irrigated rice 3050 - - -
Groundnuts . 10 - -
Cowpea 30 - - -
Sudan Rica . - - 69
Millet 20-20 - - -
Tanzania Maiza 3-27 5-30 - -
Sorghum 4 . - .
Wheat - - 30-t00 -
All grain - - 50-100
Table 2. Estimates of crop losses of stored products in some African Table 9-2
countries, 1970
Country Crop % Loss
Burkina Faso Legumes 50-100
Cameroon Legumas 10
Carvals 10-20
Egypt Rics 5
Ghana Legumes 912
Careals 10-15
‘Yams 15-40
Nigeria Legumes Jo-40
Maize 20-30
Rice 5
Yams 20-67
Siarra Leone Rice 5-10
Legumes 8
Tanzania Legumes 5
Uganda Legumes 20-3u
Careals 15-20
Source: Youdeowei in Yaninek/Herren (IiTA) 1989 :




AGRICULTURE Checklist 1-

RESETTLEMENT

KEY BIO-PHYSICAL FACTORS FOR AGRICULTURAL

Quality of Information:

Available, Current

Reliable

1.Physical Factors

Bio-climatic regime:

s Rainfall- total, seasonality and range of
+  variation in annual ratnfall

*  Temperature and thermal regime

¢ Length of growing peariod

»  Wind strength '

s  Evapotranspiration;

Hydrographic setting - the location of the project in
relation to the characteristics of the surrounding
watershed management unit;

Water resources

Surface water-total availability, seasonal varlability and
quality

Ground water-total availability, aquifer recharge rates,
quality, potential pollution from agricultural wastes

Upstream /downstream externalities -forest clearance,
flood plain, industry, urban centres

Drainage and use of drainage water

Soils

Taxonomic classification

Chemistry and fertility

Physical structure

Texture

Impediments to mechanization - recks, slopes, internal
drainage and susceptibility to erosion

Landforms

Physiography - slopes

Drainage - network, internal, water table,Groundwater
recharge

Active floadplain - definition, frequency

2 Binlegical Pactors

Ecological Zone

Areas of major biological significance;
Biogeographic context

Ecosystem stability and resilience,

Sultability for agriculture

Pests and diseases of crops and animals

Land cover: including vegetation and land use;
Protected Areas:

Existing national parks or equivalent reserves
Size, legal status, administration

Proximity to and representativeness of project area
Candidate areas requiring protection status:
Critical habitats - bioka, watersheds

Riparian protection.

3 Natural Hazards and the risk_of man-induced hazards:

Soil evoston, landstides, earthquakes, volcanism,

potential human disease vectors, fire ‘hazards,

yes no yes no

yes no

Source: Burbridge {FAQ) 1988
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Table 10-2
SPECIAL SESSION - R.9 122

-

Table 1. Costs and efficiencies of different types of modern irrigation system
(Couts et efficacités pour différents systémes dirrigation moderne)

Merhod Equipment Annual Efficiency
and Type Initial Cost Life Maintenance 3
$ U8 /ha yI % of Cost
Surface (Preeisjon) :
Basin{level)} 370 - 1,085 con 1 70 - 90
- Border 70 - 1,085 con 1 70 - B85
Furrouw 150 - 750 ean 1 65 - 85
Conveyance - o
Lined 400 - 1,250 15 3 -
Piped 800 - 2,500 20 1 ---
Automation 300 10 5 ---
Sprinkle
Lateral -
Hand -MHove 450 - 675 15 2 65 - 80
End-Tow 600 - 950 10 3 65 - 75
Side-Roll 800 - 1,100 15 2 65 - 80
Side-Move 950 - 1,350 15 4 65 - 80
Hose-Fed 450 - 675 5/20 3 60 - 80
Traveling Gun 950 - 1,200 10 6 55 - 70
Center-Pivot
Standard (400 m) 1,100 15 5 70 - 85
w/Corner 1,200 15 6 65 - B85
Long (500 m) 700 15 5 65 - 85
Linear-Hoving
Ditch-Feed 1,100 - 1,300 15 6 65 - 85
Fipe-Feed 1,600 - 2,050 15 6 65 - B5
Solid-Set '
FPortable 2,700 - 3,250 15 2 65 - 75
Permanent 2,300 - 3,500 20 1 65 « 75
Localized
Orchard o
Drip/Spray 2,200 - 3,500 10/20 3 75 - %0
Bubbler 2,500 - 4,000 . 15 2 60 - 85
Hose-Pull 1,200 - 1,800 5/20 3 65 - 90
Hose-Basin 1,500 - 1,860 1/20 2 55 - 80
Row-crop
Reusabla 3,000 - 5,000 10/20 3 65 - 90
Disposable 1,850 - 3,000 1/20 20 60 - 80

Derived in a large part from the ASCE 1988 Report, "Selectien
of Irrigation Methods"

Source: Keller in ICID 1990




Okologische Answirkungen von Fluistaunngen

Wahnchein- Auswirkung Zeitliches  Maglichkeit ingi

A ; b ab 9

lichkeit des auf FluBab- Verhalten  zur Ver- fingig von Bedeutung

Eintreffens schnitt hinderung
Kiima sicher Einzy :
gs-. petmanient  kaum Fliche des Spei- An ’

z . derung d imas in Richt
%iellucrr;::c;m- chersees. Auswir- t'euchterexr \E:rﬂllrtl:::: Rlchtgng
e kungen sekunditer beschrinkt auf den regionatén’

Effekte im Einzugs- Bereich g
gebiet

Hydrologi sh i

ydrologie sicher ilpe:t:her-. permanent  nur bev Staumanagement, Verfiilkung des Speichers mit
Fl:’ iz:ttslmm- grenzt ‘-Ynsserfdhrua:lg. FluB-  Sedimenten. gedindertes Yer-

linge, Seegrife halten des Stromes im Bercich

unlterhalb des Dammes, Flug-

Geologie/ eventuell Spei i Erhohans der Ter

‘ peicher-, y ? 8 i ] :

o ctoge Unistsirom- g:::]ﬂ; :;nd Tiefe des E’rh_c_ihl‘mg dcrdE:drbethemkli\_rit‘:il.
gebiet tektonk: ch Ver- Flubdel i un, eon.

halten "

Pedeolog S i :

(denr?lpc sicher IS-:mT:::; petmanent  begrenzt Landnu'lzing im Ein-  Einflu® au{ Sedimentationsrate
UI::; "suo.m- 1upgc'h!el und Spei-  im Speicher, Erosionsgefahe.
gebiet chergebiet, ) Schallung neuer Kulturland-

Bewisserung im schaft, Versalzung von Biden
Unterstromgebiet
Vegetation und sicher Einzu,
. rmang:

yeset Speiclf::-. permanent  begrenzt ‘nfra}suuktu.r 1:"‘1 ;fertuit nPJtuma::r lﬁkusy:tcme,

3 ! gsinde- g der Landschaft,
l:,tieer:tmm rung, Verlust genetischen Potenuals
gel Waldsaubbau

Biologische Auswirkungen von FluBstauungen

Gebist Wirkung

Anderung der Wanderunpméglichkeit flr Pllanzen und
Tiere (Lalchwanderung, Verbreitung von Samen und
Frichten etc.);

Versumpfung des Stauwurzelbereichs;
(berschwemmungen von Uferbereichen nach heftigen Re-
genfillen (bei flachen Ufern), Rickstau in 2uflihrende Ge-
whsser;

Verlinderungen im Artengsfige von Pflanten und Tieren

Elnzugsgebiet

tendenzielle ErhShung des Trophiegrades; ,Wasscrgite
und Wasserqualitit' (1); verrottende Vegetation flihrt zu
' Faulschiamm- und Fauigusbildung in Tiefenbereichen;
Entwicklung lebensfeindlicher Wasserbereiche;
Versumpfung und Verulrung Gbenchwemmiter Uferbe-
reiche;

Labiiitit des entswandensn See-kosystems in Produktivi-
tht, Artenvielfalt und Artengefiige der Plianzen und Tiere;
Massenentwicklung einzelner Arten; vor allem verstirkies
Wachstum von Algen und Wasserpflanzen

Speichergebiet

g mit

Anderung der Watser tzung, Ar
Faulgasen etc.; )
Anderung der Wasscrchemie und des Stdmunpverhaliens
bewirkt Selektionsprozes fiir Tier- und Pllanzenarten;
Verringerung ehemaliger Uberflutungen (Daver, Nihrstof-
fe, Sedimente, Ausdehnung etc.);

Erhthung des TideeinfluBbereiches und A des
Salzwassereinflusses auf Wasser und Land im Deltabereich;
Anderung der Wanderungsmbglichkeit My Tiere {vor allem
Laichwanderung.von Fischarten);

Knderung der Lebensbedingungen der aquatischen Tier-
welt (Anderung der Wasserchemie und des Submungsver-
haltens. Selektionsprozed fir Tier- und Pflanzenarten)

Unterstrombereich

dah

Auswirkungen von Flufistauungen auf die Fischfauna

Gebiet Auswirkung

Ausbleiben von wandernden Arten;

Anderung im Artengefige;

Eindringen von fremden Arten aus dem Spoichergebiet

Einzugsgebiet

;'\usblgiben von wandernden Arten;

Anderung im Artengefige durch Anderungen der Biotop-
bedingungen;

Gelinderte Artenkonkurrenz;

Eindringen/Einbringen neuer Arten und dadurch neue Ar-
tenkonkurrenz;

Eutrophierung verindert Nihrstoffangebot und fihnt zu
toxischen Bedingungen (Faulgase);

Uferform bestimmi neue Habitatsstrukturen und beein-
fubs vor allem dat Laichverhalten;

Sekundarer Einflud durch Fischerei

Speichergebiet

Gelindertes Abfluverhatten;

Fehlende Sedimente fihren zu Hubitatsverindcrungen;
Gefahr der Gasiiberskttigung (Gasblasenkrankheit);
Eintrag von toxischen Gasen und Stoffen aus verinderiem
Hypolimnion;

Anderungen von Uberflutungiflichen flhrt zu verinder-
tem Nahrungpsangsbot;

Anderung chem.-phys, Wasserkomponenten (Tribe, Tem-
~ peratur, Dichte u.a.} fihrt zur Selektvitht unter den Ar-
o ten;

Anderungen im Delta/Mindungsbercich durch eindringen-
des Meerwasser fUhrt zu Habitaténderungen

Unterstrombereich

Source: Dilger in Stiiben ed. 1987
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HEALTH

RESETTLEMENT

BIOMASS REMOVAL

HATER KEHDS

HATER CQUALITY

EROSICN

CRARDO¥N STRIP

CULTURAL PROPERTY

MULTILE USE

HAVIGAT N

[NOUCED SEFSHICITY

INTACT RVERS

Table 11-2a

-13 -

Fige 3.1 Environmental Aspects of Hydroprolects

Some water-related diseases can Increase uniess precautions are Implemonted (e.g. vector
control, prevention) schistosomlasls, onchocerciasls, encephalitis, malaria, etc. Remediation
usually impossible; prevention is the only cost-effective approach.

of people Is expensive and time—consuming when done acceptably. The people can (and should)
be better off afterwards. Can hydroprojects become reglonal development projects, which
integrate rural development for people, with watershed management and irrigation?
Resottlement of winerable ethnic unacculturated minorities should be avoided; |f unavoldable,
special precautions are necessary.

Extinction can be minimized by siting. Loss of wildlife can be mitigated by Including a wildland
man?gtmmt unit, equlvalent to the ted tract In the watershed. Biotic rescue can
assist.

nigrations (If any) wlil be impaired without passags facliltles. Fish promotlon In the reservoir
can ritigate and produce more than before the project.

related to whatever water quallty Is needed downstream, to fisheries, and to navigation.

Valuable timbers and fuel should be salvaged; “"opportunlty cost” of lost timber and foregone
use of inundated land should be intermalized,

proliferation can Increase disease vectors, and transplration Increases water loss and Impairs
fish and water quality (e.g. Water Hyacinth (Eichhornia), Water Lettucs (Pistla)). Clogging
Lnlpalrs navigation, recreation and irrigation. ~Some potential to use weedS Tor compost,

ogas, r.

wlthin reservolr and downstream; saline intrustlons; water retentlon time (i.e, flow/volume),
loss of Qjﬁhm; decreasa nutrlents in estuary; pofiution monitoring (agricultural leachates,
industries).

upstrean leads to sedimentation which can Impair storage; watershed management should be
routing. Increased erosivity befow dam.

useful for recession agriculture (with disease and access precautions).

Archealogical, historle, paleontologic, religlous and esthetic or natural unigue values or sites
should be conserved or salvaged.

can be optimized by tourlsm, irrigation, fisheries, recreation. Regulation Improves seasonal
rivers Into perennnial waterways; advantages for drinking ard irrigation.

may need speclal provisions such as locks, cleared shipplng lanes, and access ramps If
drawdown Is large. Lake transport may become economically advantageous,

Tectonic movements may Increase or decrease; monitoring Is becoming routine.

Hydro and other developments are better concentrated on the same rivers In order to
preserve representative rivers In thelr natural states.

Source: R. Goodland (1885).

Source: Dixon et al. 1989




Impacts on Water
Alteration of River Flows

1. reduction of floods
2. increase of minimum flows

Modification of Water Quality

1. reduction of turbidity

2. reduction of sediment transport

3. modification of the contents of dissolved gases
4. depletion of oxygen - at early stages

5. oversaturation - {low temperatures)

Poassibility of Genmeration of Induced Selsmicity

Butrophication of Water Bodles
Evaporation wersus Evapotranspiration

Reservolr Stabllity end Riverbed Erosion

Impacte on vegetation

Lose of Individuals within the Resarvolr Area
Modification of Plante Habitats
Impacts on Fauna

Ichthyofauna - Consequences of Alteratiocns of their Living Media

1. lentlc fish (still waters)
2. lotic fish (running waters)
3. migratory fish

L semiaquatic mammals
5. water mammals

6. reptiles

7. water fowl

Impacts on Human Actlvities
Displacement of Populations

Modification of Population Activities

1. extractiviast

2. agricultural

3. urban occupations

4. transportation means and facilitles

Reduction of Agriculture and Cattle Raising Lende

1. increase of irrigation possibilities
2. potential increase in fish production

Plooding of Archasological and Cultural Sites and Landmark:

Impacts on Public Health
Watarborne Diseases
Multiplication of Vectors

1. ineects
2. mollus

Source: Rangeley in: LeMoigne et al. {wB} 1289

" Table 11-2b



Table

- 26 -

4.1:

Table 11-3

Selscted Environmental Effects and thelr Economic mpacts

Enwlronmental Effect

Economic mpact

Environment on Dams
1. Soll erosion - upstream,
sedimentation In reservoir

Dams on the Environmant

1. Chemicai water guality -
. changes In reservolr and
downstream

2. Reduction In siit
toad, downstream

3. Wwater temperature
changes (drop)

4. Health — water related
diseases (humans and
animals)

5. Fishery ~ Impacts on
fish Irrigation,
spawning

8. Recreation - In the
reservolr or river

7. Wildlife and
blodiversity

8. Involuntary
resettiement

9. Discharge variations,
oxcesslve diurnal

variation

10. Flood attenuation

reduced reservoir capacity;
change In capacity; change
in water quality; decrease
in power

Increased/reduced treatment
cost reduced flsh catch, loss
of production

loss of fertliizer, reduced
slitation of canals, better
water control

reductlon of crop Yields
(esp. rice)

sickness, hospltal care
care, death; decrease meat and
milk productlon -

both loss and Increase In fish
production

value of recreation opportunities
gained or lost, tourism

creation or loss of specles,
habitat and genetic resources

cost of new infrastructure,
soclal costs

disturbs flora and fauna, human
use, drownings, recassion
agriculturs

reduces after flood cultivation;
reduces flood damage.

Represantative
Bansfit (B) Valuation
Cost (C) Technlque
B,C change In production,

B,C

B,C

B,C

8,C

B,C

8,C

8,C

preventive expenditures,
replacement costs.

preventive expenditures,
changes In production.

replacement costs,
preventive expeanditures
avolded.

changes In production.

loss of earnings,
haalth care costs.

changes in production,
preventive expenditures.

travel cost approach,
property vaiue approach.

opportunity cost approach,
tourism values lost,
replacement costs.

replacement cost approach,
ugaclal costs”, relocation costs

relocation costs, changes In
production.

changes In production, flood
damages avolded.

Source: Dixon et al. 1989




Table 11-4
Major Envionmental Factors

Not all dam projects have significant adverse environmentai consequences. Whether or
not they exist, however, must be determined. One approach to identiflcation of #kely
snvironmental factors is to examine the three broad reglons associated with any dam project:
the dam and its reservolr, the upstream area, and the downstream area. {Figure 1.1 is ona
reprosentation of this concept.) Some anvironmental factors are common to all reglons,
othera to only one or two. Stmllariy, not all of the factors listed necessarily pertain to all
dams, nor wil all of them necessarlly be found In any one dam. For example, some
impoundment areas may not Include villages, agricultural fand, or marketable timber, but the
possibliity should be considered.

The following listing Is a brlef summary of major factors, Detalled discussions are
found In many sources; In particular, the International Commission on Large Dams (ICOLD) has
produced several excellent references (ICOLD, 1981, 1985, 1987) as has the American Soclety

of Civll Englneers (1978). The 1981 ICOLD Bufietin, Dam Projacts and Environmental Success,
discus9es general snvironmental problems and remedies, health problems, benaficial side
effects, and monitoring and control of project. The 1985 Bulletin, Dams and the Environment:

Motes on Reglonal influences, focuses on the particular environmental concerns in each
of three cimatic reglons: temperate; tropical, sub-tropicat and arid; and severe winter
anvironmants.

mDmWMtNea

specific provisions must be made to olminate or mitigate snvironmental damage In the
Impoundment area during and after construction. Some of these affects are the responsibliity
of the contractor and others are the responsibliity of varlous government agencles.

Provislons should be Incorporated Into construction tenders so that the oaventual
contractor clearly recognizes its responsibility for construction related impacts. The Bank
has formalized Instructions for contractors that cover many points, Including the foilowing:

o location of borrow areas and borrow pits;

o alr and water poliution from construction eguipment, earth movement, and [lving
quarters;

o screening of laborers for mported water-related diseases;
o solid waste disposal;

¢ sliting of contractor taclities and othsr Infrastructure to minimize destruction of
the natura! landscape; and,

o nolsa pollution.

Other environmental affects found in the dam and mpoundment area may be the
responsiblity of the contractor, the project authorlty, or varlous government agencles,
These environmental impacts can be both negative and positive and inciude the foliowing:

o Population Influx, assoclated with the nsed for labor for cangtruction, may cause
problems including poliution and a varlety of iinked soclal effects inciuding heatth,
gecurity, and impact on local cuttures;

o Direct affacts on peopla: reservolr creation may Involve Inundation of housses,
villages, farms and nfrastructure such as roads and transmigslon fines. When
people are invoived, Involuntary resettlement Is reguired. Involuntary resettiement
imposes major soclal and aconomic costs; It reguires particular attentlon and has
been the subject of special in—depth consideration by the World Bank (ses Cernea,
1988a, 1988b, and Cernea and Le Molgne, 1989 for detalis on the Bank's policy
and operational guidelines regarding the planning, economic. anatysls, and
implementation of Involuntary regettiement);

o Cultural/Mstorical sites: inundation of sites or areas of historic, religlous,
aesthetic or other particular cultural vatue, and sites of archecloglcal and
palsontological significance requires special attention. (For World Bank

experiencas with cuttural property, ses Technical Paper No. 62, Goodland and Webb,
1987);

o lundation of agricuttural land, especialiy highly productive bottom lands;

o Tundation of forast land, may mean the loss of valuable timber and specles
divarsity. Salvage mbering can recover soma of this potentiai loss and provide
other reservolr beneﬂts; spacles loss may not be replaceable;

o Inundation of wildife habltat, particularly habitat of threatened specles with
consequent Impact on blologicat diversity;

© lundation of potentiafly valabls mingral resourcas;

o Inundated vegetation blomass left In the raservoir can affect water quality it the
water |s to be used for potable purposes, reservolr fishing (for example, through
Intarferenca with nets), operation and longevity of dam and assoclated machinery
(s.g., offect of floating debrls, chemlcal reactions, and wear on turbines);

Souwrce: Dixon et al. 1989




0 ‘Water wasds: Profiferation of water weeds can Increase disease vector:
water quality and fisherles, increase water loss (through transpirationy; affec
navigation, racreation and fishing, and clog irrigatlon structure: and: urblne's

o Fisharles: The dam will block Tish migrations In the river, aithaugh fish; adde
sometmes be practical. Substantial new reservolr fisherles are often possible |
carefully planned and managed. In the Saguiing reservolr In Indonesia, for examp!
the reservolr fishery helped those resettled to restore or even surpasa:thelr:
previous Income levels. Similar results have been observed elsewhere Including
Thalland (Nam Pong) and in Gujarat, india; T

o Water guality within the reservolr 13, In part, dependent on what happens upstream
and retention time within the reservolr, Quality may be affacted by salt
accumulation, eutrophication from weeds and blomass dacay, turbidity, poilution from
agricultural, industrial and human wastes, and fish processing. By trapping )
sedmant, the reservolr provides better quallty water downstream with less
suspended matter. See Garzon (1984) for a fuller discussion of water quality In
hydroetactric projects;

o Healtth: Establishment of the reservoir and assoclated water management structures
{e.g., canals and ditches) can create conditions fostering establishment and spread
of water-related diseases such as schistosomiasia, onchocerclasls, encephatitis, and
mafarta. Prevention, whsre possible, Is essential, since treatment to eliminate most
diseasa vectors is difficuit {or impossible) and expensive once they become
established. In other cases, avallabilty of regulated water supplles for municipal
and Industriat use (M and D) can have major beneficiat effects;

o Effact of drawdown regima, which may create agricuttural possibliities, as well as
health, recraational, aesthetic,and access problems;

o Selsmicity may be induced by large reservolrs;
o Ground water lavel In the surrounding area may be altered;

o Local climate may be modified by large reservolrs, especlally in terms of humidity
and local 1og;

o Tsmperature of released water may be higher or lower than amblent river
temperature (depending on pattern of release); this will have varying impacts on
downstraam water users;

Upstream_Conskderations

A variety of upstream considerations can affect the dam and Ita reservolr. While not
directly “caused" by the dam, these effacts may be Induced or exacerbated by the dam. For
sxample, dam construction and reservoir filing may provide access to a préviously remote and
inaccessible area. The Induced population In-migration may lead to increased agriculturai or
mining activities with major mplications for ecll eroslon, sedimentation, and water quality. Some
of the more important upstream considerations follow:

gadimentatlon Is a major problem for many dam prolscts. Unfortunately, our knowledge
of sedment delivery patterns Is mperfect and much of tha sediment flowing intc a reservolr
may have started Its movement some time ago. These questlons are discussed In detail in
Mahmood (19887). Thers Is no question that reservolrs wil graduafly Tl with sediment, the
question is at what rate and what can be sconomically done (it anything) to Influence that

rate. Dead storage capacity is buiit Into most reservoir designs to act as low coat, and
offective, sedment traps.

Incraased population settiement and economic development in the upper c¢atchment or
watershed usuafly Increase soil movement. The timing and witimate impact of this Increased
movement on the resarvolr varles greatly from case to case.

The major sources of sediment are the following:

o Existing sediment: sedment resuiting from previous natural or Induced erosion
remains In the bed of watercourses and elsewhere In the watershed area, and wil
continue to flow Into the reservolr, particularly in perlods of heavy rainfail
(espaclally in "young” geological areas, such as the Himalayas);

o Unusual natural sedimentation: natural events such as volcanic activity,
earthquakes, mudslides, typhoons and *100 year pracipltation events” may cause
neavy sedimentation regardiess of watershed management measures;

o Road building and other construction, not necessarlly assoclated with the dam
project, can cause soil eroslon and assoclated sedimentation;

o Eroston from (usually unplanned) clsarance of vegetation, logging, and cultlvation
by pecple who have moved into the watershed areas as a direct or Indirect result
of the construction of the dam project. This Is largely a planning and reguiation
problem,

Changes In land use caused directly or indirectly by the dam and dam construction,
primarily from increases In population due to planned or unplanned resettlament from inundated
areas or sisewhere. These changes may also go on without the project; the question lg the
rate of changs. In-migration from both downstream and outalde the river bagin area is often

faclitated by the project (improved access due to new roads and water transport). The
resource and environmental effects include the following:

o Cultivation on unsultable sites, often unplanned, using unstable or otherwise
unsuitable iands (e.g., steep siopes, poor solis) leading to soll eroslon and
sadlmentation;

Source: Dixon et al. 1989




o Logging, usually unpfanned and often Hegal, whiéh'i'esults I
unsustainable expioitation of the resource, and' erogion:

© Poaching, le., llegal, unsustainable exploitation of wildlifa;

o Denudation of vegstation for cultivation, fuel ooliaét;i:‘r‘:,_a’n loggl

© Loss of witdiand and widiife habltat, with knpact on endar,
reduction of biokigical diversity;

g'éré&__-'sbe:;_ci.a and

0 Negattve mpacts on assthetic and scenic qualities of the aréa “a.rid the potantlal:
for certaln recreational uses. The reservolr, however, may creats recreaticnal

benefits;

o Polution from settlements and cuitivation;

Changsd watershed hydrology. The changes In land use patterns, It extensive enough,
may affect the timing and magnitude of runoff, especiaily during major storm svents. Changed

vegetative patterns may also Influence dry season stream flow. Hamliton and King (1983) S |
discuss the relatlonships between surface cover and hydrology In detall.

Salt_inflows from the watershed may accumulate In the reservolr and affect water !
quality. Simitarly, catchment runoff may carry Increased quantitles of agricuftural chemicais |
and fertilizer with resultant impacts on reservolr water quality.

Downstream Considerations

Numerous impacts are feit downstream. Many are poslitive and are the reasons why
dams are bulit—-increased krigation, improved water control, hydropower generation and water
supply benefits. Whether thay are considered direct or Indirect project effacts, there are
other environmental and resource impacts that can ba both positive and nepative. Among
these are the following:

o Impact on river fishary due to changes in flow regime, sffact of dam blocking fish
migration, changes In water quailty (e.g., loss of nutrients trapped by dam, poilution
from krrigation return flow, and increased water turbldity);

Effect on traditional flood plain cultivation through changee In fiow and ficoding

regime, and loss of annual “top dressing” fertiization from limited flcoding. Control

of severs flooding can alyo yleld benefits through reduced crop and property
losses;

-]

o mpact on othor water projects: changes In stream fiow and water releases from
the dam affect dams and irrigation projects slsewhere in the lower basin, The
Impacts can ba both positive and negative. Reduced siit content In water, for

axample, wil lower downstream O % M costs and permit better water management;
lower slit levels also decrease potabls water treatment costs. On the other hand,
weed growth In exlgting canals may Increass with perennfal water supplies:

o impact on municipal and industrial water supply downstream can have both positive
and negative effects depending on water quantity and quality;

o Stream bad changss are one posaible, but not a common resuft of the changed
watar flow and sediment load. This Includes tha possibility of Iincreased stream bed
drosion below the dam due to “hungry” water {(with reduced siit loads) being
released from the dam;

o Effect on sstuarine and marine fisharles and marine blota, Including endangerad
specles, through change in flow regime, change in water quallty (e.9., pollution from
toxic chemical and salts from Irrigation return flow to river) and loss of nutrlents;

© Sait Intrusion Into estuarine and lower river basin areas may result from sustained
or seasonal reduction in river flow;

o Groundwater lavel changes: Higher ievels dus to the high water levels in the
resarvolr. Downsiream, in old ficod plain areas, the groundwater lavel may fall but
in krigated areas, it may rige;

o  Health problems from water-related diseases or parasites (simHlar health problams
may aiso occur in the reservolr itseif), primarlly from krigation and assoclated
canals;

o Effects on wildiife and wildlands through loss of or change In habitat may result in
an impact on blojogical diversity.

Asgoesy Like ance

Identification of Hkely envirormental or resource mmpacts Is the first step. Once they
have been ldentified, it Is necessary to assess or evaluate which impacts are mportant and ;
nead 1o be taken Into account. Mot all impacts are of equal mportance and limits on data |
and resources (money, trained staff, tims) mean that decisions must be made on which impacts i
to consider further.

Ceortain offects are so obviously mportant that they wilf aiways be Included In the
expanded analysis: involuntary resettiement Is one example. Othars may or may not be
mportant. For example, the reservolr may flood a troplcal forest and destroy this diverse
scosystem. Are shmllar areas avallable nearby? Are there any endangerad epecles that may
be driven to extinction? Are thers uniqus cuitural or historic sites such as the Abu Simbal
monument that was moved to prevent its lnundatlon by Lake Nasser created by the Aswan
High Dam?

Given a trained multidisciplinary study team, the most Important effects ars usualy well
identifled and guantiffed. Exparience from simPar projects In the same country or In !
geographicaily similar settings can provide valable guldance and the Bank has considerabls in- Source; Dixon et al. 1989
house axpertise on these topics. Assessment Is a skili, not a check~list activity.




Table I—Checkiist of potential impacts from impoundment
projects

Consiruction phase

Sediment pollution and stream siltation

Pesticides, petrochemicals, and other potential poliutants

Quandification of erosion and sediment generation

Relevant criteria for sediment pollution

Protection of water quality during construction—general
Erosion and sediment control technigues
Treatment of polluled water from construction site
Activity scheduling

Componens of solid waste from construction operations

Disposal of chemicals and containers

Summary of solid waste impacts

Air pollution sources al construction sites

Noise generators at impoundment construction site

Typical construction noise levels

Rough estimation of noise impacts

Damaging effects of noise

Impoundment area
Probable land use impacts ‘
General methodology for evajuating Jand use changes and impacts
Lossof stream and bottom land
Relocation impacts
Recreational development—general
Secondary air pollution impacts {parking, and so on)
Solid waste generation at recreational areas
[mpact of land inundation on impouadment water quality
Organic decomposition and dissolved oxygen deficiency
Solution of iron and manganese
Loss of wildlife habitat
Assimilative capacity changes—-general
Primary determinants
Critical water quality conditions
Effects of stratification and density currents
Eutrophication and associated impacis
Consideration of evaporation
Shift from river to lake environment and reduction of species diversity
Sedimentation in impoundment
Modelling of impoundment water quality
Estimating significance of site conditions with respect 10 impaundment
water guahty ’
Potential for erosion in reservoir
Relationship of morphometry 1o potentiai cutrophication and weed
roblems
utrientsources and loadings
Quantification of influent water quality
Changes in point and diffuse poliution sources
Probability of water quality problems in stratified reservoirs
Evaluation of reservoir fisheries
Summary of water quality parameters that may be affected by
impoundment and relevant criteria
Thermal criteria for fisheries

Downsiream and areas of water use
Influence of Jand acquisition policy on reservoir development
Induced development in reglon
Land use impacts caused by increased flood protection
Land use impacts of irri?auon impoundments
Evaluation of water poilution from irrigation
Policy concerning use of flood plains
-Prevention of water c1ua1il_v degradation from irri%alion projects
Impacts of water qua ity changes on downstream iota
Impactof dam as barrier
Flowregime changes—general

Quantification of hvdrographic modification

Seasonal and diurnal flow variations

Minimum rejease requirements

Low-{low augmentation analysis

Effects on riparian vegetation

Flow requirements for salmon and otherspecies
Temperature changes—general

Er?Fortanl categories of fish species

sots of outlet location and impoundment operation
Possible thermal effects on downstream species composition
Thermal criteria for fisheries

Effects on downstream uses

Source: Canter 1983




Table il—Checklist of bio-physical and eultural e .
Catepory Sub-category Factor =

Terrestrial ~ Population Crops CE

' Natural vegetation. -
Herbivorous mammals
Carnivorous mammals
Upland game birds
Predatory birds

Habjlat/landuse  Bottomland forest!
_ Upland forest*
- : Open{non-forest) fands®
. : ) Drawdown zone

- . : Land use

Land quality/ Soilerosion

Soilerosion Soil chemistry

. Mineral extraction
Critical community Species diversity
relationships

Aquatic Populations Natural vegetation
Wetland vegetation
Zooplankton
Phytoplankton
; - Sportiish
ommercial fisheries
Imertidal orpanisms
Benthos/Epibenthos
i Waterfowl
Habitats Stream®
Freshwater lake*
River Swamp®
Non-river Swamp’
Water quality Hlevels
. urbidity
Suspended solids
Water temperature
Dissolved oxygen :
Biochemical oxygen demand
Dissolved solids
Inorganic nitrogen
Inorganic phosphate
Salinity
Iron and manganese
Toxic substances
Pesticides
Faecal coliforms
Stream assimilative capacity
Water quantity Stream flow variation
. Basin hydrologic loss
Critical community Speciesdiversity
relationships

Air Quality Carbon monoxide
Hydrocarbons
Oxides of nitrogen
Particulates
Climatology Diffusion factor

Human Noise . Noise
Interface .
Aesthetics Width and alignment
- Variety within vegetation type
Animals—domestic
Native Fauna
Appearance of water
Qdor and floaling materials
Qdor and visual guality
Sound
Historical Historicalinternal and external
sites
Archaeological Archaeelogicalinternal and
exiernal sites

T. A composite of the species associalions: percentage mast-bearing
trees; percentage covered by understory; diversity ot understory,;
percentage covered by groundcover: diversity of groundcover; number
of trees = 16in diameter per acre, percentage of trees = 16 indiameter:
frequency of inundation; edge {quantity); and edge (quality}.

2. Acomposite of the following: species associations: percentage
mast-bearing trees: percentage coverage of understory. diversity of
understory; percentage coverage of groundeover. diversity of
groundcover: number of trees =16in diameter/acre: percentage of
trees =16 in diameter: quantity of edge: and, mean distance ta edge.
3. A composite of the following: land use: diversity of land use:
quantity of edge: and. mcan distance to edge.

4, Acomposite of the following: sinuosity: dominant centrarchids:
mean low water width; turbidity; total dissolved solids: chemical 1ype:
diversity of fishes: and, diversity of benthos.

5. A compasite of the following: mean depth: wrbidity: total dissolved
solids: chemical type; shore development: spring flooding above
vegelation line; standing crop of fish: standing crop of sport fish;
diversity of fish: and, diversity of benthos.

6. A composite of the following: species associations: percentage
forest cover: Fe reentage flooded annually; groundcover diversity;
[’)ercemagc of groundcover: and. days subject o river overflow.

A composite of the following: species associations: percentage Source: Canter 1983
forest cover, Ferccnlagc flooded annually: groundeover diversity and
percentage o

groundcover.
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