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‘Integrated éystems

review; developing countries,. internaticnal cooperation, fish -

production,'. aguaculture, aguacultural research, marketing;
economics, husbandry systems

HUISMAN,E.R.

Aquaculturél'research as a tool in jnternational assistance.

AMBIO, 19, 1990, PP- 400-403

in this paper the following aspects are be touched on:

- the role of fish (the term vfigh" includes finfish, shellfish .
rand crustaceans); '

-~ the role of aguacunlture; and

- the role of aquacultural-research in international agsistance.

The share of fish in the total world food production of animal

origin is some 12%. '

The production ratio Ffish to meat ie 0.6, since somewhat more than
20 million tons of fish are processed for fish meal/oil and fish-
production. :
In many developing countries, fish play a much more important role
than these figures suggest. Fish protein contributes 25% and 31%
of the total animal protein consumption in africa, and th
centrally planned economies  of nsia and the Far :
regpectively. ‘ : :
gince these regions are inhabitated by roughly half of the world'
population, it is obvious that the importance of fish relative t
meat can be very high regionally. . L
Especially in low-income countries, the consumption ratio of fis
to meat 1is much higher than 0.6, emphasizing the fact that fis
represents a relatively cheap commodity . ‘ O
products of animal origin, including fish, are of major importan
as human food commodities due to their relatively high content o
essential amino acids. Moreover, @ health claim is oft
attributed to fish consumption in view of fish containing high
amounts of polyunsaturated fatty acids relative to the amouln
found in domestic animals. . o
gince it is becoming more and more obvious that capture fishery
resources are 0ot unlimited, emphasis ~has _been given
enhancement of aguaculture in order to -close the increasing.gd
‘between demand for and supply of fish. :

Total international assistance to the aquacultural sector amounte
to some 370 million USD over the periocd 1978-1984.

- Against this background ‘the role of agquacultural research
discussed. It is argued that aquacultural research ghould not on
‘be production oriented, e.g- related to fish, to fish husband
systems, and  to fish-farming systems, but that research al
ghould be resource oriented and take into account- the market, €
sqcibeconomic feasibility and viability, as well as the adequal

f target groups as future producers. ‘ o

.based fisheries"

" such research muét i i .
cl researc: inevitably i F L
objeéctives i 1y reconsider t i :
the direct izﬁzesagiiﬁpgutﬁltlon and diet Eipigzﬁxé;?ted project
both these obj . of gubsistence farmer as well as
ok hess objoctives and Larget droups can b 5E Groat inpstroros
Fisheries pave the $a P?31¢Y_Concerning aquaCultu%efzzvl?portance
aguacultural Operationgr or aguaculture. Integration é? Oggigt:
, ain

like :
and accept \ 'reproductlon ce . :
pted forms of fisheries, resulting iztiE?EaYitg existing
wt e "culture

: could be a
approach more accept ;
Ig summa;§ rﬁgaéaarfas than are aquacultura% %ggiatigcloeconomical
assistance ’Sh;%ld?ubtural PesearCh as a tool in in .
implement such form e ffashloned to the needs to lgternatlonal
economically feaSibi of aquaculture that are sociall egeloP and
activities of e, linked to and not competi Yy absorbable,
. the target groups, and have Pa lrlll?-gk{:rlth present

multiplication in th

e ta s

growth of the sector rget area, to ensure ultimately aggggomgﬁr
. 5
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‘Tntegrated systems.

“Asia,’ Philippines, review, book, proceedings, project workshop,
sustainable development, coastal resources utilization, habitat
restoration, alternative livelihood, gocio—econonmy, cultural
aspects, inetitutional framework, legal framework, 'ICLARM

STILVESTRE, G.

Towards sustainable development of the coastal resources of.
Lingayen Gulf, Philippines. :

Proc. of an ASEAN/ﬁS Coastal Resources Management Project Workshop

Bauang, La Union, Philippines, ISBN 0115-4435,1989, 180 p. +.

annexes

The coastal waters of Southeast Asian countries have some of tThe
world's richest ecosystems characterized by extensive coral reefs
and dense mangrove forests. These waters are further enriched with
nutrients from land which enable them to gsupport a wide diversity
of marine life. : o .
The coastal zones of most nations in the Association of Southeast
Asian Nations (ASEAN) are subjected to increasing population and
economic pressures manifested by a variety of coastal activities,

notably fishing, coastal aquaculture, waste disposal, galt-making,

tin mining, oil drilling, tanker traffic, rural construction and
industrialization. This situation is aggravated by the expanding
economic activities attempting to uplift the standard of living of
coastal people,. the majority of whom live below the official
poverty line. _
The Lingayen Gulf coastal area, located in the northwestern part

of TLuzon island, illustrates in microcosm the depletion and:

degradation ~problems regulting from unplanned and competing
resources utilization in the country.

The mix of water—based (e.g., capture fisheries, aquaculture, sea
‘transport, tourism) and land-based (e.g., urban developnient

farming, logging, mining) economic activities in the- area has- put

considerable stress on the resource systems which are the very:

basis of the viability of these activities.

Amongst others the following are the conclusions and
recommendations stressed during the workshop: o

- nlternative livelihood program, social /educational actiomn plan

upland/coastal afforestation, marine park - establishment,

legal/institutional program and human resources development are

priorities based on the criteria of implementability, - urgency

- and ;potential benefits. Though management of coral
... resources and of commercial and municipal fisheries are pr
-in . terms of urgency’ and potential benefits,
implementability becomes difficult due- to the legal
political problems attached to them.
‘During .. the course of t - plan formulation, review an
inaligation, the direct bene ri he program must be
nformed and enjoined to participate in the decisionmaking

throeugh the conduct of i '

; i symposlia, consultati et inag |

ubli P r ative

be éibgﬁarlngs' Participatory planning and im ?eEt;ngsﬁ and/or.
couraged to stimulate the p-ementation must

communities. local

NGO's must also be mobilized to tak ; '
N 5 ) ) e on the ear i [ i
OE iﬁzlﬂéﬁf?ﬁcébut }mpact) aptlQn plans throuéﬁ'éﬁglgﬁzgtgtlon
S roblens ot thmmunltles. This is to address the more ;S Sons
probiems of de. gulf residents who cannot ‘wait unt't]::‘rlous
finalizatior ?E 1mplem§ntatlon of the overall management 5 the
The differeit ecting Lingayen Gulf and the efforts e e
popularized. - Thiiftiiil‘ﬁia bgéggévsgluiions " e e st be
1 ' ) ) i e rough
;Zﬁgﬁi;ié'igd‘the dlstrlbuglon of publicatio&% aﬁ%ﬁe ii%ﬁiﬁft' ot
materials actmp;oye or stimulate the awareness of the ot
For Pangasinaﬁ}vézles’ educational institutions, partigegple.
the Ean tate University and the Don Mari Marool
al. State University, must be tapped. e Harcos

Experi !

ang i;fféﬁﬁﬁﬁggﬁgfsaggﬁo£;fd_fordan integrated, interdisciplinary
- in developing pl i

cours i B the =

‘ Ve of action usable for daily management of the cgg;tgiogéggs 2

enthusiasm of +the

Xerted by
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prawas. The pond was re-flooded in Qct ' '
0 . - B Ob
. market-sized crawfish were harvested from e;;brgggy gggr kgéha of
Summz;&ﬁa;l productior of prawns with winter-spring proéﬂgi‘ nus
- crawfish in the same pond could provide the crawfish et
with economic diversity. . . ' culturist
The study demonstrated that ish | i)
_ _ ‘ prawns and crawfish ar i i
.?gnihzrzi;ftloncfnﬁéthat one crop of each can be p52d322ga2;iizli§
. e pond. To achieve this, pond management st i
e ; rat
EﬁekﬁléTigfiiiA Firtgxamplg, rice was planted as fora@:ggsfyh?g
the = > : ¢] e pond, and & deep pertion was 1
.1n1t1§lb§tock1ng of prawns. While the crawfish yielad fitpgggg el
agcei.a e (1,000 kgs/ha), prawn yield was low due to small siz b
stocking (0.02 g), low stocking rate (17,500/ha), and short Sous
out period (93 days). : : ' ors grovs
“The ongoing goal of most commercial i
‘ prawn 1is to prod
prawn.(30 gt), bu; when prawns exceed approximafelyui% ° lzﬁge
g§g$2.t§ segregate into different size groups. g Y
awfish are normally not available durin '
_ g summer and e
pst ]Prawns can be harvested during this period. Moréﬁ%gé faéi’
ideal size of prawns for molting troughs is about 17 g Ehu ©
prawns could possibly f£ill both a biological niche (rotatibn w'iﬂ
ggayﬁl§h-1n ponds) and a market niche (soft shell) : '
eliminary reseatrch indicates- that prawns can B i
_ 4 4 e molted
samgugggddlng tanks as crawfish, and this could allow yeafglozgg
gzgldc ion of a soft-shell product. The implementation of this
woule require new management strategies. Crawfish may have to be
gfloﬁgg;eiﬂi;ffireﬁ;l{iby introducing a formulated diet instead of
o feed on rice forage. This management gt
cg;ldkalso produce a larger, more valuable crawff%h (33 o;agzgg
gt k.g), especially for the European market. Additionall
duggn;n%hggstemstﬂlll have to be‘developed to produce a 17=g pragﬂ
e months when crawfish are normall t i i
study suggests that production of 17 S ovaibier hutens
: =g prawns is possible. Fut
research should concentrate on stockin i s,
r r g dates, stock i
gtocklng rates per hectare, and length of grow—odf perfoé?g srees
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" Integrated systems _ | .
UsA, study, agquaculture, prawns, craw-fish, pond fishing, stocking
rate, forage rice, yield, fish rotation ' _

GRANADOS, A.E. et al.

Double=cropping Malaysian prawns, Macrobrackium rosenbergii,and
reds wamp crawfish, Procambarus clarkii. :

Journal of Appl. Aquaculture, 1, 1991, pp. 65=77

" The objectives of this study were:

- to determine the effects of three crawfish stocking densitles on

survival, growth, and yield of prawns and crawfish cultured in a

double~cropping scheme;

- to contrast survival, growth, and yield of prawns cultured with .
crawfish with those when prawns are cultured in a monoculture -
gystem; and ' ' .

- to compare survival, growth, and yield of prawns fed a
commercially Fformulated diet.in the double-cropping system with .
those of prawns that are cultured in double-cropping systems .
that receive no formulated feed. o

‘problems associated with the. culture of freshwater prawns in the

U.S. include availability and cost of juvenile prawns for

stocking, high cost of feeds, wide wvariation in size at harvest, :

high labour costs and production requirements, and ©price

competition with marine shrimps. Monoculture of prawns in the 48

contiguous states .presently appears to be more appropriate for

gmall-scale recreatiomal activities rather than commercial
development.

Development of freshwater prawn production schemes which can be

integrated into existing commercial aguacultural enterprises, such .

as catfish, Ictalurus punctatus, crawfish, Procambarus clarkii,.

and golden shiner, Notemigonus crysoleucas, could have commercial :
potential by utilizing existing ponds, facilities, and equipment.

Integration of prawn culture into the current system of crawfish

~agquaculture may have potential for a l2-month production strategy.

crawfish are typically cultivated from October through May, while
prawns must be grown from May through October in the southeastern

U.S. because of low water temperatures before and after these

dates. : :

Adjustments in pond management practices of ‘commercial crawfish:

operations would be regquired for "double~cropping” freshwater

prawns and crawfish, ;
© A major crawfish production scheme is the rotation of rice, oryza:
gativa, with crawfish. Ponds are planted with rice during April or:

" May; the grain 1s harvested in August, and ponds are re-flooded in:

“September or October; crawfish are harvested from November through:

‘May. .Preliminary research demonstrated the potential for double

cropping prawns and crawfish. Rice was planted in May and the pond

was gradually filled with water as the rice grew. The deep end of:
£he pond was not planted with rice and served as a harvest pit for.
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Inﬁegrated gystems ] ) . ) _
Review, book, troplcs, Crops, livestock, fish, integrated farming
systems, research framework, education, institutional framework,

ICLARM, UNDP
EDWARDS, P. et al.

Research and education for the development of integrated crop-
livestock-fish farming systems in the tropics.

“publ. of ICLARM, P.0.B. 1501, Makati, Manila, Philippines, ISBN
971-1022-46-x, 1988, p. 51 p. ¥ appendix _

The word integrated is derived from the Latin verb *integrare”
which means to make whole, to complete by addition of parts, oI to

combine parts into a whole. The crop, livestock and £ish.
subsystems may function independently in certain farming
systems,and their products be only additive. However, an output:

from one subsystem in an integrated farming system which otherwise

may have been wasted becomes an input ‘to another subsystem.

regulting in a greater efficiency of output of desired products

from - the land/water area snder a farmer's control. There 1is .

synergism in integrated farming since the working together of the
subsystems has a greater total effect than the sum of their
individual effects.

The main biological feature of an integrated farming system is

byproduct recycling; but improved space utilization, in which two,
subaystems occupy part or all of the space required for one.
subsystem, may be an important aspect of increased productivity. A:

major socioeconomic benefit of integrated farming is that inputs

‘to the various subsystems that comprise the farming system tend to.
be intra-farm, with a diminished reliance on inter-farm or agro-
industrial inputs. Integrated. farming systems also spread the’
risks associated with farming because of the increased diversity
of produce. They also lead to a more balanced diet for the farming

family that chooses to eat some  of its own produce. .
A schema is presented in this study of the possible evolutionary
development of integrated farming systems to set the research

framework recommended here in an appropriate context.

guccessful integration of agquaculture with agriculture 1is a
complex subject, .mnot least because of the poorly developed
research base for aquaculture in comparigon with that of

agriculture. ‘ . .

An attempt is made in this publication to create a framework for a

~truly interdisciplinary approach to research and education i
integrated farming. - a fugion of agricultural and aquacultur
soiences. It has bheen prepared by two aquatic biologists

‘~experienced in integrated farming research and education, and a

griculturist with a gpecial interest in farming systems.

Irntegration of aquaculture with agriculture is more developed in

ia. than in any other region of the world. However, such
-lntegrated farming systems are presently used by only a very -small

minority of farmers (<1%) in ¢
; a f£ : i

progressed far in terms of productiviiW Ny
traditional beginnings.

The integrated farming s i i

! ! ystems discussed in this st
: ; ud

Erggégal flsh,“partlgular%y the omnivorous tilapia wgigﬁkg use of

a as the aquatic chicken" of the future. Tilapi a0 o%en
grow yeﬁr-round in the tropics. ' pias breed and
Researc for the development of i i

: tropical inte ing
;ystems should mainly be conducted in the tropicsgﬁizﬁﬂcjfarmlng
Aaidiisgiss;ble‘by geasonal climatic coastraints tpdered as
¢ farming systems approach is taken 1 ‘thi
‘ 5 . in this
;?ieggeatest potential for fish culture lies with fé;ﬁgfg bﬁcause
alrea %)qngaged in the production of crops and livestock Tﬁ ° iqes
ie li;;ggdaquaculture to resource-poor, small—-scale férmeg e
bave % ed access to the off-farm inputs necessary to exflwho
m rOduCtarm%ng technology. .Fish are produced by rec glglt
Nggrient—s'o agronomy and animal husbandry into animal rgt in’
N aoont réch pond water and mud are potential 'resourEeS'e%n.
djacen ]_rop _produgts: Aquaculture thereby becomes the th'og
gn smallfsgigjlgzniflﬁging Cﬁ?pjfnd‘livestock farming subsyst;;s
! . e cost of ralsing fish in such i

farming systems would be lower than in systems using poﬁge%igﬁgg

' and have no
y and efficiency from theii

.from agro-industry and would be feasible for small-scale farmers
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- intégrated sYstems ] - '

‘Asia, Philippines, study, integrated farming, goat, fish, resource
utilization, food income, goat meat, waste disposal, small~scale
aguaculture, feeds, fertilizer

LIBUNAO, L.P.
Goat/fish integrated farming in the Philippines.
AMBIO, 19, 1990, pp. 408-410

This paper presents the findings from the two 120-day fish-culture
periods in a 240-day goat rearing cycle.

An integrated farming system offers several potential advantages,
i.e. increased productivity, greater income, improved cash flow,
fuller employment, a better diet for the farmer and his family and
the spread of both biological and economic risks, since two
subsystems are involved as opposed to one in a single commodity
farming system. This strategy, however, requires more knowledge
and management skills. - .

In Region 1 (Ilocos Region, Philippines), the average farm size

per family is only 1.25 ha, a limited area for cultivation and

hence there is a need to maximize land utilization to produce more
food. .

Region 1 is located in the northwestern portion of the Island of
‘Luzon, 300 km north of Manila. : : :

It is predominantly rural. Around 3 043 900 (76.5%) of the-total:

population live in the wrural areas. ‘ :
Results of a survey revealed that the supply of dietary animal
_protein in the Philippines 1is inadequate. Raising goats and

developing a family-level fish pond for small-scale use could help .

to decrease protein malnutrition. However, the major constraint
for gmall-scale farmers involved in aguaculture is the shortage
and high cost of pond fertilizer and commercial feeds for the
fish:

The integration of goat with tilapia production is a means of.

establishing a sustainable farming system aimed at maximizing
productivity and minimizing operational costs. There is great

potential for this production as the demand for milk and meat is

high. }

In +the Ilocos Region, Philippines, intensive goat raising is

possible due to the high demand for chevron (goat meat) which is

the main delicacy of the Ilocands. However, intensification is

greatly limited by the problem of waste disposal. On the other

. hand; many Ilocanos are engaged in small-scale aquaculture, but
.’ operations are hindered by the shortage and high cost of

. commercial feeds and fertilizer for their fish ponds. A goat/fish

:'production trial is described employing 0, 200, and 300 goats with.

figh-stocking densities of 10 000 and 20 000 of Nile tilapia
Oreochromis niloticus) per ha. The highest individual fish weight

(78.05. g}, in a 120-day fish=culture period, was recorded for the-

ombination ' of .300 goats and 10 000 O. niloticus per ha, whereas

- profitable. The study continues with increases

the lowest gain (45.95 g) was obtained at ocki ;

20 000 O. nilot%cus per ha without goa,th:aigggklﬁgwifnslty of
highest total fish yield of 1170 kg™! . was récorde&mﬂn the
combination of 20 000 O. niloticus and 300 goats per ha for a
In the two trials conducted, the growth of tilapia inéreased i
the rate of goat manure loading. This indicates that the fish glth
produced in ‘the ponds with goat manure is bein effici ey
utilized by the fish biomass. g tetently
If the present trend in some local markets
fish fetch significantly higher prices than
300 goat to 10 000 fish '

Prevails where large
. small-size fish, the
per hectare combination would be more

in the goat

populations to 400, 500, and 600 per hectare with the same fish

stecking densities.
B B
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:‘integrated gystems \

Asia, Thalland, lowlands, study, rice, fish, weed growth, water
regime, biological control :

PIEPHO, H.P. and J. ALKAMPER

Effects of integrated rice~cum—-fish culture and water regime on
weed growth and development in irrigated lowland rice fields of
northeast Thailand.

J. Agroncmy and Crop Science, 166, 1991, pp. 289-299

goutheast Asia has Trecently been seeking to introduce more

inteneive aguacultural practices into existing rice farming -

gystems. :

Civen controlled water supply and the herbivorous feeding habits
of many £fish species, intensive rice-cum-fish culture offers the
opportunity for biological weed control. _
The weed control exerted by the fish is frequently stated as a
reason for the average yield increase of the rice.

Many fish specles are herbivorous feeders while others uproot
weeds in the search for other food and increase water turbidity
which in turn inhibits weed photosynthesis.

The major factor governing weed development in rice paddies is.
water regime. Increasing depth of water usually inhibits growth of’

most species. A level of 5 om has been reported to significantly

diminish grasses, sedges are usually absent at 15cm. The response
of broadleaved weeds to increasing water depth is less pronounced

and varies with species. .

in the dry season of 1987 a set of field trials was conducted on 8
farms in the Lam Dom Noi Irrigated Area. in Ubon Province,.
Northeast Thailand. Each farmer provided 2 rice-figh-fields and 2°
control fields varying in area from 0.1 to 0.5 ha. .The rice crops’

were transplanted within a period of 14 days.

The management was left to the farmers so they could choose fish:
densities according to their practices. The stocking densities

were.in the range of 60 to 200 per ha. Species used were Cyprinus’
carpio L. (Common Carp}, Tilapia nilotica L. (X mossambica) (Nile

Tilapia), and Puntius gonionotus Bleeker (Thai Silver Barb). A

mixture of all three species was used on each field. .

.The water depth varied f£from field to field  according to the

“irrigation water supply and the water holding capacity.

The weed plots were grouped in classes according to their average.
water depth, the class width being 2cm. The number of weeds per.

plot were averaged for each weed group, treatment (rice-fish and

" control), and class of water depth. ) '
The presence of the f£fish species Cyprinus carpio - L., Tilapla

- nilotica L. and Puntius gonionotus Bleeker in irrigated paddy

“fields resulted in a reduction of the numbers of - sedges and

broadleaved weeds at low water levels around 5 cm. ©On th
contrary, weed growth was enhanced at higher water levels. Similar
gults  were _obtained for the percentage area covered and the

-'fertilizing effect’

- It is concluded’ that,

:The results attainable will l
t fre i
‘used, weed specles present in-theqiﬁiiiih P o [Lish

-preferences of different  fish

sgtocking densities fo i
addition, r different

‘understanding of the mechanisms governing the

species Marsilea crenata. At low Y
) ! . ] water levels
gg;;ggzg ﬁgeds in rice-fish fields was markédiythfncre i
compared o g%niizt fﬁliifs. This indicates that fishasggéflf
' ¢ fields with more abundant food i 2
,gge%igg_gigfeﬁljg r?fe—glsh fields the water waJXEL;E?gﬂ§§S7§Sa§
f lots m*} compared to only 47 o
fields. The findings -are explained by thg'coﬁgfngglé%ﬁiogoiifol
a

number of

- and ! i .
to fish. . a 'feeding effect', both of which are due

: el _given adequate water suppl ici
fish densities, there is good scope for biologfﬂ%inggi'gggfigie?t
n

integrated rice-cum-fish s i Py
effect on the rice crop. ystems with an additional fertilizing

figh stocki Speoies
¢ ocking d it]
Further research is needed as téJ tiESlEégs

species as well as the optimum

. species combinati
further research should be directed-towargglgniﬁttgi

'feeding effect' and

and water regime.

he 'ferFilizinq effect' exerted by the fish
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inappropriate use of these 1 i : v
inapprope ‘ nputs 1is encouraged by ' government
For example'in Indonesia subsidies for fertilisers has reached 68%
of world prices; as a result, consumption of fertiliser increased
by 77% (12.3% per year) over 1980-85. ' e
Inappropriate input subsidies for fertiliser icd
Inag : ) _ esticid
irrilgation can impose considerable external céstg in té?;s agg
agricultural pellution and resources depletion. :
Some of. these can bg considered user costs - in terms of the
losses 1in future agricultural productivity to the cultivator of
?eztl01de.vge81stance, misalliocation of input- investment or
inappropriate use, and any constraints i i
LN e ; v nposed by future scarcity
other important external  Jimpacts from i i ‘
oL 3 ' _ inappropriate uge o
~agricultural inputs include the effects on human health, fishing
i?ttﬁiifif ind biclogical diversity of pesticide misuse; problems
ndwater contamination and eutr i i
S rom fortinioor sonoatt. ophication of surface water
Agricultural output and pricing policies that do not take into
acgount the possible environmental impacts and displacement
effects of increased production may lead to a less than optimal
allocation of natural resources.
Thig is a common problem not onl i ici l
) y with policies to promote export
crop production but -equally with polici i 5
S s q v policies to achieve food self-
The envirommental implications of agricultural input subsidies are
rarely considered in the design of agricultural policies,yet the
user and externality costs of these impacts are often quite high.
ggz gaiglnal l?nds, fhe choice of crop must be suitable for the
e gro~ecclogical conditions d i i
S veahorin, . ‘an economic needs of farming
Production—~led policies for both food
: ] and export crops ar
designed without sufficient knowledge of itions  and
i -hou th
their economic implications. ' . ? e Condl?lons and

IV CROPPING SYSTEMS
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Cropping systems

Review, developing countries, agricultural gustainability, cash
crops, food crops, vegetal cover factors, erosion, control, basic
food staples, production figures, economic policy, IIED

BARBIER, E.B.

cash crops, food crops and agricultural sustainability.

Catekeeper Series No. sa2; IIED,3 Endsleigh Street, London WC1lR
- ODbD, UK, 199%0, 11 p. : :

Recent evidence suggests that the main obstacle to sustainable
agricultural development ig the failure of any economic policy,
whether promoting food c¢rops or exports, to address adequately
probiems of natural resource management. ' .
Analysing the sustainability of cash versus  food crop production
shows that distinctions between cash crops and food crops are not
clear cut. B

A cash crop may be sold at home or abroad and may be either a food
or non-food commodity, whereas an export crop is a cash crop that
is ultimately exported from the country producing it. :
The major nen-food cash. crops that are exported are cocoa, coffee;
fibre crops, rubber, tea and tobacco. In contrast, the term “food
crop" usually refers to domestic production of basic staples
{cereals, pulses, roots and tubers). ' .
These are the principal subsistence . crops, they are-also often
marketed. o
Aggregate evidence suggests that, in most developing countries,
expansion of cash cropping for export is not necessarily at.th
expense of staple food production.

For example, in sub-Saharan Africa, constant or declining pe
capita food production has been associated with constant or
declining shares of land allocated to cash crops.

The amount of land growing both export and food crops 1
developing market economies has increased in the last ten year
due to the bringing inte production of “"new® land, such as area
ander forest or previously considered marginal.
In some reglomns, government policies deliberately encourage th
production of food . crops in marginal areas. often withou
simultaneously = encouraging proper management technigues an
agricultural practices that can reduce environmental and soi
erosion problems. ' - ‘

The planned extension of maize, sorghum and millet into drylan
areas has tended to exacerbate problems of soil erosion an
exhaustion. . : : a

The input requirements of increased food and cash crop production
may also have important ecological impacts, particularly wher
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Cropping systems ' : . . )
Review, - book, troplcs, subtropics, crops, plants, cultivation,

economic value, utilizatiom, IAT, CTA

REHM,S. and G. ESPIG
The cultivated plants of the tropics and subtropics.

Verlag Josef Markgraf, Weikersheim in cooperation with CTA,
wageningen; ISBN 3-8236~1169-0, 1991, 552 p.

This book is the translation of the well known original German
‘edition: "Die Kulturpflanzen der Tropen und Subtropen®.

The original German edition of this book was based on the lectures
of the senior author (S.R.) at GBttingen University and on the
documentation on tropical crops collected by G.E.

The number of plants which are cultivated in the tropics' and :

subtropics is very large. About 2,500 species have been named,

excluding ornamental and forest plants; this number includes the:
cultivated plants of the temperate zZone, and some close relatives.

of the species cultivated.

The wealth of plants is far from being -fully exploited and "

harbours genetic resources on a much larger gcale than today used,
More than 1,000 plants are discussed in this pocket manual.

World trade, the drive for exports, and the transition to rational
production procedures are nowadays the causes = of - rapidly:
progressing changes in plant cultivation in the tropics and’

subtropics. ‘ ‘
The main concerns of the authors in this book are to comprehend

these changes, to exclude obsolete plants, to . indicate new:

developments, and to consider the economic importance of each
plant. :

with regard to the scientific nomenclature of plants, the authors:

endeavoured to use the names which are valid according to the

International Code. Where plants are still frequently cited in the

literature under a name which 1s no longer wvalid the most synonym
has been given and if necessary, two synonyms. :

Tt seemed desirable to give thée common names of plants also in

several of the world's most important languages, because the
scientific names of the plants are not always given in the foreign
literatures. ' )

Botanical particulars (morphology, anatomy, physiology) have been

limited to the features which are important for the agronomist.

It has been impossible to present the multitude of agricultural
~methods and possibilities. The bock is limited to emphasizing the

‘most basically important and generally valid aspects.

Detailed advice about fertilizers has been omitted because of the

‘éxtraordinary differences in soil types found in the tropics and
subtropics.

.Digeages and pests have been ‘reviewed in as much as they cause
evere. damage and are of more than regional importance. :

The book is organized in the following way:
Each chapter- begins with an introduction to th 5

_ ; _ an. e articular
properF;es of the plant group, giving an overvieé) on the
economies, production trends, nutritional aspects), chemistry, and

technological featurea. The major crops are treated i i

te . in detail.
wl§h regard to ﬁhese, the authors sought to cover alil essenti;l
-points: production, botany, breeding, ecophysiology, cultivation

practices, diseases and pests, processing and utilization. The
numerous minor or only.locally important crops were collected in
the tables; these give the valid botanical name of each plant, a
select;on_of its wvernacular names, and indicate its'distributian

economic importance and uses. The drawings help to identify the
plants, and depict important morphological peculiarities. The
diagrams illustrating the production duriang the last ten years are
intended to offer visual information on the relative importance of

‘a crop and on current trends.

5 a key to available informationr a large number of references to

‘all the species inciuded has been given In i
s : . selectin the
quotations the authors aimed at covering all aspects of prodgction

and utilization, and all regions of the tropics and subtropics.

‘All information on the plants dealt with in this book is available

off-line from a continuously wupdated data bank for. cultivated

‘plants and relevant literature.

The book will be of use to upndergraduates, graduates and

1pragt10ners 1nvolved in plant sciences or other locking to extend
their general awareness of this exciting area.

Clearly written in & precise form and well illust- '
y | ' a rated, with an
extensive bibliography, this book is an excellent ,éource of

‘information, s
The book 1s therefore highly recommended to all interested in

tropical agriculture. '
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JIGGINS, J.

Crop variety mixtures in marginal environwments.

Gatekeeper Series No. SA 197 IIED, 3 Endsleigh Street, London,
WClH ©ODD,'UX; 1990, i3 p. .

.In marginal environments the variability between production sites'
ig high, climatic conditions are erratic within seasons and-
petween years, and infrastructural development is poor. Farmers
often respond by . enhancing diversity, both  of crops and of
varieties of crops. Diversity allows versatility; it also’
contributes to greater household security. :
vhe wvalue -of varietal. mixtures has largely been ignored in-
conventional breeding goals.
Here the aims are to select out variability and adaptability in’
order to exploit the potential of “intensive and uniform:
agriculture. BSuch strategies are quite inappropriate for marginal:
environments, and.alternatives are urgently reguired.
In marginal enviromments, where production conditions vary in time
and space, there are four reasons why there is a need to look at
new breeding strategies:
- Research capacity is limited
- Marginal environments can be extremely variable
- There is little prospect of modifying the conditions
- Variety mixtures £it the local processing technology and:
‘household needs. ) :
Farmers in unstable and variable environments experience two acute
pressures: limited sources of power and labour; and, in many
cases, limited time within the single short growing season of:
erratic rainfall. One of the keys to surviving these pressures is
the maintenance of versatility in altering labour availability and
_production opportunities. Mixtures maintain biological diversity
Biological diversity. allows versatility in the management of
labour and the maintenance of a capacity to respond to inter-
"annual and inter-seasonal fluctuations in the timing and intensity
of rains, and fluctuations in the soil conditions, incidence of
% pests and diseases, and temperature. ‘ '
‘' There are three main ways in which farmers can maintain biological
.diversity: by using mixtures of different species, wmixtures of
‘different varieties of the same species, or varieties whose
genetic composition is itself variable. ' : :
These aspects of .creating biological diversity are discussed and
xamples: are given in this paper. :
Concluding . the  implications for breeding strategies the author
tates,: that crop. variety mixtures provide farmers in marginal
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Cropping systems ; In the evalunation of the most appropri i
Review, agricultural sustainability, = adaptive research, 50i] ‘need for the farmers' ppropriate sustainable system, the

acceptance and their ability to implement.

fertility, sustainable cropping, appropriate crops, tillage -the system evolved should be considered. Th ] i
practices, crop rotation, legumes, CIOp residues, mulches, organic investigation on sustainable systems sh.oulde égzﬁ%ﬁfrlHG‘ of any
matter, weed management, fertilizer, soil amendments, IBSRAM, CTA, i glder not only

‘yield and returns, but also include observations
| . on the eff
matre | the system on soil, pests, weeds, and diseases. ect of

PUSHPARAJAH, E.
adaptive research on sustainable cropping systems. : ' : ;

In: Proc. of a IBSRAM Workshop, Thailand in cooperation with CTA
USAID and other agencies; ISBN 974-7613-20-4, 1989, pp. 59-74

Large areas of Ultisols and Oxisols occur in the humid tropics.

These low-fertility coils are often used for’ cultivation, and

their inherently poor chemical properties pose problems :

agriculture. With population pressure and the need to produce more
food, there is greater demand for land. As a consedquence, nNeWer
areas are being brought into cultivation, which are often less
fertile. TIan  shifting cultivation, productivity 'is even lower on
account of the tendency to reduce the length of the fallow period;

Thus there is a need to consider guitable systems for managing the . ' ;

soil, which would enable productivity not only to be sustained but ' ) . R 5

also to be increased. . : _

wWwith the opening of jungle iand in the humid tropics, the soil

‘pegin to deteriorate rapidly. The loss in productivity of soils i
accentuated by traditional. farming and/or shifting cultivation:

Research has shown that the use of certain practices or input

would enable sustainable cropping to be established. '

The results of trials done 'in wvarious countries in the humi

tropics indicate that sustained c¢ropping both under "low—input

and" "high-input" systems are possible. There is, however, a nee
to pay close attention to: ' ) , ‘

- the choice of varieties with regard to their adaptation to th
soil conditions; . L
the need to implement a crop~rotation system incorporating
legume in the sequence - which is useful mnot only in improving
goil fertility but also in preventing a buildup of pests and/o
diseases; _ . ‘
the use of conservation tillage practices;
adequate weed control and other crop protection measures; .
the need to utilize available. crop residues, wastes or mulches
which could include the use of legume shrubs/trees in hedgerows
for supplying the crop residue; : g
the incorporation initially of th
fertilizer (e.g. P, lime etc.) and even

+ needed, having regard to -~ the available infrastructure

' acceptance by the farmers. . :

There - is. an urgent need for adaptive research o1 sustainable
_opping_ systems which would take these factors into account:

n_tlally;:_ emphasis should be on cultural and management
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Review, Crop regearch, developing countries, vyield, farming
gystems, agricultural sustainability, cultivation methods, plant
breeding, marginal lands, salinity, new crops

' CAESAR, K.

Developments in crop research for the Third World.

AMBIO, 19, No. 8, 1990, pp. 353-357

The opening up of so-far unused land is not only very costly but

there are other obstacles involved; these relate to the great

ecological risks involved such as erosion, drought, depletion on

thin goil layers, etc.. In many regions, the necessity to use even

marginal soils raises specific questions relating to how yields.

shonld be raised instead of cropping areas extended. _
The steady increase in world population as well as necessity to

improve food guality in many regions of the world requires

enhancement of crop production. .

The focus has to ' be on increases in yields and yvield
stabilization. To achieve this, all disciplines in crop science
have to combine their efforts: Agronomy to improve the cropping
gystems towards a sustainable land use system which includes mixed

tropping up to agroforestry; soil science for - better .soil

management; plant nutrition and fertilizer use to improve nutrient

efficiency with regard to mineral uptake and their role in the
plant metabolism; plant physiology to clarify further the:

mechanism of biomass production with minimum losses due to
regpiration and increasing the storage capacity of plant organs;

plant breeding in making use of the physiological findings to.

"construct" more efficient plants with high yield and ‘adaptability
to stress factors as well as climatic conditions influencing
growth; implementation of integrated pest control in order to

protect the plants from unfavorable hazards to stabilize the’

yields, to promote environmental protection and health; irrigation
management to make use of additional inputs; to avoid erosion and
galinization. ‘

in this paper typical examples are given for most of the fields in
order to show the- progress already made or the prospects:

envisioned for the future.
The role of so called new crops is discussed as well.

In general, the very often expressed hope to broaden the rather

- narrow spectrum of cultivated plants has usually resulted in
-disappointment. The discovery of miracle plants, such as Jjojoba
“(Simmondsia chinensig) to replace whale o0il, or Guayule

(Parthenium argentatum) to substitute for Hevea rubber were

‘rapidly forgotten by both mass media and unfortunately also by
rop .-scientists for whom nutritional and cash crops hold the:

foremost place.

ome: rare cases, the improvement of regicnally important crops’

like teff '(Eragrostis teff) in Ethiopla or .quinoa (Chenopodium

-hybrid between wheat (Triticum) and rye (Secale).

‘compete with the production of other staple foods.

pinca) in the Andgs was undertaken with some success but the only
eal breakthrough in the last decades was with Triticale, i.e. a

. This new plant
has bheen successfully cultivated on marginal land, but doeg not

: . . ple Its potential
croppling area 1is desgcribed as very promising. In spite of this

‘cutlook much research is still necessary to improve this plant for
‘gustainable cropping. '

;nally_ the author concludes that almost all the problems
discussed in this paper relate to both plant physiology and plant

‘breeding. All the factors involved, including plant reactions to
stress and the mode of adaptation, utilized by  the plant, to

b?ain_ higher yiglds must be put forward as clearly defined
criteria from which the breeder can select. 1In many - cases,

improvements in cropping systems can be achieved by means of
‘technical or management methods. But sustainable improvement will
be _90551b1e only with improved plants. Therefore, for the low
‘latitudes and in developing countries plant breeding is an

ndispensable digcipline for food security. Furthermore,

‘scientists in industrialized countries can help with basic

esearch relating to single factors, e.g. controlled conditions

_that -can often produce better results than do studies under
natural and more complex conditions.
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Cropping systems - . ) '
Review, cropping gystems, plant interactions, mechanisms,
mutualisms ;

GLIESSMAN, S.R.

plant interactions in multiple cropping systems.

In: Multiple Cropping Systems, Francis, C.A. 1986, 83-95, "

McMillan, Tabasco, Mexico

Most of the knowledge about the ecological basis for plant

interactions comes from the study of natural ecosystems "and plant

ecolegy. A great. variety of classification schemes has' been:

presented in order to better understand the diversity of types of
biotic interactions between species.

when describing the nature of interactions, the focus is on the

fact that a plant may influence its neighbours by changing their
environment. These changes may be by means of an addition or

removal reaction, and there has been much controversy recently as’
to which is most important. As a guide for such studies,: the':
concept of interference interactions is .proposed permitting a.
mechanistic approach to understanding how the interactions:

function. - ] .
In contrast to purely additive or removal interactions, mutualisms
can often combine several components of interference. The benefits

gained by each. partner link +them into mutual, physioclogical:

interdependence. When one component species is absent, the other
suffer, and in some cases cannot even exist as free-living
organisms. It 1is difficult to  separate mutualisms from the

benefits found in . beneficial intercropping systems. Yield:
advantages often come about from the avoidance of direct
interference through competition for limited resources O
production of phytotoxins which eliminate other competitors. It is:

much more difficult to demonstrate that benefits are directl

derived from the interference. Symbiosis is another term that

refers to mutualistic interactions.

Symbiotic nitrogen fixation is the most commonly known mutualistié

interaction. Legumes with their accompanying Rhizobium bacteri

have played important roles in agriculture. The benefits of the
mixture of legumes with other crops stem from interactions such as
the excretion of nitrogem by the legume for use by the nonlegume,:

gtimulation of soil microorganisms, and the return of nitrogen to
the goll. Either through legume/nonlegume  mixture or
.. legume/nonlegume rotations, many intercropping systems with this
mutualism are practiced today. -

:The much more widespread importance of mutualisms in ecology are
: gurrently being discussed. In an evolutionary sense, the benefits
gained from mutualisms may tend to be favoured over competitive
lnteractions. For - example, success of a plant at low levels of
available "nutrients may come about more through a mutualistic

_élatioqshji) with other species requiring the nutrients, rather

_resource. Density,

than by out-competing them. Resources \ it o
tpan competed for. Mutual defense from‘iﬁgdziofgrt;ZiEQEd ~ather
disease organisms can become possible. The longﬁéerm blVOE?S' or
be gained from such an approach to multiple cropping hncfﬂ? s to
The most commonly invoked explanation for vyield rgdr 2pt. .
mixtures 1s The removal reaction through cempetition forug ;pn‘ o
: the number of plants per unit of area }mltﬁd
primary component of competition, and agronomists have pi ES o
knowledge of optimal density plantings for sole-crop 1a§§F ected
order to maximize yields. Very little work has bggn (iﬁif ;2

‘optimizing densities for intercrop systems. In order to accomplish

this, the understanding of species proporti

must be increased. Addition r;%ctionsF eftheioﬁﬁréﬁgi giizggemen§s
1nterfer§ncg or mutualisms, alter the  crop environment andogathéc
of benefit in crop mixtures. The potential role of such mixin e
for weed or pest management needs considerably more research wes.
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Australia, tropics, subtropics, study, crop improvement, . plant
designh, ©rop physiology, ¢limatic constraints, climatic adaptaticn
LAWN, R.J. and B.C. IMRIE

Crop improvement for tropical and subtropical Australia: designing
plants for difficult climates.

Field Crops Research, 26, 1991, pp. 113-139

Emphasis in this paper is placed on the contribution of

physiclogical anderstanding to breeding to improve genetic:

potential of Crops and to minimize environmental constraints to:

that potential. The discussion is specifically constrained to the!
tropics and subtropics of northern australia, but the principles;

are equally relevant to comparable environments elsewhere.

ae a .prelude, the conceptual basis wunderlying the use of
physiological understanding in crop. improvement is explored. The
" general climatic features presently understood to constrain crop
production in the tropics and subtropics are also outlined
Throughout, examples are drawn primarily from those grain crops

widely recognized as peing "tropically adapted"” or *summer grown"

and  for which there has been some local improvement effort,
gpecial emphasis here is placed on soybean (Glycine max,
oilgseed), mungbean (Vigna radiata/V. mungo, & graln legume).
sorghum (Sorghum bicolor, a cereal). .
These, and most of the summer grain crops being developed in the:
reglon, are relatively recent additions to australian agriculture,
and in some cases to the Lropics, or to mechanized agriculture in
the tropice. Most are. strongly sensitive to photoperiod and
temperature. A primary aim, therefore, has necessarily been to
improve their adaptation to tropical and subtropical environments
characterized by generally warm temperatures and re

photoperiods. AL the same time, constraints imposed by stregsful
‘temperature extremes, and fredquent water-deficits as a result of
limited —and highly yariable seasonal rainfall, have had to b
addressed. The latter constraint has been compounded by goils that
often have limited water-storage capacity. Genetic improvement has
been confounded by large and often nonsystematic genotype
environment (gXe) interaction, i increases the - testin
necessary as a basis for selection. The most valuable contributio

of physiological understanding has been to assist interpretation
of g¥e interaction in terms of biological, as opposed to

- statistical, models. Physiological interpretations have been bot
‘gualitative and guantitative in nature, and 'models’ I
~gimple to complex, but nonetheless enable predictive inference t
pe drawn of the performance of particular genotypes in specific
‘el Physiological research is thus being used T
identify the xey physiclogical and climatic constraints t
productivity confronting crop improvement, to establish strategies

agronomic and breeding research, and to formulate ‘dynamic’
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ideotypes to assist the breeder i ‘
resources and constraints of té?;e?aigﬁdﬁigﬁeiife_CYCles P
understgndlng alsoc offers the o
conferring resistance to specific
potential remains largely unrealized
Authors' Abstract, extended. .

_ Physiological
potential to exploit tgaits

stresses, but  to date that
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i giggﬁl ? g;opics, subtropics, highlands, crop rotation,
: interéropping, land-use systems, cost-benefit calculatlons, modern
cropping systems, traditional methods : :

CARLS, J.
gustainable highland cropping systems.
entwicklung + ldndlicher raum, 24, 6, 1990, pp. 22-25
: i i f the tropics and
As resources become scarcer in large parts o
sibtropics, use of highland areas (elevation above 100 meters)

gains in importance. With increasing elevation, temperatures fall
and rainfall often rises; vegetation, soils and land-~use

possibilities exhibit corresponding gradients. Localized

variations in slopes and soils add to the diversity. To pinpoint
development potentials, these areas must therefore be

subclassified according to carrying capacity, possibilities for

i ural use opulation density and distributiqn, and 5901al,
Zgg;giiz and ins%igugional factors. Reference here 1is prlmarlly to
areas 1ying between the extremes of valley bottoms 'w1th mgrﬁ
favourable natural conditioms and very cool mountain heights whic
can be used, at best, for only seasonal grazing. In largely
marginal highland areas, expansiocn of_cgltlyatlon is po;mally pot
possible and possibilities of intensification are limited. With
chronic lack of capital, most of the smallholders practise
capital-extensive but labour-intensive subslstence farming.

The aim is to develop stable and sustalpable sgstems Whlph_ do
justice to ecological potential and socioeconomlc necessities.
Livestock form an integrated part of. these systems. Under such
marginal natural conditions, moderate applications of 9xternal
inputs such as mineral fertilizers cannot be completely dispensed
gﬁzhoLuzbn region {(1500-2500 meters a.s.l.) in the Philippines
serves as an example of tropical highland. _ '

The present. rotation of potatoes and cabbages, only occasionally
"interrupted by other crops, needs lmprovement for both econglcal
and phytosanitary reasons. A ley-farming system - incorporation of
temporary grassland for animal production - 1s not pragtlsed, as
the farmers claim that other forage resources are available. To

diversify the ration, crops are required which tolerate extreme’

climatic conditions and low -inputs of water and fertilizer, and
" which can help maintain soil fertility. Plants sown solely for
erosion control and soil conservation are not acceptable to the
" smallholders. '

.During the height of the wet season with ‘accompanying typhoons,

‘cabbage, chicoree and radish suffer least from such weather. 1In
the. dry season (November - February) leguminous species which
‘vequire little water and fertilizer are most suitable. The danger
‘of transmitting diseases and pests such as clubroot of cabbage and

ond-back moth is lowered by including legumes and. potatoes,

and nematode infestation (Globodera spp) as well asg
(Pseudomonas solanacearum) are reduced to a minimum.
Mixtures of appropriate crops can, by adding organic matter and
nitrogen to the wsoil, help .prevent erosion and maintain soil
fertility.
A trial in the Cochabamba Valley (3500 meters a.s.l.) of Bolivia
demonstrates the positive effects of intercropping. Beans,
potatoes and lupins were sown in two patteras: alternating
different crops in a row, and alternating rows of different crops.
Intercropping increased total vyield and, with one exception,
resulted in up to 36 percent higher land utilization. The
incidence of viral and fungal diseases wag also significantly
lower in intercropped than sole-cropped potatoes, and the
intercropped potatoces stored better.

The ecological conditions in subtropical highland are usually also
extreme; generally, the situation described for tropical highland
also applies here. The marginality of the subtropical sites is
accentuated by lack of water as a constraint to agricultural use.
In the Rif Mountains of Morocco, cereal-based rcotations and sheep-
keeping are the main components of land use. Trials were carried
out with traditional and modern production techniques.

Legumes were included to reduce the disadvantages of too frequent
cereal cropping. Legumes are excellent partners in rotation with
cereals. The root systems of the two crop types differ, the

potato wilt

. diseases "and pests of the one seldom attack. the other, and the

positive effect of legumes on the soil can be fully exploited by

the cereals. The .traditional and modern cropping methods are
compared. ‘

The major implications of the trial results are:

- in years with at least 300 millimeters rain, use of modern
inputs is justified, but as this much rain was not received in
30 percent of the years recorded, farmers usging these inputs run
high risks; Vo
the high productivity of the oats/vetch mixture. for mutton
production underscorces the great economic importance of
integrating livestock-keeping and crop production;

Concluding it is stated that development efforts in highland areas
should grow out of their natural potentials: '

Exceeding the natural carrying capacity of highland areas by
inappropriate land-use systems eventually destroys theé environment

" and the basis for life in the mountains as well as at lower levels

through water deficits and floods. In highlands where this danger
is acute, development of resource~conserving land-use systems
offers a great challenge. The conservation aspects must often be
given precedence over yield maximization, so that the ecological
carrying capacity of the highland areas can be maintained.
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stubble incorporation rather than stubble burning near:rice sow1ng
hever reduced yield and, from the thlrd crop onwards,
ncorporation increased yield.

gummarizing the studies demonstrate the need to adjust N-
management strategies for changing soil-fertility  levels. These
strategies should aim to supply sufficient N during the vegetative
phase for good vegetative growth to provide a crop capable of
achieving high yvield under favourable grain-development
conditions.
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. Australia, study, rice cropping systems, management strategies,
stubble management, nitrogen application, yield variance

'BACON, P.E.

Management strategies for maintaining rice yield Wlthln rice-based -
cropping systems. . :

Field Crops Research, 26, 1991, pp. 315-326

The experiments reported here were designed to assist in the.
development of a management package for annual drill-sown rice-
cropping. This paper examines the effects of wvarious management
inputs on yield and yield components in rice crops grown in soil
with decllnlng fertility.
Australian rice grown within a one-year=- rlce/four vear—legume-
based pasture rotation can yield over 10 t ha”". Recently,
increased economic pressure has encouraged more-intensive annual
rice cropping. However, farmers who use traditional agricultural
practices, such as .the use of relatively small gquantities of
nitrogen fertilizer, have had difficulty in maintaining adequate
vield, Consequently, there is an urgent need to develop management
strategies to maintain productivity.
A five— year study was undertaken to” develop management strategles
for maintaining yield of consecutive annual rice (Oryza sativa L.)
crops. Stubble management technlque, N application rate and N
application time were all important determinants of vyield;
together they accounted for up to 80% of yield variance.
Incorporating stubble, rather than burning it, had little initial
effect on yield but, from the third crop onwards, stubble-
incorporatﬁen plots out-yielded stubble-burn plots by an average
0.35 t ha per crop. The higher yield was due to an average 11%
increase in panicle number.
Yield of unfertilized rice fell from 9 t ha™! to 3.7 between the
first and fifth crops, with much of the fall occuring between the
first two crops. The highest=-yielding treatment in the fourth crop
(Whlc% received 105 kg N ha™" at permanent flood (PF) plus 105 kg
N ha at panicle initiation (PI) did not achieve the yleld of the
first rice crop receiving 50 kg N ha™" at PF (8.3 t ha compared
w1t? 9.6). This suggests that N application in excess of 200 kg N
ha - were necessary to maintain yield.
Fertilizing at sowing had 1little effect on yield. However,
. fertilization with a five-year average of 94 kg N ha™* prior to PF
o resulted in hlgher average yield (6.8 t ha” ) than that obtained
© from plote receiving all their fertilizer at PI (6.1 t ha™*). The
‘difference between PF- and PI-fertilized plots became greater with
ncreasing  number of crops and was because of 1ncreased floret
terility in crops receiving all their N at DI,
The  experiments above clearly demonstrate the beneficial effects
hat 'stubble 1ncorporatlon plus increasingly heavy N applications
st prlor £o PF have oh the yield of annual rice crops.
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farming, legumes, intercropping, sugarcane planting, IFOAM

MENDOZA, T.C.

Development of organic farming practices for sugarcane based

farms .

In: Proc. of the Seventh IFOAM Int. Sc. Conference Ouagadougou, .

' Burkina Faso, 1989, pp. 189-202

Tn view of the detrimental effects 'of burning sugarcane to the.

soil organic matter and the atmosphere, and the

finanecial/ecological drawback of fertilization practices centered
on inorganic sources, series of related studies were undertaken to-
gradually reduce or eliminate the need for inerganic fertilizer in’

sugarcane production.
Sugarcane (Saccharum officinarum) possesses a genetic and physio-
biochemical potential capable of producing large amounts of

biomass. These potentials explain its high responsiveness to

applied inputs, i.e. fertilizer,. water, weeding. ‘
Pranslated to actunal figures, yields of about 30 tons dry biomass
per 100 tons per ha fresh millable canes are eaglly realizable.

The exploitation of this genetic and physio-biochemical potential’
find congruence with the large amount of fertilizer applied per:
unit time and per unit area basis. About 1,0-1,5 ton of fertilizer
per ha per crop/year is applied in some sugarcane farms in the

Philippines. This practice resulted to alarmingly low "pH (below
5,5) among soils devoted to sugarcane culture. As a consequence,
fertilization rates had to be increased further to sustain normal
.yield levels. ' '

Another dominant practice that contributes to soil fertility:
decline which would directly explain the need for higher

' fertilizer rate is burning of canes. Pre- and post~harvest cane
_burning have been a widespread practice. ] .

" Tremendous amount o&f biomass could be decomposed in situ if this
practice of burning canes could be minimized if not totally
avoided. It is estimated that in a hectare of field, about 10,0-
15,0 £/ha of dry trash + tops are burnt. Per nitrogen content
analysis, this will be equivalent to 75-100 kg per ha.

- As shown in the studies; fertilizer application for sugarcane can

.be reduced to as much as 50% without sacrifying sugar yield. This
can be done by intercropping/green manuring. - _ ‘
It was previously recognized that "organic farming" can be best
“implemented in small and medium-sized owner-—operated farms. Large
farms are highly business-oriented. Profit motivation dictates the
~use of technologies which will bring about maximum profit in the
short - run. Hence, when the price of sugar is high, large-
commercial farms will apply all the fertilizers to the point of
optimun  returns. On the other hand, small sugarcane farms in the
hilippines. are tenanted. So, the controls or decisions are still

being ma@e by the landlord. The tenants do not find the practice
of building/restoring the soil fertility attractive because (1)
the benefits do not ocecur te them and (2) their feeling of
insecurity masks any intention whose galn can be realized in the
long run.

The future work is to diversify the utilization of the sugarcane
plant at the farm level.
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Cropping systems ) . :
Latin America, Colombia, highlands, smallholder, fruit trees,
maize, potatoes, grain legumes, vegetable, barley, alley cropping,
economic comparison, land productivity, labour inputs, GTZ, BMZ,

CEC

ear vields in sole and mixed stands were

MULLER-SAMANN, K.M.

Multiple cropping with deciduous fruit trees in the cold tropical
highlands of Colombia. :

. . 1 . ) simultaneously gaining cash income via pear
tn: Hcofarming Practices for Tropical Smallholdings, Ed. J.

Kotschi, Verlag J. Markgraf, Weikersheim, 1990, pp. 107-126

This paper 1is based on results of a development project in the
highlands of Colombia. ‘
whe aim of the Colombian-German development project is to promote
smallholder fruit-growing  through seedling production and:
agricultural extension and credit. _
In the study area (Boyaca  Department) particularly smallholders
face serious ecological and economic problems. i :
The dominant form of land use is extensive cattle-keeping by’
smallholders, greatly favoured by the spontaneous spread of Kikuyu:
grass (Pennisetum clandestinum) which now covers 50-70% of the
agricultural area. Intensive forms of dairy husbandry can be found
in the valleys, where night frosts and seasonally high water
tables render cropping difficult. .
In the project area suitable experimental areas were selected in.
existing pear and peach plantations and directly adjacent open:
fields, and simply designed trials were laid out. - L
In this paper the results of Trials I (1986 and 1986/87) and III.
{1986/87) are discussed. B
In the search for suitable perennial crops, fruit trees offer the:
best possibilities. They c¢an already be found in many
smallholdings, where they are grown on small areas with undersown:
food crops. This cropping system is considered to be relatively
erosion-safe, land-intensive and low-risk. Whereas the undersown
crops (potatoes, beans, maize, etc.) secure subsistence, the
fruits can be sold and provide cash income. Apples, pears, peaches:
and plums command high prices and the domestic market. :
Summarizing the results, it can be said that in most cases, the:
yields of field crops under trees were reduced (7-32%) in
comparison with yields in the open field. This is due primarily to.
the reduction in crop area. Insufficient light led to lower yvields:
only, in the case of potatoes, which were grown while the trees
" were in full foliage. Competition for nutrients between trees and:
field crops was evident only at the upper edges of the terraces;
‘and was negligible relative to total yield. Large differences were.
;evident in water supply but other than expected. Both water
tilization -and water supply appeared to be better under the pear:
trees and enhanced yields. The arable crops scarcely competed with:

‘plant protectants.

the trees for water, as they were no longer in the field at the
‘time when the water reguirements of the trees were greatest.
consideration of the individual yield components reveals that the

id i
thg vields of the field crops were reduced iiétégiéé
primarily because legs area was available for cropping
uwider the trees. The high contribution of the pears to the total
gross marqin means that, with increasing intensification of the
fruit-growing component, the LER value falls, i.e. arable cropping
under pear trees becomes less profitable. Under these conditions
‘the value of the intercropping system can be seen above all in thé
‘possibility of securing subsistence via arable
. : production.
combination of subsistence and cash cropping with high 1land
productivity onr very small areas is attractive
‘smallholder, particularly because production risks are kept low.
From the viewpoint of profitability, intercropping is especially
interesting for farms which, because of scarce capital,
‘without external production inputs such as mineral fertilizers and




