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Foreword
 

E tch year, 6 million hect ires of cultivated land are lost for agricultural production through soil 
de!'radati on. With small ponuIa tons, % ith prudent management, land can be farmed indefini
tik cIv. But the world's growing popiiat ion demands the prod tict ion olever-i nreasiring quailtitt ies ol 
food, Iih r, and fuel from the lnd. Consequently. more and inore land is being farnied \%ith 
incrc.i-i , intensity. Since prine agricultural land is limited. marginal land is being brought intoagriculti hal production. The soils of these areas arc subiect to 	degradation aid cannot sustain 
ligher lecis of prodtuctivityIfor an, appreciable length of tinie. 

* 	 lhis meelin reflects the concern of' N -P over the dangers olsoil degradation resulting from 
inappropriate agricultural practices. Iley will lead to environmelntal degradation that trigger or 
exacerbate the neglect of land and of rural developnent. National development plans should 
cmphasie tile formiulation and implenientation of enviromentally sound agricultural policies 
anU praetices. lrioritv should he given to oil cons.r'Itiotn and tile nrMwastef ul use of soil 
resources. 

* 	 It is intended to foctis tileattention of plicyimakers at all lc\cls ol tile need to formulate 
appropriate soil policies, and to link progranms of increased production with those of soil 
conservation. UNIT has been fortunate in h:ving tire cotllabor'ation of IR('ISA F in orgini/ing 
this meeting. \\ e have tried to covera \\ide spectruni olacrictlttral enviroments, ranging rm 
deserts, through the semi-arid t'.pics. to the humid loMland tropics. 

* 	 A significant outcome of this leeitng has been tie drawm ing tip ofguidelines for hirrurine systems 
to prevent soil degradation. Ihese gulidelincs, Suppirted by recommended rescaMci priorities. 
are intended for tile use of polic.\MaKers atnd planners. [lie first part of these proccedlings 
presents the guidelines and is followed b\ sunmnaries of case study papers contributed by 
participants in tile second part. 

I hope that a beginning has been made ii dra\.ing tile attcntion of polic nlakers. and of' tle 
Institutions engaged in de\eloping farniing svstcrris techlology for differentl c\ ilonlllelts, to the 
iced to enstire that higher crop producli'.l\ goes hand in hand with tilepreneritiori of soil 

degrada,uri. both in the short aid tIlelong terlm. 
I trut tliat these surirnar\ proceedilgS \\ill as a useful h:Ickgrotid .ocnrilerit in theserve 

foruulation and deeloplnlcnt of national agrictillural policies and practices. 

Reuben Olenibo 
)irector. Emn'iromiental Managemient Service 

United Nations Environment Progranlr;e 

v 



Acronyms and SI Units Used in the Proceedings 
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Summary of the Meeting's Objectives 

General Objectives 

" 	To identify, and put into perspective, areas of farming systems research and de elopment having 

potential to significantly increase food prod uction and promote soil conservation for selected 

agroecological zones. 

STo assist in actively pursuing the research needed to develop systems oflariing thtl (a.) combine 

adequate production with resource protection, and (b) are compatible with socioeconomic and 

cultural conditions. 

" 	To formulate a plan of action to accelerate the implementation of improved farming systems 

evolved at research centers, by fostering cooperation amiong institutions and governments. 

Specific Objective 

lo draft environmental guidelines for farmting systems principles for food production gain, and the 

control of soil degradation in the arid, seni-arid, and humid tropics. 

vii 
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Welcome Address 

L.D. Swindale 

Director General, ICRISAT 

welcome you all to ICRISAT, and expressthanks ourto the United Nations Environment Pro-gramme for working to organize this workshop onan important subject. I am sure that, through ourdiscussions, we will be able to make good progress inhelping UNEP to prepare tileguidelines that relateto the World Soils Charter and the World SoilsPolicy, thus helping FAO, UNE P,and ourselves atthe same time. We, at ICRISAT, also work in anumber of places ontside India, such as B3urkina 
Faso, Kenya, Mali, Malawi, Mexico, Niger, Sudan,and Syria. We expect to initiate ICRISAT programsin southern Africa in tle near future. 

I hope that you have got a copy of tileillustratedbooklet "Challenge and Response", describing thefirst 10 years of ICRISAT's work. In our next 10-year plan we have revised our objectives a little bit:To serve as a world center for the improvement of'both yield and quality of our five mandate crops,sorghum, millet, chickpea, pigeonpea, and ground-
nut; to serve as a world repository for their geneticresources; and to dcvelop improved farming s'stemsthat will help to increase and stabilize agriculturalproduction through more effective use of naturaland human resources in the semi-arid tropics. Dir-
land farming and upland crops 
 have formed themandate of ICR ISAT from the very beginning.We recognize that not all constraints to semi-aridagriculture are technological, and we must know
enough about them in order to make techrological
solutions work and ass;isin the development andtransfer of tiletechnology. Our major effort, partic-

ularly in farming systenis, is for the drier part of fle
world where there are less than 1.5 rnonth., of rainy 
 * season in a year. In this area our main target is tire
small farmer with limited means, low inpuits, ard a 

low resource base.
We concentrate particularly Li our five maidatecrops. We have rmnade a 1rt of p ogress with our

research ott groundrit rust, a very serious disease, as 
we have with many others. We are pleased with thesuccess that \e seem to be having in dealing with 0lle/hothi.s armigera,an extremely di ;'fiktilt pest withituwide range of host plants. We are obtaining encou-

raging results in finding resistance to Heliotfhis,bothin pigeonpea and chickpea, and we are achievingsome success in controlling other insects on ourother crops. We also try to prepare for timeresistance against the parasitic weed Strig,, whichaffccts both sorghum and millet. We are also tryingto attain stability in crop production byprotecting itagainst physiological stresses, drought, and low fertility.Drought resistance is adifficult subject to dealwith, but we are having encouraging success inthis 
area, too. 

Ve are also rnlrktiil_, good progress in our researchinto riitlogen fixation a;ociated with coarse cereals.It is a very interesting area of work and, though thepayoff nray be afew years away, it is wrrtl puIrsuLing.Sinilarly, in the area of genetic engincerir,g wedoing areork in tissue culture, among other asp cts.Here we are dealing with efforts to produce groundnut plants, and crosses between groundnrit and s\ildspecies of .-fracis, in order to create certain resist
ance charcters in the crop.

In our traininiirprogram \wehave already receivedseveral tundred trainees, coming particularly fromAfrican countries where the need for trained personrel is so great. We have scholars, research fellows,international interns, postgraduatc fellows, and inservice fcllo\s as well.

I do not want 
 to go into the work of the FarmingSysterris Research Program to any great extentbecause you going to discussare this during thisnircting 
let tire moention, however, that our majorgoals at ICR ISAf are the following 

'o generante an ecoromic:ally viable laborintensive technology for improving and utili/ing,
while at tile same tiun conserving thie productive 

potential of naltlril rcsorrrces.
 
Iodevelop Icchnology 
 for Improving land and
 
water Lanageenrert 
 sYsleris. 

Io contribute towa rs r'aising the economic staanId tlie quality 
 f ife by developing farnming

systems if) the semi arid tropics.
 



Over the 11 years of ICRISAT's existence the 
greatest progress has been made with the manage-

ment of deep Vertisols. This will be the focus of 
ICRISAT's presentation at this meeting. From an 

we have beenunderutilized and degraded resource, 


able to create a profitable, well conserved resource, 

without irrigation and without the use of large agri-

cultural implements. This we have done particularly 

in a way that will benefit the Vertisols and related 

soils of India. We believe this technology has real 


promise and potential, We are just now starting to 

look at Sudan to see to what extent this technology is 
transferable, a long way away from ICRISAT 
Center. 

This meeting isimportant to us because it bears 
upon the role of the international agricultural 
research centers in farming systems research. This is 

a subject of great interest to our donors and to their 
Technical Advisory Committee and, of course, to us. 

There' are various ,definitions of farming systems 
to determine its structure.research, and attempts 

one view, important because it relates to my com-
ments at the moment, divides the discipline into two 
major segments: upstream and downstream. 
Upstream means essentially research at research sta-
tions. Downstream means essentially research at the 

farm level, The latter implies a hefty and even a 
dominant contribution of economics. The farming 
systems research at ICRISAT both begins and ends 
on the farm. It combines both upstream and down
stream elements. Our work recognizes four divisions 
in farming systems: 

* baseline studies of farming systems

* * component research - mostly done on-station; 

* on-station operational research: and. 

* on-farm operational verification. 

We work inall four divisions contemporaneously 
i.! and Interactively, I think ICRISAT's Farming Sys

tems Research Program is unique Inits sophistica
tion, but It is also expensive. The benefits must 
justify the costs, It must aim at replacing farming 
systems and not merely adjusting them, to use some 
terminology from a recent paper by Dillon and Vir. 
mani, Inmy view the benefits must also Include more 
efficient use of soils and water. Benefits must accrue 
to society as a whole and not just to the farmer and 
his 	family, 

Extolled virtues of downstream research, emanat
ig mostly from developed-country economists, are 

influencing the expenditure on technical assistance 
towards only downstream work, it is a trend which 

must be of serious concern to participants In this 
meeting because farming systems research that 
works only at the farm levelcan only result in adjust

ments and changes at the margin, Inmy view, farm
ing systems research should lead to farming systems 
development and should stress principles that will 
allow sufficient change to pay for the conservation 
measures that are necessary. That means significant 
change to increase productivity, profitability, 
employment, and the conservation of the resource, 
all at once. 

I belieye, Dr. Garbouchev, that you and your 
colleagues inUNEP share with us this great concern 
for ensuring that farming systems improvement does 
not lead to degradation ofresources. Ihope that you 

and Dr. Carpenter, from FAQ, will stress in your 
-bout world soil charters andfuture statements 

world soil policies, that conservation without profits 
will have no more lasting benefits than profits with

we canout conservation, I think in our meeting 
stress the importance of both, and stress how farm
ing systems principles can allow both to take place at 

the same time, 
Thank you very much. 



Purpose and Objectives of the Meeting 

I.P. Garbouchev 
Senior Programme Officer (Soils), IINE13 

Distinguished colleagues, gentlemen: 

It is a privilege for me to extend to you the greet-
ings and best wishes of the Executive Director of 
UNEP, Dr Mustafa Kamal Tolba, on the occasion 
of this expert group meeting. I was also asked by the 
Executive Director and Assistant Executive Direc-
for (Programme) Mr G.N. Golubev, to express spe-
cial gratitude to ICRISAT, particularly to )r 
Swindale and l)r Kanwar, who agreed to assist 
UNEP in organizing this meeting. I would also like 
to thank, on behalf of the Director of the Fnviron-
mental Management Service of UNEIT , Mr. RJ, 
Olembo. 

Some of you are :ware of the efforts to draw up 
UNEP's World Soils Policy by three expert group 
meetings in 1980 and 198 1,which were convened in 
collaboration with FAO, UJNESCO, and the Inter-
national Soils Science Society. [his Policy was, infer 
alia. endorsed by the 10th Governing Council ol 
UNE£P. 


Ihe World Soils Policv forns n integral part of 
the World Conscration Strategy. A number of 
priority issues identified in the World Conservation 
Strategy are directly concerned with maintaining 
soil productivity and soil degradation and stiinula-
ing soil reclamation. [hc World Soils IPolicv is 
addressed international and iationial bodies, as well 
as itoindividutk wkith interest in and responsibilities 
for saafeguarding soil, %aiter, arid rclated resources, 

Since the implementittion of the World Soils Pol-
icy will necessari he the iesponsibility of Govern-
rents, international ,ictiiin shoiild he placed within 
that context and should conicerllid piinarliy %sith 
what kind oh advice can be gi\cn to Stits, Jxticti-
larly in the developing sold, lir illlptiing he 
nanagemenit of their land antd soil resources. 
Ihc folltwingobjteclivcsot litWorld Soils Iilic\ 

are relaled to the subject of tll, mneetiring. 

*loirt+cia>c int apply stlentilii- kniwledge oil 
V,u lt iols, willi 1view to incrCaing thei pitelln-
il o ltritdtiction anld etisuring titeir sound 

noan1mntent.l 

* 	 To develop and promote agricultural production 
systems that assure the use of soil on a sustained 
basis. 

9 To share in promoting and supporting suggested 
international and regional activities. 

a To intensify efforts for promoting optimum land 
use for sustained production on a worldwide 
basis, and international cooperation inthe use
 
and development of land and water resources. 

a 	 To actively pursue research needed to develop 
farming systems that combine adequate produc
tion with resource protection that are compatible 
with socioeconomic and cultural conditions. 

o 	 In developing the plan of action of national and 
international levels, we placed emphasis on the 
identification of vulnerable areas, and on action
oriented programs, to meet the needs of develop
ing countries in particular, as well as on research, 
training, education and bilateral, national, 
regional, and international transfer of knowledge 
and experiences. 

In 1982, the IFxecutivc )irector of IUNFP was 
requested byihe Illh (iovcrning('ouncill~osubiita 
plan of action lo tihe itnpienientation of the World 
Soils Policy. In developing [he plan of action itl 
national and international level , llaced eliphapc 

,isilthe identification ol vulnciable arils, and oin 
aclion-oliented ploglilns to Imeet tie lnceds ot devel
ojaiig coiillries 

INIT telt that tlielcc ol intirilatto'. il biidies lies 
iii p rtictlar itt establishing bioad priorities in 
aciving a1transler oftlesoucCs., knowledge and 
"plerlenlce., issell its supci iiot ol iiitrlilatioilally 

itndei pli will gise highe'st llliolily tooglaills. We 
ltssit tiolliitlial gtvclillnelits in tle initial stages to 
toili lillte thicin o\klinalional ei\ it'onitientally 
sotind giitilliniil politics and piacltices. A iturmuber 
oh clelittitt are t ihes,sei, it ()ur Plan olAction. Let 
tie brielly oulline tltlc aspects oil tll,cotiiprelhen
fsive work. 



We have to face the fact that we do not have 
methods that can reliably detect significant changes 
in those soil and land characteristics, which directly 
or indirectly affect the quantity and quality of the 
land. 

It is widely recognized that many projects for land 
development have not only failed to yield the desired 
resuts but have often resulted in damage to the soil 
and land. As tie pace of development of land man
agement projects is increasing, lessons learned from 
past experiences should be applied to ensure that tie 
causes of project success and failure are identified 
i:ld modifications in procedures :ire suggested to 
ensure the success of future projects. 

In this regard we should like !o promote the 
approach of aIi integrated w\atershed innagenient 

system. It is recogni/ed that small wkatersheds arc tie 
best land units N\ithin siich land use and marnage
menit may he integrated to proside lor optimum 
Sustained use of each class ot a mallnner thatland ill 
Inninli/es adverse illpacts oi other areas.

Iaking the points Inentiomned into account, we in 
LJN|IP felt that governntents and decision-makers 
should be advised oin 'lie establishment of 
environmentalls -sound agricultural policies and 
their integration ssith other natural resources 
policies. 

Our mieetiug her, shoo .1aoni to prodlce .1 St of 
guidelines for the use ol decisiot-make,,. I IiisI 
conceive as an imporrint priortt hr the ilr1pleller
tation of UNIP's soil progriam. 

Finally, I am lad that such intiatic,, s the 
Wo,ll(Soils Policy, the World Soils (hatter, and 
documents such as those \,eare 110\\addrcssing to 
governments, were created inorder to tackle tile 
problems of soil a 'Iw'ater. I \kould like to thank 
everyone of you for patticipating, and "soiild also 
like to express my confidence that sse %%ill accomp
lish our task. 

thank you very much. 

4 



Guidelines and Research Priorities
 
for Farnming Systems
 

to Prevent Soil Degradation
 



Guidelines for Farming Systems to Prevent Soil Degradation
 

Introduction 

Soil degradation is stated in the World Soils Policy 
to mean "The decline in soil quality caused through 
its use by humans. Soil degradatioa includes physi-
cal, biological, and chemical deterioration such as 
decline i. soil fertility, decline in structural condi
tion, erosion, adverse changes in salinity, acidity or 
alkalinity, and the effect of toxic chemicals, pollu- 
tatnts, or excessive inundation." It is also estimated 

iat 5-7 million ha of cultivated lands are being 
completely lost for agricultural production every 
year through soil degradation. 

Iluman populations in developing countries, 
where most of the soil loss is taking )lace, will dou-
ble in ,he next 20-30 years. i'oi most ofthis period, 
the needed increase in ;,gricultural production will 
have to come from the existinr cuttivated land, large 
aicas of which re already subject to degradation. 
We must therefore dLvelop farming systems that 
permit greater food production and, at the same 
time, enhance the potential of the soil to produce 
more food, fodder, fuel, and fiber. Many such sys-
tems have been developed for the arid, semi-arid, 
and hurlid tropics by national and international 

agricultural research centers. This document recon-

mends improvements in farming systems for difi'er-
ent regions and describes areas 'n which further 
research is needed. It provides guidelines based on 
the improved technologies available -- the essentials 
of which are described in the various presentations 
made at this meeting -- to be observed \shen it is 
planned to improve farming systems on arable land 
in order to feed the growing world population. 

Guidelines for Farming Systems for 
Arid (Desert) Lands 

It is imperative to identify ano adopt improved 
farming systems for the desert, to reclaim its sandy 
soils and improve agricultural productivity. In 
developing such systems, the following guidelines 
are recommended. 

I. 	 An integrated approach to desert development 
should be adopted. This should address (a) 
technological, (b) biological, and (c) socioeco-
nomic aspects. 

2. 	 An appropiiate blend and balance of tradi
tional and improved technologies should b. 

adopted. These will include the use of indigen
ous materials ind techniques coupled with the 
us, of solar, wind, and/or bingas energy 
sources. 

3. 	 Optimum use of land, water, nutrients, and 
energy are major goals. There isalso the utmost 
need o es approeriae cro rtibased on grasses and legumes. Improved horti-
CUlture ad agroforestry should he included in 
the development of desert lands. 

4. 	 The fodder-animal-biogas system has good 
potential for increasing food and energy pro
duction, as well as improving desert soils. 

5. 	 The use of green manure, animal manure, no or 
minimum tillage and mulching techniques 
should be considered wherever appropriate. 

6. 	 In evaluating alternative approaches, consider
ations such as technical feasibility, financial 
and economic viability, suitability to desert 
environments, social acceptability, and r plica
bi ouden stre id.
 

bility should be stresed.
 

7. 	 The need for more applied research into alter
native, integrated approaches should be recog
nized and supported. 

Guidelines for Farming Systems for 
the Semi-Arid Tropics 

1. 	 It is essential to recognize catchments/ water
sheds as basic units foi the development of land, 

water, and biological resources. 

2. 	 Land use planning must take land -aitability
into account. Areas unsuited to arable agricul
ture should be utilized for alternative land use 

3. 	 Improved farming ,ytems technologies should 
be related to pr.-N riling socioeconomic condi
tions. For example, labor-intensive technolo
gies are highly desirable for such countries as 
India that have a high density of rural popula
tion. In some African countries, labor-saving 
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technologies may be required when timeliness 
of farm operations :s essential, 

4. 	 During the extended dry season, cultivated land 
should be left in a statesuch that it is resistant to 
wind erosion, but at the same time does not 
permit runoff if rains occur, 

5. 	 The farming system used should permit the 
early development of maximal crop cover in the 
wet season. Such cover can be achieved through 
the practice of dry-seeding, the use of cultivars 
with early seedling vigor, and the use offertilizers. 

6. 	 The land management techniques used should 
include elements of soil and water conservation, 
i.e., the aim should be to permit high infiltration 
rates and adequate drainage, particularly in 
soils with a high clay content, 

7. 	 Experience shows that the application of min-
imum cultivation techniques lead to improve
ments in soil structure. The introduction of 
traction zones, and crop-growing zones, 
through the use of broadbeds and furrows 
could help achieve this objective. 

8. 	 The growialg of intercrops that have different 
growing periods helps to stabilize crop produc-
tion and optimize resources, 

Guidelines for Farming Systems for 
the Humid Tropics 

A. For uplands 

1. 	 The land management system should be such 
that a layer of vegetation or mulch covers the 
soil surface throughout the year. including the 
dry seasons. At the same time it should minimize cultivation of the land where possible, by'
using reduced tillage. 

2. 	 Traffic on the land should be minimized, and 
preference should be given to equipment with 
low pressures on the soil. When compaction 
occurs, appropriate measures should be taken 
to loosen the soil and restore the structure, 

3. 	 When ridging, bedding, or mounding is neces-
sary it should be done with measures that pre-
serve a mulch on the soil. Longand steep slopes 
must be ;woided for this type of land 
preparation. 

4. 	 Where possible, multiple cropping should be 
practiced. Sequential cropping should include 

crops known to produce good stubble mulches 
and/or weed-suppressing shade crops. Inter
cropping should include mixtures of shallow 
and deep-rooted species. Care must be taken to 
return all organic residues to the soil. Judicious 
and timely application of the proper nutrients 
(N, P, K, Ca, Mg, S, Zn, and others) in ade
quate and balanced quantities, and also lime for 
maximum biomass production, is necessary. 

5. 	 In most areas, soil-building rotations withplanted fallows will have to be included in the 
farming systems, in order to maintain satisfac
tory levels of productivity. Alley cropping can 
achieve this without diminishing the produc
tion of essential food crops. Some intercrop
ping or multistorey cropping can be 
economically attractive, where market condi
tions are favorable. 

B. For lowlands 

1. 	 The first requirement for sustained high levels 
of rice production is a high standard of water 
control. Canals and drainage ditches should be 
kept clean so that the soil can be kept flooded to 
a depth of5-10 cm from seedling stage to matur
ity, and so that the soil may be drained just 
before harvest time. 

2. 	 The next most important requirement is to 
maintain an optimum level of availability of 
those nutrients needed by the rice crop. Atten
tion must be given to maintaining a proper 
balance of the nutrients rL,;,ired. These should 
be soil-applied to minimize volatilization of nit
rogen or undesired eutrophication. 

3 	 In areas where a dryland crop is grown before 
or after rice, it is desirable to u.1C tillage methodsand organic manures that sustain econonically 
optimal soil conditions for both th:- rice crop 
and the upland crops grown in sequence. 

4. 	 Chemicals for disease, insect, and weed control 
should be used whenever advantageous, but 
only to supplement cultural practices developed 
to ensure minimum pest incidence. Steps must 
be taken to ensure teat tie pesticide degrades 
readily, and des not contaminate soil, water, 
or vegetation 
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Research Priorities
 

A. 	For the Semi-Arid Tropics (SAT) 

1. 	 Characterization of resources and identifi-

cation of benchmark sites 

Compilation of information on the agrocli-
matic and soil resources of the SAT should 
receive high priority. These should be used for 
developing and evaluating new technologies for 
a wide range ofenvironments in the SAT. 

2. 	 Improved technology of Vertisols and 

associated soils 

On-farm verification studies over a wide range 
of soils and ag. oclimates are required to test the 
applicability of the technology. On the shal-
lower black clay (Vertic) soils, further research 
is needed to refine the systems before on-farm 
verification begins, 

3. 	 Development of improved land and water 

management techniques for Luvisols and 

Acrisols 

A substantial research effort should be made to 
develop land-and-water management systems 
for the light-textured Luvisols and Acrisols, 
both in India and West Africa. 

4. 	 Cropping for diverse environments 

Research on various options should emphasize 
the development of systems that make more 
efficio:nt use of limited resources, especially 
moisture and nutrients. This should involve 
multidisciplinary studies followed by opera-
tional research. 

5. 	 Development of machinery and tools 

Emphasis should be on the selection and deve:-
opient of simple and reliable agricultuml 
machinery appropriate to the conditions expe-
rienced by, and resources of. the farmers. 

6. 	 Management of nutrients 

Special attention should be given to improving 
the efficiency of utilization of nutrients in the 
various SAT cropping systems. Priorities need 

to be placed on improving the use efficiency of 
fertilizer nitrogen under a range of soil and 

moisture conditions. Long-term studies of 

residue management, biological niti cn fixa
tion, and green manuring should also be con
ducted. Phosphorus, zinc, sulfur, and 
potai.ium also require additional research. 

7. 	 Management of weeds, pests, and diseases 
New and improved cropping systems frequently 

generate unforeseen weed, pest, and disease 

problems that will inevitably require a research 
response. 

B. 	 For the Upland Humid Tropics 

The need to achieve substantial and immediate 
increases in food production in many developing 
countries warrants the development of more pro
ductive, efficient, and environmentally stable land 

and soil management methods. To better attain this 
goal in the upland humid tropics, more research is 
required in the following areas. 

I. 	 Environmentally sound land-clearing and post
clearing management techniques for the major 
soils should be developed. 

2. 	 There should be extensive agronomic and 
socioeconomic validation of currently recom
mended agricultural production techniques. 
Such research should be conducted through a 
network of trials on selected benchmark sites, 
with on-farm testing at many locations. 

3, 	 The potential for using herbaceous, shrub, and 

tree legumes in sustaining continuous agricultu

ral production and supplying local consumers' 
needs of food, fuel, and fiber should be 
explored. 

4. 	 Methods for the restoration of degraded soils 
should be developed. 

C. 	For the Lowland Humid Tropics 

I. 	 There is a need to study the effects of tillage 
practices on the physical and mechanical prop
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erties of wetland soils, with reference to soil
water relations, pan formation, and the 
suitability€ of these soils as a rooting medium. 

2. 	 The effects of long periods of rice cultivation 
with and without fertilizer should be studied in 
a range of environments, including sites where 
upland crops are grown before and after rice. 

3. 	 More information is needed regarding saliniza
tion and desalinization of paddy soils and the 
effects of prolonged use of poor-quality irriga
tion rater. 

4. 	 Studie- are needed on management methods 
that will permit acid sulphate soils, tropical 
peats, and Planosols to be successfully used for 
rice production without causing soil 
degradation. 
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Desert Development, Demonstration, and TrainingProgram
 
in Egypt
 

Adley Bishay 
Director, Desert Development, Demonstration, and Training Center, Egypt 

The Concept 

Deserts account for roughly 96% of Fgypt's land 
surface, and the available arable land is inadequate 
to support the rapidly growing population, which is 
currently about 44 million. Accordingly. in Egypt 
and other parts of the Middle Fast, the need to 
increase the productivity of arid lands is a national 
priority. The Agricultuml University in Cairo's 
(At:C) Desert )evelopment. Demonstration. and 
Training Program (1)I)1)T). initiated in 1979, 
undertakes applied research into alternative, coo-
ronlically \iable, integrated approaches to arid 
land. agricultural, arnd community development.
Iie 	ultimate goal is to demonstrate alternatike pat
terns that can be replicated for the establishment of 
viable desert communities for Egypt. Such commuon-
ities should offer a quality of life attractive enough to 
encourage the migration of' families front the o%er-
cro\kded cities and villages to desert areas, 

The 	following are the goals of the I)I)DT. 

The program's emphasis ison arid-land agricul
ture, where water supply and energy costs are 
the primary constraints. Optimum land and 
water resource management is a major goal. 

2. 	 Applied research and demonstrations in tire 
utilization of solar, wind, and biomass energy in 
rural communities; studies of energy-efficient 
low-cost housing. 

3. 	 A training program for both the private and 

public sectors. 

4. 	 The identification and demonstration of tech-
nologies appropriate to the resources and envir-
onment of Egypt, and other countries with 
similar environments. 

5. 	 An interdisciplinary approach in every part of 

the program. 

6. 	 Demonstrations of small-scale agriculturally 
based industries. 

7. 	 The assessment of the suitability of indigenous 
materials for construction and other develop
ment activities. 

8. 	 Applied research, and identification and dem
onstration strategies, for the development of 
desert communities, within the framework of 
local resources and social norms, and without 
detriment to established standards in the pres
ervation of health and environment. 

All results of the D)1)T activities are to be made 
publicly available for application in agricultural, 
economic, or development work by others. The Uni
versity has established cooperative relationships 
with experts and several research institutions for 
assistance in applied research, training, and demon
stration activities. 

The Program 

lie 	1))F has identified a nniber of areas for 

conducting applied resa rcl, leading to the demon
stration of arid-land improvement oriented towards 
small-fiarrer development, or to the setting up of 
niodels for agroindustrial activities thkit could even
tually become alternatives in solving Egypt's foodamipoutonprhms
a nd 	 population problems. 

As a first phase for studying alternative desert 

farming systems, a project supported by II)RC on 
"Integrated Approaches for Improving Productivity 
of Sandy Soils" has been undertaken. The following 
are some of the areas of applied research that are 
currently being conducted, or are planned for initia
tion as soon as funds are available (see Fig. I). 
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Project sponsored by 
The International Development Research Centre (IDRC)
 

Phase One (3 years)
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) a) a) 

hameicnUnvestyI Cair (AUCop 

Desert Development Systems (D.D.S.) 

Figure I,Integrated farming system for improving Ihe productivity of sandy soils. 
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Research in Soil and Water 
Conservation 

Technological practices 

Soil survey and soil management. The soil of the 
South Tahrir site is mainly of the coarse sandy type; 
the level of nutrients is very low. Several field experi-
ments were conducted to detertr.ine the most hal-
anced NPK fertilizer for the different crops. Soil 
survey and management studies are also undertaken 
at the Sadat City site. 

Irrigation systems and water management. Accu-
rate and statisticalhy analvied hydrological and 
meteorological data, %saterrequirements of desert 
crops, effective methods of irrigation and drainage, 
techniques for increasing soil moisture retention and 
decreasing water losses, are all included in the desel 
opment of optimtuml water management, and asso-
clated designs and practices. Meteorological data 
are currently collected and analyed at the Sadi.t 
City site. The South Tahrir site depends on Nile 
wrater delivered through a small canal connected to 
the NASR (':(anal. Systens of drip and biwall irrita-
tion, and four side-roll sprinkler systems are intuse. 
The Sadat ('ity,site depends on underground sva'cr 
for irrigation: this is pumped fron a well by t%\o 
solar paps.Syteni, such as sprinkler, drip, or 
biwall irrigation arc \\atcr-etlicient. but their energy 
consumption is hith. A systcm using thin-walled, 
corrugated plastic pipes of suflicient diameter to 
permit low head operation is currently used for 
w\atcring the casuarina trees planted as wind breaks 
around the site. 

Controlled-environment agriculture. A proposal 
lor conducting cooperative work has been submitted 
b,the AUC for the Sadat ('ity site. Associated uscol 
the nutrient film technique (NIFT) iscurrently being, 
discussed 

ltene%,ahle energ) sources. ()n the application ol 
rcne\wablc energy technologics for desert dceclop-
mrnt, it number ol projects have been o: are cur-
rentlv being iniplemented. 

)esert materials and architecture. Io be appro-
priate lo' ttte lir(iicet, associatetd construction swork 
mist ntaximi/e the tiscof locally aailable materials. 
Major activitics conisist ol a sturey ol ra\ materials 
in the area and the production ol suitable bricks. 

Biological practices 

Desert crops and crop rotation. Agricultu ml crops 
are chosen with the goal of maximizing their poten
tia Iecononic prod uctivity under prevailingenviron
mental conditions. In addition to useful indigenous 
plants, the exotic plants currently being tested are: 
jojoha (SiniiondAia c/inensi.s), guayule (/'art/h
iumiwa 'en aid buffato gourd'aut), euphorbia, 

(('iucurbita fibtidi.vsina). A number of cereals, 
legumes, fruit, vegetable, and oil cropsarcalso being 
t.-sted. 

Afforestation and desertification control. Inaddi
tion to windbreaks, the afforestation program 
includes adaptive research for the identification of 
tree species for the production of wood-based tiate
nial (pulp or Iuel), animal fodder, and hun111t food or 
anntial cash crops. The use of somae tree speciesc .g.. 
leucacna, lor soil rehabilitation is a!Nf under study. 
)esertification control studies and activities aim at 

controlling sand mio,.ement and saliniiation. and 
scrseas dentoristratiotslforappllication in other sim
lar, or more extreme, conditions. Zero or imininmun 
tiliage has bcenconsidercd 1o be of potCntial \alueas 
it way of ulinimi/ing \wind Crosion. 

Livestock development. In the livestock develop
tent program, cattle and sheep are to be experi

itented wkith ior improved meat, milk, and cheese 
products. On-site management and training Of per
sonct \\ill be a primary actisity. At this stage,sheep 
fattening is practiced as a part of the integrated 
project for itupto ng desert soil pro(duCtivit\ . 
Another project under conideration is based on ant 
integrated system of fodder, cattle, and hiogas, 
including applied reseach arnd demonstrations of 
siiall-farin units and or pilot agroindirrties (meat, 
milk. etc.). 

lliosaline research. ('oopcrativc work inthis field 
has he':i iiti'aed tinder the project oin"Applica
lions tilRenc\%able [n.rgy I echtologies for l)esert 
l)e\clopteint" in S, dat City. Some salt-tolerant 
Spe ic I )wsh li% imala i,irobolutt irgini u., 

,
.ltriph. mrn,,ie/loris) ire Ito\being tested. 

(omnmunity planning 

It \ill be important tio consider rhat types of indi
vidiial,% vill work on the land, perforl other func
tions, and l what terms. tIhis will involve 
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experimenting with school and university graduates 
in agriculture (middle class people and landless pea
sants), and setting up criteria for selections from 
both groups. There should be incentives designed to 
attract professionals to live and work in the desert. 
The University's Social Research Center has a 
wealth of data based on settlement problems in 
Egypt, from which future guidelines can be 
developed. 
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Improved Farming Systems for Vertisols
 
in the Semi-Arid Tropics
 

J.R. Burford and S.M. Virrnani 
Principal Soil Chemist, and Program L.eader,
 

Farming Systems Research Program, ICRISAT
 

Introduction 

The semi-arid tropics (SAT) extend over 2.1 billion 
ha. and support a large population 750 million in 
1980. Ninety percent of this arca and 99f'i of this 
population are located in developingcountries. ('ur-
rently crop yields are low throughout most of tihe 
nonirrigated SAT. Substantial increases in produtc-
tivity of all crops will be needed in the Iutture to 
sustain population increases. India contains about 
56i of the SAT population on about 10"i of the 
-AT area. Improved productivity in this area is nowy 
urgently needed. f' the major soils of India. the 
Vertisols possess the best potential for increasing 
crop yields severalfold. This paper discusses te tra-
ditional and improsed systems for the Vertisols in 
the Indian SA. Aspects needing consideration for 
transfer to other SAT environments have been illus-
trated. Because maintenance of long-term prodic-
tivitv is a cause for serious concern, the discussion 
includes the implications for reducing the current 
degradation of the soil. 

Vertisols and their Environment 

Physical resources 

Soils. Vertisols and associated soils occur exten-
sivclv in India (72 million lii), but true Vertisols 
probably extend over 27 million ha ( Murthy et al. 
1982). The characteristic of Vertisols that gives these 
soils such a high potential for increases in crop yields 
in the drotight-prone SAT environment is their high 
water-holding capacity. Ihis results from their clay 
content of 35-65i and t.ie normal doininance of 
montmorillonite in the clay fraction. 

Agroclimafe. Based on, probabilities of' weekly 

rainfall, the Vertisol area in India has been divided 
into the area in which rainfall during tie rainy sea
son is sufficiently assured for wasonably-reliable 
cropping, and that in which it is not assured (Fig. I). 
Analyses such as these are used for planing systems 
that provide high productivity as well as stability, 
keeping in viesy the risk associated with a particular 
environment. 

Socioeconomic constraints. The SAT iz one of the 
poorest economic regions in the world. Within 
India, average incomes are lower in the S.\l than in 
the remainder of the cotntry. In India .,s there is 
very little cultivable land not already in use, all 
future population increases must be fed from 
increased production per unit area. This will place 
increasing pressure on the land, with the risk of 
increasing soil degradation under existing agricultu
ral practices. 

Soil degradation. In India, Vertisols are particu
larly subject to the high risk of substantial soil loss 
by water erosion tinder the prevailing traditional 
systems of bare-fallowing during the rainy season. 
Frosion losses a,c also promoted by the very low 
infiltration rates of Vertisols once tile soil becomes 
saturated. Prediction of such erosion is currently 
being attempted at ICRISAT. The consequences of 
soil loss tin ler the traditional monsoon fallow sys
ter are frightening. Measurements at Sholapur, on 
land with a slope of only I-2 ';, indicate that 50cm of 
soil has been lost by erosion over the past 100 years 
(AC RI P)A, Iyderabad, personal comnlunica
tion). l)iminution of the depth of the soil profile will 
reduce water-storage capacity and thus the long
term productive capacity of the soil. Ftirther, little 
attention has so far been given to the degradation of 
the nutrient status of the soil by either traditional or 
improved farming systems. 
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Farming Systems 

Traditional systems 

Prevailing land use patterns. In the Indian SAT, 
on the shallower (Vertic) soils, cropping is confined 
to the rainy season. Of the deep Vertisols (1.0-1.5 i), 
a few are cropped during the rainy season, but per- 
haps 50j or more are left fallow during tile rainy 
season, and cropped once only, during the postrainy 
season. On rainy-season fallow areas the commonly 
grown crops in the p,.strainy season are sorghum, 
wheat, or chickpea, and intercrops (sorghum oil-
seed), or a 2-year rotation of 'wheat-chickpca or 
wheat-linseed. Full use of the land by two crops 
spanning both seasons --extends over less than 10"i 
of tile area ( Krant/ et il. 1974). Crop produoctivity is 
low but reasonably stable, because inputs are low 
and risks of loss are low. This low-risk system was 
satisfactory while population pressures were rela-
tively low. Increasing populations now require 
increasing crop-productivity per unit area. 

Prevailing production constraints. Indian farmers' 
traditional systems have several major problems and 
limitations. The poor internal drainage of the heavy 
soils can severely restrict operations dtiring the rainy 
season, the cultivation equipient lacks versatility. 
tile crop cultivars have low yield potential, and the 
farmers' crop options are often limited. 

Soil degradation hazards. The most serious defi-
ciency in tile rainy-season fallow system is that it 
promotes a diminution of tile resource base because 
of erosion. This is many times greater on uncropped 
land than where tile surface is protected by the grow-
ing crop. 

Improved farming systems for Vertisols 

Innovation and components. ICR ISAT has devel-
oped an improved farming system for Vertisols. The 
key elements ef this system are tile following. 
a. A double-cropping system in which each of tile 

two crops is more productive than the farmers' 
single crop. 

b. Use of improved cropping systems, which 
include sole crops, intercrops, and sequential 
crops as options. 

C. Use of fertilizers, usually N and P carriers and, 
less commonly Zn. 

d. 	 Introduction of improved land and water man
agement techniques. 

The basic elements of the improved management 
techniques are these. 
a. Shaping of the land to promote disposal of 

excess water, by the introduction of broadbeds 
and furrows, grassed waterways, etc. 

b. Commencement of land preparation ime
1"at ly after the previous crop is harvested. 

c. Completion of seedbed preparation after the 
first prenionsoon rain. 

d. Placement of seed and fertilizer. 

While the productivity gains are greatest when all 
options are introduced. the improved system con
tains a number of options for tile larmer. 

Productivity gains. On operational research areas 
at ICRISATCenter, tile improved double-crupping 
systemn consistently gives grain yields of 3 t ha-' 
cereal (maize or sorghum) and I t ha- I intercropped 

legume (pigeonpea), as compared with 0.5-0.8 t ha-' 
a-' of grain under traditional systems. The latter is 
commonly priced at 3 times the value of sorghum so 
that tile eventual yield is equivalent to about 6 t ha-' 
cereal grain. An increase in net profits of 500-600%, 
and i return of 250(:i oti the additional funds 
invested has beer, obtained. 

Transfer of the Improved Systems 

India 

On-farm verification. After several years of testing 
of these improved systems at ICR ISAT Center, eva
luations commenced oi other Vertisol sites in 1981, 
where all operations were conducted by the farmers. 
Preliinary results were eicouragit'g (Ryan et al. 
1982). The data in [able Igavea 244,', rate of return 
on expenditure in the improved system. This com
pared well with tile return of 25V(' obtained pre
viously in operational research at ICR ISAT Center. 

Adoption, adaptation, and constraints. A number 
of issues have been identified even at this early stage 
in the verificattion process (Ryan et al. 1982). These 
are: the need for improved availability of credit; 
timely supply of fertilizers in villages: and improved 
capacity for manufacture of the wheeled tool carrier. 
On technical aspects there is need for further 
research on cropping systems options, use of small 
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Table 1. Economics of improved watershed-based technology options on deep black soils in Tadanpally village, Andhra 
Pradesh, India 1981-82.1 

Yields 

Proportions Gross Operational (;ross Cereals Pulses -- oil seeds 'egs 
Cropping systems grown returns costs profits (Grain Fodder (rain Stalks 

Improved 
Sorghum 

't rsh d........ 
pigeonpea intercrop 50 4930 

(Rs lhlt ................( O00 kg lia)............ 
1192 3838 19.5 72 4.6 19 

Ma i/C pigeonpeat intercrop 6 4304 1395 2909 16.4 34 6.0) 22 
Mai/c-sallo cr sequence 6 23101 1190 1III 16.2 35 0.5 
Maite-chickpea sequence 
Mng hean-sorghutn sequence 

5 
17 

5097 
3352 

1831 
1261 

3266 
2091 

22.9 
5.9 

51) 4.6 
17 4.7 

%lung bean-,allon\er sequence 3 3715 1321 2394 - 5.2 (nttng beat,) 

.lting h.;lin-,orghumi chickpea) 4 4073 1495 2578 0.8 2 
7.3 (sallowrer) 
4.8 (mung bean) 

sequernce 
MIune bean-chilli seluence 2 4625 1450 3175 - -

5.2 (chickpea) 
5.2 (nining beain) 
5.0 (chilli) 

Illlo chilli 7 2551 734 1817 4.1 

100 

Weighted asrages 4242 1183 3059 -

Traditional frirner's fields 
Fallo, sorghuni 910 2194 536 1658 6.7 18 -
Fallo%, chilli 4 3208 2036 1172 - 7.2 
Mung bean-sorghum sequence I 3964 1526 2438 9.7 24 3.1 
Sorghum pigeonpca intercrop 5 1544 310 1234 5.5 25 1.2 16 

I()0 

Weighted ascrages 2 2() 595 1625 - - 

based ed or inarket %% tolows:I. Prices used ss.crc on actual reali prices justafter barsest. [h crc as 

(rain R, I100 kg (raini Rs 100 ke Fodder Rs 1)0 kg 

I ' 1rid sorghiini 111 Pigeoipca 298 Ilybrid sorghun 20.0 
Posliain\-seaon so rghun 22(0 Safilinler 31(1 Posintiny-stason sorghum 37.5 
Mai/c 112 Chickpca (sold as seed) 450 Mai/e 10.0 
Mung bean 30) Chilli 618 Pigeoilipea stalks 10.0 

rcler 14.482. I)ata to ha of the 15.42 lia\satcrshcd. In three plots data %%ere not available. 
3. Rs 12.5 - I ISS. 

farm ponds to ensure success ofthe postrainyseason geographic areas that would benefit from the new 
crop, better prediction of' optimum sowing dates, system. Sudan is a logical choice for extension ofthe 
and better methods of weed control, present verification studies. The area of Vertisols in 

that country is particularly large (63 million ha), out 
Other countries of which about 42 million ha of Vertisols may have a 

growing season in excess of 2 months. More detailed 
With the transfer of technology exercise well under studies of soil characteristics, reliability of rainfall, 
way in India, it is appropriate to consider other and socioeconomic aspects will now be needed. 
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Institutional Frameworks 

The management of land and water in the dryland 

areas needs the individual farmer's, or a group of 

farmers', cooperation, to put together a watershed 
and lay out the drainage channels. For improving 

drylands, there are a number of components that 

need to be adopted as a basic unit by the farmers. 

System transfers, as opposed to a single-component 

transfec, are difficult and have a longer gestation 
period. It is a considerable task - in training and 

creation of awareness that the institutions 

involved will have to undertake, if the technologies 

generated by theni are to be adopted on a large scale. 

There are other institutional and financial issues 

,elated to the farmer's capacity to use the f cilities, 

services, and inputs available. All these issut.; must 
be addressed so that the promise offered by the new 

technology can be translated into a real potential. 
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Soil and Water Conservation Research in India
 

V.V. Dhruva Narayana 
Director, Cvntral Soil and Water Conservation Research and Training Institute 
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Introduction 

In India, where population pressures on the land are 

high, rational utilization of soil resources assumes 
great importance for optimum and sustained food 
production. This involves proper land utilization, 
protecting the land from deterioration, building and 
maintaining soil fertility, conserving water for farm 
use, provision of prope. drainage, flood protection, 
and erosion control. Out of the 328 million ha of 
India's land area, nearly 175 million ha (where 140 
million ha are under cultivation) are subject to soil 
erosior, out of which nearly 70 million ha suffer 
from serious hazards, such as sheet, gully, and hill-
side erosion. From 1981, the Indian government has 
organized large-scale soil and water conservation 
programs. Bcgiining with contour-bunding pro-
grams in the early phases, the concepts of integrated 
land-use planning on a watershed basis were intro-
duced through a chain of Soil Conservation 
Research Demonstration and Training Centres. 
Staff of these Centres, during the last 25 years, have 
identified tilesoil ard water conservation problems 
of the country and produced some viable technolo-
gies for field appiication. 

Research Programs 

Agricultural land 

Soil and water conservation practices include: con-
tour farming, mulching, intercropping, bunding, 
graded blnding and bench terracing on steep slopes, 
and the harvesting, storage, and recycling of runoff 
water, 

Contour farming. Soil loss from areas having 
slopes as high as 25% was reduced, for example, 
from 39 to 15 t ha- 1when potato farmine was done 

on contours (Table I). Some cultural practices that 
reduced soil loss were closer plant spacings, inter
cropping, and mulching. 

Mechanical measures. These include contour and 
graded bunding, contourditching, and bench terrac
ing (on relatively steep slopes). On deep lateritic soils 
in high rainfall areas with average slopes of 25%, 
bench terraces with lengths of 100 m, longitudinal 
grades of 0.2 to 0.8%, and inward grades of 1%, 
conserved the soil and moisture relatively more effi
ciently md also produced higher yields of potato. 

Harvesting, storing, and recycling runoff. Har
vesting of runoff is necessary and possible for the 
better utilization of rainfall, control of erosion, and 
the provision of life-saving irrigation during 
droughts and for growing a second crop. The devel
opment of seepage control techniques (especially 
important in alluvial soils) for farm ponds is still in 
the experimental stage. But tilecost of lining small 
farm ponds with bricks and cement mortar, and 
cement concrete, appears to bejustified, particularly 
in areas where there is no other source of irrigation 
water. 

Nonagricultural land 

Establishment of vegetative cover is one ofthe effec
tive ways of conserving soil and water. Growing 
trees helps in the interception of 14-26% of the pre
cipitation, and reduces its impact on the soil surface. 

Fuel-fodder plantation. Fuel-fodder requirements 
are progressively increasing in India. Experiments 
conducted at several locations with fuel-fodder plan
tations have been successful. 

Special problem areas. Ravine areas, which 
occupy nearly 4 million ha, require special soil con
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Table 1. Effect of soil conservation measures on sloping laterilic soil (25% slope) on 

Runoff 
Runoff as % of Soil loss 

"rreatment (mm) rainfall (t ha- ai1) -

Up and down 
cultivation 52 4.0 39 

Simple contour 
cuttiviation 29 2.3 15 

Bench terracing 15 1.1 I 

various losses. 

Nutrient Potato 
loss yield 

-(t ha- a ') (t ha-')
 

333 12.6
 

130 13.4
 

It0 17.0 
Source: 13.Raghunath et al. Sixth Annual Convention of the Indian Society of Agricultural Engineers, Bangalore. 

servation measures. Techniques have teen devel-
oped for use in areas having gullie:, of varying 
depths. By closing the ravine lands to grazing and 
other biotic interferences, it was observed that poor 
and inconsequential annual plant species were 
replaced by more useful species. These ecologica' 
changes I,ave also resulted in a natural reduction in 
runoff and soil loss from the area, along with 
improvem.-nt in the quantity and quality of grass 
yields, 

Techaology Transfer 

The transfer of technology, based on the concept of 
watershed management, is important in soil conser-
vation work. The (CSWCRTI has adopted the con
cept of Operational Research Projects (ORPs) for 
finding out by actual experience what gains accrue 
from the transfer of technology, and what con-
straints and difficulties are involved. These ORPs 
are located in watersheds of 300 to 400 ha. The 
success achieved in these programs has prompted 
the Indian Council of Agricultural Research and the 
Indian government to intensify the activities 
involved by establishing 46 model operational 
research watersheds all over the country. 

Soil and water conservation practices are 
expected to genera.e three benefits in a watershed: 
(I) increased production of food, fodder, fuel, 
timber, etc.; (2) sedimentation control; and (3) a 
favorable water regime. An economic analysis of 
each of the soil and water conservation measures in 
agricultural land, as well as their combined effect il 
ORPs, have shown that the benefit: cost (13:C) ratios 
range from 1.8 to 3.6 (Table 2). The highest B:C 
ratios are obtained for water stotage and recycling in 
rainfed lands, thus emphasizing that adoption of soil 
and water conservation measures will not only pro
tect a development area but increase its productivity. 

Conclusion 

Watershed management enhances the acceptability 
of oil and water conservation measures among the 
people involved. Naturally, management practices 
in the upper catchment ofa river basin directly affect 
the management of arable land in the lower areas of 
the same basin. The solution lies in the development 
of methods of land use that are both profitable to the 
local community and also give a better control ofthe 
flow-regime in the watershed, and to get these 
methods adopted by the local community. 

Table 2. Economic evaluation of different soil and water conservation measures in agricultural lands, India. 
Project 

Economics of unlined farot pond for 
supplemental irrigatiot at t)ehra )un 

Economics of supplemental 
irrigation to sorghu1 . Iellary 

Economic evaluation of soil 
conservation measures, OR P, Fakot 

B:C ratio Remarks 

1.8:1 Irrigation at presowing stage 
of wheat with 50 kg ha I N 

3.4:1 5 ct irrigation at 
critical stage 

3.6:1 Rainfed agriculture 
2.9:1 Orchard plantation 
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Introduction 

IRRI,The aim of cropping systems research at 

which began in 1965, is to identify productive rice

based rainfed cropping systems acceptable to small 
farmers in specific regions. Early research demon
strated that rice farmers in the tropics were not using 
available soil and climate resources to capacity and 
that crop intensification should receive more atten-
tion. Current research is farm-based, with farmers as 

active participants in the design, testing, and evalua-
tion of new cropping systems. We seek the technol-
ogy that will increase production both by improving 

crop yields per hectare and by growing an extra 
crop. This paper presents the evolution, develop-
ment, present research areas and achievements, and 
future challenges in cropping systems research by 
IRRI. 

Formation of the Asian Cropping 
Systems Network 

The Asian Cropping Systems Network (ACSN) was 
formed in 1975. The member countries of the net
work are: Bangladesh, Burma. China, India, 
Indonesia, Nepal, Malaysia, Philippines, South 

Korea, Sri Lanka, Thailand, and Vietnam. 
The Asian Cropping Systems Working Group, 

which brings together scientists from national 

research institutions, has met periodically under the 
auspices of IR RI to formulate a framework for crop-
ping systems research, develop research methods, 

and design collaborative research. Study tours and a 

5-month training program held at IRRI are two 

other major areas of support for national programs. 
The International Fund for Agricultural Develop-

ment (IFAD) supports the core program, and the 

International Development Research Centre 

(IDRC) supports the Network. The number of on
farm cropping systems research sites is 106 in II 

countries. 

Development of Methodology 

On-farm cropping systems research (CSR) must 
satisfy the following requirements (Zandstra et al. 
1981). 

* 	 The research has to be related to a specific pro
duction environment. 

* 	 f t prtecipaei g 
ing of the new technologies. 

0 	 The research has to cover several commodities 
and be multidisciplinary. 

e 	 The tasks and the responsibilities of the team 
members must be identified. 

* 	 The research must emphasize cropping patterns 

that increase cropping intensity, are economi

cally advantageous, and acceptable to the 
farmers. 

The six essential components of this methodology 
are site selection, site description, design of 

improved cropping systems, site testing, preproduc
tion testing, and the production program. The last 
one, that is the production program, is the ultimate 

objective - to provide government decisionimakers 
with sufficient information that they may make firm 
decisions about supporting improved cropping sys
tems programs and technology that will lead to 

greater food production and better family welfare 

for small Asian rice farmers. The CSR team helps 
prepare the recommendations for production pro

grams with extension staff or government 
policymakers. 
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Program Accomplishments 

" 	 The development of a methodology for design-
ing, testing, and transferring improved technol-
ogy for increasing food production. 

" 	 The formation of the Asian Cropping Systems 
Network and its continued growth and 
development. 

" 	Specialized training at IRRI in cropping systems 
to trainees from many countries who return to be 
program leaders. 

Environmental Factors and 
Management 

IRRI scientists have spent considerable effort in 
characterizing the physical environment. The com-
pilation of a rainfall map of Southeast Asia was 
sponsored by the ACSN (IRRI 1974). Rainfall pro-
babilities are used to schedule planting dates for 
crops in two or three annual sequences. This seems 
to offer a promising approach in rainfed areas. A 
combined classification based on the determinant 
rainfall pattern, slope, soil texture, and soil order 
has been provided, 

Crop modeling hai been used as a tool to predict 
rice yield performance. A soil-water balance model 
aided evaluation of alternative cropping patterns 
selected at one site fvr extrapolation to other sites. 

IRRI has shown that the growing of mung bean, 
soybean, cowpea, groundnut, maize, sorghum, and 
wheat offers an opportunity for additional produc-
tion in rice areas. Techniques have been developed 
to quantify yield losses caused by insects at each crop 
growth stage. The rolling injection planter (RIP), 
originally designed at IITA, has been successfully
used to plant mung bean, maize, soybean, sorghum, 
and wheat. It has potential as an injector of granular 
fertilizer beside the seed. 

Future Challenges and Trends 

Future challenges exist primarily in the following 
areas, 

Variety improvement. Varieties that are tough 
enough to withstand stresses of too much water or 
too little water, that is the ability to produce rela-

tively stable yields, are needed. Improvement of dry
land crop varieties for rice-based cropping systems 
has been identified as the long-term objective. It is 
agreed that both the empirical and the physiological 
approaches should be utilized. Cultivars with low 
s -nsitivity to both temperature and photoperiod are 
n.eeded. 

Management and tillage. For most soils, the con
version from puddled to well aggregated, well aerated soil conditions is expensive, time-consuming, 
and wasteful in terms of residual soil moisture. The 
transitin period of as much as 1-2 months can be 

avoidcrd by seeding the following crop in the unculti
vated drained paddy field. Recent trials show prom
ising results from this technique. 

Fertilizers. Maintenance of soil fertility and effi
cient fertilizer use in intensive cropping systems is 
beginning to recei%eattention. The ACSN members 
collaborate in long-term fertility trials and studies 
on controlled-release nitrogen carriers, to generate 
more information about tailoring fertilizer practices 
to fit rice-based cropping systems. We are also con
ducting research on systems %%hereorganicand inor
ganic fertilizers are used in a complementary 
manner. Symbiotic nitrogen fixation must continue 
to receive attention for all legume types. Our trials 
have shown that a green manure crop before rice can 
contribute the equivalent of 30 kg ha - of fertilizer N. 

Environment. Agrometeorological and land capa
bility studies will receive more attention as a means
 
of identifying areas where present cropping systems

might be intensified. Basic rice growth modeling for
 
rainfed rice will continue. Better information on the
 
physical environment should assist us in under
standing and controlling pest outbreaks. Closer
 
identification of critical soil moisture levels for com
ponent crops is needed. 

The cropping systems research handbook (Zand
stra et al. 1981) provides the basis for developing 
more productive cropping systems for many envir
onments. Socioeconomic variables are much harder 
to measure than physical parameters and simpler, 
faster methods are needed. 

One of the future challenges for IRRI is how best 
to serve the increasing demands of national pro
grams that have recently evolved from cropping sys
tems programs dealing with only the cropping 
component of farming systems programs. It remains 
necessary to integrate livestock, agroforestry, aqua
culture, and other components of farmers' produc
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tion into the system. This will receive increasing 
collaborative attention. 
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Introduction 

Soil degradation in Thailand occurs at a consider-
able rate. Better soil management isan integral part 
of farming systems research. Related work is now 
the task of the Farming Systems Research Institute, 
established in April 1982. 

The land area of the Kingdom of Thailand is 
approximately 514000 ki 2 , one-third of which is 
cropped. Annual rainfall ranges from 800 mam. or 
even less in rain-shadow areas, to over 4000 mm ii 
the eastern and southwest coasts of the peninsula. 
-1here are 13 agroecological /ones, based on rainfall 
and soil characters. The [arining Systems Research 
Institute I .s proposed live production stability 
tones bor annual crops based on the following Lac-
tors (in order of inipoitancec): rainfall Na riabilitv soil 
texture and water table: and organic matter in the 
topsoil. 

[lie stability of crop production isalfcted nmostly 
by the loss ssatcr-holding capacity of soils. l)ue to 
high soil temperatures, organic matter accumul;tes 
slosly. There is therefore a loss infiltration raie in 
heavy soils, and a low ssater-holding capacity in light 
sils Illee arc recogni,'ed as the major causes of 
loss ill prodluction. 

Socioeconomic Setting and Produc-
tion Constraints 

More than 751; of the population is engaged in 
agriculture. Out of a total cropped arca of 10.8 
million ha. 82.7'i is rainted. I bis includes 801 of the 
rice pad !y areas and all ohthe land used for grosing 
rubber, ioconut, and field crops. I le most rtolUnter
atisc crorps are: cassava, sugdrrcane, aid cocon.t. 

Nonfarm activities are also an important source of 
income for the farmers. At one project site (Bang
plama, 'strict, Suphanburi Province), in 60 farming 
families 80 of the farm attendants were school-age 
children, women, and farmers of retirement age. In 
the northeast region, where such a situation is pre
valent, per capita income isabout IJSS 100 per year. 
In the central plains, on the other hand, more land is 
irrigated and cropping is more intensive. There, 
farming incomes are about S200 per Near. 

Soil Degradation 

[wo significant ways in which ,;oil productivity is 
lost are soil water erosion and the depletion of nut
rient elements due to plant removal. An estimate of 
soil erosion loss conducted by the Iand l)evelop
ment )epartment indicates dmat the country was 
subjected to very severe soil loss oi oser 12"'; of total 
area (Tabl I). Like%sise, after investigating plant 
rintrient removal under CaiS'savar it was Iound that 
yield oii a sandty loan soil in Mahasaralkain Pro

ince, without lertiliier, decreased Irom 23 t ha Iin 
1977 to 15 t 11a iin 1980, 

Farming Systems Research 
1hie primary concerns of f~nrtigsystemsresearch in 

lIhailand are cropping intensity and appropriate 

technology. Various rropping patte us have been 
tested in each agroecological /one. 

Recolmendations 

Reconimendations that can be made at the present 
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Tlable I. Estinmated annual soil loss in Tlailaiirl. 

])egrce ol Soil loss Alea ,\rea 
'.011 loss5 (t ha I a 	 I mildlionhai C'

,.'r5 ',hllhi 	 (I ()U'. ('25 1').0 37.1) 
Slight 	 ..31 - 31(N 14.4 28.0 
Medium 	 311.25 125 O) .1.2 8.2 
SeeCrC 12550, - ,25A(H) (, 8.3. 
Vc.\ seiu e 25 I)w - 6141 56 6 3 II9
h)her 

I ral 

time are the following, 

1. 	 In the north and northeast, cultivation at it 
slight grade, across the steepest slope of the land 
to arrest excessive ruloff and soil loss, should 
he popularied. 

2. 	 Two crops instead of one late-planted crop 
should be gros, n. In nost areas this can he done 
by (it) plo\kixg tile field inlnediately after har

,est to incolporate crop residties; (b) tilling the 
soil again il the dr. season to control \kecds and 
facilitate greater inlfiltration o the early monsIool shos\'ers,; andll (c') eaIrly plantling, 

3. 	 Inl thle northeast, sshlere farllers generally grow,olile rheast, hSe ye itlll ti pe 
Onyone crop during the \ear oti tre tipper

terrace,, field crops can be successflully gro\w, 
On the middle terraces, short-duration legum,,. 
ainbe groiklm. ()i the losser terraces, shtort

dlration leguiries can he gros oril beds aheiad 
if rice bs d rainin e\cess \ilter Ito losser 
leels. II la ge amounts of finr ire receisd aind 
lfirrnlers \,ish to trirsplnilt lice uirinlediaiel%, 
tile. can ot)so by plos ing in)tIe legune and 
blocking tre openings r the bunds 

4. 	 Rce iheld' sliOUtld he pfOIrel\ leselled be!uure 
,, lairsplantln to pellru htter ilel rrnarlge

lirlrit Id %%cedconrltl 

Technology Transfer and Govern
ment Policies 

III I hailarrd all 1stititiurr1l Ipp ulilkr to pro1 h SeerrIS 
side a god les el otli cerit i llnlc rhllolhg tlilniser. 
Iidkidil 1111011C elrellue pracliced in tlhe 
crintr. atl not so elleclse bcilleW 0l tirt lick Ol 

.7 1 4 

51.4 101. 1 

qualified extension personnel. Currently, one exten
sion worker is responsible for more than I000 farm 
families. 

The delegates at the Soil and \Water ('onseration 
Symposiurn in ('honburi Province in 1982 proposed 
to tile Ro.al Ihai (iovernment the formulation of 
the 	 National Soil andi Water Conservation Policy
through: 

education, research, and training; 

soil and water conservation lawrs; 

soil anlld ssater t'onse€.rsatlion ilnplemlentaltion, and~
inlprove ilent of responsible agencies: 

supporting activities to campaign for soil and 
kac ole~to n leosrac fsatir corservaitiIo and tie obCsevant of a 
National Soil arnd Water .onservation Daiy. 
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Introduction 

Greater awareness and concern for the dangers of 
soil degradation have focused attention on the need 
for 'a better assessmeiitof the pr6cesses involved,: 
and for improved preventive measures and soil rec-

Slamation. methods (FAO/UNEP 1974; UNEP 
1982a; ISSS 1978). One limitation indiscussing the 

~problemisof land aund soil degradation isthe lack of a 
generally 'accepted definition, - UNEP (1982b) 

defined soil degradation asthie decline in soil quality 
caused by its use by humans. Considering the many 
factors Involved and the consequences of soil degra-. 
dation, a more encompassing definition appears to. 
be necessary. 

~' eradabilhty of Sois in the ;Humid :": 
STropics 

Most systems of farming leave the soil surface bare 
and exposed to the weather until the 'crop iswell 

established, incontrast to the soil cover provided by 
natural vegetation, Tropical soils are very suscepti
ble to erosion and degradation whenever adequate 
protective plant covers are absent. Inorder to quan 
tify the hazards of degradation in differeht sils 
listed in*Table 1, a set of generalized ratings~of 
physical and chemical degradability have been pre
pared, as follows, " a' 

Easily degradable soils. These include Alfisols and 
Ultisols in humid and subhumid regions of West 
Africa. These soils also are subject to rapid chemical 
degradation. Under intensive cropping . without 
chemical or organic additives, the fertilityof these 
soils declines rapidly and becomes a major limita
tion for farming, 

Moderately degradable. soils.* Examples are the " 

OsoAlIss and 'Ultisols, other moderately 
weathered soils, and Inceptisols from volcanicash. 
Decreases in soil fert lity and crop yields are slower 
in these soils. Additives and fertilizers can make 

'Table i.Approximate distribution of soils Inrainy tropical climates, by percentages. 

Soil grouping 

I h1ighly weathered soik dominated by low-acti ity Clays 
(mainly Oxisols, Ultsols, Alfisols) ' 

2, Very sandy and shallow soils (l'samments, lithic soils) 

3.Moderately wealthcredl soils, moderate to high base status 
( AIsoI, Iteplsolis, VirtIsols, Mo!iisols)V 

4.1sydromorphic (ailuvia) soh (Aquisuborders (ifvarious orders) 12 

Total I0N 

Rainy . Seasonal "Total 
(9.5- 12.0 (4.5 - 9,.5 tropical 

humid months) humid months) rainy arca. 

77 

7 Li 

4 

67 71 

10' 

1.1. 

9 
100' . 

9 

10 
100 



continuous farming possible, 

Rarely degradable soils. Physical and chemical deg
radations are rare under normal management prac-
tices in hydromorphic and alluvial soils within the 
acquic su'ordcrs. These soils are generally quite 
productive, 

Traditional Farming Systems 

Two of the commonest systems through out the 
humid tropics are tile bush fallowk and shifting culti-
vatron systems. Both are inherently limited in their 
productivity and theirabiliy to respond to increased 
demand for food staples within national, regional, 
or cven local economies 

In addition, various agroforestry svystems and 
compound farming methods are practiced in tlie 
humid and subhumid tropics. ('onpound farmis 
occur in all tile htuid tropics, arl ate cornpletely 
subsistence in nature. producing a variety of foods 
aru 	fruits for daily farin use. All four systems havea 
collinill characteristic in that they are i ondestrLIec-
tie 	in relation to the ecosystem, especially the soil. 

Alternative Techniques to Pr-2vent 

Soil Degradation
 

Ihe followigi are sonic of the better options cur-
rentl. available, 

Inproved land clearing and development techniques.
hii general, techniques that create the least soil distur-
batice during clearing, and minini/e compaction by 
heavy iiachinerv have prosed superior. 

Minimum tillage methods. The nierits of rmin
inluinl and ilo-tillage farming hlic been denlon-
strated, and their success depends oil subsequent 
agroilnrmic inaiagcnieit. 

Mulches and cover crops. Closely associated wyith 
ro-tillage practices is the use of unlhes arnd corr 

crops. It is ecrnni.'iil aind effective o gro\ selected 
annual cover crops that leave the Soil surface 
ciivened \with thick organic iulches after the ciiop
ping season, Studies are also under %%aY to d lp 
live-mulching lethods. A Ike nulch oif IPophoar-
pwt /)ahndtuim, at the I IA ('enter, alsio provided an 
appreciable amount of nitrogen for the growing 

maize crop (Akobundu 1980). Considerably more 
research is needed in this area. 

Fertilizers and soil additives. Clearly some of the 
chemical changes leading to soil degradation can be 
delayed or modified by tie use of fertilizers and 
other chemical additives, such as lime. There is a 
place for these materials in all farming systems in the 
humid tropics, but such chemicals have to be used 
with care. 

Alley cropping. In an effort to improve tile bush 
fallow sy!:tem and make it more productive, IITA 
has investigated tile effectiveness of alley cropping. 
The svstem has the advantage of combinin the crop
ping aid fallow phases. It also controls erosion, 
reduces weed infestation, and optirniies land use. 

Improved fallosws and multistorey cropping. Para
mount il this research has been the idea that total 
abardonmcrnt of fallow land fails to produce any 
benefits for the firlrne. Planting fast-growing legulm
i us trees has shovwn promise in some regions. 
Research is also under way by the International 
livestock (entre for Africa (I ICA) arid II-IA on an 
adaptation of tile alley cropping method for the 
production of' pasttes and browse for small 
runinants. 

Farming Systems Guidelines to Pre
vent Soil Degradation
 

Based on experience and observations at IfTA and 
elsewhere ill the humid tropics, an attempt is being 
made ;it I [IA to produce sonle principal farming 
s'steS guidelines to prevent soil degradation. 

I. 	 1he land ininiageneliit should be such that a 
vegetative or ogianic niatte-r layer covers tile 
soil surlice during the Mhole y'car. It should 
inviolve reduced tillage systems. [he residues 
dhIurld be retained oil the arid. 

2. 	 "Iraffic on tie land should be nininiiied. When 
compaction occurs, appropriate rirasures 
should be taken tio lonsen the soil. 

3. 	 Proven coliservatiio niasures should be used 
when ridging, bedding, orr hilling. Long and 
steep slopes,arust be avoided. Mulch cover must 
be preserved. 
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4. 	 Continuous production of the same crop 
should be avoided and, where possible, multiple 

cropping and intercropping should be prac
ticed, preferably with mixtures of shallow-and 
deep-rooting species. All organic residues 

should be returned to the surface. 

5. 	 The prevention of soil degradation will gener

ally require judicious and timely applications of 

fertilizers and soil amendments, such as lime, to 

maintain a satisfactory nutrient balance for 

maximum biomass production. 

6. 	 As an alternative to bush fallow, alley cropping 

can help maintain satisfactory levels of produc

tivity without losing production of essential 

food crops. Depending on economics and 

markets, some intercropping or multistorey 

cropping %sith perennial cash crops can make an 

effective system. 
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