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About ICARDA and the CGIAR
EstablIshed m 1977, the InternatIOnal Center for Agncultural Research m the
Dry Areas (lCARDA) IS governed by an mdependent Board of Trustees Based
at Aleppo, Syna, It IS one of 16 centers supported by the ConsultatIve Group
on InternatIOnal Agncultural Research (CGIAR)

ICARDA serves the entIre developmg world for the Improvement of lentil,
barley and faba bean, all dry-area developmg countnes for the Improvement of

on-farm water-use efficIency, rangeland and small-rummant productIOn, and the West and
Central ASIa and North Afnca regIOn for the Improvement of bread and durum wheats, chIck
pea, and farmmg systems ICARDA's research provIdes global benefits of poverty
alleVIatIOn through productiVIty Improvements mtegrated WIth sustamable natural-resource
management practices ICARDA meets thiS challenge through research, trammg, and dlssem
matlon of mformatlOn m partnershIp WIth the natIOnal agncultural research and development
systems

The results of research are transferred through ICARDA's cooperation With natIOnal and
regIonal research mstltutlOns, WIth UnIversItIes and mmlstnes of agriculture, and through the
technIcal assIstance and trammg that the Center provIdes A range of trammg programs IS
offered extendmg from resIdentIal courses for groups to advanced research opportunItIes for
mdlvlduals These efforts are supported by semmars, publIcatIOns, and specIalIzed mfonnatlOn
services

I The CGIAR IS an mternatlOnal group of representatIves of donor agencIes,Jil emment agncultural SCIentists, and mstltutlOnal admInIstrators from developed\tl# m>d devolop"," 'fountnes WdhO gUIde afnd support dlts work Thle CGIbARreceIves support rom a WI e vanety 0 country an mstltutlOna mem ers
worldWIde Smce ItS foundation m 1971, It has brought together many of the

CGIAR world's leadmg sCIentIsts and agncultural researchers m a umque South-North
partnershIp to reduce poverty and hunger

The mISSion of the CGIAR IS to promote sustamable agnculture to alleVIate poverty and
hunger and achIeve food secunty m developmg countnes The CGIAR conducts strategIc and
applIed research, WIth Its products bemg mternatlonal publIc goods, and focuses ItS research
agenda on problem-solvmg through mterdlsclplInary programs Implemented by one or more of
Its mternatlOnal centers, m collaboration With a full range of partners Such programs concen
trate on mcreasmg productIVIty, protectmg the enVIronment, savmg bIodIverSity, Improvmg
polICIes, and contnbutmg to strengthenmg agncultural research m developmg countnes

The World Bank, the Food and Agnculture OrganIzatIOn of the UnIted NatIOns (FAO), the
UnIted NatIOns Development Programme (UNDP), and the Umted NatIOns EnvIronment
Programme (UNEP) are cosponsors of the CGIAR The World Bank proVIdes the CGIAR
System WIth a Secretanat In WashIngton, DC. A TechnIcal AdVISOry CommIttee, WIth Its
Secretanat at FAO In Rome, aSSIsts the System m the development of ItS research program
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Foreword

ThIS workshop arose from the fact that ICARDA and ICRISAT each had a senes of
long-term tnals, all 10-20 years old, and mIght therefore hold a JOInt meetIng to
report the results and evaluate what had been achIeved However, as the two
Centers began to develop the Workshop Concept, It became clear that other practI
tioners should also be Involved to examIne the future of thIs kInd of work and, In
partIcular, to Identify practical methodologIes to facIlitate a wIder IncorporatIOn of
a long-term perspective Into dry-area agronomIc research

General Issues In thIrd-world agncultural development Include Inten,>lfIcatIOn
of productIOn, sustaInablllty of production Increases, and sustaInablhty of the agn
cultural resource base and assocIated envIronmental Issues, and It was neces'>ary to
examIne whether present modes of research are adequate to meet the challenge
these Issues pose Annual tnals, focused on yIeld maXImIzatIOn, stIll predomInate
In many programs of research There IS a need for new research modes, SUIted to a
wIder adoptIOn and InstItutIOnalIzatIOn by natIOnal research organIzatIOn,>, that Inte
grate studIes of productIOn IntenSIfIcatIOn and sustaInablhty WhIle our present
long-term tnals offer one startIng POInt for thIS, It must be recognIzed that the
deSIgns currently used tend to be costly In terms of human and fInanCIal resources
There are thus strong IncentIves both to fInd ways to extract more InfOrmatIOn from
eXIstIng long-term tnals and to develop new, more effICIent and cost-effectIve
research deSIgns

Thus the workshop became a 'state-of-the-art' revIew of '>ustaInablhty studIes
In dry-area productIOn systems, WIth a particular emphaSIS on the contnbutory role,
current and potentIal, of eXIstIng long-term tnals, and a quest for new, more effI
CIent methodologIes The broader aIm was to formulate a new philosophy for crop
pIng systems research In dry areas The program opened (SeSSIOn 1) WIth appraIsals
of the current SItuatIOn In the semI-and tropIcs (SAT) and West ASIa and North
Afnca (WANA) and reports of fIndIngs from ongOIng expenments, maInly long
term research-statIOn plot tnals The objectIve was to seek patterns In the data and
Interpret theIr ImplIcatIOns for productIOn sustaInabllIty and the plannIng of future
research (SessIOn II) New programs will need to Incorporate the long-term
approach more generally Into agncultural research and development and, not least,
Into the farm-level enVIronment SessIOn III moved the focus to farmers' fields and
the lessons learned there so far

SessIOn IV examIned the opportunItIes for greater effICIency In research
deSIgns and In the collectIOn, analySIS and InterpretatIOn of data from them How
can we use ongoIng tnals and theIr hlstoncal data sets to IdentIfy the effects of man
agement practIces on long-term yIeld trends? Are there more effICIent tnal deslgm?
To what extent can modelIng help us to generalIze our InformatIOn and apply It
valIdly to a WIder range of SItuatIons In time and space? And how can the results
from controlled research tnals be relevantly related and applIed to on-farm
realItIes?
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Although the workshop was focused on the developmg-country 'dry areas,'
<;ustamabl1lty IS a hIgh-profIle Issue on a global scale SessIOn V sought the research
vIew from other enVlfonments, from the agrIcultural systems of the humId trOpICS
and of western Europe, and, not least, from the donor commumty How best can
researchers seekmg to reconcIle mtenslflcatIOn and sustamabIhty of productIOn gIve
theIr fmanclal supporters, natIOnal and mternatIOnal, value for theIr money? And
how can It best attract that support m the fIrst place? All these Issues were brought
together and thoroughly exammed by means of rapporteurs' summanes and two
panel dIscussIOns, whIch together comprIsed SessIon VI

Early m the plannmg process, It was agreed that thIS workshop would not seek
to deSIgn a new 'project' to support long-term research Nor would It pass a long
hst of worthy resoluttons, to subsequently gather dust on the shelf We rather hoped
that the meetmg would catalyze mdividuals, mstltutIOns and groups of mstttuttons
to follow up on the Issues raised, through new research mlttattves and appraisals of
eXIstmg activittes, and the development of practtcal and feasIble proposals for new
hnkages, networks and/or research projects to promote sustamable agncultural pro
ductton systems m dry areas The aim was to sow seeds

As a fIrst step and brIef record of the workshop dehberattons, and to sttmulate
a greater awareness of the Issues, we pubhsh here abstracts of all the presentatIOns
made At the end of the workshop, It was agreed that a draft 'conclusIOns' paper,
based on presentatIOns and subsequent dIscussIOns, would be prepared and CIrcu
lated for comments to all those who had been present A fmal verSIon of that paper,
amended accordmg to the feedback receIved, IS mcluded here

3"3? c

Adel EI-Beltagy
DIrector General
ICARDA
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Workshop Concept

StImulated by the Brundtland CommIssIon report and the RIO Conference on
Environment and Development the agncultural research commumty Identified <'U'>
tamablhty as the ultImate goal of ItS research and development efforts Thl<, I'>
reflected m the followmg goal statement of the Consultative Group on Internatlondl
Agncultural Research (CGIAR)

"Through mternatwnal resemch and related activities, and 111 partnership
with natwnallesearch systems, the CGIAR azms to contnbute to mstalllable
improvements 111 the productivity of agnculture. forestry and fishene~ III

del'elopll1g countnes, 111 ways that enhance nutritIOn and well-belllg espeu
ally among 10w-ll1come people "

In order to Implement thIS statement, the Techmcal AdvIsory Committee (TAC) of
the CGIAR has IdentIfied a number of pnonty research areas, mcludmg

* effectIve management and conservatIOn of soIl, water, forests and other nat
ural resources for sustamable productIOn,

-i< Improved productIVity of Important land use systems and mtegratlOn mto a
sustamable development framework,

>l" lmkmg Improved productiVity to sustamable use of natural resource<, Vld dn
appropnate pohcy frame, and

>l" strengthenmg of mstItutlOns and human resources m natIOnal re'>earch <'y'>
tems to accelerate the process of IdentIfication, generatIOn. adaptatIOn. and
utIhzatIOn of techmcal mnovatIons

To factor these pnontIes mto the agenda, a redefmltIon of the agncultural re<,earch
strategy IS needed, partIcularly for dry and often fragIle ecosystems

Strategy for Sustainable Agriculture in Fragile Ecosystems

A number of mstltutIOns m developmg countnes have a history of re'>earch on farm
mg systems and resource management However. relatIvely few <,tudles ha\ e been
undertaken to deSign strategies for sustamable agncultural productIOn that mtegrdte
concerns for effIClency, diversified land-use systems. and envIronmental ,>ecunty
The baSIC questIOn to be answered everywhere IS how. and for how long can the
agncultural productIOn from fraglle ecosystems meet expandmg food reqUIrement'>
wIthout threatenmg the resource base and the mter-generatIOnal eqUIty m re"pect of
ItS use? To answer thiS questIon adequately, research must be hohstlc and mterdl'>
clphnary, combmmg long-term perspectives of soli and water conservatIOn and fer
tIhty mamtenance with mnovatlOns that enhance yield performance It mU'lt 'leek to
develop high-performance productIOn systems that both mitigate chmatlc mk and
provide the much needed long-term environmental secunty
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Plan Suggested by the TAC Sustainability Committee

TAC has suggested that CG Centers together wIth NARS should mitiate long-term
research tnals that quantify sustamabIhty parameters withm productIOn systems and
estabhsh comprehensIve, long-term studIes targeted to speCIfIc agroecologIes ThIS
IS m hne WIth a renewed mterest worldwIde m long-term studIes ansmg from a new
awareness that sustamable mcreases m food productIOn depend upon the Imple
mentatIOn of programs that encourage the JUdICIOUS, non-destructIve use of natural
resources In 1992, the Rockefeller FoundatIOn took the mItiative to compIle a
dIrectory of long-term agronomIc expenments TheIr analysIs of over 100 expen
ments showed that very few rehable mterdIsciphnary studIes have been conducted
on food crops, particularly m the developmg world Most expenments were
desIgned to evaluate crop performance or the effects of soIl amendments or crop
management techmques Further, many such expenments suffer from senous hmI
tations, m such factors as SIte selectIOn, treatment relevance, adequacy and accura
cy of data collection, and statistIcal desIgn These fmdmgs pomt to a clear need to
open up new dISCUSSIOn on long-term agncultural research, ItS purposes, method
ologIes, and how to promote ItS practIcal apphcation m the quest for farm-level sus
tamabIhty

Current Status of Long-Term Research by ICARDA
and ICRISAT

ICARDA and ICRISAT have both, over many years, undertaken broad programs of
multidISCIplmary research to Identify management strategIes to enhance the pro
dUCtIvIty of ramfed agnculture m dry areas Thrusts have mcluded the characten
zation of natural resources and farmmg systems, SOIl and water conservatIOn, crop
management under low and varIable mOIsture condItions, nutnent apphcatIOn
strategIes, and quantifIcatIOn of production nsks These have been vanously com
plemented by longer-term studIes, whIch m recent years have carned an mcreasmg
emphasIs on productIOn and resource sustamabIhty

In particular, ICRISAT has conducted long-term watershed-based soIl and
water management studIes on vertIsols at ItS ASIa Center at Patancheru, IndIa, and,
m cooperation wIth the InternatIOnal LIvestock Research Institute and the EthIopIan
InstItute of Agncultural Research, at GmchI, EthIOpIa It now has a conSIderable
volume of long-term soIl, crop and chmate data from several of these actIVIties
MeanwhIle, m Syna, ICARDA has studIed long-term wmter cereal-based ramfed
crop rotatIOns, wIth hvestock mtegration, focussmg fIrst on prodUCtiVIty, later on
system sustamabIhty, and parallel collaborative work has been set up wIth NARS
partners m Algena, Jordan, Iran and Syna New statistical techmques have been
developed to Identify trends m yIeld from long-term rotations grown under hIghly
varIable ramfall condItIOns Long-term studIes have recently been expanded to
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Egypt, wIth new sustamablhty tnals estabhshed at fIve locatIOns (four lITIgated, one
ramfed) Each case was complemented by a long-term program of momtonng of
local farmers and farmers' fIelds

GIven the global mterest m sustamablhty research, now seems to be a good
tIme to appraIse the results and the lessons learned from these actIvItIes and, further.
to enhance our dry-area perspectIves WIth expenence and mSIghts from practItIon
ers m other parts of the world From a full exchange of Ideas, we look to IdentIfy
strategIes and methodologIes by WhICh longer-term sustamablhty-onented
approaches may be estabhshed more wIdely wlthm natIonal and mternatlonal
research programs for dry-area agnculture ThIS leads us to the followmg concept
for an expert workshop

STRATEGIC OBJECTIVE The wIder adoptIOn of a more far-sIghted. mter
dlsclphnary framework for agncultural research m developmg countnes, hnk
mg Improved prOdUCtIVIty to the sustamable use of the natural resource"

WORKSHOP AIM A state-of-the-art appraIsal of the past, present and future
of long-term agronomIc research-methodologIes and praCtIcahties-to pro
mote the sustamablhty of dry-area agncultural productIOn systems
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State of the Art



1. Long-term experiments in semi-arid rainfed
agriculture: ICRISAT's experience in

natural resource management research

S.M. Virmani
Internatwnal Crops Research Institute for the Seml-And Troplcs,

ICRISAT, Patancheru, A P 502324, Indza

DespIte technologIcal advances m secured IrrIgated regIOns, sustamed crop produc
tIon m the ramfed agnculture of the semI-and tropICS contmues to be beset WIth
problems Food and nutntIOnal secunty are central to all the agncultural re'>earch
and development efforts, partIcularly of the margmal ramfed agnculture sector of
the populatIOn-nch developmg countnes m the tropICS OptImIzed management of
natural resources IS a major factor m semI-and agncultural productIVIty Inadequate
water-holdmg or mtake capacIty of the tropIcal solis and poor temporal dl'>tnbutIOn
of ramfall senously reduce the effectIveness of ram-water for crop productIon Year
to year vanablhty m amount and dIstnbutIOn of ramfall produces uncertam crop
yIelds and leads to msecunty m food and fmance Low-ramfall years end up m a
complete denudatIOn of vegetatIon cover due to hIgh grazmg pressures on the land,
and when such years are followed by hIgh seasonal ramfall, sOlI eroSIOn 1'> partICU
larly senous Thus a VICIOUS cycle of low yIelds, poverty, rural labor mIgratIOn, poor
apphcatIOn of SOlI and water development practIces, and soli degradatIOn has
gnpped ramfed agnculture m the semI-and tropICS These problems are hkely to
become more acute If changes to the global chmate occur as projected by the
world's leadmg atmosphenc and oceamc SCIentIsts El Nmo of 1997 IS an example
South and Southeast ASIan countnes have suffered from longer than usual drought
penods, hIgher temperatures and unusual ramfall anomahes whIch have devastated
rural economIes m ramfed areas

***

2. Long-term experimentation: West Asia/North
Africa perspectives and ICARDA experience

M.J. Jones
Internatwnal Center for Agncultural Research in the Dry Areas,

ICARDA, POBox 5466, Aleppo, Syna

In most WANA countnes, rapIdly mcreasmg populatIOns depend agnculturally on
a hmIted and partly degraded resource base Constramts of chmate, terram, and

Previous Page Blanlt



water resources preclude any major expanSIOn of agncultural area or lITIgatIOn
development On a per-capIta baSIS, the regIon's annually renewable water supply
I'> already the lowest m the world Nowhere IS the quest for sustamable hIgh-output
~ystems more urgent than m the WANA regIon

Across the three broad productIOn envlronments-ramfed arable, lITIgated
arable and rangeland grazmg-threats to sustamable output mvolve both the dete
noratIOn of resource-base condItIOn (processes hke fertIlIty declme that are poten
tially rever<;Ible) and the permanent loss of resource capaCIty (processes hke soIl
erO<;IOn and aqUIfer exhaustIOn) Yet agncultural research strategIes are still strong
ly onentated to the short-term maXImIzatIOn of productIOn. wIth msuffIcient regard
for effects on the resource base and msufflclent lInkage to mstItutIOns concerned
wIth natural resource conservatIOn

The Importance of SOCIOeconomIC factors and farmer partICIpatIOn m agncul
tural research IS at last qUIte wIdely accepted by agncultural sCIentists and planners
m the developmg world Now, a sImIlar revolution m thmkmg IS needed to bnng
about the development of a more holIstIC pattern of research, one that takes appro
pnate account of the two-way nature of the mteractIOn between productIOn and
resource base and of the mevitable mcrease m mtensIty and contmUIty of
resource-base utIhzatIOn m future Long-term agronomy tnals and the mformatIOn
they are begmnmg to provIde on time-trends m soIl properties and crop-yIeld para
meters compnse a small step m thIS dIrectIOn The questIOns now are how to
Improve that approach and apply It more wIdely, gIven the mstItutIonal and bud
getary constramts, and how to buIld a long-term perspective more generally mto
agncultural research? In all thIS, It IS Important not to lose sIght ofthe 'user' dImen
SIon The battle for sustamable resource-base management wIll ultimately be won
or lost on the producers' fIelds and rangelands The bIggest challenge, therefore, IS
to develop methodologIes by WhICh Issues of land, soIl and water management
for sustamable productIOn may be researched effectively for (and m) farm-level
enVIfonments

~ * *
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3. Tillage systems and stubble management in a
Mediterranean-type environment

M. Pala, H.C. Harris, J. Ryan, R. Makboul & S. Dozom
InternatIOnal Center for Agncultural Research In the Dry Areas.

ICARDA, POBox 5466, Aleppo. Syna

Sustamable agnculture has become an Important way of lookmg at productIOn 'iy'i
terns all over the world As tIllage, crop resIdue management and crop rotatIOn~ are
major components of sustamable agncultural systems, long-term work m relatIon to
these factors needs to be addressed ICARDA IS developmg Improved cultIvars and
management practIces, so It needs to cntlcally examme several systems m term., of
effICIency, costs and sustamabilIty Therefore, two long-term tnals were establI'ihed
m the 1978/79 and 1985/86 at ICARDA's mam research statIOn at Tel Hadya near
Aleppo m northern Syna, to evaluate the tIme of tIllage m durum wheat (Tntlcum
turgldum var durum) - lentIl (Lens culmans Medlk ) rotatIon, and tIllage system'i
m bread wheat (T aestlvum L) - chIckpea (Ctcer anetmum L) - watermelon
(Carullus vulgans L) and durum wheat-lentIl-water-melon rotatIon sy'item'i,
respectIvely

In the fIrst tnal, the two tIllage systems compared were 'conventIOnal tIllage,'
whIch mvolves deep dlscmg (25 cm) followed by appropnate secondary tIllage to
prepare the seed bed, and zero-tIll ConventIOnal tIllage represents practIces WIde
ly used by farmers on SImIlar SOlIs m the wetter zones (> 300 mm) of most of the
WANA regIon It IS compared at three dIfferent tImes of applIcatIon early-all
operatIons and sowmg before the fIrst ram, mtermedlate-dlscmg before ram, sec
ondary tIllage and sowmg after the fIrst ram, and late-all operatIOns and sowmg
after the fIrst rams Zero-tIll early and mtermedIate are dlrect-dnlled at the "arne
tIme as the correspondmg conventIOnal tIllage treatments The fIrst stage of thIS tnal
was deSIgned for weed control WIth a smgle-phase entry, the second stage 'itarted
on the same plots m 1986/87 season, to concentrate only on tIme of tIllage, It ha'i
two-phase entry (that IS, both crop phases of the rotatIOn are grown each year)

The second, 'tIllage systems companson,' tnal was establIshed to test the
hypotheSIS that on swellmg clay SOlIs, tIllage, productIOn costs and energy use can
be reduced WIthout causmg a yIeld reductIOn m crops grown m a three-course rota
tIon TIllage systems compared are two alternatIve deep tIllages (dISC and chIsel at
25 cm) applIed to dry SOlI, and a shallow, mInImUm tIllage (tyned cultIvator, 'iweep
at 10-12 cm) applIed after ram, and zero-tIll All deep and shallow tIllage system'i
are followed after ram by appropnate secondary tIllage for seedbed preparatIOn
Zero-tIll plots are sprayed WIth a systemIC herbICIde for pre-sowmg weed control
An aUXIlIary treatment of stubble burnmg has been Imposed on one-fourth of the
plots m the wheat phase to answer questIons raIsed by farmers about easy seedbed
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preparatIOn as well as to measure long-term effects on sod propertIes Both the
wheat and the alternate phases are grown each year

Wheat and lentil yIelded better under normal plantmg condItIons where the
probablhty of obtammg ram was hIgher m November for both conventIOnal tillage
and zero-tIll Water use was greater m wheat than m lentil crops suggestmg that
more water was avaIlable for wheat that followed lentd However, water-use totals
were SImIlar across tIllage-tIme treatments, provldmg water-use effICIency values
parallel to crop yIeld levels

Deep tdlage showed no advantage over mmlmum or zero-till systems eIther for
SOlI mOIsture storage or yIeld mcrease of any crop grown m the three-course rota
tions The zero-ttl1system was good for legume crops, but gave lower productiVIty
m wheat and was not SUItable for watermelon Mlmmum tillage wIth ItS hIgher ener
gy-use effIcIency and shghtly hIgher crop yIeld levels relative to those from deep
tdlage practices seems to be promlsmg for the lowland areas of the WANA regIOn
Water-use effIcIencIes followed the yIeld level dIfferences, smce water use by each
crop was SImIlar across the tillage practIces AttentIOn WIll now be focused on SOlI
mdlcators of sustamablhty smce these tnals have now completed more than four
cycles

Two more cycles WIll be needed for the sod phySIcal propertIes to be quantI
fIed m relation to tillage system practices However, tillage systems should be com
pared also m dIfferent WANA SOlI types to Identify the proper tillage systems for
each of them and to provIde data to vahdate models for the extrapolatIOn of results
to WIder areas

* * *

4. Soil-based indices of sustainability in a long
term rainfed cereal/legume rotation

J. Ryan, M. Pala, S. Garabet, S. Masri, Z. Masri & R. Makboul
Internatwnal Center for Agncultural Research In the Dry Areas,

ICARDA, POBox 5466, Aleppo, Syna

Farmmg systems m West ASIa and North Afnca mvolve rotatIOns of cereals wIth
fallow or food/forage legume crops dependmg on location and ramfall Barley
(Hordeum vulgare L) tends to dommate m the dner zones, and bread wheat
(Trmcum aestlvum L ) and durum wheat (T turgldum L var durum) m the more
favorable areas Sheep and goats compnse an mtegral part of these systems, partic
ularly those dommated by barley ICARDA IS developmg Improved cultlvars and
management practices, so It needs to cntically examme several systems m terms of
effICIency, costs and sustamablhty
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Accordmgly, a long-term tnal was established m 1983/84 at ICARDA's malO
research statIon at Tel Hadya, near Aleppo m northern Syna, to evaluate the pro
dUCtiVIty of systems 10 whIch durum wheat IS rotated wIth vetch (Vicra satn'a L ),
lentil (Lens clllmalls MedIk), chIckpea (CEca anetmllnl L), medIc pasture
(Medlcago spp), water-melon (CEtrlllllls vulgans L ), wheat and fallow Varymg
mtrogen (N) levels (0, 30, 60, 90 kg/ha) and mtensitIes of grazmg stubble (heavy,
moderate, none) were Imposed on the wheat phase Both the wheat and the alternate
phase were grown each year

The effects of rotatIOn and N were readIly apparent, but the effect of grazmg
stubble was slower to mamfest Itself WhIle seasonal ramfall , whIch ranged from
210 to 486 mm, and reSIdual sOlI mOIsture after the alternate phase dIctated the
magmtude of wheat yIelds, N mcreased water-use effIcIency Gram yIelds of wheat
followmg watermelon, vetch, lentIl, medIc, chIckpea and wheat, respectIvely, were
about 95, 85, 85, 70, 70, and 45% of those of wheat followmg fallow, and concen
tratIOns of N m gram and straw as well as total N uptake vaned wIth rotatIon and
crop yIeld

As the tnal progressed, attentIOn was focused on SOlI mdicators of sustamabIl
Ity WIth time there was a buIld-up of orgamc matter and total N, wIth values show
mg the same general vanatIOn as yIeld parameters SImIlarly, measurements of
aggregate stabIlity (wet-sIeved) were hIgher for the medIC plots and least for con
tmuous wheat Values also mcreased WIth N fertilizer level ThIS mdex was reflect
ed m mfiltratIOn and permeabIlity measurements Sharp dIfferences occurred 10

labIle and bIOmass forms of carbon and mtrogen, agam, values were hIghest WIth
legumes (medIC, vetch) and least WIth contmuous wheat Bactenal bIOma<;<; Nand
C were more senSItive to enVIronment changes Measurements of N-mmeralIzatIon,
both m the laboratory and m the fIeld, followed the same trend as orgamc C and
total N Net mmeral N showed a strong seasonal effect YIeld momtonng of the tnal
should contmue along WIth assessment of SOlI water data SImIlarly, SOlI propertIes
should be measured until eqmlIbnum occurs

* i: *
5. Contribution of pasture and forage legumes

to the sustainability of farming systems
in West Asia/North Africa

M. Bounejmate, N. Nersoyan, S. Christiansen & T. Nordblom
InternatIOnal Center for Agncultural Research In the Dry Areas,

ICARDA, POBox 5466, Aleppo, Syna

Forage and pasture legumes were researched and WIdely mtroduced mto WANA
agncultural systems on a wave of enthUSIasm dunng the 1970s, but adoptIOn by
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farmers has been very hmIted m most places. and questlOns anse as to whether
these crops have a role to play and what that role IS

The techmcal benefits provided by these crops have been demonstrated m a
tnaL estabhshed at ICARDA's Tel Hadya statIOn m the 1985/86 season, which
(though Imtlated with wheat) now compares two-year rotatIOns of barley with
medic (Medlcago spp), vetch (Vicw sativa), lentIl (Lens culznalls), barley, and fal
low, wIth mtegrated sheep productIOn, m respect of barley yIeld and total ammal
feed/nutnent output, sOlI orgamc matter and mtrogen status, and economIC return
Barley m rotatlOn wIth legumes yIelded better than or equal to barley m rotatlOn
with fallow or cropped every year In the rotatIons wIth medIc and vetch, soIl orga
mc matter and total sOlI mtrogen had mcreased, by 32% and 43% respectIvely, up
to 1995 Part of thIS was attnbuted to the estImated 30% of plant matenal returned
to the soIl as faeces by the grazmg sheep

The farm-level perspectIve on such legume-based systems IS gIven m
Abstract 16

* * *

6. Crop yields and soil properties as influenced by
long-term dryland crop rotations in Central Anatolia

M. AVCI, H. Eyiiboglu, A. AV9in, K. Meyveci & M. Karaca
Central Research Institute for Field Crops (CRIFC)

Ankara, Turkey

Results of early crop rotatIOns and farmer expenence have shown that the replace
ment of fallow wIth certam crops IS consistent with the achievement of sustamable
yields Expenmental rotatIOns to ehmmate fallow, employmg hIgh-YIeldmg and
mput-responsive wheat vanetIes, have been estabhshed smce 1982 The objectIves
were to substItute fallow wIth crops wIth httle or no yIeld loss m subsequent wheat,
to mcrease farm output, to allow good dlstnbutlOn of farm labor over the season, to
mamtam soIl productIVIty, and to proVIde feed for hvestock

The crops that replaced fallow were sunflower, safflower, spnng and autumn
sown lentIls, chIckpea, Hunganan vetch (for hay), cumm (rape for last 2 years) and
wheat (barley for fIrst 2 years) All crops were fertIhzed WIth Nand P and weeds
were controlled by chemicals or by hand

Average wheat yIeld over the 14-year-rotatlOns were hIghest m the fallow
wheat system ThiS was closely followed by the Hunganan vetch-wheat system
With a 6 % loss relatIve to fallow-wheat Wheat yIelds after lentIls, cumm and
chIckpea SImIlar to each other, at about 12 % less than that from fallow-wheat
Highest relatIve losses were found WIth the wheat-wheat and safflower-wheat rota
tIOns (43 and 32%, respectIvely)
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At wheat sowmg tIme, water and mmeral N contents of the sOlI were very much
mfluenced by the precedmg crops and fallow Much more mOIsture remamed m the
sOlI after fallowmg than after any of the alternate crops Cumm and wmter Crop5
(vetch and lentIl) left the most mOIsture m the soIl, wheat the least PreVlOU5 crops
also affected soIl mOIsture dlstnbutIon m the profIle Values of mmeral N- (NO, and

NH4) contents m the soIl at wheat seedmg tIme revealed that legumes were as effec

tIve as fallow for N accumulatIOn Some phySIcal and chemIcal propertIes of 5011 a5
affected by the rotatIOns were also studIed

It can be concluded that Hunganan vetch (for hay) can replace fallow partIcu
larly m hvestock productIOn areas An Important advantage of thIS crop IS ItS early
harvest tIme (mId May), when SOlI IS stIll mOIst enough to allow good 5eedbed
preparatIOn for the next wheat crop Wmter lentIl has the same advantage, but yIeld
mstablhty and weed problems are drawbacks for thIS crop From the economIC pomt
of VIew, It seems that all crop rotatIons tested except for contmuoU5 cereal and <,af
flower-wheat can be put mto practIce Farmers have already been growmg "un
flower, chIckpea, spnng lentIl and vetch m rotatIOn WIth wheat m vanous parts of
the Central Plateau

* * *

7. Sustainability issues of a vetch-barley system

I. Papastylianou
Agrzcultural Research Instltute

Nzcosla, Cyprus

Long-term rotatIOn studIes have been carned out m Cyprus smce 1980 The systems
under conSIderatIon are contmuous barley, vetch-barley, fallow-barley and barley
hay-barley The systems have been compared regardmg barley productlVlty and
yIeld stablhty, value m feedstuff productIon, farmers' mcome, ramfall use effICIen
cy, N2 fIxatIOn by vetch, mtrogen cychng and sustamablhty

ProdUctIvIty of barley followmg vetch was hIgher than any other system con
SIdered Even WIth the applIcatIOn of mtrogen fertIlIzer, the contmuoU'S barley sys
tem was not able to match the productIvIty of unfertlhzed barley m the VB sy"tem
Relatlve to contmuous barley the fertlhzer replacement value of vetch for the sub
sequent barley crop was 60 kg N/ha, and that of the fallow 30 kg N/ha Barley yIeld
was more stable m the VB system and had the hIghest ramfall use effICIency It wa"
also shown to have the hIghest feedstuff value and quahty and to be the most prof
Itable to the farmer

Based on the long-term data collected wlthm these studIes a model was devel
oped to study the N cycle and N2 fIxatIOn by vetch It was estImated that on aver

age vetch fIxed 212 kg N per year The amount of N2 fIxed was found to be (a) 89
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kg In the herbage of vetch removed from the plots, (b) 31 kg In barley the year after
vetch, (c) 74 kg released and receIved by vetch and barley In subsequent cycles, and
(d) 18 kg In the Improved solI orgamc mtrogen under the VB system The total
amount of N2 flxatlOn estImated by thIS mode1ls tWIce what IS usually estImated

USing other methods These findings strongly support the promotIOn of legumes Into
the farming systems

Even though the vetch-barley system IS the most sustainable system among the
ones compared, the dominant system In Cyprus IS stIll monoculture of barley,
because barley IS favored by SubSIdIes and vetch productlOn creates more market
Ing and management problems than barley Nevertheless, to Introduce a sustainable
<;ystem It IS ImperatIve that legumes be used In rotatIOn wIth cereals, and emphasIs
should be gIven to solVing the marketing and management problems of legumes

* * i<

8. Rotation, tillage and fertilizer effects on
wheat-based rainfed crop rotation in

semi-arid Morocco

Khalil EI Mejahed
Andoculture Center, INRA
B P 589, Settat, Morocco

Water IS often a hmltIng factor for crop productlOn In the and and semI-and reglOns
of Morocco Water conservatlOn techmques combined wIth proper crop manage
ment are necessary for USing water effICIently to Increase and stablhze crop yIelds
DIfferent <;tudles In these reglOns have shown that wheat yIeld IS hIghly varIable and
depends on preceding crop, water and SOlI conservatIon practIces, and on solI fer
tIhty management

ThIS paper summanzes a decade of research on wheat under dIfferent cropping
and management systems In the semI-and reglOns of Morocco RotatIons studIed
Included wheat, forages, food legumes and fallow Furthermore, management
Included no-tIll and mlmmum tIll as well as dIfferent tIllage cOmbinatIOns and mtro
gen fertIhzer regImes Response of wheat to rotatlOn, tIllage and fertIhzer treat
ments was slte- and year-dependent Shortage of mtrogen was shown to be as cnt
lcal a<; water to wheat yIeld BlOloglcal mtrogen fIxatIOn and reSIdual N could not
"atlsfy wheat N reqUlrements Fallow management affected water storage, real N
recovery and contnbuted to wheat yIeld the follOWing year Water conservatlOn,
water use and water-use effIcIency as affected by rotatlOn type, tillage and N fertlI
lzer are dIscussed

~ * *
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9. Long-term effects of grain legumes on rainy
season sorghum productivity in a

semi-arid tropics vertisol

T. J. Rego and V. Nageswara Rao
InternatlOnal Crops Research Instuute for the Semi-And TroPiC'S

ICRISAT, Patancheru, A P 502 324, India

In semI-and regIOns of southern and central IndIa, m areas receIvmg annual ramfall
around 750 mm, vertIsols are generally kept fallow and cropped m the post-ramy
season, owmg to problems of land management and waterloggmg dunng the ramy
season To faCIlItate crop mtenslfIcatIOn m these sOlIs, ICRISAT developed an
appropnate vertIsol technology As most of these vertIsols are poor m major plant
nutnents (N and P) and crop mtenslflcatIOn mcreases nutnent demand, nutnent '>up
ply IS one of the major constramts to crop mtenslfIcatIOn Gram legumes not only
serve as a source of dIetary protem but also add llltrogen to the '>011 A long-term
expenment was establIshed at ICRISAT Center WIth the ObjectIves of quantlfymg
the benefIts that gram legumes proVIde to non-legumes m the crop rotatIon and to
mOllltor long-term changes m solI qualIty for sustamable crop productIOn

The benefiCial effects provIded by dIfferent legumes, m vanous combmatlOll'i,
to succeedmg ramy-season sorghum were cntlcally analyzed m relatlOn to a com
plete non-legume system (sorghum+safflower) Ramy-season sorghum productlOn
was sustamed and mcreased over a 12-year penod wlthm a contmuous sorghum/
pIgeonpea mtercrop system A cowpealplgeonpea mtercrop was found to contnbute
about 40 kg N/ha fertIlIzer eqUlvalent to succeedmg ramy-season sorghum, but
legume benefits were more conspIcuoUS m the plgeonpea system than m the chIck
pea-based rotatIOn Over 12 years, a slgmflcant bUlld-up of SOlI total N (125 mg/kg)
was observed m the plgeonpea system The sorghum benefIted slglllficantly from
thIS system, but yIelds of pIgeonpea declIned over the years due to ,>oll-borne fun
gus and nematodes A wIder rotatIOn of croppmg systems WIth pIgeonpea may
aVOId these problems and stIll sustam sorghum productIOn

* :r *
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10. Dynamics of soil structure amelioration
and degradation of a semi-arid tropical Alfisol

under different management systems

K.P.C. Rao l , S.T. Srinivasanl , A.L. Cogle2,

G.D. Smith2 & D.P. Yule2

/ InternatIOnal Crops Research Institute for the Seml-Arzd Troplcs
ICRISAT, Patancheru, A P 502 324, Indza

2 Queensland Department ofPrzmary Industrzes, Australza

Structural degradatIOn IS wIdely perceIved as a major problem m the croppmg of
Alfl'iols 10 the semI-and tropICs Poor structural stabIlIty IS the result of a low and
mactIve clay content and a low content of decomposed orgamc matter The conse
quence of poor and unstable soIl structure IS susceptIbIlIty to the formatIon of a sur
face crust or seal wIth a resultant decrease m mfIltratIon and mcrease m runoff
PreventIOn and/or reversal of thIS detenoratIOn IS essentIal to the Improvement of
the long-term prodUCtIVIty and sustamabIhty of thIS Important group of SOlIs

ICRISAT, m collaboratIOn WIth the Queensland Department of Pnmary
Industnes, AustralIa, ImtIated m 1988 a systematIc 'itudy to quantIfy the effect of
fIfteen SOlI management optIOns on SOlI structure and the processes assOCIated WIth
It, on an AlfIsol (or rhodustalf) of the Patancheru senes, under an average annual
ramfall of 784 mm, WIth over 80% fallIng m the June-October penod The treat
ments were each applIed to runoff plots, 28 m long and 5 m WIde, WIth slopes of
1 5-2 0% Ramfall and plot runoff amounts were measured at one mmute mtervals
usmg a tIppmg-bucket system The fIfteen treatments consIsted of the mne factor
Ial combmatlOns of three tIllage depths (cm), 0 (ZT), 10 (ST) and 20 (DT) and three
orgamc amendments, zero control (B), farmyard manure (FYM) at 7 5 t/ha/year (F),
and nce straw at 5 t/ha/year (S), and SIX perenmal pasture treatments, mvolvmg
pIgeonpea (P), Cenchrus clhans (C), and Stylosanthes hamata (St), grown sole or
as mIxtures In 1992, the perenmal crops were removed and the plots planted to a
cereal to compare the cumulatIve effect of the dIfferent soIl management hlstones
Smce 1995, further applIcatIOn of manure and straw amendments was stopped m
the treatments prevIOusly under deep tIllage (DT)

Changes m soIl structure were momtored m terms of changes m ramfallmfIl
tratIon and runoff TIllage effects on runoff vaned from year to year Runoff from
the STB system was very SImIlar to that from the ZTB system A 20% reductIon
was observed for the DTB system, WhICh was not statIstIcally dIfferent from that of
the ZTB m most years Further analySIS mdIcated that benefIts from tIllage are eVI
dent dunng the fIrst 200 mm ramfall after tIllage The two approaches to surface
management, mulchmg WIth straw and Improvmg the structure WIth FYM, were
both very effectIve Runoff was conSIstently low from plots amended WIth manure
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or straw Cumulatlve effects of FYM and perenmal systems \liere eVIdent from the
second year Among the peremals, systems wIth 'stylo' (St) were very effectIve In

reducmg runoff The benefIt from perenmal systems arose mamly from the eXI<.,
tence of ground cover for extended penods and Improvements m soil <,tructure from
the actlon of roots and htter addItiOns A gradual mcrease m runoff wa5 ob~erved m
these plots after theIr return to annual croppmg m 1992, suggestmg structural degra
datlon, and a sharp mcrease from DTF and DTS system smce 1995 \Ii hen <.,tra\li and
FYM additlons were stopped These temporal changes under dIfferent "y5tem" and
theIr ImphcatlOns for soil management are dIscussed

11. Integrated nutrient use in a pearl-millet
based system in the semi-arid tropics

s. P. Wani, F. R. Bidinger & S. Chandra
Internatwnal Crops Resemch Institute for the Semi-And TroPIC5

ICRISAT, Patancheru, A P 502 324. India

Four pearl mIllet genotypes havmg hIgh mtrogen fIxmg abIhty were grown annual
ly, at three rates of mtrogen apphcatiOn, m an AlfIsol at ICRISAT Center,
Patancheru Annual gram yIelds vaned sIgmficantly from 730 to 2040 kg/ha over
the penod 1981 to 1995 and showed sIgmficant mteractiOn between genotype and
enVIronment Cluster analySIS separated genotypes mto two mam group", and envI
ronments SImilarly mto two groups Further pnncipal component analy"I" and
bIplots mdicated that these two components accounted for about 84% of yIeld varI
atIOn Mean yIeld over 15 years was mcreased to 1580 kg/ha by 40 kg N/ha com
pared to values of 1340 and 1350 kglha from 0 and 20 kg N/ha, re5pectively Mean
total dry matter productlon ranged from 2 8 to 5 4 t1ha between 1981 and 1995, a"
dId harvest mdex (HI), 252 to 398%, and N transactiOn mdex (NT!), 325 to
68 6% ApplIcatIOn of N dId not change HI and NTI Total mtrogen uptake \lia~ ~Im

Ilar m all four pearl millet genotypes, but the 20 and 40 N rates showed sIgmficant
mcreases over the zero N control (35 and 43 compared WIth 31 kg Nlha) Movmg
averages for gram YIeld, total dry matter and total N uptake showed <;table pattern<;
over the years Mean apparent fertIhzer recovery vaned sIgmficantly between geno
types and over 15 years vaned from 16 to 84%, but total 15-year N uptake wa<, "Im
Ilar m all four genotypes SoIl total N content showed a margmal mcrea5e between
1981 and 1991 m the 0-15 cm layer but margmal decreases m other sampled layers
down to 60 cm

SoIl mmeral N content at sowmg tIme was always conSIderably greater (1 5 to
8 tImes) than at harvest tIme mdicatmg bUIld-up of mmeral N dUrIng the dry <,ea-
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<;on, results that were supported by the fmdmgs from mIcrobIal bIOmass C and N
measurements Values of nItrogen mmerahzatIOn potentlal (No) for the 0-15 cm soIl

were sImIlar IrrespectIve of prevIOus N-rate plot treatments, the nItrogen mmeral
IzatIOn constant was shghtly hIgher 10 the 40 N plots, but the aCtlve N fractIOn was
sImIlar (» 15%) 10 all plots NItrogen apphcatIOn up to 40 kg/ha mcreased mycor
rhIzal colOnIZatIOn of mIllet roots, but genotypes showed some dIfferences 10 colo
nIZatIOn (25 -35%)

These long-term studIes showed that selected pearl mIllet genotypes havmg N2

fIxmg abIhty contmued to produce gram yIelds of up to 2 t/ha year after year Lack
of major change 10 soIl mmeral N or No values showed that soIl N capaCIty had not

decreased even after 15 years of mIllet cultlvatIOn Detailed N budgetmg IS now 10

progress It appears that on an Alfisol 10 thIS SAT envIronment, selected pearl
mIllet genotypes can be sustamably grown wIth low levels of apphed N or even
zero N

* * *
12. Long-term effects of tillage, P fertilization

and crop rotation on pearl millet/cowpea
productivity in the West African Sahel

G.V. Subbarao1, C. Renard2, W.A. Payne3 & A. Bationo4

IinternatlOnal Crops Research Institute for the Semi-And TropiCS
ICRISAT, Patancheru, A P 502 324, India

2UCL-Ecologle des Grandes Cultures, Place CroIx du Sud, 2, bte n,
1348 Louvam-la-Neuve, Belgium

30regon State Unzverslty, Columbia Basm Agncultural Research Center,
PO Box 370, Pendleton, Oregon, USA

4IFDCIICRISAT, Niamey, Niger, IFDC, Muscle Shoals, Alabama, USA

The mIllet-based croppmg systems that domInate the Sudano Sahehan Zone of West
Afnca cannot, as they are currently practlsed, meet the growmg food needs of the
regIOn They must therefore be mtensified 10 a sustamable manner The present
study was InItiated 10 1986 and contmued untIl 1996, to evaluate the effects of P fer
tlhzatIOn, tIllage, and rotatIOn WIth sale cowpea, on an operatIOnal scale on two
croppmg systems, sole mIllet and mtercropped mIllet/cowpea A randomIzed com
plete block deSIgn WIth four rephcatIOns was used

The effects of P fertlhzatIOn, plantIng on ndges made WIth ammal tractIOn
(AT), and rotatIOn WIth sole cowpea, on the prOdUCtlvity of mIllet were substantlal
In 10 out of 11 years Based on the 11-year average, P fertlhzatIOn alone Improved
gram yIeld by up to 52% and, WIth AT, Improved It by nearly 135% CombmIng AT,
P fertllIzatlon, and rotatIOn WIth sole cowpea gave a 200% mcrease 10 gram yIeld
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over that of the tradItIonal system of productIOn (TS) MIllet prodUCtIVIty dId not
decrease sIgmficantly when mtercropped wIth cowpea AnalysIs of stabIlIty, and of
relatIve stabIlIty, showed that the TS was more stable than the vanous Improved
agronomy packages but gave the lowest yIeld Conversely, the agronomic package
with the hIghest yIeld advantage over the TS was the least stable

A major portIOn of the annual vanatIOn m envIronmental mdex for millet
gram yIeld and total dry matter was attnbuted to the seasonal vanatIOn m ramfall
and to soIl orgamc matter depletIon SoIl orgamc matter content declIned lInearly
WIth years of cultIvatIOn SIgmficant dIfferences were found m the rate of depletIOn
between the dIfferent agronomIc treatments tested, but, after II years, nearly 601fc
of the orgamc matter was depleted Irrespective of the agronomIc package

* 1< *
13. Salinity build-up and changes in the

rice-wheat system of the Indo-Gangetic plains

Raj K. Gupta! and Inder P. Abro12

1Indian Councll ofAgncultural Research, New DeIhl, 110001, India

2Rlce Wheat Consortium (ICRISAT), IARI Campus, Pllsa, New DeIhl,
India

Green revolutIOn technologIes have led to the emergence of nce-wheat (RW) as the
major croppmg system m the Indo-GangetIc Plams (lGP) The strategy of ground
water development and Its conjunctIve use WIth canal supplIes has paid nch dIVI
dends m the control of waterloggmg and secondary alkalImzatIOn and m an mcrease
m the pace of alkalI sOlI reclamatIOn programs m areas underlam by freshwater
aqUIfers RIce-wheat systems were the preferred chOice of the farmers, but theIr
adoptIOn has changed the salt and water balance m the northwestern part,> of the
IGP It has led to recedmg water tables m the northeast of Punjab and Haryana and
to waterloggmg and associated problems of secondary salImzation m southwestern
parts In the eastern IGP, m West Bengal, development of groundwater aqUIfer" to
meet the Imgation reqUIrement for mtensificatIOn! dIversIfIcatIOn of agnculture has
led to a senous problem of groundwater contammatIOn due to dISsolutIOn of
arsemc-beanng mmerals, under altered sOlI mOIsture regImes conducIve to the OXI
datIOn of pyntIc sedIments

These expenences suggest that there IS an urgent need for a change m the way
food IS produced m the IGP, to ensure the sustamabilIty of the natural resource base
ThIS wIll depend on our abIlIty to predIct the long-term consequences of the mten
sificatIOn and dIversIfIcatIon of agnculture at farm and regIOnal scale Whereas
Issues of favorable regIOnal salt and water balances need attentIon m northwestern
IGP, the management of ramwater and alleViatIOn of dramage congestIOn can faCIl
Itate the adoptIOn of agncultural technologIes and Improve the productivity of RW
systems
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14. Disease occurrence in long-term rotation
trials in northern Syria

S. Ahmed, C. Akem, M.J. Jones, and M. Pala
Internatwnal Center for Agricultural Research III the Dry Areas

ICARDA, POBox 5466, Aleppo, Syna

The occurrence and mtensity of dIseases of barley. wheat and legumes grown m the
long-term rotation tnals at Tel Hadya and Breda m northern Syna, were determmed
durmg the 1996/97 croppmg season In barley-based croppmg systems, rotatIOns of
barley-forage legumes (B-L), barley-fallow (B-F) and barley-barley (B-B, 'contmu
ous barley'), WIth and WIthout NP fertIhzatIOn, were evaluated for fohar and root
dIseases of both barley and forage legumes (Vicla and Lathrrus spp) Root dIseases
of barley, especIally common root rot (CRR), were evaluated accordmg to symp
toms observed on subcrown mternodes at both locatIOns, but barley scald
(Rhyncosponum secabs) was evaluated only at Breda In wheat-based croppmg sys
tems (Tel Hadya), selected treatments-'heavy-grazmg' stubble management and
+N treatments-were evaluated for CRR of wheat and for nematodes

In the barley-based systems at both locatIOns, dIsease mtensity (DI) for CRR of
barley was low m plots rotated WIth legumes compared WIth that for barley m rota
tIOn WIth fallow or contmuous barley Moreover, at both locatIOns DI was hIgher m
unfertilIzed plots than m those receIvmg blenmal NP fertilIzatIOn Barley scald
seventy was lower m plots m B-L rotatIOn than m those carrymg contmuous barley
(B-B) and was hIgher m plots fertIhzed WIth NP m the prevIOUS season Downy
mIldew (Peronospora l'lczae) and ascochyta blIght (Ascochyta spp ) were observed
on the forage legumes For both dIseases seventy was generally hIgher m plots fer
tIhzed WIth NP m the prevIOUS year than m non-fertIlIzed plots Lathyrus was
<;everely affected by stem and leaf blIght at Breda but not at Tel Hadya Seventy was
greatest m plots that were fertIhzed durmg the preVIOUS year In the long-term bar
ley-based tIllage tnal at Breda, the B-B rotation showed sIgmficant dIfferences m
CRR mCIdence between N rates and theIr mteractIOns WIth tillage but not between
the mam-treatment tillage practices themselves Greatest dIsease mtensity was
observed m plots WIth hIgh N applIcatIOns In the B-V rotatIOn m that tnal, how
ever, no sIgmficant treatment dIfferences were observed

In the Tel Hadya wheat-based croppmg systems, sIgmficant dIfferences
between N-rate treatments m CRR mtensity were observed, WIth the hIghest DI val
ues m plots WIth hIgh N apphcatIons RotatIOns and N apphcatIons sIgmficantly
affected cyst nematode (Heterodera lat/pons) populatIOns, cyst numbers decreasmg
both m the soIl and on the root WIth mcreasmg N rate In the legume phase, sIgmf
Icant dIfferences were observed between legumes WIth respect to populatIOns of
cyst (HeterodelG Clcen) and root knot (MellOdygne art/elba) nematodes m the soIl
and on the roots Plots fertIhzed WIth NP m the prevIOUS year had lower nematode
populatIOns than non-fertIlIzed plots
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15. Evolving cropping systems
Richard Tutwiler

[nternatlOnal Center for Agricultural Research In the Dry Area5
[CARDA, PO Bo>.: 5466, Aleppo, SYria

Nme basIc traditIOnal systems may be descnbed m West ASia and North AfrIca
(WANA) Each could have been found m the regIOn at least a thou"and years ago,
and, although their technology has changed dramatically, the fundamental depen
dencies on the resource base have not greatly changed Such systems may be cla,,
sifled either as mtenslve or extensive, mtenslveness mdlcatmg the degree to which
land, water and human resources are employed to sustam productIOn In WANA
today the mam trend IS one of mtenslflcatIOn for mstance, m ramfed "y"tem"" crop
pmg mtensltIes are gomg up as fallows are reduced, all Irngated system", are
expandmg m land use and water use, both traditIOnal tree crop" and non-traditIOnal
protected agnculture are expandmg, and classIc nomadism IS glvmg way to tran
shumance, which m turn IS mtenslfymg m ItS utIhzatIOn of agncultural products and
by-products, with feedlottmg now a common phenomenon m many area",
Nevertheless, there are also sIgmflcant areas where de-mtenslflcatIOn, that 1<,
reduced human attentIOn to mamtammg the resource base through contmued agrI
cultural use, IS the major threat to resource sustamablhty Two environment" where
thiS IS occurnng are the terraced ramfed productIOn system" m hIghland areas and
extensive cereal systems m plateaus and plams

How do we relate the observable changes m farmers' production sy"tem" to
experImentation and, particularly, long-term expenmentatIOn') Flr"t, the mam
ObjectIve of farmers IS productIOn, and, although the great maJonty of farmer<,
recogmse ItS Importance, mamtammg resource" cannot be achieved at the expen<;e
of productIOn Expenments meant to have direct relevance to farmers mu"t mcor
porate thIS reahty mto their desIgn Secondly, 'systems' experIments (rotatIOn trIals,
etc) must accommodate to the realIty of shIftmg targets, and care must be taken to
aVOId addressmg any system with lIttle future prospects wlthm the mtended envI
ronment

In dlscussmg long-term expenmentatIon, It IS convement fir"t to Identify where
the research falls wIthm the research contmuum and what 'delIverable'" are
reqUIred from It If It lIes wlthm the domam of baSIC or strategIc re"earch, then
dIrect relevance to farmers IS not Important, relevance and applIcatIOn to problem
solvmg WIll necessarIly mvolve addItIOnal applIed and adaptive research actlvltle",
But If long-term expenments are reqUIred to produce outputs of more ImmedIate
relevance to farmers, that IS, If they are seen as applIed and adaptive re"earch, then
the pnor analysIs and understandmg of what IS actually happenmg wlthm farmer<,'
productIOn systems, mcludmg lIkely patterns of change, becomes cruCIal to proper
expenmental desIgn Targets should be long-term and antICIpatory, ba"ed on what
IS lIkely to be problematIc for farmers m the future

i: * :r
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16. Promoting pasture and forage legumes
in West Asia and North Africa

16a. Tah village project in Syria: another unsuccessful
attempt to introduce ley farming in the Mediterranean basin

S. Christiansen1, M. Bounejmate1, H. Sawmy-Edo1,

B. Mawlawi2, F. Shomo1, P.S. Cocks3 & T.L. Nordblom1

1 InternatlOnal Center for Agncultural Research m the Dry Areas
ICARDA, POBox 5466, Aleppo, Syna

2 Synan MlnlStry ofAgnculture and Agranan Reform
(SMAAR), PO Box 113, Douma, Damascus, Syna

3 Umverslty of Western Austraha, Nedlands, WA 6009, Australw

A partIcIpatory on-farm project was ImtIated at Tah vIllage, 100 km south of
Aleppo, Syna. m 1984 The objectIve was to mtroduce medIc (Medzcago spp ) as a
replacement for fallow m dryland wheat/fallow farmmg systems About 50 farmers
were dIrectly mvolved m the project whIle an equal number were paSSIve partICI
pants, receIvmg seed but no techmcal advIce The project dId not attam ItS obJec
tIve An array of profItable crops such as lentIl, cumm, sesame or watermelon, as
well as pnce support on wheat, presented formIdable economIC competItIon to the
use of pasture on cultIvated land Techmcal constramts mcluded msuffIcIent farm
SIze, lack of a medIc phase m every year, deep ploughmg, overgrazmg and
mabIhty to protect medIC fIelds from other flocks The Tab project expenence sug
gests that feed productIon projects must also mclude an assessment of how the feed
benefIts ammals and should be deSIgned m such a way as to demonstrate the eco
nomIC advantages of mtegratmg lIvestock and crops m dryland farmmg systems

* * *
16b. On-farm trials with forage legume/barley

compared to fallow/barley rotations and continuous
barley in northwest Syria

S. Christiansen1, M. Bounejmate1, F. Bahhadyl, E. Thomson1,

B. Mawlawi2 & M. Singh1
1 InternatlOnal Center for Agncultural Research m the Dry Areas

ICARDA, POBox 5466, Aleppo, Syna
2 Synan Mmlstry ofAgnculture and Agranan Reform

(SMAAR), PO Box 113, Douma, Damascus, Syna

On-farm forage legume tnals were conducted for 7 croppmg seasons at a SIte (EI
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Bab) m northwest Syna where mean annual ramfallis about 270 mm and barley the
most common crop Tnals aimed to mvolve farmers m studIes to quantIfy the ben
efIts of usmg common vetch, VlelG sativa, (V) or chicklIng, Lathyrus satlvllS, (C) to
replace the fallow year (F) m a barley-fallow rotation or to mtroduce forage
legumes mto contmuous monocropped barley (B) Thus, there were four rotatIOns,
B-F, B-B, B-V and B-C, WIth both phases bemg represented each year The tnals
were replIcated on 6-8 farms, dependmg on the year, and each sIte covered 4 ha
dIvIded equally between the two phases Each year 30-60 kg Nlha wa'S applIed to
half of the barley area Several farmers chose to graze lambs on the vetch and ChICk
lIng crops m the spnng

Feed yIeld from both phases was greatest from the B-V and B-C rotatIOn~

Mean 7-year dry matter yIelds (tlha), summed for both phases of each rotatIOn
were 291 (B-F), 482 (B-B), 502 (B-C) and 532 (B-V), respectIvely Totalout
puts of crude protem were tWIce as hIgh for the rotatIOns mcludmg legumes a'S tho'Se
from B-F and B-B The B-V rotatIon gave the hIghest output of metabolIzable ener
gy ApplIcatIOn of mtrogen mcreased barley dry matter yIelds by about 1 t/ha m all
rotatIOns There was no sIgmficant mtrogen x rotatIOn mteractIOn Lamb lIveweight
gains averaged 194 kglha

Farmers realIzed the benefIcIal effect of mtroducmg vetch m the rotatIOn and
started to adopt the technology Whereas m 1991 only three farmers m three VIllages
were growmg about 7 ha of vetch m total, by 1997 the number had mcreased to 174
m 15 VIllages, WIth a total area of about 420 ha However, farmers say that the
growmg of forage legumes WIll not become WIdespread until mexpensive and effi
CIent mechamzed methods of harvestmg the mature crop are aVailable to aVOid the
hIgh cost of hand labor Drought and cold tolerance, early matunty, and hIgh har
vest mdex may also enhance farmers' mterest m forage legumes These attnbute'S
are bemg studIed by ICARDA's forage breeders

* * *

17. Strategy for long-term sustainability of rice
wheat in a high-production system

R.S. Narang and M.S. Gill
Punjab Agncultural Umverslty

Ludhzana 141 004, Punjab, Indza

To meet the stIpulated 240 mIllIon tonnes of food gram reqUirements of IndIa by the
year 2000, to provIde food secunty for her burgeomng populatIOn, and to counter
shnnkage of the arable resource-base resultmg from rapId urbamzatIOn and mdus
tnalIzatIOn, new alternative crop productIOn technologIes are urgently needed to
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raise crop prOdUCtIvIty MaxImum YIeld Research (MYR), WhICh mvolves balanced
hIgh fertilIzer-use, offers one such optIOn A study conducted for 9 years (1986-87
to 1994-95) at Punjab Agncultural UmversIty, Ludhiana, showed that the applIca
tIon of N-PzOs-KzO at 180- 30-30 to flce and at 180-60-30 kg/ha to sequentially
grown wheat under hIgh populatIOn stands (44 hills/m' m nce and wheat at 15 cm
spacmg) that 2-crop total yIelds of 13-15 t/ha/year could be harvested (nce 72 to
9 6 t/ha and wheat 5 7 to 5 9 t/ha) The MYR technology showed a hIgher crop leaf
area mdex of 084 and 0 99, bIomass mcrease of 1 2 and 1 lit ha, tiller numbers at
harvest were more by 19 and 17, and NPK uptake mcreased by 10 and 21 kg/ha for
nce and wheat crops, respectively All these factors together resulted m a gram
yIeld advantage of 0 7 t/ha for nce and 0 8 t/ha for wheat, over the treatment m
WhICh recommended levels of N-PzOs-KzO at 120-30-30 to nce and 120-60-30 to
wheat were applIed The mcorporation of green manure resulted m hIgh yIelds of a
SImIlar order together WIth a net savmg of 60 kg N/ha

The results of the evaluatIOn of the MYR technology on farmers' fIelds at 126
locatIons m SIX dlstncts of Punjab state over fIve years (1990-91 to 1994-95) con
fIrmed ItS techmcal supenonty A 1 8 t/ha/year net mcrease m gram yIeld of nce +
wheat was observed Further surveys revealed that a SIzeable number of farmers
were usmg hIgher than the presently recommended rates of fertilIzer, whIch for nce
are set at 120-30-30 and for wheat 120-60-30, ofN-PzOs-KzO kg/ha However, the
added advantage due to hIgher plant populatIOns was currently not bemg realIzed
by the farmers

* .j< *

18. Developing a sustainable land management
research strategy for the GAP project in Turkey

Selim Kapurl , Hari Eswaran2, Erhan Akcal & Mahmut Dingi1l

1 SOlI SClence Department, Cukurova Umverslty
Adana, Turkey

2 USDA, Natural Resources Conservatwn Servlce
Washmgton, DC, USA

With food secunty as an Important concern, the Government of Turkey has
embarked on an ambItious project to develop the southeastern part of the country
The southeastern AnatolIan development project, WIth an acronym of GAP
(Guneydogu Anadolu ProJesI), IS one of the largest lITIgatIon and hydroelectnc
power projects to be undertaken m Turkey The GAP project was conceIved m the
SIxties when prodUCtiVIty and food productIOn was the only concern, and all the past
research was focused on thIS However, smce sustamabilIty emerged as an Issue m
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the eIghties and nmetIes, the mtegnty of the enVIronment has almost become an
ovemdmg factor Research mstItutIOns, partIcularly those tradItionally concerned
wIth enhancmg productIOn, were, and many still are, Ill-prepared to meet these new
challenges The agncultural research commumty apprecIates Sustamable Land
Management (SLM) as a concept, but there IS conSIderable heSItatIOn m launchmg
SLM related research actIVIties The envIronmental component still baffles the agn
cultural SCIentists As a result, progress m thIS area IS slow

A good strategy antiCIpates constramts to sustamabIhty and develops technol
ogy to address them The research strategy conSIdered here WIll focus on the tech
mcal solutions needed to ensure sustamabIhty As the emphasIs IS on sustamabIhty,
system momtonng IS conSIdered an essentIal feature of the strategy The mdicators
must be carefully selected pnor to commencement of the project and momtored dur
mg the duration of the research actIVIty The mdicators conSIdered here supplement
the data collected m agronomIC tnals They are generally momtonng the system
(project area) as a whole and are measures of ItS quahty and health SOCIOeconomIc
mdIcators serve as prOXIes for such purposes Ecosystem mdicators are more dIffI
cult to determme and reqUIre greater effort to momtor They are as Important as the
SOCIoeconomIC mdIcators when sustamabIhty IS bemg studIed Some Important
questIOns need to be conSIdered to develop a research strategy, and these mclude the
followmg

Has the quahty of lIfe of the commumtIes m the area been sIgmficantly
enhanced?

2 What changes can be recommended to maXImIze profIts and mImmIze rIsks?
3 What components of the ecosystem are bemg aIded or hampered by ImgatIOn?
4 Is land degradatIOn (or components of It) bemg changed and m what dIrectIOn?
5 Is the prOdUCtiVIty of the SOIl resource base bemg attamed and mamtamed"
6 Is the current pattern and mIX of land use the best for the goal of sustamabIhty"

* * *
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19. Design perspectives in long-term
experimentation

Janet Riley
Statistics Department, IACR-Rothamsted

Harpenden, Herts AL5 2JQ, UK

Dunng the last decade, mcreasmg mterest m global change has been demonstrated
worldwIde Changes to the natural envIronment relate to clImate change re<.,ult1Og
from natural dIsasters, mfluences of pollUtion and agrochemical mage upon the pro
duction of gases, and bIologIcal change to renewable natural resources 'luch as land
forestry, wetlands mfluenced by management of land and manne productIvIty
Population changes result from the effects of urbamzatIOn, the Impact of fertIlIty
controls and fluctuations m health caused by population pressures and the declImng
aVaIlabIlIty of natural resources Of ImmedIate Importance I'l the comervation of
bIOdIversIty, assessment of long-term sustamabilIty and the management of <.,u<.,
tamable development

Influencmg these are changmg pnontIes of polItIcal and developmental 1O<.,tI
tutIons PolItical change has resulted m the movement of aId funds to new areas of
the world and fluctuatmg avaIlabIlIty of funds for the cont1OuatIOn of eXI<.,t1Og pro
jects Yet developmental change has resulted m greater emphasIs bemg placed on
partIcIpatory studIes to assess uptake of mterventIOns by farmers and long-term
socIal and economIC Impact of research upon commumties The asseS'lment of mul
tIdiSCIplmary 10tegrated systems over lengthy penods of tIme IS crucIal to thI<.,

The deSIgn of long-term expenments to mcorporate 'lystem'l and Impact upon
commumties IS necessanly complex. and theIr management must be well controlled
to ensure that ObjectIves remam adhered to. that mIshaps and unde'lirable change'l
to treatments do not occur and that data structures are conSIstent 10 tIme To handle
the complexIty of multIcomponent studIes, specIfIc approache'l to deSIgn relat10g to
the study ObjectIves must be chosen These can be categonzed as

- detaIled studIes on one or two system components, and whIch can depend much
on tradItIOnal, documented deSIgns for long-term studIes WIth the addItIOnal
possIbIlIty of controlled modIfIcatIOns m tIme,

- whole system studIes whIch reqUIre momtonng of all system component'l and
theIr mter-relatIOnships m time and whIch may mvolve rapId assessment'l to
IdentIfy changes or complex data collectIOn exerCIses to model the detaIl of'lY<"
tern changes. and

- assessments of sustamabilIty of the system and/or of Impact of the 'lystem upon
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the environment mcludmg local commumtIes and which demand clear defmitIon
of mdicators for contmuous assessment

Underpmnmg any long-term expenment is the need for good management and
accurate data collectiOn and storage The ERA database, developed at Rothamsted
Expenmental Station, provides a format to ensure this for any expenmental regime

Fmally, no expenment should be designed Without consideratiOn of the analy
ses which are to be done, otherwise, design and samphng features may be made
quate to achieve them Recent advances m computer power have resulted m the
aVaIlabihty of powerful statistical methods which can estimate changmg correlatiOn
patterns and provide preCise models for sustamabihty assessments for all types of
data that may be generated from any long-term study

>I" * *

20. Time trends of yields in long-term trials

M.J. Jones and M. Singh

Internatwnal Center for Agrzcultural Research m the Dry Areas
ICARDA, POBox 5466, Aleppo, Syrza

Trends over time of annual crop yields potentially provide measures of the hkely
long-term sustamabihty of croppmg systems However, where large mterannual
vanabihty m the growth enVironment is responsible for most of the large year-to
year yield differences, appropnate analytical techmques must be developed to dis
tmgUlsh real long-term trends from the 'background nOise' ThiS paper presents
models (havmg a first-order auto-correlatiOn structure to allow for plot errors over
time) for the estimatiOn of time-trends m the yield data from crop rotatiOn systems
and discusses the results of applymg these models to yield values from two types of
long-term tnal (one under crop rotatiOn, the other under monocropped barley), each
conducted at two Sites m northern Syna

Twelve years of data for barley grown m rotatiOn With annual forage legumes,
clean fallow or more barley (monocroppmg), With and Without bienmal Nand P fer
tihzatiOn, show some pOSitive and some negative time-trends At the wetter Site,
trend values for gram and straw were all negative m the absence of fertIhzer and
were mostly pOSitive m itS presence, but many values were not statistically sigmf
icant, and the analySiS mdicates that for many treatments more cycles of the rota
tiOn are reqUlred for the detectiOn of sigmficant time trends The second tnal, com
panng the effects over mne years of different annual mtrogen and phosphate apph
catiOns, factonally combmed, on monocropped barley, also gave a miX of pOSitive
and negative trends, and here also many treatments reqUlre more time to estabhsh a
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sIgmfIcant trend Altogether, the clearest result, supported by both tnal'S. was at the
dner sIte, where It appears that the gram yIeld of monocropped barley dechne<; over
tIme IrrespectIve of the use of fertIhzer

The models used m thIS analysIs were lmear wIth respect to tIme (years) and
allowed for seasonal effects by means of a relatIOnshIp quadratIC on total ramfall
and lmear on plantmg date A more complex model mIght account for more of the
vanance and allow sIgmfIcant trends to be IdentifIed earlIer. but re<;tnctIOn<, are
Imposed by the lImIted number of degrees of freedom (number of year'S less one)
and the chOIce of meanmgful smgle-valued parameters of growth-'Season condI
tIons It was notIced that for many expenmental treatments the model accounted for
less of the total varIance at the wetter SIte ThIS may be due to seasonal buffenng by
solI mOIsture stored at depth from one year to the next. and future IteratIOns of the
analYSIS wlIl try to allow for thIS The appropnateness of the lmear tIme functIOn 1<;
also questIOned, and alternatIve functIOns wlIl be tested Fmally, It IS noted that the
tnals from whIch the data analysed here came were not ongmally de'Signed for thIS
purpose Improved deSIgn mIght be expected to lead to greater precl'Slon and the
earlIer IdentIfIcatIOn of sIgmficant yIeld trends m new tnals

* i' *

21. Some statistical issues and approaches
in long-term experiments

s. Chandra
InternatlOnal Crops Research Institute for the Semi-And TropiCS

ICRISAT, Patancheru, A P 502 324, Indta

Long-term expenments are charactenzed by fIeld plots whIch are repeatedly mea
sured for the same vanable or set of vanables over a long penad of tIme, any par
ticular plot bemg subjected to eIther the same treatment contmuously or to a well
defmed sequence of changes m treatment over tIme StatIstIcal methods currently
aVaIlable for the analySIS of these repeated measurement data are reVIewed The
practIcal lImItatIOns of these methods are dIscussed Some alternatIve approaches
based on pattern analySIS, to overcome the lImItatIOns and/or to supplement the pre
sent methods are suggested

* :r *
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22. Progress towards modeling whole-farms:
the need for long-term experiments

B.R. Trenbath
Centre for Legumes in Mediterranean Agnculture

UmverSlty of Western Australza, Nedlands WA 6907, Australza

Data avaIlable from a long-term expenment at a research statIOn at Wongan HIlls
(m the Central Wheatbelt of Western AustralIa) mspired the development of a
process-based sImulatIon model (WASP) to explore the effects on farm-level bIO
physIcal processes. and pOSSIble long-term ImplIcatIOns for productIVIty and profIt,
of vanou<; styles of management on a typIcal mIxed cereal-sheep farm, set on a
loamy sand sOlI under 350 mm mean annual ramfall Examples are gIven of the use
fulness of the long-term data sets m the constructIOn of the model From publIshed
results from up to 16 replIcates spread over 8 years of four-year sequences of wheat
crops followmg 2, 3, 5 and 7-year pastures dommated by subterranean clover, a
model for wheat yIeld was constructed that regresses yIelds on SOlI N condItIons and
the number of crops grown smce the pasture phase Long-tenn SOlI N dynamICS was
modelled for both pasture and wheat phases Under wheat, a balance sheet approach
<;howed that all total soIl N m excess of 450 kg/ha was apparently avaIlable, but
once thIS aVailable N Itself exceeded 250 kg/ha, losses by leachmg and/or wmd ero
<;Ion occur Usmg data from another long-tenn tnal, It was shown that the mcrease
m sOlI-N under pasture gradually stops Model valIdatIon, usmg later (unpublIshed)
data from the ongmal tnal, mdlcated that the model had correctly captured the mam
features used to buIld It

An example of the use of the model shows how cntIcal It IS to control ryegrass
WhiCh, though a good pasture speCIes, IS also the system's worst weed Results show
that, If the fanner cannot control hiS ryegrass, hIS farm's profItS wIll be cut by half
m four years Although pastures thnve and stockmg rates nse, wheat yIelds fall
rapIdly because of grass m the crop However. suppressIOn of clover m the pasture
leads to a declIne m total SOlI N, and, m the long tenn, as SOlI N IS depleted, rye
gras<; IS replaced by returnmg clover, a cycle of around SIxty years

The development of a model of thIS type rmses many questions, and some have
no ImmedIate answers However, It seems acceptable to model fast-movmg van
abIes (eg seed pools near the soIl surface) usmg data from short-tenn expenments,
even though there IS some nsk that too few types of season are sampled, but for
slow-movmg vanables lIke total soIl N, only long-term expenments can give real
ly relIable data The tIme honzons of predictIOns are discussed Uncertamty mcreas
es With length of predIctIOn With complex models, unexpected mteractIOns
between component models and the compoundmg of errors become more lIkely
Hence. the u<;e of models to assess sustamabilIty, espeCially where slow-movmg
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vanables are Important, seems to demand the eXistence of long run<; of data
SimulatIOn without long-term data to test the model mtroduce'i uncertamty and.
probably, trouble

* r *

23. Modeling dryland cropping rotations in
ICRISAT's watersheds

G.J. O'Leary, M.M. Anders, G. Devi & S.M. Virmani
Internatwnal Crops Research Institute for the Semi-And TropiC'>

ICRISAT, Patancheru, A P 502 324, India

A sImulatIOn analySIS was conducted on some promlsmg rotatIOns from one of
ICRISAT's oldest long-term expenments, Black Watershed No I (BW1) at
Patancheru The purpose was to extrapolate response over a wider range of
weather conditIOns RotatIOns selected for analySIS were subsets of more complex
rotatIOns In thiS analySIS we compared (1) a traditional 1-year cycle of khan!
(ramy season) fallow followed by rabi (post-ramy season) croppmg of 'iorghum. (2)
a I-year kharif-rabI cycle of maize followed by chickpea. and (3) a
sorghumlplgeonpea mtercrop rotation (m which plgeonpea was sown With 'iorghum
as an mtercrop m the kharif and harvested at the end of the rabl sea'ion) Over 8
years of the expenment 0981-1988) sorghum m the traditional rotation yielded an
average of 1 2 t/ha (range, 0 37 to 2 6 t/ha) , maize yielded 3 54 t/ha (3 22 to
471 t/ha) and chickpea 0 97 t/ha (0 65 to 2 17 t/ha), and mtercrop sorghum 3 26 t/ha
(1 06 to 445 t/ha) and plgeonpea 0 76 t/ha (0 12 to 1 92 t/ha)

The APSIM Simulator was used to Simulate yield after parametensatIOn of the
cultlvars m the expenment With the data observed m the years 1989 to 1994
Simulated yields were SimIlar even though they tended to be a httle higher than
those measured, but there were some slgmflcant departures CoeffiCients of deter
mmatIOn (R2) were generally low, rangmg from 001 to 05 for gram yield ThiS
reflects the narrow range m observed Yield, but over all crops R2 for gram yield wa:'>
o66 Overall, the accuracy of the simulatIOn of yield was Similar to what has been
achieved With other comparable models (Residual Standard Deviation =0 78 t/ha)

The analySIS of Simulated response over 23 different years of weather condi
tIOns per rotatIOn showed that the mclusIOn of two crops, one a highly productive
kharif cereal (maize, mean yield 427 t/ha) and the other a profitable rabl gram
legume (chickpea, mean yield I 50 t/ha), offers a greater productiVity potential than
the traditional fallow-sorghum system (mean yield 2 10 t/ha) The more mtense sy:'>
tern, however, reqUIred more nutnent mputs, but the high water-holdmg capacity of
these vertisols makes thiS possible The mtercrop sorghum (2 60 t/ha)/plgeonpea
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(070t/ha) rotatlOn was also very productIve, requmng less mtrogen fertIlIzer, an
Important consIderatIOn when ramfed farmers of the semI-and tropICS do not have
access to the hIgh mputs needed by the maIze/chIckpea system

.{< * *

24. A new research paradigm for sustainability
research in Egypt

R. Aboul Enein1, A. Abdel Shaft1, A. Kamel1, M.B. Solh2,

M. Bedier2, H. Khalifa2, and M. Abdel Monem2

1Field Crops Research Institute, Agrzcultural Research Center
Giza, Egypt

2Nzle Valley & Red Sea RegIOnal Program, ICARDA, Cazro, Egypt

The sustamabl1Ity of mtensIve Imgated agnculture m Egypt has become an mcreas
mgly cntIcal Issue, given lImited land and water resources on the one hand and
rapid populatlOn mcrease on the other SalImzatIon, heavy use of mputs, nutrient
export, and pollutlOn all threaten the health of sOlIs that have been feedmg Egypt
for centunes At the same tIme, the bUIld-up of newly reclaimed desert sOlIs to an
economIcally sustamable productIve capacity IS a major challenge In a collabora
tIve mltIatIve between the Agncultural Research Center (ARC) of the Mmlstry of
Agnculture and Land ReclamatlOn m Egypt and ICARDA, funded by the European
Umon, a long-term research program has been developed to address the Issue of
agncultural resource management m a multidisciplInary way

Program actIvities began With a preparatory phase, compnsmg mventory stud
Ies, rapid rural appraIsal and multI-dIsclplmary surveys The knowledge gamed was
used m the plannmg of two closely related research actIvItIes long-term agro
nomic tnals (LTT) and long-term farm momtonng (LTM) The long-term tnals
(with such vanables as water quantIty, water qualIty, nutnent mput and crop rota
tIon) have been establIshed at sites representmg the old Imgated lands, the areas
newly reclaImed from desert, and the ramfed agncultural areas Each tnalIS com
plemented by extensive long-term momtonng m Villages close to the expenmental
SIte, recordmg farmers' perspectives, farmmg practIces and the conditIon of theIr
SOlIs and crops, With the aIm of IdentIfymg over tIme sustamable and non-sustam
able practIces and the social and economic factors that underlIe them Now the pro
gram IS functlOnmg, we suggest that the complementanty of LTT and LTM actIvI
tIes wIthm an mtegrated multIdiSCiplInary approach provides a new research model
for the IdentificatIOn of sustamable, mtensIve productIOn systems that has Wider
applIcatIOn to other agro-envlronments

* ~ *
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25. Sustainability perspectives in the agricultural
research of developed countries

Keith W.T. Goulding
SOlI Selence Department, IACR-Rothamsted

Harpenden, Herts AL5 2JQ, UK

The current approach of developed countnes IS to aIm not merely for sustamabIlIty
but for sustamable development The most commonly used (Brundtland) defmItIOn
of sustamable development IS "Development that meets the needs of the pre<,ent
wIthout compromIsmg the abIlIty of future generatIOns to meet theIr own need,; ,
There IS much debate about how to achIeve thIS aIm and what can be used to mdI
cate progress towards It

In developed countnes mtensIve agnculture has produced plentIful "upplIe" of
relatIvely cheap food, problems of surpluses and food 'mountams' or 'lakes' still
occur Reserves of raw matenals to support mtensIve agnculture are suffIcIent for
decades to come, but the emISSIons of carbon dIoxIde, mtrous OXIde, mtrate and
ammoma from agnculture are contnbutmg to clImate change and aIr and water pol
lutIOn, mtensIve farmmg also changes the landscape and employs fewer people
Food qualIty and health problems, such as BSE, are seen by consumer" as bemg the
result of mtensIve agnculture Pressures on the mdustry (as It IS now called) come
mamly from these envIronmental and socIal concerns The ImmedIate effect of thI"
IS research and legIslatIOn to reduce emISSIons, but WIth the underlymg view that
such losses Imply waste and that there IS. therefore, a need to stnve for ,,>u,,>tam
abIlIty

A proper approach to sustamabIlIty must mclude all ItS aspects - agronomIc
(can the ecosystem mamtam adequate food productIOn), economIC (can the ecosys
tem maIntam a profItable farm system), envIronmental (what are the effect"> of
farmmg on the enVIronment and bIodIversity) and socIal (what kmd of social "truc
ture or commumty IS reqUIred) The assessment of these four aspects IS at be,;t <,emI
quantItatIve The Idea of acceptabIlIty m terms of level of farm mcome, land~cape,

and commumty structure, IS central to any assessment of sustamable agnculture
There are three mam VIews as to how agnculture m developed countnes can

become more sustaInable (1) mcrease productIon through mtensIfIcatIOn on the best
land, WIth some extensIfIcatIOn on poorer land or m sensItIve enVIronment", (11)

low(er)-mput farmmg, WIth profItS mamtamed by reducmg mput costs that com
pensate for reduced yIelds, and (m) fundamental change towards ecologIcal/organ
IC farmmg, WIth no fertIlIzers and pestIcIdes The present Market Economy favored
by most developed countnes, and espeCIally the pnce support system of the
European Umon's Common Agncultural PolIcy (CAP), favors optIon (1) Reform
of the CAP IS changmg thIS, however



Some novel research approaches have been used to assess agncultural sustam
abIlIty sustamabIlIty IS favoured by mmlmlzmg the mcrease m entropy of a system,
thIS can be measured VIa an audIt of small molecules (carbon dIOXIde, mtrate, etc)
The Rothamsted ClassIcal Expenments were used to show how sustamablhty mIght
be quantIfIed usmg Total Factor PrOdUCtIVIty, whIch measures all on-sIte and off
'ate mputs and outputs, mcludmg socIal and envIronmental factors Whatever tech
mque IS used, research mto sustamable agnculture reqUIres a 'Systems' approach,
1 e the mclUSIOn of whole farms and, preferably, theIr local envIronments ThIS IS
the only way that the agronomIc, economIc, envIronmental, and socIal aspects of
sustamablhty can properly be researched ThIS was the objectIve of the UK's
Orgamc Farmmg Study, carned out on the Duchy of Cornwall's Home Farm m
Gloucestershlre Research mto nutnent flows on thIS mIxed arable, daIry, beef and
sheep orgamc farm produced an envIronmental audIt, showmg the true 'costs' of
dIfferent types of farmmg

However, the world populatIon IS mcreasmg People m developed countnes
WIll not eaSIly accept reduced or greatly changed dIets, and people m developmg
countnes want the hfestyle of those m developed countnes Contmuous technolog
Ical development, such as the mtroductIon of genetIcally-modIfIed crops, WIll be
needed for sustamable development that IS socIally acceptable ThIS must be sup
ported by 'Systems' research that assesses the agronomIc, economIc, enVIronmen
tal and socIal Impact of farmmg, wIth the aIm of producmg abundant healthy food
at an economIC return to the farmer, WhIlst mamtammg an acceptable (to the
local/natIOnal populatIOn) envIronment and bIOdIversIty and socIal structure It IS
unhkely that every reqUIrement for all four aspects WIll be attamable

* * *
26. Towards sustainable land management in the

twenty-first century with long-term trials

F.W.T. Penning de Vries
InternatlOnal Boardfor Sol! Research and Management (IBSRAM)

Bangkok, Thmland

IBSRAM IS an mternatIonal 'mstItutIon wIthout walls' whIch promotes and con
ducts collaboratIve research on all aspects of land management It operates global
ly m partnershIp wIth natIOnal agncultural research and extensIon systems by buIld
mg lInks between natIOnal and mternatIonal research orgamzatIons, m both devel
opmg and mdustnahzed countnes The network or consortIUm mode of operatIon IS
used to overcome the problem of fragmentatIOn ansmg from the locatIon specIfIcI
ty of much research on land management problems, and to promote a partnershIp
approach focused on the needs of natIOnal systems IBSRAM's partnershIp pro-
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grams encompass the spectrum from adaptIve to strategIc research The adaptIve
research IS vItal to the focus on rural commumtIes of developIng countne<;
However, effectIve research across a range of dIfferent agro-ecosystems reqUIres an
adequate understandIng of the processes In these systems IBSRAM therefore alm<;
to bndge the gap between adaptIve and strategIc research Its programs operate at
the systems level, targetIng land management In an InterdIscIplInary mode, wIth an
emphasIs on soIls, and ItS sCIentIfIc staff Include network and consortIUm coordI
nators based at headquarters In Bangkok and outposted In the PacIfIc and Afnca

Long-term tnals have been In progress for 5-10 years In four networks, In A<;Ia,
Afnca and the PacIfIc, and long-term tnals at a water-catchment level <,tarted
recently In a fIfth network across seven ASIan countnes A feature of many of these
tnals IS that theIr desIgns are dynamIc and respond to research fIndIng<;, to concem~

of the decIsIon makers (farmers, leaders of small commumtIes, local plannner<;),
and to donor suggestIons WIth new IntervIew techmque<;, a partIcular effort 1<; made
In all networks to learn the objectIves and constraInts of the pnme target group (<,ub
sets of farmers wIth dIfferent needs), to combIne IndIgenous knowledge and <;CIen
tIsts' knowledge Into an R&D project. and to momtor adoptIon of the new tech
nologIes In that way, IBSRAM projects address bIOphysIcal and SOCIOeconomIc
aspects of productIOn systems In an Integrated manner, and reconcIle the ImmedIate
need of farmers for more productIve systems wIth the long-term need for <;mtam
able land use

In bIOphysIcal systems that contInue to change for many years after a pertur
batIon, well-focused fIeld tnals are reqUIred to quantIfy the rate con<;tants for the
slow processes Such processes Include buIld-up and breakdown of pool<; of "011
nutnents, of weed populatIOns and of (soIl-borne) dIseases There 1<; no need for
farmer partICIpatIOn, except In the selectIOn of the condItIOns for the tnal The rate
constants are crucIal In models for the dynamIc exploratIOn of yet unknown
SItuatIOns

***
27. Donor expectations in long-term research

for agricultural sustainability

Charles Sloger
U S Agency for InternatIOnal Development

Washzngton, DC 20523-0214, USA

USAID IS a development agency and needs answers to development questIOns, but
research IS an Important component of development Agency actIvItIes are drIven
by polItICS, and the vIew tends to be short-term, but there IS an Intere<;t In <,u<,taIn
abIlIty AttItudes to a changIng world are dnven by such phenomena as GATT The
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foreIgn assIstance budget has shrunk, makmg It necessary to be more selecttve
There IS an mcreasmg tendency to seek more collaboratIOn and coordmatlOn, to
look for partnershIps, for mstance wIth the commercIal sector, to get done what
needs to be done At the same ttme, the Agency IS promotmg bottom-up approach
es and more 'ownershIp' by those most closely affected

EconomIc growth IS the key concept Other promment Issues mclude food
secunty, rural development, poverty reductIOn, and, 10 the envIronment sphere clt
mate change, carbon sequestratIOn, and economIc growth effects on health Above
all, for contmued fundmg support, It IS necessary to demonstrate Impact - 10

readIly comprehensIble ways Long-term research IS not ruled out, but It needs to
accommodate short-term accountablltty, by showmg progress 10 terms of the
achIevement of pre-set mIlestones and 10 relatIOn to mdlcators Integratton mto the
development process IS hIghly deSIrable The opportumty here IS for research orga
mzatlOns to playa catalytIc role, brmgmg people together, developers, researchers
and beneflclanes

* * *
28. Potential versus practical sustainability:

the importance of uptake and impact

David Harris
Centre for And Zone Studzes, Unzverszty ofBangor, Wales

& UK Department for Internatwnal Development, UK

The UK government vIew IS that eltmmatmg world poverty IS the challenge for the
twenty-fIrst century, and thIS IS now the area of focus for DFID fundmg Wlthm the
Natural Resources Research DIVISIon ofDFID, current poltcy, at least for UK-based
programs, mcludes stnct momtonng of project performance Fundmg must be JUS
ttfled 10 terms of Impact Output 10 the form of research results IS not enough, there
must also be uptake leadmg to Impact Research for ItS own sake IS out However,
It IS accepted that Impact on farmers IS not the only Impact pOSSIble, Impact on other
researchers, through new thmkmg and new methodologIes, and Impact on poltcy
makers and poltcles IS also recogmzed

In thIS there IS some danger of short-termlsm To make Impact 10 the short
term, there IS need to Identtfy key technologIes, low-cost, low-nsk mterventlOns, to
'unlock' farmmg systems and mduce further Improvements In other words, cata
lySIS Are there key technologIes 10 relatIOn to sustamablltty, legumes pOSSIbly, and
can they be promoted by changes 10 the local poltcy envIronment? But long-term
expenments are worthwhIle only If the mterventtons under scrutmy have real poten
tIal for uptake by farmers, otherWIse we are consldenng only potentzal sustam
ablltty
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Workshop Conclusions

Introduction

Throughout the dry areas of the developmg world and. m partIcular. We<;t ASIa and
North Afnca (WANA) and the SemI-And TroPICS (SAT). economIC and demo
graphIc pressures are dnvmg agncultural producers to mtensIfy theIr "y<;tem<; ThI'>
raises senous questIOns about the long-term sustamabIlIty of both the system<; and
the supportmg natural resource base, as well as the possIble envIronmental con<,e
quences At present, coherent multIdIscIplinary programs that bnng these concern'>
together across the broad 'upstream-downstream' research <;pectrum are rather few.
and, despIte WIdespread perceptIOns among envIronment and development <;pecIal
IStS of the need for longer-term research perspectIve<;. most donor agencIes and
research managers mcreasmgly reqUire shorter-term research accountabIlity and the
more rapId achIevement and demonstratIon of Impact Indeed, strategIC long-term
agronomIC studIes set up WIth donor support 15-20 years ago are now cntIcIzed for
havmg no results dIrectly transferrable to farmers In fact, many such tnah con
tnbuted useful baSIC knowledge that gUided subsequent adaptive and partICIpatory
research, but m a rapIdly changmg world thIS IS no longer seen as suffICIent It 1<,
clear that the time IS npe for new thmkmg New research methodologIe'> are
reqUired that accommodate both urgent productIVIty concerns and long-term <;u<;
tamabilIty and resource management Issues ThIS paper summanzes Workshop dI,>
CUSSIons on these themes and attempts to defme a new research paradIgm.
AntiCipatory Long-term Research for Sustaznable Productivity that addre<;se<; the
needs of the many dIfferent stakeholders of agncultural research (farmer" natIOnal
policy makers and development agencIes, rural and urban poor, and donor'» for '>U'>
tamable, hIgh-yIeldmg, profItable, envIronmentally-fnendly agncultural productIOn
systems

The problem

Two contrastmg, and sometimes competmg, vIewpomts currently mfluence the
plannmg and fundmg of thIrd-world agncultural research The flfSt sees poverty.
food shortages, and populatIOn mcrease, and puts hIgh pnonty on problem-'>olvmg
measures to boost production qUickly The second believes that prOdUCtiVIty
mcreases cannot be Isolated from resource utilizatIOn Issues, that most management
actIOns produce cumulative effects, causmg productIOn enVIronments to evolve (for
better or worse), and that mtensificatIOn of productIOn mcurs costs Particularly III

poverty-dnven, low-mput systems, those costs are charged to the natural re50urce
base, WhICh m many SItuations IS VISIbly detenoratmg ProtagonIsts of the flfSt VIew
often argue that If bIg enough productIVIty advances can be made suffICIently rapId
ly, then protectIOn and recovery of the resource base WIll follow later Vv hen the u:',er,>
are more prosperous, others are less optimIstIC What IS needed 15 a greater coordI-
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nation of purpose m actIv1tIes promoted by these two schools of thought, a research
approach that balances present and future pnontIes accordmg to a more hohstIc
understandmg of short- and long-term processes m the production env1ronment
Long-standmg mstItutlOnal structures rarely encourage th1S and cannot eas1ly be
restructured Nevertheless, 1t 1S necessary to contmue to argue the case for mam
tammg a body of strateg1c long-term research and, further, for conductmg much of
the short-term research more conSCIOusly w1thm that longer-term framework
Hence the need to develop, and gam acceptance for, a broader, long-term research
parad1gm

PerceptlOns of what 1S meant by 'long-term research' d1ffer w1dely To the
skeptic, 1t 1S slmply an 'lvory-tower' actIv1ty that may have a payoff sometime m
the future More optIm1stIcally, 1t 1S (or should be) a broader conceptual framework
wIthm WhICh practical questIOns of both a short- and long-term nature may be
answered m a coherent manner ThIS IS a matter of research deSIgn The most WIde
ly practised form of long-term research at present IS long-term agronomIC plot-tn
als (LTT), and most of these have formal deSIgns, m whIch predetermmed treat
ments are apphed every year WIthout change Most were InitIated to compare the
prOductIv1ty, blOlogIcal and econom1C, of d1fferent rotatIOns and management/mput
sequences, although, after a number of years, they also begm to prov1de mforma
tIon on y1eld trends and cumulative effects Then output 1S useful for rankmg rota
tions and management options under controlled cond1tIons, for estabhshmg bas1c
long-term relatlOnsh1ps, and for quantIfymg slow-movmg processes for the purpos
es of modelIng The cons1stency of the applted treatments greatly fac1lItates the
analys1s and mterpretatIOn of results In themselves, such tnals are essentially
'strateg1c' (or at least 'bas1c') m that they were not usually deSigned to lead d1rect
ly to farm-level recommendatIOns (and thIS 1S, m the current clImate, a major pomt
of cntIcIsm) However, to the extent they are used also as the framework for other
more short-term studIes, specIf1c recommendatIOns can and do emerge In any case,
the1r mam functIOn 1S to prov1de a strong knowledge base to underpm problem
solvmg research conducted at the farm level

A second cntIc1sm of formal deSIgns 1S that the expenmental treatments cho
sen 1nItIally may decreasmgly match farm-level realttIes as time goes by (even
though for certam strategIC obJect1ves that may not matter), and the observatIOn that
many real farmmg systems are undergomg rap1d change generates a demand for a
'dynam1c' approach to long-term stud1es Yet a th1rd cntIc1sm concerns expenmen
tal venue Until qmte recently (and m some countnes sttll today), agncultural
research was conducted only on research statlOns Followmg the mtroductton of
farmmg systems research approaches (FSR) and on-farm testmg, much short-term
research 1S now spread across both on-statIOn and on-farm sltes Most LTTs, how
ever, are stl1l found wIthm the research statIOn fence, partly for hlstoncal reasons,
and partly because of the need for long-term control of the land Although such
locatIOns are hIghly advantageous for strategIC research, IsolatIOn from the real
farm enV1ronment IS felt by some to hmder practtcal relevance It follows that any
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new long-term paradigm must encompass the pOSSlbIhty of long-term research that
IS both dynamIc and, at least m part, conducted outsIde the re'learch 'ltatIOn fence
A major challenge IS to mvolve farmers (and their mdlgenous knowledge and per
ceIved constramts) m the desIgn and conduct of long-term research

But whatever the approach, It IS essentIal to be clear about research objectlve'l.
both long-term and short-term The skeptIC'S watchword IS relevance, but the que<,
tIon then IS relevance to what? Long-term Issues, though pOSSIbly of httle come
quence to short-term prOduCtIVIty pnontIes, are not therefore IpSO facto Irrelevant
Good research programs not only solve present problems but also anticipate those
that could anse later WhIle addressmg current constramts to sy'ltem prodUCtIvIty,
they should seek also to IdentIfy the underlymg long-term threat'l to that system and
ItS resource base, whIch, If left unrecognIzed or unchecked, could tngger urgent
productIVIty cnses at a later date Thus the context of all research should be strate
gIC, antIcipatmg change That context mcludes, for example, scenano'l m whIch
mcreasmg mter-sectoral competItIon for water progressIvely raI'les the profIle of
water-effIcIent ramfed farmmg and also leads to the preferentIal allocatIOn of Im
gatIon resources to hIgher-value crops (withm a more open global tradmg envIron
ment) It mcludes SItuatIons, too, m which the 'mmmg' of arable land WIll. If con
tmued, reduce yields eventually to zero and open the SOlIs to fmal degradatIOn by
erOSIOn Rapid declme m soIl organic matter IS a matter of senous concern for many
agroecosystems

Options for change

The need IS therefore not for less long-term research, but for new, more effIcIent
desIgns that host, wlthm the same actIVItIes, objectIves and potentIal outputs U'leful
at the farm level wIth dIfferent tIme-scales and wIth suffIcIent bUIlt-m flexlblhty to
accommodate change PotentIally, such dynamIC desIgns mIght take several forms

A LTTs, m whIch mitIally 'fIxed' treatments are reVIewed (and pOSSIbly amend
ed) every few years A vanant of thIS keeps some treatments permanently
fixed, to meet strategIC research objectIves, whIle amendmg others. a'l neces
sary, m response to external changes

B Sequences of related shorter-term actIVItIes (each WIth ItS own mIle'ltone'l
and potentIal Impacts) deSIgned to lmk together, as a program, to reahze
strategIC longer-term objectIves ThIS model has the advantage of flexlblhty.
With early results feedmg back mto pOSSible refinements of objectIves, whIle
matchmg better to demands for short-term accountabIhty and early Impact

C IntegratIOn of formal LTTs (With conSIstent treatments) WIth parallel long
term, on-farm studIes withm local (and evolvmg) farmmg systems [as m the
Egypt resource-management study, bemg jomtly conducted WIth ICARDA]
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Almost certamly, other desIgns may be conceIved DesIgn must be matched to
purpose It IS Important to erase the notIon that there are or should be standard
reCIpes for long-term research, rather, It IS an open conceptual system LTTs are not
a umform specIes of expenment but, potentIally, hIghly flexIble tools that can dehv
er the reqUIsIte new mformatIon If the right questIOns, and designs to answer them,
are appropriately formulated Among other functIOns, LTTs provIde opportumtIes
to check out the performance, and pOSSIble sIde effects, over tIme, of new tech
nologIes recommended to solve short-term prOdUCtIVIty constramts

The present aIm then IS to promote a new, broader, antIcIpatory long-term
research paradIgm However, as already noted, there are many, usually 'formal
desIgn', long-term trIals currently operatmg, and an early questIOn asks If and how
these fIt wIthm the new paradIgm Investments have been made, and, m some cases,
large mformatIOn bases have been bUIlt up By what cntena do we judge how best
to contmue thIS work, eIther m ItS present form or wIth modIfIcatIOns, and what
Items mIght be dlscontmued wIthout senous loss, to make way for new ImtIatIves?
FIrst, most eXIstmg LTTs, at least ImphcItly, have two mam types of objectIve

(a) To compare the prodUCtIVIty of dIfferent sequences of crops and management
mputs

(b) To momtor yIeld trends and other mdIcators of sustaInabIhty

Most trIals started WIth objectIve (a) that tended to determme tnal desIgn, but
the perceIved Importance of objectIve (b) has mcreased m recent years, as the data
bases have lengthened and 'sustamabIlIty' has become a promment Issue In many
cases, old productIVIty-onented LTTs are a resource, by WhICh SCIentIsts can now
look at certam aspects of the sustamabIhty of croppmg systems wIthout mcurrmg a
long lag penod mevItable m startmg a new tnal Nevertheless, some hard declSlons
are reqUIred Issues mclude

1. ProductiVity comparisons most of the ongmal 'productIvIty' questIons are prob
ably answered m the fust 6-10 years RevIew at thIS stage should ask whether
there are new prodUCtIVIty questIOns, or revIsed verSIOns of the old ones, that can
be pursued effectIvely wIthm the same tnal - m other words, IS It pOSSIble or use
ful to modIfy the tnal to serve new problems and new on-farm realItIes? (ThIS IS
the 'dynamIC' prmcIple, (a) above)

2. Sustamabillty comparisons to what extent can LTTs set up fIrst to dIstmgUIsh
prOductIVIty dIfferences, be used later to proVIde mformatIOn on long-term 'sus
tamabIlIty' trends, e g , through

- analysIs of hlstoncal data? (New analytIcal methods may be needed)
- desIgn changes and/or mtroductIOn of new forms of measurement?
- the mvolvement of a WIder range of dISCIplInes?
- contnbutIOns to modelIng (and model valIdatIOn) processes?
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And to what extent does thIS new functIOn JustIfy contmumg the LTTs for
a longer penod?

[SkeptIcs questIOn whether thIS more detaIled mmmg of data from LTT~

really gIves new mformatIOn or just serves to confIrm what we already knew 
for mstance, that legumes buIld up soIl orgamc matter and mtrogen or that
Improved soIl structure enhanced mfiltratIon and so plant growth Certamly, the
value of such data WIll depend on local perceptIOns of the need for better quan
tificatIOn of well-known processes, but not all processes are well-known', and 
for most - quantIfIcatIOn over time and, comparatIvely, between different ~ystems

WIll usually be new Moreover, hard data are reqUIred to extend modelmg from
smgle crops to whole systems]

3. Can eXIstmg LTTs also prOVIde 'short-term dellverables,' that IS, recommenda
tIons of ImmedIate productIVIty relevance to end users') The answer m mo~t

cases IS certamly 'yes' In fact, many long-term tnals already play ho~t to
secondary projects or shorter-term studIes (e g N-cyclIng and water-use effI
CIency, and control of weed, pest and dIsease buIld-up under dIfferent manage
ment regImes) whIch should have useful outputs, and there IS undoubtedly scope
for more An Ideal LTT IS a multI-purpose, open-ended, multIdISCIplInary
research laboratory, wIth new studIes fItted m as need anses ThIS gIves hIgh
value per umt cost of tnal mamtenance

4. How can the fmdmgs of LTTs that relate to yIeld and SOlI trends and productIOn
sustamabIhty be conveyed to farmers? ThIS questIOn relates dIrectly to the crux
of the matter Effective transfer of technology to farmers IS rarely pOSSIble wIth
out the convmced, whole-hearted mvolvement of extensIOn agents and also, very
often, an appropnate enablIng pohcy enVIronment Where long-term research
has so far been pnmanly of a strategIc nature, there WIll usually be a large gap
to bndge before benefIt to farmers IS achIeved The pnnciple by WhICh the
knowledge base generated by strategIc, on-statIOn research underpms problem
solvmg at the farm level IS actually qUIte dIffIcult to apply m the realm of ~us

tamabIhty It mvolves such Issues as land (and land tenure), soIl, water, and pest
populatIOns, WhICh are much less amenable than, e g crop vanety and husbandry
to qUIck techmcal fIxes The tIme scales are dIfferent Early economIC retum~ are
dIffIcult to demonstrate and cannot be guaranteed Not least, the promotIOn of
technologIes WIth longer-term, sustamabIhty-onented ObjectIves IS out51de the
expenence of most extensIOn workers and even agncultural polIcy makers
ThIS last Issue moves us on from a conSIderatIOn of how to capItalIze on eXIstmg
LTTs to what IS needed m the new long-term research paradIgm Most of our pre
sent LTTs operate towards the left-hand end of the spectrum of research mode~

strategic - baSIC - applIed - adaptive - adoptive
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However, for eventual farm-level Impact, long-term studIes must be
extended across the spectrum, wIth bI-dIrectIOnal mteractIOn We may expect
output from strategIc research to feed mto the other modes both dIrectly, through
lInked on-farm testmg, and mdlrectly, e g , through modellmg generalIzatIOns
At the ~ame tIme, mdlgenous knowledge and farm-level constramts IdentIfIed
through adaptIve and partIcIpatory actIvItIes WIll feed back mto applIed and
basIc research It may be possIble to fIt some eXlstmg LTTs mto thIS concept
New-style LTTs wIll lIkely have a dIfferent balance between productIVlty/SUS
tamabIlIty ObjectIves as well as greater desIgn fleXIbIlIty and spectrum wIdth,
wIth bUIlt-m lInkage to farm-level actIvItIes ThIS holIstIc approach wIll, where
appropnate, mclude the ammal component of mIxed systems and Issues of mte
grated pest management It wIll also lmk closely to farmmg systems research
(FSR) actIvItIes for Improved prodUCtIVIty and technology testmg, to the new
fIeld of user-partICIpatory resource management research, and to projects for In

Situ bIOdIversIty conservatIOn Indeed, all ~uch research actIvItIes necessanly
have long-term perspectIves and, on many Issues, have overlappmg alms WIth
long-term agronomIc research

The new paradigm

The above thmkmg leads to the conceptIOn of a new frame of reference (or para
dIgm) for planmng and conductmg research to support evolvmg agncultural pro
ductIOn systems m a rapIdly changmg world The new paradIgm, Anticipatory
Long-Term Research (ALTR), puts a stronger tIme dImensIOn and dynamIsm mto
tradItIOnal agronomy, enhancmg tIes to ~OCIOeconomlC and resource management
dIscIplInes, and IInkmg current pnontIes for mcreased prodUCtIVIty wIth strategIc
long-term Issues concernmg the sustamabIlIty of productIOn and the natural
resource base An essentIal feature m the chOIce of research Issues IS antlclpatlOn
of and precautlOn against problems that may arIse from current rapId agncultural
development especIally from an mcreasmg mtensIty of productIon and resource
use Major delIverables WIll mclude techmcal mterventIons and polIcy optIOns to
aVOId, as well as to solve, future problems of productIon decrease and resource-base
degradatIon ActIvItIes are conceIved and JustIfIed m terms that seek to marry cur
rent needs wIth such concepts as mtergeneratlOnal eqUIty and long-term poverty
allevIatIon

The paradIgm mcorporates such ongomg research approaches as long-term
tnals but IS altogether a broader concept, based on pnor envIronmental characten
zatIOn and encompassmg a WIder range of objectIves and methodologIes Research
venues WIll range from research-statIOn tnals and farm plots to full catchments and
landscapes (wIth appropnate lInkage between them) At larger scales, we may
envIsage data commg from an array of georeferenced sItes, backed by appropnate
remotely-sensed databases, agroecologlcal charactenzatIOn and GIS systems
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PartIcularly at larger scales, ALTR wIll often be closely lInked to (or be an mtnmlc
part ot) rural development or resource conservatIOn actIVItIes Research-develop
ment haIson on long-term effects, partIcularly follow-up and mOnItonng of earlIer
development proJects, could be an Important mode of ALTR aCtIVIty

However, at all scales, the desIgn of new ALTR should bUIld m relevance to
evolvmg farmmg systems (and the SOCIOeconomIC and polIcy clImates wlthm whIch
they are embedded), and seek to combme

- a focus on technologIes for ImmedIate transfer with
- an antICIpatIOn of future problems (m the lIght of what farmers actually do and

could do)

To achIeve thIS, It IS necessary m each case to work wIth and understand the
present farmmg system and ItS hkely evolutIOn, at the same tIme IdentIfymg tho<;e
non-homogeneItIes of aIms and constramts wIthm It that defme targettable nIche<; or
recommendatIOn domams It wIll be necessary also to beware of pOSSIble adver5e
downstream effects, and to seek ways, acceptable to the local communIty, to aVOId
them Most farmers rate short-term profItabIlIty much hIgher than long-term <;u~

tamabIhty (and certamly aVOIdance of downstream nUIsance) No <;u<,tamabliity
mnovatlOn wIll be adopted unless It IS also profItable

The above concept IS very general and, mdeed, Ideahstlc It outlIne<; a new
thmkmg for research planmng but, smce local CIrcumstances dIffer, It cannot pre
scnbe a detaIled methodology That wIll always be, to a conSIderable extent. loca
tIon-speCIfIc Nevertheless, the resource-management program InItIated '>ome year5
ago m Egypt, a collaboratIve aCtIVIty between ICARDA and a group of natIOnal
research mstItutlOns, proVIdes an early example of the paradIgm m actIOn

Program actIvItieS began WIth a preparato'} phase, compnsmg mventon' stud
Ies, rapId rural appraIsal and multl-dlsclplma'}' surveys The knowledge gamed
was used m the planmng of two closely-related research actlvltles, long-term
agronomIc tnals (LITs) and long-term farm momtonng (LTM) The long-term
tl zals (with such expenmental vanables as water quantit\', water qualzty, mttn
ent mput and crop rotatIOn) have been establzshed at slte5 representmg the old
lrngated lands, the areas newly reclazmedfrom desert, and the ramfed agncul
tural areas Each tnal IS complemented by extensIve long-term momtonng m
VIllages close to the expenmental SIte, recordmg farmers' perspectlvn, farmmg
practIces and the conditIOn of theIr sods and crops, with the arm of ldentlfymg
over tIme sustamable and non-sustamable practices and the soczal and eco
nomIc factors that underlze them The complementanty ofLIT and LTM actm
tIes wlthm an mtegrated, multldlsclplma'}' approach proVIdes a new research
model for the IdentIfIcatIOn ofsustamable, mtenslve productIOn 5ystems that has
WIder applIcatIOn mother agroenvlronments
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Other issues

The Workshop covered a broad fIeld Although consIderation of the past, present
and future of dry-area agronomIc long-term tnals provIded the ImtIal basIs of the
meetmg, a number of other tOpICS closely mvolved m the 'long-term' Issue were
dIscussed

Modeling and extrapolation. Models are essentIally hypotheses about relatIOn
~hIPS, usually expres~ed m mathematical form In croppmg systems, the sImplest
models express, for mstance, values of crop yIeld or soIl properties m terms of rel
evant envIronmental parameters They may SImply be statIC regressIOns, or may
mvolve IteratIve processes that SImulate development, dynamIcally, on a time-step
basIs, e g from day to day Though mitIally only descnptive (summanzmg eXIstmg
mformatIOn). after valIdatIOn agamst addItIOnal expenmental data from a range of
situatIon~. such models can be relIably predIctIve (withm lImIts). and through
lInkage to ~patIaI arrays of envIronmental parameters, partIcularly weather, they can
be used to extrapolate pomt-source mformatIOn spatially Further, dynamIc tIme
~tep models can be extended from smgle-season to multi-season mode and may
therefore, from an optimIStic viewpomt, be used to replace or at least augment LTTs
(and, po~sIbly, other forms of ALTR) However, there are several Issues here

• Smgle-season crop models are bUilt from real-crop databases, and multI-season
'long-term' model~ must, no less. be bUilt from appropnate long-term databases
(whIch reqUires LTTs or other systematic long-term observatIOns) ValIdation
reqUires a SImIlar range of real long-term data sets, mdependent of those used
ongmally to construct the model Thus there IS a paradox models could replace
LTT~ but only If there IS enough real long-term data mitIally to buIld and valI
date the models (beanng m mmd that the real farmmg systems whIch the mod
els should SImulate are themselves dynamIc)

• Extrapolation m time IS of a dIfferent nature from extrapolatIOn m space 
because at any gIven SIte local changes may accumulate SustamabilIty IS con
cerned WIth the long-term future A model bUilt and valIdated even WIth the best
real-world data sets cannot be expected to predIct relIably for much longer time
spans than those mherent m the ongmal data Apparently lInear relatIOnshIps
may m the long run prove curvIlmear, causmg realIty to dIverge from predIctIOn
Inference from short penods to long penods IS mherently nsky

• It 1<; useful to dIstmgUIsh between models for systems and models for particular
resource-base mechamsms Stable models may be more easIly achIeved for
mechamsms mvolvmg faIrly SImple mput/output processes, for example, It may
be pOSSible, from faIrly short-term data to estimate WIth a faIr degree of accu
racy future long-term trends m SOlI nutnent pools or the buIld-up of salImty,
thereby contnbutmg to the antICIpation of management problems
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• Some relatIOnshIps are changed by extrapolatIOn across scales Thus results from
plot tnals cannot necessanly be transferred to the catchment scale and/or need to
be re-valIdated at that scale One future component of ALTR may be long-term
catchment-scale resource momtonng, perhaps feedmg mto model'S for other
catchments

Natural resources as capital. Many farm-level productIon systems, e<,<,entlal to the
welfare of present socIetIes, are currently non-sustamable, becau<;e year by year
they are consummg theIr own resource base (through soIl eroSIOn. nutnentlorgamc
matter depletIOn, etc) Acceptmg that sudden Improvements are not humanly or
economIcally possIble, long-term research needs to focus on

- ReSIlIence of these resources - what are the threshholds from beyond whIch
they WIll never recover? [SustamabIlIty mdIcators are not enough, we al<;o
need targets for those mdIcators ]

- What are the systems needed to rebUIld and sustam these resource'S?
- How may we gUIde the evolutIon of current systems towards tho<;e <;u<;tamable

systems (whIle mamtammg VIable, economIC productIOn and farmer confI
dence/cooperatIOn)? In some margmal SItuatIOns, It may be nece<,5ary to
encourage changes away from arable productIOn to tree-crop or pa<,ture 5Y<'
terns (for the economIcally more effICIent use of the water supply and for the
protectIOn of the SOlI)

Swammathan's concept of three zones, of mtensIfIcatIOn, mamtenance or
restoratIOn, IS relevant here, mdIcatmg the need to refer to land-use qualIty or capac
Ity mdIcators AlternatIvely, we may thmk m terms of low, medIUm or hIgh mput
systems, although the key word m any gIven enVIronment IS probably 'appropnate .
WhIchever concept IS used, IdentIfymg the level appropnate for the enVIronment
and ItS people and the tImescale mvolved IS clearly an essentIal fmt 'Step m the
development of the research strategy Another key mSIght IS the occurrence m <,ome
SItuatIons of system de-mtensIfIcatIOn Although It IS WIdely agreed that m05t "'y<,
terns WIll (and must) mtensIfy, de-mtensIficatIOn can al50 occur (for example, the
abandonment of mountam terraces m Yemen) and gIves nse to dIfferent I<;<,ue5 for
the sustamable long-term management of the natural resource base under lower
prodUCtIVIty systems

Sustainabillty indicators. The most dIrect measure of sustamabilIty 1<, crop or "'y<,
tern productIVIty If, WIth steady mputs, yIelds stay steady over relatIvely long
penods of tIme, there IS an ImphcatIOn of sustamabIhty Dechnmg yIeld'S Imply
non-sustamabIhty, although they may later stabilIze at a lower levels There are
SImIlar uncertamtIes about nsmg yIeld trends StatIstIcal estImates from yIeld data
can gIve early mdIcatIOns of trends otherWIse obscured by seasonal 'nOise', but
there may be hard deCISIOns over the type of mathematIcal functIOn to fIt (lmear or
curvIlmear), and the chOIce made can affect the perceIved result Such e5tImate.., of
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yIeld trends can be used to compare the relative sustamabIlIty of dIfferent systems
runmng sIde by sIde

'IndIcators' are mdirect measures of sustamabilIty, mdependent of sy'Stems
Thus a sImple soIl parameter IS more generally applIcable than the yIeld trend of a
chosen crop In the techmcal context, mdicators are essentially measures of
resource-base capacIty or condItIOn that bear dIrectly or mdirectly on prodUCtiVIty
At the fIeld or catchment level, losses of sOlI through erOSIOn mdicate non-sustam
abIlIty of the resource base and, eventually. of the productIOn system
QuantifIcatIOn may be unnecessary except to estimate system lIfespan or to make
compansons between systems SImIlar remarks apply to fImte underground water
resources (renewable or non-renewable)

Most other mdicators mvolve routme measurements to detect changes over
time For mstance, a decreasmg soIl content of any plant nutnent ImplIes an Imbal
ance between mput and export whIch. unchecked, must lead to declInmg produc
tiVIty, but the solutIOn techmcally, If not always economIcally. IS usually easy A
bUIld-up 10 sallmty may be SImIlarly detected but much more dIffICUlt to remedy
Other gradual changes 10 sOlI condItIOn mimical to sustamable yIelds can pass
unnotIced until they suddenly pose senous problems, for 10stance pest 1OfestatIon
(e'SpecIally nematodes), heavy metal bUIld-up (particularly where effluent water and
'SolIds are applIed), and the degradatIOn of structural properties Two wIdely con
'Sidered 1Odicators are soIl orgamc matter. changes 10 whIch are taken to Imply lIke
ly changes m chemIcal fertIlIty and/or structural stabIlIty, and bIOmass (or mIcrobI
ologIcal actiVIty) whIch IS taken as a measure of 'sOlI health'

However. the relatIOnshIps between techmcaL resource-base 1Odicators and
yIelds and yIeld sustamabillty are not strmghtforward Some decrease m soIl orga
mc matter and bIOlogIcal activIty to lower eqUIlIbnum levels may be consIstent WIth
sustamable productIOn, although lInear decreases that contmue 1Odef1OItely
undoubtedly Imply non-susta1OabilIty For most 1Odicators there are threshhold val
ues. above whIch the system may be regarded as 'safe' For any gIven mdicator,
such values WIll be specIfIc to locatIOn and, possIbly, system Where values are cur
rently below the threshhold, system prodUCtiVIty IS probably SuboptImal and non
'Sustamable, and the threshhold may be seen as a target for system Improvement to
mOl at

Depend10g on need, any of these techmcal 1Odicators may be adapted for use
10 momtonng regImes at farm, catchment or zone level However, It IS Important to
dIst10gUIsh such techmcal 1Odicators, appropnate to SCIentIfIC dISCUSSIOn, from mdI
cators lIkely to be mean10gful to non-scIentists Indeed, alternative mdicators are
needed for such dIfferent stakeholders as polIcy makers, donors, SCIentists, and
farmers A herder may, for mstance, be particularly sensItIve to the dIsappearance
of a key plant specIes, by WhICh he Judges rangeland qualIty for grazmg, whereas
natIOnal polIcy makers WIll react to the amounts of sand blown across Important
roads or sIlt depOSIted 10 reserVOIrs Other 1OdIcators may be dynamIc or oppor
tumstIc, measunng system responses to polIcy changes, technology transfers m
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space (e g from one vIllage to the next) or populatIOn mIgratIOn PartIcularly at <'y~

tem level, there are many dImensIOns to 'sustamabIlIty' and hence many potentIal
mdicators to measure The temptatIOn to combme these measures together mathe
matIcally m compound mdices of overall sustamabIlIty, even for non-<;CIentI<'t<,
should be aVOIded

EconomIc or non-techmcal mdicators may be applIed to the performance of
whole systems In developed countrIes, where the envIronment IS of greater current
concern than the food supply, attentIOn tends to focus on 'envIronmental audItmg ,
Attempts are bemg made to cost farmmg m terms of envIronmental effect<;, such a~

water and arr pollutIOn, the reductIon of bIOdIversIty, as well as the cost of energy,
seed, fertIhzers, sprays and labor One method of envIronmental audItmg 1<; total
factor productIVIty (TFP), m WhICh all factors that relate to crop productIOn, mclud
mg those lIsted above, market prIces, etc, are calculated weIghted and combmed to
gIve a smgle, numencal factor (Barnett et al 1994) The system 1<; comidered <,U<,
tamable If the TFP IS >1 For example, m a long-term wheat expenment on a <;andy
sOlI (Woburn, England), where structure faIled and the sOli became aCId, TFP
declmed to almost zero, but on a SIlty clay loam SOlI (Broadbalk., Rothamsted)
exactly the same productIOn system remamed sustamable, wIth TFPs between 1 and
4 SIgmficant Improvements m TFP followed the mtroductron of new, hIgh-YIeld
mg varIetIes and pestICIdes InterpretatIon of smgle estimate~ of TFP need great
care UtIlIty IS greatest when patterns of changmg TFP over tIme are compared for
dIfferent systems (as at Rothamsted and Woburn) Any change<; m theIr relatIve pat
terns need to be explored and the reasons, both mathematIcal and agronomIC, dI<;
covered (Gouldmg & RIley, personal commUniCatIOn, 1998)

WANAISAT and the rest of the world In the developmg world, <;u<;tamabIhty
means pnmarIly 'sustamabilIty of food productIOn' (preferably on a n<;mg curve),
followed, at lower prIOrIty, by sustamabilIty of the agrIcultural re<;ource ba<;e, wIth
aVOIdance of downstream effects and pollutIon runmng a poor thIrd Confu<,Ion m
commumcation may anse wIth developed-world mstitutions pnncipally concerned
wIth envIronmental Issues, and thIS may even color donor perceptIom of fundmg
prIorItIes Current fundmg opportumties WIth We<;tern donors are <;ard to be m the
envIronmental rather than agrIcultural arena

At the same tIme, the mcreasmg globalIzatIon of world trade may dI<,advantage
the dry areas m the productIon of certam commodItIes Po<;sIble ImplIcatIon<,
mclude

- ShIftS m farmmg systems towards hIgher-value crops (WIth comparatIve advan
tage locally) that use the resources (espeCIally water) WIth greater economIC
effIcIency

- ShIfts m farmmg systems, m the most margmal enVIronments, away from arable
crops to pastures and/or permanent crops
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There may be opportunIties here for explOItmg synergIsms between global eco
nomiC force~ and local reqmrements for long-term production sustamabIlIty and
resource conservatlOn

However, the Importance of agnculture as a lIvelIhood for large sectlOns of the
dry-area populatlOn (espeCially m the semi-and troplcs)-agam a contrast With
developed countnes-should not be forgotten and must be factored mto all polIcies
to promote sustamable productlOn In many places, Subsistence systems are evolv
mg towards high-productiVIty (market-onented) systems, partly as a response to a
changmg balance between urban and agncultural populatlOns AntiCipatory
research, and other development measures, are needed to ensure that such mItIatlves
can be sustamed m the long term

Impact. Research must have demonstrable value The popular measure IS impact,
but what IS meant by Impact dIffers between stakeholders The impact may be on
other researchers (theIr knowledge and ideas), farmers (theIr mcomes but also theIr
resource base), polIcy makers (and the achIevement of natIOnal targets), or donors
and theIr domestic constituency Some would say that the ultimate test of research
value is farm-level adoption, although, to achieve that appropnate polIcy adJust
ment is often necessary At a dIfferent scale, polIcy makers and donors are lookmg
for impact m the form of natlOnal production mcreases, economIC growth, poverty
alleviation and natural resource conservatlOn The mcreasmg challenge to agncul
tural research SCientIsts is to satisfy each of the stakeholders sImultaneously The
new paradIgm 'AntiCipatory Long-Term Research for Sustamable ProductIVIty'
offers the opportunIty to do thIS effectively and effICiently

Conclusions

• In the developmg world, farmers are bemg dnven towards more mtensIve sys
tems, but-particularly m dry areas-the questIon anses, are these systems and
their natural resource bases sustamable?

• The current fundmg ethos tends to favor agncultural research actIVIties that
promise qmck impact on production levels for poverty allevIatIOn At the same
time, many western donors gIve hIgh pnonty to envIronmental concerns but, m
many cases, WIthout lInkage to agncultural ImperatIves The prevaIlmg gap
between productlOn mtensIflcatIon and envIronmental protection IS potentially a
dangerous one

• Agncultural SCIentIsts have the responsibilIty to urge that longer-term strategIC
research is an essential part of theu agenda If productIOn (on a nsmg productlOn
trend) is to be sustamed m an uncertam world of mcreasmg populatlOn, finIte
resource~, and clImate change, research must have a major anticipatory functIOn
Thl~ need not conflIct With urgent concerns for poverty alleViation FleXibilIty
and dynamism m re~earch deSign wl1l prOVIde both short- and long-term outputs
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• This multiple challenge demands a more mtegrated framework for agncultural
research, and a new paradigm, Anticipatory Long-Term Research for Sustall1able
Productivity (ALTR), IS proposed This paradigm enshnnes the concept<, of <,u<,
tamablhty, eqUIty and poverty alleviatIOn and envisages research approache<, that
are hohstIc, dynamic and anticipatory PotentIally, It mcludes <;y<;tem-focu<,ed
activIties across the full spectrum of research modes, from ba'Slc, through apphed
and adaptive to adoptive (farmer-participatory)

• ALTR IS much broader m concept than traditIOnal long-term expenment-. but
such expenments WIll hkely compnse a core functIon m many ALTR program~

They Will need clear obJectives, with frequent reViews, and must be carefully run
with regular samphng and data archlvmg to enable their apphcatlon to future, a<,
yet unknown, problems ConsIderable mgenUIty Will be needed at the de<,lgn
stage to ensure that dynamic treatments m no way preclude 'Subsequent mean
mgful data analysls/mterpretatIOn for both short- and long-term obJective"

• ALTR provides no fixed methodology for general apphcatIOn It IS rather. a
research phIlosophy, which may be vanously apphed accordmg to the need<, of
the situatIOn However, It might often be set up on a 'core + satelhtes' model
With mterdIscIphnary activIties to estabhsh pnnclples at a few core sites closely
lmked to satelhte expenments, fIeld observatIOns, surveys and mOnltonng
programs conducted at the level of farmmg community and farmer'S' fleld
altogether provldmg two complementary bodies of mformatlon

• ALTR programs Will output mformatIOn at dIfferent levels and over dIfferent
tlmescales (accordmg to specified research aIms), but the utIhzatIOn of thIS mfor
matIOn, both for mterpretatIOn and extrapolatIOn, Will be optImized through the
use of modelmg

• Smce sustamablhty of agncultural productIOn and the supportmg natural
resource base are key concerns, all ALTR programs wIll mclude the development
and testmg of mdlcators of sustamabIhty appropnate to the local envIronments
and productIOn systems

• Impact of ALTR programs WIll be Judged on a multI-cntena baSIS, to mclude
effects on farmers and other resource users. natIOnal research and extell5IOn ser
Vices, theIr methodologIes and mstItutIOn bUIldmg, national pohcy makers. and
the contnbutIOn to mternatIOnal pubhc goods m the form of tested and effectIve
research methodologIes
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