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Preface
 

An International Conference on I)ryland Farming was 
held in Amarillo/1lushland. "lexas. U.S.A., August 15-19, 
1988. There were -160 registered participants from 52 
countries and 36 states of the I'nited States. The (:onflr-
ence was organized to help commemorate 5(1 years of' 
service to the agricultural community by the .S.l).A., Ag-
ricultural Research Service. and Ihc'lx.as Agricultural Ex-
periment Station at their research filcilitics at BLIushlland,
"lhxas. The purpose of the Coni'erence %Nas to evaluate 
past progress in dryland farming, identity constraints, 
propose methods and techh:dofgics needed to alleviate
those constraints, propose policies and programs for 
more effective technology transfer, and identify research 
needs and priorities for drN land farming. 

l)uring recent years, the focus on increasing food pro-
duction throughout much of the world has been on irri-
gated agriculture. Since 1950, the amount of irrigated
land has increased from about 9.i million hectares to 
about 220 million hectares. )uring the 80's, however, the 
rate of' irrigation development has dropped materially 
and is presently less than 1 percent per year. World popu-
lation is increasing at the rate ofabout 1.7 percent annnu-
ally and exceeds 3 percent in reany parts of Africa. lrri-
gated land accoLnts for approximately 18 percent of the 
cultivatcd land, but produces 33 percent of the food. The 
cost of irrigation and drainage development of new sys-
tens averages over S5,000 per hectare and can be as high
'is S10,000. While irrigated agriculture will continue to 
expand and produce a significant portion of the world 
food supply, it appears certain that much of the additional 
fiod production needed in lilture years must come from 
the 80 percent Of the cultivated land which is not irri-
gated. 

During the past 50 years, much has been learned about 
dryland farming. The principles learned and the technol-
ogy developed need to be used to decrease risks and in-
crease overall productivity everywhere that drylandfarming is practiced. Large areas of the land that must be 
farmed to meet the current and future food needs of the 

.vorld occur in high risk areas that have limited and erra­
tic rainflll. These lands are also highlv subject to wind 
and water erosion. lherefore, it is essential that the tech­
nology that has been developed and will be developed in 
the future be spread and used Ias quickly and iswidely as 
possible. 

It was with this background that the Conference was 
developed. Also, the h)cation of Arnarillo/ltshland,
"Texas,seemed particularly appropriate because it is lo­
cated illthe southern (;reat Plains of the United States 
w'hewe 50 years ago the area was illthe midst of a severe
drought, resulting in the most severe erosion ever witnes­
sed on the continent. The area became known as the 
"I)ustbowl," and ma:ny forecasters thought the area had 
no future. I lowever, new policies and technologies were 
developed for both dryland and irrigated systems and the 
area developed into ihighly important and productive 
area. Therefore, the location seemed to provide a natural 
setting where scientists, conservationists, farmers, and 
others could meet to share experiences and ideas about 
dryland agriculture. 

To allow Conference participants to get a broad view 
of the agricultural systems in the region, Pre- and Post-
Conference Tburs were developed. Seventy-four partici­
pants from 31 countries took part in the Pre-Conference 
"lourwhere they visited farmers' fields and experiment
stations at Temple, San Angelo, Big Spring, and Lubbock, 
Texas. The Post-Conference Tour featured three of the 
original U.S.1).A. dryland field stations established in 1914 
(Woodward, Oklahoma; Garden City, Kansas; and Akron, 
Colorado) as well as stops in Tribune, Kans,s, and 
Greeley, Colorado. Sevenwy-five individuals from 29 coun­
tries participated in the Post-Conference Tour. 

A Conference Proceedings will he forthcoming which 
will contain the 259 papers presented. This Executive 
Summary contains a list of recomlendations for actions, 
a brief summary of the technical sessions, an overview ofwhat was learned during the Conference, and a list ofpar­
ticipants. 
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Recommendations 

The final half-day session of the Conference was de-
voted to summarizing what had been presented and iden-
tifying priorities for further action. Based on those discus-
sions, as well as the written reports by the rapporteurs. 

the following list of recommendations was formulated, 


-
1.Dryland agriculture must play an increasingly inpor-


tant role in future production of food and fiber. It is well 

documented that the drylands have received a dispropor­
tionately low share of resources devoted to increasing ag-

ricultural production. It will be necessary for both gov-

ernments and researchers to devote more attention and 
resources to dryland farming problems than has been 
done historically 

2. An international commission, or committee, on dry-
land farming should be formed. The World Bank, in its 
role as Secretariat for the Consultative Group on Interna-
tional Agricultural Research (CGIAR), should take the 
lead in establishing a task force, or committee, to form 
such a commission. The purpose of the commission 
would be to promote a continuing international dialogue 
on dryland farming and to develop mechanisms for estab-
lishing networks among institutions for coordinating re-
search and technology transfer activities, 

3. The resource base must be protected. Consequently, 
it is essential that land resource management policies be 
strengthened, particularly as they relate to lands fre-
quently taken in and out of crop production systems. 
Policies of international organizations and governments 
need modification to encourage research and better man­
agement of dryland resources so that the resource base 
will be sustained and present and future food and fiber 
needs can be met. 

of the Conference 

4. Resource inventories required to develop data bases 
for good planning include soil characteristics, topog­
raphy, clim-ite, biota and socioeconomic factors. These 
data are essential to achieve appropriate land use and 
management. More effort should be devoted to develop­
ment of resource inventories in dryland areas. Special and 
urgent attention should be given to climate and soil data
baeo 

5. Cropping systems for dryland farming must be de­
veloped and used. Site-specific research is needed, but re­
suits must be used in concert with biologically- and phys­
ically-based models and sound data bases to permit ex­
trapolation of results to other locations. 

6. More effort by scientists in developed and develop­
ing countries should be directed to forming management 
systems that permit sustained use of fragile lands. Atten­
tion of scientific teams must be focused on fragile lands 
that are being farmed and new lands being brought under 
cultivation for the first time. 

7. Infrastructure and socioeconomic conditions re­
quired for the development and sustainability ofdryad 
areas must be identified and developed. 

8. Attention should be given to the development and 
implementation of policies for reducing human and live­
stock population presres on deteriorating lands so that 



Summary of Rapporteurs' Reports 

Marvin E. Jensen 

The purpose of the closing session was to evaluate the
Conference findings and assess what they mean. We asked 
a rapporteur for each session to provide feedback to the 
Conference organizers relating to the Conference objec-
tives of. I ) Evaluating past progress; 2) Identifying con-
straints; 3) Identifying methods and technologies for al-
leviating constraints; 4) Identifying policies and pro-
grams for more effective technology transfer; and 5) Iden-
tifying research needs and priorities. Additional infrinma-
tion requested included 1) Points ofagreement; 2) Points
of disagreement; 3) Issues not covered; and 4) New 
promising prohlem-solving approaches 


This sumnmary presents highlights of keynote and pie-
narv presentations and asummary of the information pro-
vided hy rapporteurs. Many rapporteurs reported similar 
items, but With different points of view. Because of the 
voluminous material collected, only selected items are in-
cluded in this summary Additional details can be found 
inthe rapporteur reports contained in the Conference 
Proceedings. 

Keynote Highlights 

Dr. Neville Clarke, Texas Agricultural Experiment Sta-
tion, opened the Conference stating that dryland farming
is extensive rather than intensive agriculture. Effective 
technologies are needed to sustain dryland agriculture,
The primar , socioeconomic concern is that dryland ag-
riculture is ahigh-risk enterprise. Asystems approach and
risk management are key issues, 

l)r. Nvle Bradv USAID, indicated that dryland agricul-
ture will be growing in importance. Need for innovative 
dryland technologies is especially important in parts of
Africa where population growth rates are about 3 percent 
per year. Current L'SAII) concerns involve; I ) conserva-
tion of natural resources (water, soil and, plants); 2)socioeconomic issues suchIas government planning pro-
grams, wvomens' roles, credit, land tenure, and micro-en­
terprises; and 3) communications within the dryland
community or developing a dryland technology net-
work. 
Dr. Edward Schuh, University of Minnesota and for-

merly of The World Bank, indicated that investments in
agricultural research are among the highest payoffs. In 
view of this fact, lie questioned why govL--"ments dis-
criminate against agriculture and rural education and 
training and why rural infrastructure is neglected. Con-
plex socioeconomic aspects of dryland farming were re-
viewed in detail, especially international trade issues. lie 
stressed that a global food and agricultural system is 
emerging and that national economic systems are suscep-
tible to international economic forces and trade. 

Dr. Malcolm Hall, FAO, discussed similar issues and 
highlighted approaches and problems affecting technol-

ogy transfer. He emphasized the differences between
local and institutional knowledge. Local knowledge
changes more slowly than institutional knowledge. Risk 
factors are of great local concern but are often over­
looked by institutional programs. Intervention fre­
quently fails because of insufficient knowledge and er­
roneous perceptions. Systems approaches to agricultural
development with adequate training at the level of the 
populace are needed, especially in dealing with house­
hold and community problems.

Dr. Gerald Ihomas, New Mexico State University em­
phasized the need to consider environmental issues rela­
tive to sustainability of dryland agriculture. Verbal com­mitments have been made by The World Bank, USAID,
and others but the impact of this new emphasis on pro­
grams is yet to be determined. Adding the environmental 
dimension will require more time to carry out programs.
We must improve measures of progress, and we inust 
apply economic values to our resource base. He stres,;ed
that every development project should have a conscrva­
tion objective. Ifagriculturalists do not consider environ­
mental issues, environmentalists will write the agenda.
Dr.M. Yudelman, World Resources Institute, indicated 

that investment in dryland agricultt, e is becoming moreattractive relative to irrigation. Investments in dryland
farming during the 1970s were relatively small and had 
little impact on raising agricultu.,i productivity and re­
turns on these investments vwcre low relative to invest­
ments in irrigation. Only two of the international re­
search centers, ICRISAT and ICARDA, are developing
technologies that target large numbers of dryland farm­
ers. Dr.Yudelman asked "Why have we neglected dryland
agricultural resources?" Typically small dryland farmers 
represent a major poverty problem that cannot be ig­
noted, but solving this problem will be a long-term and 
difficult process. 

Past Progress 

Lessons have been learned, but we sometimes have dif­
ficulty relating current problems to these lessons. The 
same mistakes are frequently repeated without learning
and adding to the knowledge base. Expanding food re. 
quirements caused by increasing populations are forcing
tradeoffs between current production aud sustainability
of dryland agricultural systems. Tile long-t!,rm negative
effects ofsome of these tradeoffs may be irreversible. 

Both irrigated and dryland farming are production sys­
tems, but they operate on opposite ends of the produc­
tion continuum. However, the knowledge base from 
which information can be drawn involves both irrigated
and dryland farming systems. We have made alot ofprog­
ress in quantifying dryland farming environments, but we 
need less empirical methods tr transferring the relation­
ships to other locations. 

3 



Many examples of research progress were presented. 
These included water conservation and fallow technolo., 
gy; conservation tillage including no-till and residue man-
agement; cropping systems including cultural practices, 
plant geometry, and flexible cropping sequence: control 
of wind and water erosion; windbreaks; erosion models; 
pest management; fertilizer practices including princi-
pies of nutrient availability anI mobility; crop cultivar dc-
velopment for drought tolerance and improved root sNvs-
tens; and risk management. Extensive research has pro-
duced information necessary for developing yield-water 
relationships and simulation models for drvland farming 
systems. 

An important itctor in dryland farming systtms in de-
veloped versus developing countries involves the alterna- 
tive and competing uses ofcrop residues. In the USA and 
other countries with similar conditions, crop residues are 
used as mulches to increase the retention of precipitation 
and to control wind and .vater erosion. In developing 
countries, however, there are alternative and competing 
uses for residues such is animal feed, fiuel, fiber, and use 
as raw material for manufacturing. Use of dryland crop 
residues for livestock feed may have negative impacts on 
soil productivity, but dryland crop residue production is 
generally less variable than grain yields. 

Mlany authors described integrated livestock-crops, ag-
rofo)restrv, and intercropping systems involving tree and 
food crops which may provide more stable production in 
fragile t.nvironments. Others related the importance of 
technologies such as improved micrometeorological and 
recording instrumentation and data management svs-
tems. Much progress also has been made in hunan re-
source development, but some participants indicated re-
source-environmental issues have been under-em-
phasized. Land use values have been increased in some 
areas by intercropping compared with mnonocropping. 

Interdisciplinary approaches and teams v':re fre-
quently mentioned as a requircment for solving multidis-
ciplinary problems. Many examples of successful tech-
nology transfer techniques were summarized. 

Constraints 

The rapid rate of population growth in many countries 
has resulted in conflict between maintaining a sustaina-
ble production system and meeting increasing food re-
quirements. Loss of topsoil is for all practical purposes an 
irreversible process and can quickly lead to desertifica-
tion. Sustainable dryland agriculture requires conserva-
tion of the natural resource base. 

Insufficient and highly variable rainfall are major con-
straints in dr'land farming. Water supply for crop use is 
often the most limiting production variable. I)ryland 
farming areas typically are high wind areas, which results 
in susceptibility to wind erosion and crop damage. Low 
residue production limits potential control of both wind 
and water ,-rosion and evaporation suppression, and par-
ticularlv so when there are competing uses for residues, 

Dr.john Monteith, ICRISMIt stated that truth proceeds 
faster from error than from confusion. We potentially can 
learn more from mistakes than from successes. The learn-
ing curve is slow in agricultural systems. It is especially 

slow for dryland farming sy'stems because many years 
may be required to cstablish needed relationships and 
basic data under local conditions. lven more important, 
the returns often do not provide sufficient incentives for 
farmers to adopt new risk)' technologies. 

L.ack ofbiologically- and physically-based relationships 
between available water and crop yields, soils and eco­
nomic data, reliable rainfall data, solar radiation and tem­
perature data from common ,ources wete frequently 
cited as major constraints in developing or adapting new 
technology. Limited alternative crops and compatible 
crops for do yland systems also !imit the adoption ofmore 
productive cropping systems. Lack ofmarket alternatives 
for crops produced in dryland areas further limits the 
selections. 

Soil constraints include degradation, low organic mat­
ter, po)or structure, low fertility, lack of'profile informa­
tion and taxonomy, and, in some areas, soil acidity prob-
ICtus. Removal Of surface vegetative cover through exces­
sive tillage and over-grazing decreases infiltration rates, 
increases runoff, and reduces resistance to erosion. ln­
ergy and equipment available to small farmers in develop­
ing countries severely limit land shaping and surface 
modifications by tillage that can enhance rainfall reten­
tion. Several authors indicated they were not able to pro­
vide optimal fertilizer recommendations based on 
veather probabilities because Of inadequate models and 

data. Inadequate equipment available to small falrmers 
also limits optimal placement of fertilizers. 

Government policies have resulted in inadequate long­
term investments in dryland production systems includ­
ing trained professional stafs for research and extension. 
Many existing programs are based on short-term time 
frames driven by ecoomics. lpically, in research and 
technology developmenl, farmers are not involved in 
planning approaches and programs. As a result, they are 
not always receptive to proposed new practices, or new 
practices are not compatible with current practices. Fco­
nomic constraints include limited analyses ofdryland sys­
terns, limited diversity and flexibility, low inputs and lowV 
profits, high interest rates, and lack of production incen­
tives. Analysis of social impacts of investments and devel­
opment is also often lacking. 

Limited adoption of new technologies, for whatever 
reasons, hinders deveh)pment of more productive dry­
land systems in developing countries. Effective strategies 
are lacking. Extension programs are generally understaf­
fed and frequently the staff is not adequately trained to 
facilitate technology transfer. 

Methods to Alleviate Constraints 

Greater investments are needed in developing dryland 
cropping systems that result in more efficient use of rain­
fall, plant, and soil resources and reduce subsistence farm­
ers' risks. Programs and policies are needed to develop 
an adequate agricultural support infrastructure for dry­
land areas. 

In developed countries like the USA, the current public 
and farmer perception is that development of agriculture 
in developing countries increases competition for farm 
products in the world markets. This perception limits 
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support for internationli agricultural lcvCh)lltnt pro-
grais. I owvver. studies have sh()w'n that deCveh)lopment 0if 
agriculture in del irb)ping countries increases their buy­ing p iwtr and demands finr nlore specialized ag.icultural
products. More assessments and disseminati(n (iWthe'se-
interrelatiolins are leededtt. 

EftctivC go)vernment pI)granis freqoutnthlvr" not 
fundltd ani im)ple'mentdt~ hccause agricultural entities 
cannot agree ()n priorities. (kow'rnnllent pr)grams can in-
f ence h()th puhlic and private invest ments !Ilg-tel'm
funding, prodluCtim incentives. fk-tilizer pilicies, and re-
scarch iroding. AdclutLc infrastructire 1'()r agricultural 

lirtSupp and proiducti( inccnti's Can elllnable, many sub­
sistence drvland fiarmers t) bcme()nlt producti(n (iriented.
Many' participants ft'lt that internatioinal (rganizatilns 
like T[he \\()rld Bank should play a greater role in shaping 
goivernment pro)grans and p()licics for dryland areas. 

Better hasic understanding ()f the cr()p-s()il-cnviron­
meint system is ncdcl. lcsearch results sh()uld describe 
basic relationships t(oenable niorc direct transfcr ofinfor-
matiin to other regi(ins. )r. Mo mnteith proposed al ila-
provCd tchniqueL. fo'()r charactcrizing water-limiting cnvi-
rniilments which inv()h'cs n(irlalizing rainfali using tile 
vapoir saturatiin deficit and linking this parameter with 
interceptioin ol'solar radiati(in. Characterizing climates i 
this less empirical Ianner w'ild enable transtferring ,'t-
latioinships t0 ()IItLr arvas. (;uidCl inCs 1i)r me'asuring .hn1d 
rcp()rting hasic clvir<onmental data are needCled tO e'nahle 
extrap(ilating experimental rcsults to areas where liia-
itcd studies hax e bcn co)indutctd. 

A critical nass ()f scieintists is often lacking at research 
loicatiinS in dc\'loping counttries which linlits eiffective. 
tcchl i()ho)gy tralnsftr and dcvcl(ltpnict oifncw kno wledge. 
The intcdisciplinarv interactioin oif scientists, techni-
cians, and firmers cat resuilt in the wihlle hing greater
than the sui (if' the parts relative to develliplnt lildtr'sf-r ifdrylld technh y is 


trnse nAdyan
ent disciplincs to (irk lilkigy: Getting scientists (iffdiffer-together cal be difficult, but ex-

perience has sillowin thlat greater Use IAMitrdiSCiplinarvteams in research enhances the dc%'ell)pincnt of' ­
proved technolhigy( Greater efforts are nCled tO estab-lish teams iin'l()hi'iiig ccliniimists, enviroinmentalists, 

sociol()gists, and varioius physical and biological scien-

fists. Adilinistrators should he Cncouraged t(o give re-

wards tol teams eflectiv'e in researcl and Cxtensiin. 


IUse cif crop residues for er(ision cointrol and maintain-

ing soil productivity is hasic to 
 dryland farming systtlmsin the USA. Additional eclionlic assessllnts (if tile lng-
term alut (if residucs are neetld wifere crop residues 
may generate greater shoi t-ternl values VIlen used as ani-
nmal feed b) subsistclce farmers. Investnlents in alterna-
tive s)urtces (if ftcl for heating and coi(kiig may be re-
quired to cnablC deCveloping c(iUntries t( adapt c()nserva-
ti(in techniques that arc based on crop residues. 

(:()itrol ()f wind and w'ater eroisioin and rCsLIlti[ig crop
danlage can he accomllplished hy suclh nethods as: adop-
tilin (if n()-till practices: tse" (f grass buffer strips and 
wither wind breaks; effective residue nlanagenent: roiugh
tillage and tied furrows; a to tal systemis approiach; and 
water harvesting. \Vhere renewable water resoiulrces 
exist, stIppleilnleltal irrigatio)n can he particularly effec-
tive in crlipping-livestlick systems be.ause fecd pro-

duced on irrigated land can:maintain tile livesto)ck hase 
in droughts. 

Better plants also are neele:d with nmire effective r<)ot 
sstms for dryland farming. Imp)ro)veCd Crilria and I)a­
rallcters are r'quired to enable pl;int breeders to im­
iprove and deve ()p alternative icultivars. 

Improved Ianagemlent practices and Ianagement
models a"re needed. Ti'os models should enable in­
proved predictions of plant nitrient requirements and 
soil fertilit' management, manure use., and soil organic 
natter dynamics. 

Effective Technology Transfer Programs
and Policies 

Netwo)rks whihl developing 
dryland farming technoilgi.s can be ahieved by linking
nattional atnd intecrnatiinal oirganizatiis devoted t(ithese 

can hcilitatea nd adapting 

probicms. The exchange oif scientists, exchlngci f scin­
tifar and technical information, and plpriloriat training 
are needed toi adaplt or transft.r newt chnol ig. Fxpert 
systems foir dryland ilanagenent coupled with c(imputer
assisted video training systems tould enhance technician 
training and technology transfer. IFarmers also require 
training. Arrangements are seldom made that enable in­
n(ivative farmers t(o see first hand how improved technol­
ogy is being used. Use (fI vi)o taLpes can greatly cnilance 
transfer oif technology t(i ftrmers. 

Increased emphasis is required oin sustainability in all 
agricultural research and develoipment activities. (Cminf-r­

participants generally
miaceageetmdlwolirepeditiLanagenent m-dels toso rehclilopiimprove predictions (ifcrop
and anal perflirmance aind social imal';cts. Ihowever, 

Nvotlt 

ntlodel l)redliCOions must be validated by site specific datt
las.ytesfi s for disseminating real-time predictions of

chbases.Syst
cliiate 'ffects on crop groiwth fbr farnler use in decision­

aigaeesnil
making are essential. 

The mandate of single c)innlodity research centers 
may linlit theirability toaddress flexible croppingsystenl
pr(iblems. Single comnodity programns are needed, but 
investmetnts in singi,-commodity programs should be hat­
lanced with investments in integrated piroduction sys­
tens. Additional emphasis on training in basic science 
and in planning, evaluating, and conducting research isrequired to increase the return on research investments.
 
National and intertlationilal agricultural development cen­
ters can facilitate this training as well 
as develop needed
 
climlate and soils data bases and conduct 
field ev.tlua­
tions. 

Governmental policies and programs should be linked 
to integrated productioin system technolgies rather 
than to single dryland and resource conservatioin prac­
tices. Rainffed and irrigated agricultural pro)ductioin pro­
grais must be planned and implemeinted as an integ­
rated, c(mplimentary systen. Associatted goivernment
poilicies that can directly aflfect dryland agriculture ill­
chide energ; low-cost hlans, equilment loians, lnimv.tr, 
prices, marketing. land rcfiirm (iommitments,wind 
breaks, and suhsidies. 
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Research Needs and Priorities 

The purpose ofdryland farming research in developing 
countries should he to close knowledge gapsand to adapt 
known technologics to local conditions, or adaptive re-
search. Knowledge and data gaps include: I ) econmInics 
of alternative uses of crop residues for erosion control 
and water conservation, livestock feed, domestic fuel, 

and miscellaneous uses; 2) plant nutrient requirements 
and soil water extraction, plant water stress, and disease 
relati,-nships under intercropping iystems; 3) environ-
mental hupacts and society benefits of agricultural 
policies; 4) weed control technology in conservation 
production systems; 5) real-time and historical 
meteorological data bases with real-time management 
models; 6) guidelines for predicting the suitability of no-
till production systems on various soils; - ) better under­
standing of biological activity in soils including nutrient-
organic matter interactions, buffering capacities,and che­
lation complexes in tropical regions; 8) stability of integ-
rated forage-livestock farming systens; and 9) guidelines 
for cropping systems involving integrated practices, sys-
ten evaluations, intercropping, and agro brestry. Other 
identified research needs were better measurement tech-
nology, management systems, modeling physical and 
biological systems and model validation, land use 
policies, and risk analysis. Participants generally ex-
pressed the need for research on all of the constraints pre-
viously mentioned, 

Points of Agreement 

There wvas general agreement that there will be increas-
ing dependence on dryland agriculture for meeting fit-
ture food and fiber demands. Also, there was agreement 
that there will he more emphasis on overcoming the ef 
fects of drought while maintaining tli sustainability Of 
the production system, 

Points of Disagreement 

There was some disagreement about tile suitability of 
soils on which no-till systems could be used. Evervone 
did not agree that there was inadequate data concisely de-
scribing the climate in experiments. Also, not everyone 
agreed on the role of fallow in dryland farming systems. 

Differences were recognized among participants about 
the value of data from models and modeling efforts be-
cause of site-specific characteristics. l)ifferences wvere 
also acknowledged about the merits of intercropping ver-
suis monocropping systems. 

Issues Not Covered 

Many important issues were not covered and they are 
too numerous to include in this brief summary. Several 
issues not adequately covered, although mentioned by 
s,)me participants, include: alley-tree cropping systems; 
training needs; plant response to grazing; storage; and en-
vironmental and socioeconomic issues. 

Promising New Problem-Solving
 

Approaches
 
Most of the promising, new; problen-solving ap­

proaches have already been mentioned. Additional areas 
include processing and storage technology for dryland 
crops and better descriptions of agro-climatic zones to
enable more rapid transfer ofapplicable technology 

There w-'ere perhaps two issues that permeated the 
Conference. First, the value of crop residues remaining 
on tile soil surface for controllingwind and water erosion 
and evaporation suppression was clearly recognized. See­
ond, simulation mnoleling in concert with a limited 
number of site-specific experiments for validating tile 
models offers tremendous potential for improving the 
transfer of technology in dryland areas. 

Summary and Conclusions 

This Conference clearly demonstrated that a w,'alth of 
dryland farming knowledge exists, and that new knowl­
edge and technologies are being developed and 
technologies are being transferred. The key qIuestion re­
maining before us is "Where do we go from here?" We do 
not need more bureaucracy, but we need more effective 
mechanisms to sustain the on-going efforts to enhance 
and promote the exchange of dryland production infor­
mation and technolog: These mechanisls should be 
globally oriented. Several possible alternatives are: 
(I ) 	Establishing an international non-governmental and 

non-political commission on dryland I'arming sy:­
tems. Conferences like this, perhaps with a narrower 
fbcus, could be organized and held in different parts
of the arid and seniarid world on a three- to five-year 
interval. \'irking groups and committees would 
meet annually 

(2) 	 Establishing an effective mechanisn for coordinat­
ing international dryland research and technology 
transfer linkages within an existing agricultural or­

ganization such as FA() or The Wbrld Bank if it does 
not already exist. 

(3) 	 Establishing formal linkages between existing inter­
national dryland research organizations like I'ARI)A 
and ICRISNI'and research laboratories in developed 
countries for: real-time exchange of informatirn; ex­
change of scientists; and establishing interdiscipli­
nary working groups to address specific problems. 
International commodity research centers Would be 
linked as needed, depending ol cropping systems. 

l)uring the concluding open discussion, the Confer­
ence participants supported tile continUation of effort 
that led to the development of this Conference. 

The numerous expressions of concern about the need 
for new government policies and long-term support for 
dryland farming programs and research also reflects ade­
ficiency in the agricultural community Many recomnlen­
dations made involve macrocconomics, but few partici­
pants admitted that they were negligent in interacting 
with macroeconomic decision makers. As agricultural re­
searchers, we are addressing our concerns to co-workers 
rather than taking a more active role in macroeconomics 
that affect national policies. 
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What Have We Learned? 

Peter Goldsworthy 

We were privileged to participate in the celebration of 
tile I'SI)A Agricultural Research Service and the Texas Ag-
ricultural Experiment Station recognizing "30years of re­
search effort at BUsilland, "lxas, 'US.A.At the same time, 
we hav" participated in a truly International Conference. 

There have been significant additions to our know.'l-
edge ill all topics discussed at the Conference: tilenumher and quality Of the presentations are a measure of 
the large hNtdv of knowlt-dpe that is available. It is clear 
that there already is a great deal ofinterdisciplinarv effort,
hut the diversity oftli fields of study suggests that there 
are likely to he many productive opportunities for coop-
cration not yet explored. \Xe ncd to ensure that efforts 
to extend this knowvledge take fill advantage Of the corn-
pl-mtentary contributions that different disciplines can
make. The key issue is "Ilow do tile many different fields 
of research fit together and %\-hatare the practical ways
of applying the knowl-dg- or technology to particular
situattions?" This issue was addressed right at the begin-
ning of ti- (onference. 

In thte limitcdospacc available, I cannot atttl-pt to iden-
tif' all that wiis reported in tile individual sessions, but 
rather try to capturc the main thrusts of the Conference 
and tile reader will need to see the Conference Proceed-
ings for the detail and complete coverage. Also, the agri-
cultural environments discussed during the Conference 
varied considerably, as well as tile crops, cultural prac-
tices, and socio-ec)nonic conditions. The important
thing to stress is that although the specific conditions 
vary greatly, the scientific basis for managing the environ-
ment apply everyvwhcre. 

The Task 

[)ryland farming occurs in environments where pro­
duction depends largely or entirely on the water supplyfrom current rainfall, plus water stored in the soil profile. 
The lack of water is t major limitation for crop produc­
tion in dryland areas, so capture of rainfall and conserva-

tion of water are principal concerns, 


Much of the world's agricUltural activity is carried out 

in such environments. Where 
dryland farming is prac-
ticed, particularly in developing countries, it is common 
to find rural popt.lations that are ecologically and 
economcally disadvantaged. l)rought is common in 
these environments and crop yields are highly variable, 
largely because weather conditions, especially the 
amount and distribution of rainfall, vary from year to year.

Whether our primary interest is agroclinatology, soils, 
cropping systems, or any of the other topics discussed at
this Conference, our ultimate aim is to make life better 
fi)r people who liv in thc.se environments. One way to 
help do this is to find ways to improve their agricultural
production systems. New systems must be well adapted 
to the long ierm climate of the target region, and the)' 

must also he sufficiently robust and flexible to produce 
acceptable results in different individual years. 

Drought 

Studies of the consequences of the shortage of water 
within plants have received a great deal of attention over 
the past 20 years, and important papers relating to these 
topics were presented at this Conference. I intend to 
fhCuS mainly on the ecological situations which lead to 
shortage of water in dryland agriculture, rather than on 
particular attributes ofdrought resistance in crop plants. 

For at least part of their life, plants Must obtain suffi­
cient water to meet enough of the evaporative demand 
to permit growth and development. The amount ofwater 
required depends on two sets. 'actors: 

-first, thl, length of period for which the water re­
quirement must be more or less satisfied, which is deter­
mined by the life-cycle of the crop. The length of the life 
cycle will depend on the genetics, morphology and man­
agement of the crop plants. 

-second, tile time course of tile evaporative demand 
during the life-cycle of the crop. Both components of 
total water requirement are strongly affected by temper­
ature. 

To design options (cultivars and ways to manage them)
that are adapted to the main features of environments for 
which they are intended, and at the same time flexible 
enough to perform well in individual years, one must 
bear in mind how variations in the frequency and dura­
tion of dry periods affect the probability of a successful 
outcome in any one year, and over time (measures of 
risk). 

Systems of Production 

Dr. Nyle Brady, USAID, and Dr. Malcolm Ifall, FAO, both
 
reminded us during the opening session that part of the
 
solution in designing new options in dryland regions lies 
in a knowledge ofcurrent practice and understanding the 
rationale of existing systems of production. During my 
tenure with tile International Center for Agricultural Re­
search in Dryland Areas (ICARDA), Allepo, Syria, we had 
to remember that in tile drier parts of the Mediterranean 
region, the end product of the farming system is sheep
and that other practices are done in support of the domi­
nant livestock enterprise. Animals are mobile and can be 
moved to where grazing is available; they act as a com­
bined bank account and reserve against hard times in a 
hars. -nvironment; they provide income from the sale of 
milk, meat, and vool; and tiley, make economic use of 
crop residues. Crops have to fit as secondary enterprises 
into a system ofresource use in which animals come first. 
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Storage 


Little was said at this Conference about storage and 
storage losses. Even wi:h well adapted production sys-
tems, season to season variations in weather will give rise 
to years of good and of poor crop yields, and corn-
munities will continue to use a variety of means to
minimize the risks and to case the hardships in bad ears. 
One of the most important provisions against tile risk of 
drought is to store food. Therefore, an important part of
the task of offsetting the effects of drought is to ensure 
that grain storage facilities are available and that storage 
losses are minimized, 

Social, Economic, and Policy Issues 

l)r. Nyvle Brady, LSAI), and Dr.Edward Schuh, Univer-
sitv' of Minnesota and formerly with [he World Bank 
pointed out that poverty is tile principal cause of hunger 
in the poorest sector of the community and that by re-
stricting the effective market f(or food, it also limits pro-
duction. In poor countries or isolated regions, produc-
tion occurs in self-contained subsistence systems. The 
household is then producer and consumer, with little or 
no cash and little incentive to produce more than it needs 
for its own use. 

While most governments continually underinvest in 
agricultural research, education and training, and rural in-
frastructure needed for a healthy agriculture, l)r. M. 
Yudelman, \X)rld Resources Institute, spoke of the low re-
turns to(date on investment in dryland areas. So, what are 
the prospects for greater investment in dn- areas? 
New technology nay eventually increase production 

and decrease unit costs ofthe products in marginal areas 
with subsistence agricultural systems, so that they give a 
better return and can compete in the market. There ire 
excellent examples in North America, Australia, and in 
sone of the developing countries as well, that food pro-
duction can be increased significantly in dryland areas, 
tlowever, producers in more favored rainfed environ-
ments are likely to continue to do better. Therefore, the 
tendency may remain on focusing investment where pro-
duction can be improved more quickly and to encourage 
people to move off drier marginal land to areas where 
there are opportunities to seek non-agrictltural employ-
ment in towns and cities. In the meantime, there is a great
need to do what is possible to lessen the poverty of very 
large numbers of rural people who will continue to live 
in these harsh environments. Also, as populaition in-
creases, people are pushed more and more to the margi-
nal lands so it will become necessary to utilize the dry-
land areas more effectively to meet the food and fiberneeds of the people. Consequently policy makers find 
governments need to recognize that much progress has 
been made in dryland farming systems and that dryland 
areas offer valuable resources worthy of development,
Proper development will require a far greater proportion 
of resources than most governments have traditionally 
given to these less favored areas. 

We were reminded that if farmers are to be persuaded 

to produce more, they must be given access 
to markets 

where they can sell surplus produce for cash and buy 
things they want, including fertilizer, seed, chemicals,
and other inputs that may be needed beltore tiley, can 
adopt new technology 

Transfer of Technology 

The technical exchanges during the oniference 
showed that drled ftrming is extrensly diverse and in­
dividuao dryiid re 
another in environlent, social organization, and econo­
my. Consequently, though the scientific bases for manl­
aging the environment may be the same everywhere,
important differences restrict transfer of technologicalpractices from one envir(nment to another. "lchnologies 

needed will often be locale specific so there are unlikely
to be any universal technical prescriptions. The central 
problem is "I low can the knowledge acquired in one situ­
ation be applied to another?" 

Perhaps the best known examples of successful trans­
fer of agricultural technology have been associated with 
the international plant breeding programs in wheat and 
rice. Their achievements were mainly the result ofa plant 
breeding effort and agronomy played only a secondary 
role. The work fcused on eniriment with n assuredu 
supply ofwater, where the initial impact on food produc­
tion would be greatest. The procedures were based on 
multi-location trials and depended largely on the transfer 
ofresults frt.m one location to another by'analogy. As long 
as water was not a main linliting factor or source of varia­
tion, this procedure worked well. Most international 
crop improvement programs have continued to use tile 
same procedure, but in mtre difficult, variable, dryland 
environments, it has been less successful. This is what we 
should have expected and it is important now to recog­
nize that we need quite diflirent approaches. One of the 
immediate challenges is to better evaluate and utilize 
more fully the large collections of gernplasn material
 
that have become available in recent years for a number
 
of important food crops. For dryland areas, the need is to
 
develop cultivars that will effectively exploit the advan­
tages of specific adaptation to particular situations. Also,
 
agronomy which played a secondary role in the past, is
 
nuch more important in the dryland areas because the
 
genetic potential of crops cannot be realized unless ag­
ronomic practices are developed to conserve soil and 
water resources. 

From the largely empirical approaches of the past, the 
science of agronomy is now much more analytical and 
predictive. The presentations by l)r. Calvin Rose, Bris­
bane Universit,; Queensland, Australia, and Dr. John Mon­
teith, International Crops Research Institute for the Senli-
Arid Tropics (ICRISAT) demonstrated this admirably
They both developed theoretical arguments that help to
reveal the processes involved, in .oil erosion on the one 
hand, and in the relationships between plant and climate 
on the other. 

Numerous other examples were presented at the Con­
ference ofnew approaches to the study ofsoils and crops.
Many, based on systems analysis and simulation methods, 
offer tile means to couple environmental data more 
closelywith what we know about the physical and biolog­
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ical processes in the agricuIltu'al s'stenl. Mcodels -which 
simulate the majo r processes of en.rgy. Nvater, and Car-
holn balance as well as cro lp growth, dcvel opillent, and 
yield are uoiw available and others are heing deveipl. 
HCt.ause the same key prc'ocesses go ivern theC flnctio Ofi 
mol(st crop moCidels. the m Cidels have tenlded to cOn'ergC 
in i,nlni and icltictioias the%- have evolved. 

Ilhough mo dels Iay serve differelt puirpc)ses, the 
minimum data sets rc(oircd aire sililar. Individuatl na-
tions ,ltost prc)vide the rescicrCes for the llltionlA soil str-
\'ev and tnete'rcd gical secrvices which proivide tile t.-
(Ii'ircd data. Spci;al supput Will be needed if the\ are tc i 

)ic n 
is to he sure gcivernmelts are kept inirnt.dc (f tile se 
that is tc be m11ade of the data1, andI c1 rCs 

cctlliltle their v\\(rk ofCillectilg datn. 'waytcdcthis 

Its that Ccsme 

fi'ocm their use. 


(rip models have an;added val:ue as selfteaclhing tools, 

In their constructicn, the\ re.'veal tc the investigators 

areas whehere assmpticns have been nade because o" t 

lack o lo:ctiti tat.ive ifrirmation alcut tle process heing 

midellt.d. It is akin tc what l)r. ,\hnteith s;id;iTht. models 

may be iniperfect, hut they assist in caring conf'usion, 

and tco this extent they Can help to guide research. 


(;ompared with tiel intrc dUction 
 fia ncv variety c r a 

llanaelllenl pr:cCtice Which il\'Ol\'es but One ccmnpi-

nent ofthe prductioi system. the task o;Tornitlating op-

ticns for whole ci" parts cit l'cduttion ss'steus in regions 

with uncertain and unpredictable enviroinments, is sig-

nificantly mcoire coimpx. 


Models nlay be of assistance here, too; they can indi-

cate l ow tnlnt SvstenI's. inight dtvelc op tc make
mnaeme 

better tise cf tlie CE.iii'(inilit and rcsc iorCes.TIC Cl'iecaMa

tile same tinme help br.Ieders de.fine the characteristics ()I 

the col ti vars required toi1neet the producers' needs. Aimportant aspect 'Isimulation models is their ability, 

il 

when eiplcd with Icing term weather data (particli-
larlv rainfall). to piovide pr bahilities of different oiut-
cimes (leasurescf risk), that caninit he ctained frcim 

field trials, 


What Now? 

We have been reminded that in adverse envirinments 
the task cf generating new technolcgy will he more dif-
ficult and tile time taken fir research to producc usable 
results will be loiger than the 15 ears often associated 
with less harsh cirCuilstailces. What wre have seen at 
lBushland is the result of 50 years of in'estment and re-
search effort. I lciwever, it serves as an excellent example 
that irnprcived technologies can transform an area where 
erosion is rampant, as it was in that area in the 1930s, to 
a productive and sustainable area. In developing coin­
tries with fewer resources, the time taken for the results 
ol're,;earch to spread and begin to have any significant im­
pact, may well be cif the order of 20 years cr mcire. At the 
same time, we are faced with an urgency; while the aver­
age population growth rate is decreasing, it is still very
high in many areas. The pcipulation cif India will increase 
from almost 800 million now to abut I billion in the 
next 15 years, with almost half of that increase in dryland 
treas. The population of the Sahel region in Africa will 

grow froi 30 million to about -li million in the same." 
period. with all ofthe.increast.e iccurring in dryland areas. 

\e" need to examine fihe yield gaps-pottntial yields. 
prat' Ial yields, And actual N'iclds. ()ne ftlle first t:isks is 
to asvnihle :and codify tlie scientific and technical kr iwl­
edge flciii the substantial a101.1tS oflagrict.ulturatl and en1­
\ i,'(nmental research that has been done in the p:tst. This 
(Ci ifercnc has served as at valuable step towards that 
end. 

We still liecud tc) Iarn a lt lre about the agricultural 
cin\ir nlets cf tle develOping cc untries; :abcmt the cli­

mates. wveatlhcr, and soils: and ablout the cxisting land use
and farmiing systems that have vlv'ed tci suit these envi­
')nmt.ents, cif the. rt..siL to thm, anlld cit theIl-crts :alloCaltCd 
Ccrnstrain ts (including competition fir resources) which 
restrict Oitput. +'he..se studies will serve as a goidt., to the 
planning of'research and can aid in the selection of repre­
sentative locations at which rescarch can be conducted. 
Thi same kind c finformati in is needed to guide govcern­
menrits in the fcorrmulation Of'ruraldevelopment programs. 

It'we. wish to see n<c.v technology adopted, it must he 
founded on an understanding of the needs and the re­
sources of the existing systems, rather than oi scientific 
results ainme; in cther words, it must help to reslve the
 
real prcblems that producers experience and muILSt not
 
call for resources that are not available. New
 
technoligies of'this sort are only likely to emerge where 
the experience of lccal people has been incorporated in 
their development. 

Th.e wcoirk requires prticipaticn cf interdisciplinary 
team1s that contain both natural and human sciences. It 

w'ill he very important 10 giri sipf~rt olthis concept tonatnal prograns \VhIrV theigre is rpc previous trdition of 

ve lack internaticinal inS*eiturtiInlS tlhat can focusli inter­
disciplinary efforts. Until there are such institutions, ve 
would d.o 'well to extend and strengthen linkages be­
tween the institutional structures that we have, alcng the 
lines ofa dryland network described by l)r. Brady. 

Much cif the wcork done in drvland areas has been very 
empirical, and1a Icit cf' it still is.In the future, Modernmethods of agricultural science which are increasingly 

analytical, synthetic, and predictive must bc employed intihe develciping countries and particularly sci in the dry­
land areas. This will require atlarger commitment by pcil­
icy makers in allocating research resources to drvland 

" 
areas. In the past, governmlents have coinsistently in­vested a smaller proportion if resciurces fbr agricultural
research in the less favored environments. These policies 
require reexaminatii. 
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Proceedings of the International Conference on
 
Dryland Farming
 

The proceedings of this conference are being published as a hardback book of approximately 650 
pages. It will have approximately 250 papers containing about 350 tables and 280 figures. Conference
participants will receive a complimentary copy. The papers will be arranged under the following
topics to match the format of the conference. 

* Assessment and Control of Soil Erosion 
* Water Conservation and Use 
* Agroclimatology
 
0 Soil Fertility Assessment and Management
 
* Residue and Soil Surface Management 
* Sociocconomic Issues 
* Environmental Issues 
* Cropping Systems (Including Tree Crops) 
* Integrated (:ropping/iivestock Systems 
* Pest Management 

l)ryland farming is the only alternative for many areas of the United States and of the world. This 
makes it imperative that sustainable dryland farming systems be developed for these areas. The 
research experiences of scientsts from throughout the world are distilled in this book. Their informa­
tion can be the building blocks for improved dryland cropping systems.

Copies of the book will be available in late spring 1989 from the Bulletin Room, Department of 
Agricultural )nmmunications, "likxas A&M University, College Station, "lxas77843. Cost of the book 
is S60 L' S. per copy 

Io order, please fill out the form below and mail it along with payment to the address listed on 
the form. 

Orderform for:Proceedings of the InternationalConference on Dryland Farming
(Please note that conferencc participants, except those that registered on a dail) basis, will receive a complimentary copy.) 
Name - -

Address 
City _ 

State 
Country Zip Code 
Number of copies at S60 U.S. each. Total 
Mail to: Bulletin Room, Department of Agricultural Communications 

Texas A&M University 

College Station, Texas 77843 
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