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I IN -~R I ' 

~ ThelCa-nad ti'v e 1t-~ of, sc i to gCnCratoCn11,i (,gricultujra t chno-~ 
og ots iIs u undvi-srtanuiiig o~f thu social and economic~ iriplciini'S,
f Ii a change." 1/ (AriidL and Ruttal 1977) -- , 

I"A-
 uioro- sym1Iihot1- Indorstinding '%if tia' coniditions' Oatipersuade
itrer o-a6 epL, Lechn cal agricuiltural1 irnovnItionu 'COUld faii 
a-~- ti Isd'fuprduct ion as 1)ow ri I Iy ~S new tehol 

r~ votyu~pnt f iat di f fereic r~n~ra~-, 

>orhL~o~d Cl Il I -ohi p)rodice: aind whir Chey rie c'urren1I' d---~ 
'hs- Ciciolarlyi. v i i .,' pr I ruLv ill thl doVe I)I)ng Colinti r us . C Is i ngI -1t 

-d I s me- t n h d-m --- hi S gilp 
-w~ 

iill~1 -wiyt o~id mootin' tticLdo or iincreldsed -ngri-A 
cLI-Iural1) rduotion Ildrin this decade-T li is address ba'sed-%f is Z! n esii -- ~ 

-- ~(- ia;u I tt 's. ex Io rc;-&ui frtlwdfi andaotn~nw­
isuv o- rn i.dfuig ao n eLolypll~o 1t I iy dre1)r vi ztj~t fies the cmnstIraint' o ispoes 

A -rich- 1ilt, rat ire about con!,.tr,unts 'Cu iticreautng *'pn cujltural pro-

II d$AvLi 
 iW-u 6nmorging. Th 0Iie t Vtietiiuti docurnent S thIe. i n 
--porijtncc'
ovci-eo nom ij. o t a iti tqo ngr.iLu 1Cura1 deeC ,op int.. 

i::. oTh&brrs cir~Lenan t s of these6 smnaI ifria, sisualI Iy havL d irc I~po-3sesI t 'itinforviation~tmiiih Acountot an thein adit~na problems inobtaining. access to­
-re ititluon mode pi,,i ilti4ts an r onilf ronred wi th Ilflarket8 thatL are. 
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nr L ~ (1979), mida this rcatel IL sitarizij th
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"'Indee~d, for lieu techuoloji ', to: qirgn f icant.~I ilf iuilflC agricultuiral1)roduct ioui, tile fnrIPlurf; - ­ tile rvin! rwagaer; of tiho '-rodnt.i nil funt'­tionl llust not nIY a dop t Itijr h-)ut I I; t he!'i ('orz tt. 

TOCchw, 11,v 
 odd ""o~se it f o k it but ter rMUSLhe A f bed in terms !wdtoOji Ii 0k;, II i.rpve bf a rm f.-,r i ~es -- ~ . thht IrQ riot 31ly~i :1 Iooad:ror­

ciatcte scilt i 0tf '1i i''rak.g
 

MY Ob >'t ivo is to cha 11 'e t1
v'nu ;inarwh the tk of inclro;ing 
agriilturail production from .a slighly di ffvi.­ .lnct Notice thant 
I (!) ;lotan from 1-Iniw piis cy ~.i~h :; l~ :u this,­

dp-roach. YCIt in ispi Li oSro*'i.i:~I~WitP~,cthqh v1jp Irdk ire cur 

si on. .)v :in !,. I nd (ed ,i t- ...a Ye' ~ o o-- r to0~ 1:' h 1ow ;ik!o,; tovtrs. 

: _,ti t1'.- *o1.ov, A. i at . 1 11:1'LI .T ' 1. 1* I! i i~. the resouIrces; 
L! I.t* !.., 11 C:, t11 o n t '~ .o t ls ; t! -'! ario Iti i 

pr. duc: i vi ii.zcpjrit, nor d jI piistia, Cho :1eof~~.v ffiirt, e~g
Lh., .ui;1' !'!Iu h r, itLi; V1..:
c fort-, Ui-ds SUi C~rS-eS thii :111,.: 
ul to 41 optiqtit AM our po;itvnLi '11 o Meetthr lii, -n,%lCa~ for 

edI dn t t,et, t ocl::ir l ';w p !~:aa'tou n( vJ 'a ~vth 

:-i~L1d: I 'Wi:11 fo di~s : rnho r~op.:i i Ii n Avvln byv p0lrL inn 
n tit.asa::: W .d:irt Uatqrs~ to the iliportarive A- :.oiowerlnoin research 

b i yi.,- il:I- i:c.,o-u prniocts. Ii eret;.i:I has iMaor 
fOCU, inl -1'C!Cia is;' su.', 01or ly ro cognircci thi s imt 0t00e by givn 7wft~ 



My 	 presentation is divide.d into thre, sections: 

I) 	 The first discushes, some of the major research effort.s chat look 
at 	 constraints to adoption and the developrunt of new technology. 

These le ad to an aproach th, t involve'r the farmer in the research 

procesS. 

2) 	 The next sectio dvI ps what we currently know about f rmer' s 
ct:rcst:.cis .. tid his/her decision mking behavior, and discusses 

s 11e rena;Ui in il i tiress0 thUt still naclear. 

3) 	 The afiLal s;uc tion driiws attention to a few special topics 

possible c:iitralt,;nr -- that demand futurc consideration if we 
are really yoiiig to clo!ie the productivity gap. 

Let 	 ts now Ii:sctust e ch f these thre.e sections separately, first of 
all , the invo \'tment of flirmrs in the researTch process. 
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H a r ke r (!mi soclo-conoic actors, wichiepli 
,* ~'Shvo1tnot anveasy task' Turic1 hOlt uing~.t fcos o,,,~ 

acoJ' o le ­ ) or of an'6ar t~an asee ~ Iever~h ees1 
.~~t, Seems'. to me .t)iat the next~~ logical atp; t hure t ica1ly at leaf)t '&L t

borrow-fr&M tgi produLction, 80citists the ;concept of 'lth~e limtng fators".' 
B ly 7)st this3 principle 'as: 

'0h I'evel o f crop 1)roduzction cihn be n'ogreater than that allowed ' >by the most limiting of the esenilatg~whfcaa" 9 
ent ia l n Vgo t aAos'' 9 

-y--" ' Why not broaden and extend 'this priniciple to include' all factors,
-oioeconomic
as wel~l as bio-physical?, Assume, for exapthtn


Ks~ g o ni
o is 
 amp l e , that a
 
groomit
tdiktifcsphosphiate; as' the' major' 1imiti g'factor 'ina particular

environment. fi eemnsti weeds', plant population, sedvr6I " n 
tr'o 8e ,ifinll n ntht rde, realso technical constraints that. imit­

jroduction. we.'ri'ip~--- If n'clude, a'll potential' facto'rst ' 'd,[Litn, 

factor miay not be weedsbutte fact that ithe farme+ does ntunderstaiid~ 
~<~>:the plant response 'to phospha~te. Cash flo'w may belthe next constraint 

Whicha would requi re'credit, asistance.~ Then ' Ay'hsht~isrbto ' 

1~,ns~ained by an inadequate input-delivery system, ,'Now, ag'ronomi'sts- can..iIr 
proceecd to 'what. i'stheir second limiting, factor,- weeds,- which'is only ffth'.'~-A 

->r on ou.r list. This help's all of uis to see the contribution of, th~oeotsd 
.our discipline and gives us balance in setting res~arch priorities. 

cMulti disciplinary research teams are the obvious',response 'to such~a- -

perspective. The sources 'which I 'consult d inpreparing this address ~o 6r-- -- k 

whelmingly advocate such an apjproac't. ' 4 (1979)-anSchultz wars, us not to become 
J othphaeitriclinyrsarch'',.,camoe which is, in g'eneral,cu -oy anf phLthe qs alitryrdeon Le:) u t Ib~levethe social scientis'saonwth the 'agd o~t'~ ity eiia me 
'apgwt 
 th'urnomists and soil scientifita zre~necessary -for the d elo~n 

11-1'' of 'new'teu.ino1ogy. Thinnndci (fusion requires ,them to work together 'each 
~. ~.:.&CoLributing hi's/her oun' expertise. 



Frequent ly, of course, no hing mit butMOKr is I TO Leveral n'ew
 
techniques can hIe combined to achieve a 
 subslantiai ":cr in.use yield:
 
chlu. the 'pjackat' of new, tcLmt OwgiY. fhi is a ,Ih ject 
 I will return
 
to shortly, tat I want t, print out 
 at this juncture h1 coMplete
 
loptio of n ac hnoloy!ical package is '.er. rare.
 

(In, probl :.i '.!h t lie ,ppr.-p; ,; * dtwI', i p,,d s,.V f iS that soc ial
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_r the ,r,.. oTly ,Ittp- the :chn'p oi gy has been
etmnlogy is "p 0utce,,, in isolation, nn research 

. tt :on,, and then, is Prsonted to farr - r-oeqetly Q cm'.n not
 
involved in the .awnrch. All too often the 
 eco:ho:i:t see; his/her job
 
au beginning only wherc the ,,trncrns t leaves off. The ucnnomit 
 arrives
 
at the las;t st.Ig-, to :nal.ze 
 tih re ults, often ui .y a bCnefit-cost 
app T aci. TL(v s tudig, slwing what FhoTv 1ve doe what wentbeen or 
wrong, have no! ,IIdeamd us toT our p crad0ti,,n coll!tio s who wcre doing the
 

,ork.
 

t.lx.", s ( I t,.rn tion:l. Maize and W'huat Imnro'.,m.nt Center) Economics 
.r,. ITO ino l.21d r2_ rv.c ifyin, this ex pst set,:o-economir rontribuo ion. 

y,.rte ,.r a-. LIM), ivlV OCil Scicij;tS at til initial stage in an 
(-!fort t oh:Ch!t ve1 ar, ,ppYO' riate to fa'.r. and farmers' 
cI rt a.:t oi.., . Th- i v.. hypcT ,,is of th is api ro.-2h i.5 0 our uiiderstanding 

of I!Vsical ,es::r , of 'h, far.i'. d the ,cnromic ruII .Oiial environment of 
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the politicitin, planner (and scitntist) feel that -he needs." 13/ (Zandstra, 7 
et al. 1979)'. Nt only CIMMlYT and 'IRRI but otheriQ as well, emphasize both 
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~tThe t~befarmeriit~and~La8f 1nol arnt n I~rmera'bryingL9 oesta oc~tootauiejlci cldarifyni the'ua ae1oi 

e, not s~tha , mos st dh~i elooke 

S question why, farmgrs' do what thy ohsnot been lade'quate1ly cionsidered 4 

I. chik cie progress has, been maetwI ohid ho K 	 nnswering this questio'n.o'h e o-me
Schtiitz (1964) deve1 pj thel.1 	 hp th sii th r the traditional fatr eis~. 
1 j 

gLiivtrally efficient in the ueof thoue inp'uts that are available to'him 
This hypothesis hais been3 confilrmed repetdy(oper 1965, Xas,'16 
111idYotopoulosiAl968) nrid is now 'generally accepted.". 1 ~ 1 

Yt the world today, even 
in isolaced agricultural areas, is confronted"
 
by, change and thus, the fanner needs, to be able to, respond to,'a dynim,*c
Si tuatiof. 

I 

rieny auithors emhsz h ~fudnature of.the current changes j 
in worl 	 giclue particuilarly in developing countries. '.'The1e!hnical~Lask i not so mtic'h to do yesterday's joib better, but 


1 1epr~rnigi 

t'olgy and rveans 	
116/

of enabling it'twokfra\ey 
I rIhi o 


0 wokfravr 
 ifeet'~ue"(Binting 1978). 11he revolution in eniergy'prices -7 certailif there ever waln---- In on1e example,,. In, the 1'9 70' s 
a *ou o 

Turk~y devloped 
an efficient wuav-clail fallow system req'uirin g frequent~cliain 
 sa 
effid,1ent wyt onurol weeds. 'The dramatic chadge in fuel prices undermines,and may. eventulally destroy yoftisthe 	 tibi high' energ syte. 

Fresdo. respond tosc'~eooi hanges: in 	 their environment. A 

lvtl,themaco ayai n~dRut'tani (97),xore 'the-,hyp6thesis tht gi
cu uraIldeve lopment is (Ii 	

" 

rected b 
a couintry s factor endow~ents e.g., .1 and,
and labor, and' conse~quent'ly; ffctor prce -.Their thoy ,1ofinoa
 
Lion l~uws 	 that ag~ricu lture i o tis'i hdfentrsucesavflowed­

'A' 

.i~K~ 1 	 jkI 

I..,V 



diffurunt deve!,piuint pal h;. Japa, .With relM ively cheap labor and 
expns iVL laud, h.s de 'c litpe,! d iOng lahor-iIteuive path us ing bio­
che:nical technoloies,,. The Anited Statva, Wit h cheap land relative to 
labor, has d.el . lhn-..'iu th:hniolaries with a ';ipital-intensive 
development pattern. 
 Both countrie:4 dcHievd simiilar rates of growth 
in the acicultural ct,,r. Pelati.,e factor ncarcit,-a ;.nduce techno­
l,,a;ic l iuuovati. . ir1977n) has brao!elvd' tl.J.l;thealy to include 

tl uinal cha ,anis ll, thus ','caN ,xprct . rl a: .tura!Sn itit anicn 

tto v,.lp in a v that i ­ s ,,istout. .ith p'ev aililg . t nic COn.tions.. 

If tlchnolCvoca ard in;cirutional i:Ainpge are enrdo 1 etnts co the system, 
fsct-r e no :,,nt.a icec, ',,uld hlpIt Ua to ChA0 a thn, kinds of new 
techiluvs that my:t work. I)i1 ng. yar, (197 ) apply this arga.1' nt to 
Fiding reaarch. "esures .hould be allocated to reslearch on production 
fact,,rs such tha t ,sults will incre aia,the productivity of those factors 
in relatively qhert supply more than the produntivity of inthose relatively
abe .ct a'ugply1-!7 

At the 11ir, I.vei , the farmer is econ:omically rational even when faced 
with aiopticu d,c'iin:. Somel (1977) found Turkish cereals producers to be 

profit maxi.miaer; s..king economtically feasible technology rather than 
tvchni,-aily pe'ct, ,ield-incrasing packages. We will not be mistaken 
if t. q;i:illA'V:ke .P;supAinn in future effor-t. aimed at motivating farmers. 

'Ia- (1976), Who coordinated adoption st'dies"lm 

for Cl..-YT in seven dif­

feut t un riv , decribes the connon departure point for their work. "The 
,ig.,ulption is hi: fatier are incowrn-seeking risk ave -ters who are sensitive 
to the nuancesaf the onvirona-ent in which they farm and are generally effective 

in thpi r de i;i,; imA-. i nI/. 

'lhere are, hoyevct, two related issues central to development projects 
whijo! are often misunderstood. (1) We must recogn ize the location specific 
nature of agricultural technology. 
This will affect technological development
 

and exposes the inherent problems of direct 
technical transfer. 
 (2) We need
tu ask Purselves what factors the farmer has control over, aud what 
factors
 

are "fi xed".
 

0! 



Iq~~ I o ng h, -lofwa 

A~AA1 

tAIrA cA.,.a. l. s 

clllido"ter 

c 

q 

e tc i h w c ti n i e v 

cahbe,no universal tehia 

r 

19 

e i s , ui g ( 9 8 

preritirn.prodctin,s 

inolved thtarrhgly situt~~'it hatin lrie kaid eis.,- ip aund the1 

Irelative i -lunc t hey xcrL on the adoption behayjvor of (farmers)". 21/ 

AFriCUILuraI productioni is location''spccffic because regions differ 
aind farmers differ. Perhaps this is one' reason wliy farmers do not gene­
rally adopt r.oplet LeHinologic~al Oackages. 

Marn're, amr(1977) shows that in Tuky aresdcide which, pieces of 'the, 
ruchnology are most econiomically profitable and adopt those first. 'RedcliftA 
(unpublished 'mt'nuscript) , oliscrving tile problems with the miaize package in 
Plan Puebla in Mexico, c.Oncludes that, "the package was neW, r'to be sure, 

<Abut 

~'Ain 

A 

tile package was tnt adopted."- Ilevinphasize tris y.thn otngsthat
participants accepted somre practices witnl more alart thnohesAn 

re,he ateof itrgenfertilizationbu wittiout chanr;_n'gtheir 
meCthod (if applying it. ieasfon that only patal~dpi fsm 
pireces occurred;, for example, farmers increased plant densities but by less; 
than was~reconuienided. .The Institute of AgicAtv'I Science a Tcnlg 

(ituutemala hans even gone so far, a's to "a 'tire. tdc, -of to dhnolaCTZical A 

' ,24/'packages altogether." 

A~ 

alAAiAV~ 

If farmers do, not adopt packages, it -isqimportant. to identify those 
compnens o thakig which could be oi- perhaps, should beadpefi 

Our work at ICARDA~ has sonpreliminary indications 'that management Of 
CUltural prcie a have a, much'gre'atr potential o icesigc cral.A 

Yields than the. introduction of new varieties. AWe are now 'inthe prctcessA­
of deemnn wihof the patcsare the most economically attractive 
to [tie farner so as'1 to order our ,priorities for on-fr" esarch 

. 

4 



--

t .h 'e have :i!c(i:tc the di f ft'1'n,, CS aang farers cinw,2 thet
 
tn s dtr fact orS W1Ii Ch 
 .Xpl liin LItoSO V'cSdif ftrent -- so flit, the franner can
 

cunt r., and soix. are 
 eytod hi s/lhvr c nt IWa. hat. do we accept as "ghiven
 
whVt di S i ?,, lng IlUW t hI 10!11gi s?
 

i'Ft'a:, the fa rietr tvi p intL11 many, f o !t"IW4 , th i ngs are as numed to
 
be gi ven, i . !., outsitde )I his 
 control. Barker (1.979) recogniizes this in
 
IRRI's cnMtr,,int 
 work. 'fhe "physical onviromment -- suil, climate, water
 
Cemtrol -- and 
 th, iOmtitution oi:i-'ro1menr -- farm i;ze ;ma+ tenure tuattl 

are tW,!en as iv, n." 'hoy 
 limit their 'hfourts to con;ttaijnts over which the 
fati:r,' ; an] , . arhers caa cx. cirst' soiMe c(ut t rol.,2
 

There ar"., i:, t[or projects in which this in ei 
 hior not realized or
 
nor 
 gi-, enou-h .;irtan,. !v coner is that we fW'qettly take agro­
clim i ic cilt,i 
 i> . fixed but s. ci:-ecc,,'ojc variables a:; charigeable.
 
. - cunomic v.Ariat, les 
 are 'Wilhin Man's curtrl, hat will they be changed


:it :r sugpostion? h- "..it. e
i d ;cotrtni. ,overma::c:n t in the regi an to change 
prrih' s tt f r Ac . nlogy ;.' have , ,, L,,ew1Pr or should wefor i eio!' PI v!.. mol,, 

look 
,? One on -,icn easily ,r:.vi from Distortions 

to Aric .u1_turyI.'.ntives (Schult:: 1979) thatis go'.'iner:ments have resisted 
m:anip l+ating polic y variabls, or at least have nct manipulated them the way 

tc,,: hi;+th"Y .should.,::~t.; 


I stispect tlav 
 . i is to expect s,7a1C 8o''vrnmv , t response but by no 
.,,ms complete change. Thus, we reed towill find more flexible technologies
for a w,ld so diverse and hotter inform- gvernments ZIIabut implications of 
thvi ctins, u,.g., ev pirolicy. 

J:
 



ro, ai't'llt, orocco.. sTiregion iwa clearlyi defined beeaiise.f 
tfsmi larity 'o r a'ro-climatic con dicios alItho ugh ,we . havec~thhg 

PJ~ a'' eleva-tion rese archl strateispio'11"nd low These conditi n ae -';, 

acr el)t ed. as gi veil and, not chail " b .. Tia salrgh for technical >r 

~-;K'- re search 'p rograins conducted in ioation.'of socio-economic circumstarices.,::U
 

Theposiblit (f flldllg abarlIey'varioty adaccompanying package of, 
t e 'hatltUralI pra~ t has rwide technical adpability to the low ele­

vat ion rC' ons, for exaqmph±, prolbably exists. 

diblciytr~~'viW~nC oe er thec region i nr 
Vi~WpointsoWhen is ir - ­

diby dvese.Tho dffrences bec~ane- veryscioecoomc clIear whns milar­
w~hioat vairictiesz anid production tec q a were rec~osxmiended ,inukyad
Algeria. -The orgiization anld n thetseofeaTuky

t uctireofthe agricultural sector in h e.two vointr es i9 dirastLi CaIlIY d if f erentc. Different' price 'ratios suggestta 
only by shicer chanc e wo-uld a milar techinical package be appropriateV lo 
both couintrivs Consequently, the tuwo efforts were nfot equally successful'.-
Turkey hads pade great progress xil increasing its-ccrcnl production -while 
production in Algecria lies stagnatvcd. Apparenitly,,'the, technology fit the -

Di f ferences rcun~he nore, e.xtrefre between developed and deeopn 
cou t i aristnce prje ttaechicas. attempt to transfer teclhmiques 

CrL ated in hiili-Illcone cotintriie must be -adapred to-the new environment; TIS: 
ma bL diffictil to do.i [txardplvs'of tisare attempcs 16. transfer- the.,UnitedStviPac ficlo~~ whoat-fal low System' to 'Jordan, or the.Australi------y 
farming system to Tunisia. Doolette' (19,,7) has-al ready addressed thle- congres 
i th this Second ex~ample a'nd acknowledges, the difference between technical~~A
 

fo iblt an socia antd econ omic issues, v.g., hmngetprbmse
d.A tu A'Af Ao 

k jkA 
A A 



gon S t if t 6 24.4 ~~~ ~ pr~c In'4 or4 an~2~iW 

projttJ-

ULIC13, of vi randssi~an bydresourcesmo not n'ronen~alvncondition
 

L4.4 
~~~ asdi~4o t
fo e y. wt re n424 i o m d .2..fy te t h o o y o J r a ' 444al 


11.1vud lso n iscro a1 t etase nd reSucessful i nthaea 
.eideqat inle wthj pot r­

be oxstn ors~n rtalruces , wfarming Systems. 

portore, addressriothobd~o 4te m I iystes t'cn no t iodnificaton ots. 0-­
the cons tranis temseves he mranodolrediucssfly
traserll h ehooy
WLh omput dpaion, eis nt.nb rptnil~eorea ihfrig'ytm
 

J r 

%22 



~' '4 
' .''YPFC1AlAJOPICS: CONSTRAINTS(?) FOR TE FUTURE'' ;, 

fom
I 'av reraned isu-sin"'specific consrants but would lk 

C IIli I4M we nee to'und eerstn 

3 o briefly mentin, t.retare notconstrains as' sh' . t ..... d tthab rtbigstcrons rite fincthe future.but our. failure, to understandneed toI them may bThey
I have found these issues to be imp 
rtant


4.from my experience which hins been focuned in the Middle East, so 
the list_ 
i rum n t' pesol. it is not intended to be conclusive. However, I do
 

''A4'think'they 
are important and widely applicable to rln iamig 

ap urend i.ben'e is always uhcnrtaer and frequently characterized 
by harsh c iiin.Freswkn in such an env'ironnit need to diversify 

thei~non~ ltenati~es in order 
to minimize!'finanicial 
losses which canbe 
 4 
'" disastrous for the futuire of their families. Decision making under 'these 

circumstances needs to be finely tuned,' iffarmers are going to be able to 
capture economic b ne"fits .... .....and.... T r4ee o


~"4* I raise are central to' undetrstanding why a farmer does what 
he does in a:4 . '1-
 . .. -..
drueand farming environment. . g . . . l a
 

The first topic relates to the livestock- sppin interface that so :dominates dryland fanning. We now understandj ai'IY well 'the economi'c
 
forces that work on
4 single crop 'agriculture, but we are still struigg ing


*with the economics of Livestock production (White, et al. 1978). The inter­
7 relationship of the'4 two is still very much a black box.
 

Risky and uncertain ,alternatives faced 
by ri' k averse pouesis the
 
second topic. .Greatpiogress has been made on 
understanding the impo'rtance ' 
of this and are0W" issue, some peonle even: ready to dismiss the subject as no 
longer debatable. I mintain that since new'technology adds more 
uncertainty

and we still do not understand how this uncertainty is perceived by farmers, 

retudyis merited.
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The fi nal topic c ncut::, th Itatnin7. pr,:k (.-; .1 fajlle. uJcrtakc..;
 
WhLi faced W.ith ;a new alternativo. Althoutgh thi; 
 issue is CMInplx -­

involving que'stions of eduat ,it, ,xptrienc i and 
 infirmatiun -- it is 
lucial in explaining adoption ratei. Unfrtunitely, it receives very 

lit t l 1, -fl ti l if. teV Io prwr't prg l a,Ms. 

I w nil 2 like to hi,- v .t ,p each of i;-se within the frarne­
,ork which I .. i Virees.:;Ldl ho , : i,, .n -:Aral pifr:.icipant in a
 
multidiseipl in:ry farminig syu 
 t7- es r h ,.1 [ rt ai:.,d ;t increasing, agri­

cultural pro l ti tin . 'I1cch:n 
 al kr; ,Il,:dgv Ow i .- t tflcriniri ses and-:.:i st, f-


it is a matter of I ing' it ; 
 - r : 0o tV, fir .- ' .'A r : stwn n ,s. 

A. ft , l i'.',!-., k-('roppi ny Il t ..-. i,.. 

I :inu t ir:iprov, un t h, ,',+ ipt i,;.i of the ! I 1n f t,] " ini Oregon
 

Siate Pniv, :i- '.s 
 u.,nt p ilci: az ho P r'.4W;:u .id zi:'il.tu . 

" i117ri in the .I, s ai., ,'.is g.'tn 1..ra lv ii ,u. iccal s, . c ant! 
lINPs HM,. , ?telvr& ind "'lopr!it Knt foctiused an increasing
the cereal ro ' uc ri.., n th,,c f ri-, ' I,.. .i -,!': ,out the rolesA; live:,tnk ,apQ .f.o :O,- i-- W,, r: al forn, ': : i" as w-ell as the ­~ f1"t e ' p " il t iI"it' :.t{,il , -v."-vi.,n'di,i pi.i i, ' 22'2 )1 15 -* I I:,r~ty et-tlecn cerc:,ls 

Ie' n% , -f YO !y whp'u.N M.',f ",, s tr; rt~iih i not 
Only uset -.1 :! :.'.l ,:;: e l.t :, " :1,u*.. "!,it f }c y'.lu so,,me ,of 

th,,:pl, '::i iv ; ,: su.'+ .1 Sy: ,.- f-.it it" n l ,, .;yri 1..×i!;L - l L11SCM0 

ii ina vil l i p,. that , r,,,\ ., t -... ::., -.annv fn ' .i ,t c " threo year 
c'* i il-, r:!e. I1m re i., t . ,!n: all '-s, . :',;t- . i: th winter and 
;.'r i , , I , : ':/yr. C 'ea ,rain inI ,both ,iI a::it home end sold while 
the :traw is viath,.:,d and fed to "nk:-ai later i5 h, vea. he fields are 
als) grazed ai.fter the harvet'. d 5or' grazing may he ,.dunu during the growing 
smason as well. The N,.ti grains mre mnstly sold to the government for export 
wile the stra, which farmers say is auprerior to cereal straw, in fed to 

http:zi:'il.tu


d~&~tokIi ryyer te rce o etisraw per kilogram can
2af'C)IcV~d the pric kiof gra of g~rain. Since lentils y'ield~~about A.$ to 2 times is much str.1w as8 grain, the grosis ulicome from straw

caJn often'.be:hIglier~than, thar of glr'nin'. Watermelon is gruwn as a cash
6Lurnme r crop, using, ren'i'dual water, and the [f-Ied miay, be arzetn the endof' the season. 

' 

44 

'kha role do animalsa play in this SYStem? The average farming family
his about 20 sheep and goats. The an imalIs gr1717e on illap !Colxnoi lands
par44~i'utof the :year but are ailsopr n parcel of the crpping system. Cross 
inumorj( coming from livestock pouto s3 o4 e et nlji1
horle, Consumption of nilki products. 

ICARDA "isvery Interested in knowing if and how forage prIodUCtion Couldf: into this system, 'Clearly," an underst'andiiig of tho complexi ties of thiseCxistin) syrteui is required before chnnge can be introduced. Undersunin
tlht-s factors is our current proonia 

, 

Where does onn begin to sort out Lhe many itre'igfactor., involved? 
rlitch and Nordblom (1977) made 'a'start byconsideig~h prd' tu4 os
bilt ies. They sliggesL, that~ we' typically and erroneously views our dryland
farmer as only uacereal producer. H-'li/s he is much more 'thatn that is the 

<exmpie show.s. The forage-vereal~possibiflties for our farmer, given~d 9iXd TO~noflan, at'6hownin Figure 2. 'Possibiiiehs range fo
prOdu c in j on ly vervalgr to producing A'Il y forage. ~' f' -

fn~aed yexadti Me oragtne. chie -Ocldn nia 

' 

44, 

sUCones ful re!avey e~par 
at ~ploction ofdreseroch ud 

thiestmodlnt ou ltie choice wis ' audinganmlte them 'estonsur~~~~etdusnmtret 'srpng'eso '­



Forage
 

-\
 

3 

I Cnreals 
Figure 2 
 Fnrage-Ce.rpni 
.roductimr 
 Ptsib i 
isi
 

Where 1 " Cereal-ca, fta~liw. 
ns ;tribble grazing;2- CCereal-ciean fallow, sithtulbble grazing;3 - Cereil-falo()w, grazirg on stubble and on
weeds duri'lnr the fallow period a 

4 - Cereal-forage crop rotation;5 Continuot.i. forage crop 
(permanent pasture).
 

Source: 
 James Fitch atid 
Thonaq Nordblo:r,. "Ag rictu.tural
Decisiun-Making in the Drylandu." Proceed ' of an International SyMronitrl on Rni
 
,l, --­~~Li~en±rido . n - i? 7 fed 7n 1Aleginq. rL 



11f The 0 re .!o s ('P1t F' I anid Ag r i t 1 1uvcIm i I I Cojr.i'ri L ev
1979)) ~~Ss L 3 fa r- *rath o r is Ii c t droandr agric"Itute, j.,,
(1) j nt it. inp m,,iL relat iv- I )og i:'l- oer-ii !,rict- (2) rolaiOUvo' 1 Oburidaint 
!ab.) an,! (0) Ctl rvaterK..jL imFortafnt- of I v*t~to :!ral farm 

(r,:to t worlId', 1f:irmo s), Li e hal in(A towird li '.t tock preItic ti an 

Acr :d i Oly. 

1h is ji ll. tui ! I ilIV t 110i ar t s . t, ask. t-wa que stiors. r t 

.1:1a!; edi hO i. ov~r In i ncurm var iailit y in 1rv Iai lnj-arijellItucu or1 r 
-s thi ,! rast Iihl- of 1,1 i sdr' Secondly, 1co farmitrs rap idly and ac-cu­

rat hy1'- 4 L t Itt;.qt c:In. (t~li C11enezY C. folr ,:LiaqIv) inF thitir 

I. iHiSk rd( [':!C1 ' t iI LY 

Aniirlcr ; I eqrr i ca 1 ttudi c on r isik and I:tin iu:t'y have Mum~et
 
hAm r~KA morsI init Ht apr
'eai iatr j.'td, Li (Ran art Pe'rrin P?74, 
Youin 1975, WRA 107h, Wet' d 19 an !Qi 147 93117 Appl P at i nis
 

t-o a,.r icu: 
t rp u4Q1h fri r o un nII'I,pa. risk averse 

~~~~~111 ~I ~,' C!~ ~.!t! kk !Ik I i1 1dVF dtti '0" ; 1 ' 'Za tf- 3X i i : i 

i l ii he i 1I-'o ' r !;k iv i' fkrm rI' L;)s uro'd i i ri :,k lv ii''rs if y ing 
111-011111. Li kill ati Vi t i 

ri' sanp It, wr !t,k IVC (41prd 190() .S im~i e\( idea', uf ri sk 
ivetrsjonl hi''v ai f mm'd A' whu re (Or. *,r and Pih I tot' 1963, Scand ijzo and 
DillIon 1975 and V2ii anger 1977). Thet techniqie of .tnrniniig risk prefe­
rencpsin noIlit perte-'t and ;nai- work~l needs to be drain, Iiowi.vcr thc- imiplications 
a110 of flijo' tttorr'nce. 



Two farmers having1 similar Physical resources will1 behave very diffe­iretly f notthey do have thle same risk preference.'Tiss olsLhan' one mo re 'attack on 'the "package" technology. If this is .true, a 
'ferilier rcomendat~lon requires a range of app~lications and outcomes
so that the far~mer cant choose one that fits his 
risk preferences and Other
c rewmqtnces. As lMoe'ri and de Janvry put 
 to be effective, newtechnologies and ruralldevelopmeriL 

t, " 

programs need to be tailo'red to the 
attitudes toward risk.1.
 

- there
flu is more to it, particular-h when considering new technical
d .cho....ct.s.., Dillon ll(1971) opointsoutor, that tthere lare two .necessary= components- oftf+ b ,r _ Yield + •. , 
forhanln+p'+risk ndmuncertainty in expected utility theory:VIlttiol (1)personal
of consequences and
ori~.I o rth aon'd ind (2) persona sesqtrrengts ofin. Tuiiam beief about thie
 

octclflence o f unce rtain events. 

ifThe second condition p
is crucial since 
it is ',otctualvariability in
 

r~~~~but t isi imimp..t.r (armorsithere 
butnwvauety for exunhlemly hveshown ­h. '<;+prceive
in experiments to. variability.be no more variable 

thanyids_ of the oldivariet. Y i
I If th farmer, wi-r. ,lack of o

and.der,.tanding experienceof the new variety, thinks the, yield to be more l "nce 

aets ace ~~~bysoiiigfrt
Percptins aoutthe probability distributions of yields of both old andVarieties. newCaI cuI atinnp the. income 'caused b s etoutp... varieabi ItLy, 
I found 
that farmers pvrceived income fromt new varietietob.onhearge3per cent+'-'1'..more b S 

er-t ardible ,, 
For 
F "r .s +. 

farmers 
"r 

this 
to 
figure" 

'on.the1av1rage 37t 
is much higher. Plantbreeders ini Tunisia ru;'D'>L,< ":"+A' ' 

that n~ew varieties are not more . ( " " . ' variable thnold.'.; i '"Perilas so, but i is h farerpthat c - ,have be convinced. 

Th. resil t is that thes'v fiirmers use less amounts of inputs thanmax miation criteria prof
call for. They also resist adopting the 
new varietis.
Cven tho ugh they expec t these ne w va ri tie o pr od u'tce5 
 e1d "i-li,n $the 

T u n i s i a ' ris k averse the far m rs s e , t he mor e Lca ' - . t e or yes o lj 'radopted the heynew "vrioen'es.We often1iPs gie the risk and uncertainty qstlonVoc 'ic and then proceed4'4":4' ,. as'' , n e nt if it'er 

http:vrioen'es.We


'Iie%e 6.974) does 
As heinnovation 

information:which reduces 

locative mistake 

not misa thiNpon about new technologies.,K 
cs9 proceeds, mecs
makers obtain additional 
uncertainty and hence the possibility of making 
 F 
Ri n d 
 eri
v
SRisk a-.
nd uncertainty and the learning process


k are very much interrelated.
 

C. Learning
 

"And 
there is always the possibility that aspects of 
the technology
may not be understood by the farmers or 
, ,

by those directly advising

them." 33/ ( e Delta, et al. 1978)
 

PLr ceptiON of output, and 'consequently income variability, 
are im­
portant but the farmer also has perceptions of the productionrprocessHe has perceptions a t thep ' h 

itself.-I abou.. e parameters of the productionrod.i function:and it ii
i 

quite normal 
to expect these perceptions to be charactrized bysubjective
 

probability distributions. 

Since agriculture is a dynamic,process, adjustment to change 
is just

a"s important as the' change itself. This is equally true 
in the developed
 
world as the developing world, ibut 
it is'the slower adjusters that 
concern
 

,
US. thesc producers , an-important potential 
source of productivity growth,
are more likel to bn found in Lhe developing countries. Typically, they
 
are, among other thi ngs, lIitarate, isolat-ed from the 
inlormatio center
 
and infrequently contacted by 
the extension services.
 

Nelson and 
Phelps (1966) saw the importance of education by noting thatir "enhances one's 
ability to 
receive, decode, and understand information....,. 
';,

We lch (1970) subsequently divided education's contrihution to production pro­into 
 sceses
two effects, (1) the worker effect is the marginal productivity
 

tof education, i...edcto i eprt nptit the production funco,,h~P'etii aloa v le n a worker's ability to acquire and dcd 
66atlnabout costs and prdciecharacteristics ofother inus.L 

cocr Feaeelre with the second. 
F, 

41 , 

F 
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Many other studie h.ave been concerned with tlhiis theme (Iluffman 197 4, 
Rhaldi 1975, Wu 1977 and Ngad1979). Learning is judged to be icesnl 
Important in the adoption and adaptation processes. Similar variables such 

as lnfonnation, experience, and ex.ension services are.equally important for 
inproving the producer'!i expectations or perceptions of available alternatives. 

Farnters are required to make production decision.- several months 'before 
tIeir-results will b( achieved. During the production cycle, many things canl 

happen that are beyond the farmer's ability ro controL, I found significant 
differences in Tunisia' between what farmers expected and what they actually 
received (Nygaard 1I979). I e.timated two production functions; one based on 

-firmurs' perceptio is a t the time of pIanting, and 7 second based on actual 
yields at harvest, ihnaccirate percept ions lead some- farmers o make large 

a.Il locative errors, 

l 

" 

S 

' 

Farmers made larger errnrs in the product ion of new wheat varieties than 
traditional varieties. Those farmers en flat valley land close to the towns, 
and thus , near the .sourcest-of information, were also more efficient than hill­

ide, more isol.zted farmers. Also, tht: more efficient producers of new 
varieties were those who had more years of experience growing theml. As these5 
producers gained experfence in using the new varieties, their expected yf ids 
increased as well. Learning by doing impro s farmrs' decision-making iil ity. 

" 

If farmers iactuflv make decisiuns hasied on sone perceptions which are 
constantly in a stateof change, this has profound implications for diffusing 
new te'hniques. We should contact farmers with a view toward encouraging them 

''to lern , .and helping, them adjust to new sitLationS. More imprtantly, small 
simple-technical chani.es will reduce farmfers" chnnce, of nakitig &ilocative 
.. r. oe and . .,in prss) Many 'tisian farmlers told me that they 

had tried a rather c'ompl x pat,kage earlier, and it h d failed. They had 
returned, In tle fol lowing season, to their ou ltechnology; one they knew 

-

hetter. 

p ' 4 



afsi ,nid Roe (1979), in an earlier study on cereal production in 

Tiulisia, found t hat new duruni wheat varieties were neutral w- th respect 

to the input:s, i.e., t.he production function just. rhi tud upwardr. On 

the other hand , the new bread w.hE, .t vari e, ies we re n ,n-nutrnal. Sue 

Figure J. The giten.er di, liculty on the part of farurs in learning the 

new 9rc Ad wheat technology may ePpliiin in poto. the :1o r te (If d!option 

Of tb,.e' :'ietio,. in lunisia. "fle adopt r,1)t',,of durum wheat waa 

h i ! . Tp his ; -u:;pirt'cuorfiv tru: for .sul1 virncrr. 

ina dynamuic tinA tural Stt in, 81 locative vi rurs arl made if a 

producer cannot adli ;t 'iNrmdi aiely ,nd accurat eiy to nt"e. ci CUMS tan Ce S. 

It i:.- fairly Well ,cCepct'd ,at tducaLion, inform.a.tion, mid ,xpurince 

ol1 or.ributv to redu:ing this error. If we can aoh our work i on-farm 

trials, dMoU: traL,ions ind e.:tacsion toward iN.nrcviug thin learnig process, 

:dop. i , of Le ttliniqurer ci 1 procer d muc'h faqter. 

http:giten.er
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_____CON CLLI) IN REMAJRKS 

Jhe podctviy 'ap anbe closed by produlcing aprpi ttchnology 
r, swhe ,re pss~beand identifying constraints to the adoption of,> ' 
0~'ewhereyeho~~ necressary. ~lpropose that a micro- level aprahwith'

multidisciplinary teams,, includinig the farmer, working on farmersthe fields,:
~~wiI1 solve many of the problems found in more traditional research. 
 4r t
 

rwill
e, income should do likewise, and agricultural and ruralc op

mseat can ,progreais. 

IV.
 

!y presentatio is mainly concerned with the snmiller orr amr 

becu~ahist) he xiss.whre ap argr armers, particularly i
developed countries, alle norelky to face tehooia constraints rather>

t han oci-ecnomccnstai.t.liOthier Fipeakers .in this congress have addressed
 
that topic. 


I. 

SaIlfarmers are snall only in size of land holding, but not in numbers ',7
 

since thev include more 
 than 10(1 million farming families. Their shernme 
jusifishe ocu o -tispresentation,' They, require technologies that 7 2


(1).are economically viable, 
(2) do not increase income nstability, (23)dof 
demand major adjustmcnt5, and (4) fitSnot their circumstances. A complete 
package ~oftcnlg 8 s not likely to be adopted immediately. ior does
 

transferrin tcnques,, 
 from one region to another have~a high probabililv
 
of success 'unless 
 socio-economic factors are, considered.. 

I have not constructed a ranking-of socio-economic constraints. I have I
 
not even discussed 1some of the important ones.' I suspect 
 that most economists
 

t eati ­ s-qbilt ol concentrate oneconnmt' incentives and di-­'ccotives, 1My b'rief treatnien t of that issue does not metin that I think that '~
 

these things are'Iunimportant. 

I!i
 

VI 4, 



Rather, 
I have a tcmptd cu t r,',s th e rtxwce of knowing hw 
onRstl'ain, ",Nbe 
 durtiIiedf. Ihr areas will hlp us io the future 

if w nl 
. audilIt r: !,'.ttcr. 'ih y are r he livWc - o - terface,i 
t., , ' al ni p,,o 

risk and unc, iuruji :.:.!h, L.:r ) . I IC ,,m Tr,
allocating 'c r,'e'ric, t th ,]iand -ffrnm to a.VO the:;e problW- .. 

vhat, ti:eil, rt, Lh io-lcl'r mii- canI;tr.lijt, to th future develop-
m.W ,ftha dryana' o,i of the Th.r ia r only two.
amrHict f'irs, ,!::d .ymj,arc th,. st~cctnd, 
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