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ESK F F ~ I F E  2iT: ET?.mS;S IN TF USE OF IPil 

1. 1.-troduction 

There has been considerable interest  in recent years i n  the opportunities 

for  si.rltc'rdrg from conventional pest control techniques based on the extensive 

.qplication of various chenlcal pesticides t o  the never integeated pest ntm-rage- 

ment (IPTt) strategies which emphasise biological rather than che?iical controls. 

IFN offers a u.xy t o  avoid m y  of the h m f u l  environmntal externalities 

associated with conventional pest control techniques, yet its difPaion %tong 

cotton powers has been relatively limited. Why is this? If one applies the 

traditional economic tools associated with rat ional  decision mking uncier 

u~..ceft23nty, one would have t o  explain t h i s  in terms of growers7 r i sk  prefer-. 

e x e s  and the differential  r i s k  of T P i b I  versus conventioml control. In tkLs 

paper, vie confront t h i s  explamtion with &ta taken f r o m  a s q l e  of cotton 

growers in the San Joaquin Valley and f b d  it t o  be inadequate. TPM does not 

offer  a less favorable r isk-re tun tradeoff tnan conventional control techniq~es,  

ancl we cannot find any systerdtic differences in r i sk  preferences which rdght 

explain why SOE growers have adopted IPK and others have not. It also seems 

mllkely t k z t  the adoption or  non-adoption of IF37 can be explained by the use 

of' sore cri terion other than expected u t i l i t y  rraximization. Instead, we believe 

tP&t the expL27aiLian l i e s  Ln differences ir: the subjective perceptions of the 

probability distri5utior.s of r e t -m~~s  fror. the use of IPX and conventional cclitrcls. 

TO i i  0% ~ O C ~ S  at: the* s;ib;t;je:tii-e c",isf,r*it;tions, cnp fin"' t h z t  m~:;ers PI?.$: 

erylc' cor~~ver.tior.ci1 ccztrols ar.d goxers  v:50 e ~ l o : , '  IXZ have ccntrxllcf,ory ad 

2-.c:rsister,t ~cr-egttiors: each  TOG^ p(?r~eLves t:-.t? retrm.s froi; the cor.?rel 



strategy i;k.ich it enploys t o  be larger tba-n. the returns from the alternative 

strate@., although th i s  is not cci'sistent with the objective evider.ce. Thus, 

there arpear t o  be systeratic errors in tb.e perceptior.s of the outcomes of the 

two control strategies. Noreover, the errors occur not in the pe rce~ t i cn  of 

the outcoms of the current strategy, but rather in the assessrent of the out- 

comes under the alternative contml strategy. 

These assertions w i l l  be documented below. Pie wish t o  enphasize here that 

they .bve ixportant kp l ica t io rs  not only for public palicy issues concerned 

with promotbg the use of non-chemlcal pest control techrdques, but also for  

the niethodologic2l issue of the validity of the econonist's ConventioEzIl ~ c d e l  

of r a t i o ~ a l  decision maldng under uncertainty. That r i e l  takes the decision 

&errs subjective probability distributions as  a v e n  exogenously, and focuses 

cn differences in r i sk  preferences as  the explanation of why two decision 

w&em would rake a different choice fPm the 'saqe' choice se t .  fiiidlrgs 

suggest that  there m y  be systmatic biases i n  subjective pmbability distribu- 

tions ufidch i-iive a more pourerW irfluence on choices than differences i n  r i sk  

preferences, and that  the subjective probability distributions may not i n  fact 

be exogenous, but rather way be endogenous and subject t o  the sane factors as  

those vitiich influence choices. .@n implication is that  it-! f'uture research @eater 

attention m s t  be paid t o  the process of expectations f o m t i o n  i t s e l f .  

2. The Data 

The data pertain t o  the output, inputs, costs, revenues a d  pesticide use 

of a r;t?d.cn sanple of 04 cotton grmrers i n  the S m  2 0 2 q c i  Valley over the pericXl 

?o7C-l9:I:j 25 of tnese growers used IF?,: and. 16 used ccnventicnal chenical ccntrols -, 

-*.- -" " <-.- p-- -> " tpr~::+n.' +ire T--vi -d. Zfe >;ere ~-1ec";Z .':'.dlr the ;eL-ezti+n 0,; 

RlcY~d. ?,;.y~s-1:, k1ap.e >ii?Vey =d C&-,-Lrj F 7 2 I l  :;it."i f.s2aipg fr*oa the FGF: 31~1&';:_~7., 



'CTSDA, FPA, KSF, and the Giamniri F o ~ ~ ~ d a t i o r .  of &riCU?itiinal EC~TIOTICS. D~1IC;ior.s 

of the ciata have previously been aralyzed. by Willey v l c l  tji Hall. 

3 The Risk Preferences of Cottor? Gmrers 

kite-Me7& were conducted vAth 38 groT,ers t o  ascert&. t h e b  u t i l i t y  

fbnctions for wealth. The F m e g  nethod of preference e l ic i ta t ion was exploy& 

t o  generate between 4 and 22 poirlts on each grower's u t i l i t y  function. Various 

fbnctic;nal form were f i t t ed  t o  these data, which w k d y  a %%de mrae of attit"3es 

towards r i sk  including: the linear ( r i sk  neutrality); the semi-log (dec?eashg 

r i sk  aversion); the exponential (constant r l sk  aversion or proneness); the 

q.~ar?ra2ic, the po:+~r A%wtion air12 a fi;?ctign propcsed by Keeney ar~d X&ffa, ~ihfch 

p e r 2 t  varying r i sk  aversion or proneness; the lo&stic, whick 

m l y  r i sk  proneness over the lower part of the wealth rwge and r i s k  aversion 

over t?-2 upper part of the rmge, and wbAch nay be used t o  t e s t  F~ersky and 

KaPnen2p.'~ prospect theory of choice under uncei&ainty in which decision rakers 

are r i sk  prone for losses and r l sk  averse for gains (i.e. the ir-flection p o b t  

occurs at the current wealth level); w.d the cubic, which pemcits ei ther w L f o ~ .  

r i sk  aversion or  proneness over the relevant wealth range o r  non-uniform r isk  

preferences (either convex-concave preferences as  with tbe logistic, or concave- 

convex preferences). The exponential, power and l.c@stic functions were f i t teZ 

by  on-linear leas t  squares; the others were f i t t ed  by OLS. In each case, the 

estiiratec! functior, has constrained t o  conform t o  the origin of the elicitec! 

u t i l i t y  scale. For each grou-er the selection of the best f i t t i r g  functior&l 

fom (1.e. the fom. rqhich best represer12s the q~a' i tat ive properties of 3 s  risk: 

preferences) was rack accol-illng t o  fhe starclard fi2 critcrior., adjusted. by th.3 

Box-Zor rrethoi2 fir CLffei-ences in the re,wesszrd. 

The results  are s~rsn&~izec! Fr. %&le 1, in  which the @-oi*;ers rs-I c l ~ s s i f i . &  

~ . ~ ~ c r d ~ - r v  t t c  tF.2 q ~ ~ z l i t ~ : i v e  prc .3e~je ;  of the:? ris&: pr"fe:.er.ces. Fp.~z e ~ - ~ ; ; e ~ - ~  -.z 



Table 1 .  The numhcr o f  growers with d i f f erent  types o f  r i s k  preferences,  

UNIFORM RJSK FRF3BRENCES EON-UNIFORM PK1:FCRENCES 
7 .. 

'i'cry Risk S l i ~ h t l g  Rtsk S l tg l i t ly  Risk  Very lixtrrmely Tnllcrce 
Rjsk Averse Risk Nrutral Risk Prone Risk Risk S-shaped S-shaped 

Avnrsc Averse Prone Pronc Prone 

I /  Risk prnnr, thrn r i s k  nvcrsr.  

2 /  Rilk averse,  then r i s k  prone. 

31 Conventional control ( i . e .  non-IPY) 



t&ve ~cr.-unifon? preferences; of the reir&.der, 20 are  r isk  ~rof ie  t o  sm~e deuee,  

s i x  are r l sk  ~ e d t r a l ,  and 13 ?-re r i sk  averse t o  saxe degee.  Tr-ese prop or ti or.^ 

dif?er cor.siderat;ly from the findings of other studies, as s)marfzed in Young, 

in v&Lck. there is a predorinarit trend t o  r i sk  aversion. For present pq&??pcses, 

the keg question is b- ether o r  not there i s  a systematic difference between the 

r i sk  preferences of pi'r-ers v:ho eqploy conventional control an2 those who enploy 

I23f4. This ~ Z E  tested. in several w ~ s .  The growers were classified into two 

p u p s  - those who are r i s k  averse in any degree and those b%o are r isk  pror?e 

i n  any d e p e  (the r i sk  neutral and non-unifom, r i sk  pre_"erer.ce cases were ori t-  

ted) - and. a contirgeny table t e s t  was pe r fomd  agzinst Lr?.i use. "&Is t e s t  

takes no account of the intensity of r i sk  aversiodproneness. Tr. order t o  ailow 

for th i s ,  the values of the absolute r i sk  aversion coefficients were compared 

using the randoi"Lzation, bTk-x-Whltney and Kolnogorov-Si~L?1.0~ tvro-smple now 

paw-e t r i c  t es t s .  A l l  t e s t s  lead t o  the sme conclusior.: %ere i s  no evide~ce 

of any systematic differences in at t i tudes  to%rards r i sk  between the growers 

who use IPIT and those who e ~ l o y  conventional contro1.l 

4. The Actual Effects of IPM Use. 

There are several es  of evidence which suggest that the use of D+I in 

place of conventional chemical controls does not reduce the retwns fron cotton 

pmduction. F*;iranowski e t  a l . ,  USDA, and Taylor show that  inputs of cherAcal 

pesticides could be reduced substantially k i th  l i t t l e  or  no effect on expected 

c o q n  ylelds. In a study of the use of 7 3 . :  in corn rco3,\'orr control, blhim- 

o-::s7ki skm:s that IP?t i s  superior t o  con7?entional chemical ccztrols wkec juaed 

koth expected profi t  I .wblzat ion 2qd by eqected u t i l i t y  rmL~.lzatisn t.,<.th 

-1 c - _  i_(;-?nc_e pre~erer.ees. L- W ~ l l  stcd2.e~ ess~:ti&1y szjd?e ~ Z T ~ E :  o r  d . . ~ ~  

ES LS, m d  ccficludes t k a t  expec5ed cotto2 1k.5 yielils ax? p m f i t s  are not 



s igd f i cac t l y  different  under IF?! t k x .  under conventional controls. With a 

s l i ~ h t l y  different  data se t  and irethodology we reacked t i e  sane conclusions, 

except ttat vie fowd no difference in the w i a ? c e  of p ro f i t s  under the two 

s t r a t e ~ e s . ~  Our fir.&gs a- s m m l z e d  i n  the f i r s t  two rows of' Table 2. 

5. W.e Perceived Effects of Use. 

In addition t o  data on the growersf actual  input usage, e x p e n d i t ~ i s ,  znd 

yields over the period 1970-1974, vie have data on the grohrrs' subjective 

p,wbability distr ibutions of cotton yields, insecticide expenditures and pest 

dmage under both IFM and conventioral control strategies. These d i s t r i bu tbns  

were e l i c i t ed  in b.terviews using the EFT technique, which yields a tbzee-para- 

rreter triarlyFular distr ibution ( tne parz.eters a r e  the m e d i a n  ar.d the .05 aid .95 

percentiles).  F i r s t  we studied the relationship between the actual  probability 

&stributions of yields ar;d insecticide expenditures over the  period 197C-1974, 

2rd the subjective ~ r c t a b i l l t y  distr ibutions (here&er, s.p.d.1 of these vclables 

under the actual  control strategy. A variety of tests was employed fo r  this 

pitrose, ir.cluding: (1) For each p w e r  separately, the Kohgorov-SmAmov 

one-smple t e s t  t o  investigate whetiner the set of actual  yiel&/ex;~er?ditwes 

could b ~ ~ e  core  POX the specified s.p .d.. (2) For each grower separately, cor- 

stru&ing two-sided confidence intervals  fo r  the man uld. variance of actual  

yields/expenditwes a d  the? i tqec t ing  xhether the mean and variance of the 

s.p.d. fal l  in the respective confidence irtemal; and (3) For each grocp of 

g o m r s ,  a paired C O P ~ ~ ~ S O E  t e s t  of the  ream md variances of the a c t u l  &r16 

sabjective -pmh&ilitg distributions of a l l  growers in the group. V.e t e s t s  

yields6 trozdIy cornistent resAts, 'i:kLici? are summized i n  107;s 3-6 of Table ;I.? 

7- -- F,e 2 . ~ ~ 6 .  of yle12s -&f& the :cfz& pJst@r:cal e:.;-p.rr- 

ier.-,e re?soc&ly w r - l l ,  but nct so fcr- tk.2 s . p . 2 . ' ~  of irlsecticlde expen"_+zes. 



Tr.5 TLe&q,7s of these dis t r i tu t icns  tended t o  exceed those of the actual disl;ribu- 

tions, t o  a b c ~ t  ar. equal extext f c r  both :PI? md non-IF:.: g~c:;ers, w ~ c h  1-2&t 

ref lec t  expectations about f'uture price Lncreases for  irsecticides as a result 

of the rise in pe tmlem prices 2ust prior t o  the ti% of the interhe-e-s i n  

1975. 

Next we empared. the s.p.d.'s of yields and insecticide expenatures for 

the brio g o q s  of -viers. A s  v&th the cotzpariscm of actual yields an6 ex~encii- 

t- L-- .we- b e t ~ e e z  the two groups described in section 4, the t e s t s  were based on 

f@u':TiA. s t a t i s t i c s  and repess ion mdels .  The resu l t s  me  shovm in row 7 ward 8 

of Table 2. For yields, there was no significant difference between the Kerns 

of the E l <  and non-PM growersf s.p.d. Is, which is cocsistent ~ 5 t h  the = d l y s i s  

of actlml yiel& s i m i z e d  in robs 1 and 2 of Tzble 2. There vvns also no si,g- 

r12ficar.t difference between the- vari?aces of the s . p . ~ ? . ~ s  of ylelds, vi?dch 

conflicts with the analysis of the actual variances. SL?ce there is sore evlde~ce 

t h a t  1ET.I growers are m r e  l ikely ti-m non-IPM gmrbrers t o  overstate the va-lance 

of t he i r  yields i n  t he i r  s.p.d.'s, this could explain why the two sets  of &st- 

riautions have similar variances. For the s.p.d.'s of insecticide expenditures, 

both the mii~s and the variances of the p i+ . e r sP  dls-;ributions were sig'ifi- 

cult ly m d l e r  tha? those of the non-IPH growers' distributions, vrhich is  con- 

s ls tent  with the aralysis  of the actucrl distpibutions. 

Finally, for  each grovier we obtained the parameters of b l s  m l i e d  s.p.d. 

fo r  yields, insecticide emenditures a-i pz-ial prof i t  uqder the actual ic.93 

eltern-ative contrcl s t r a t edes .  3 ie  s.p.6. 's of yields-'.?A ir.secticides,- experdZ3tires 

was ccns t r~c ted  i'rcrr. an s.p.6. for percei?t pest dzrage u?r:der> tP.e zltemii?i:-t? 

sty&tq--;, :.,*;?c5: ~ 2 s  e!_icited _lir. CbLe jfi"cr;ie:.:. tba ..- ~.-=1-,- ~.<. -.. y : g  i:;>x;?r-..sc .- As --... 



Y i e l d s  Tn. j?c t t c i -??  Pro? ,  I-. I?,?.: 
y :.,~q..li . . . . . .. ct1r-q - - .. . .? .  

Xote: p'P"'is t k e  ~gr in  ~f ??l! ~ T O T J ~ ~ S '  ai:t1?i l  d i ~ t c i b . t t i r ) ? s  u?der TPF. 

-1PH - 
p is t h e  -wan of IPY gtov-rs '  subjecrive dis:r!'.st~ons m d e r  I P Y .  

azd FCC a:e d z f i n e d  s?mil,?rly for the cnn~:~::?i?>~J. cont-r-l c;is?. 

- cc 
I O1p? Cf'PM ace and 8 are v a - i a ~ r e s  o f  t h e s e  d i s t r ibut i -ms .  



ur.der strategies was ecnsfr~.&ed ~ T T .  :he fo-12: p-3ei2l p-n f̂ii-=:.'ic:d X ac'5.l 

price i? 1976 - a l l  insecticide expenses. kleare assm- that cotton prices vlci 

non-insecticide experses v;o.;ould be the sme under both control strategies.li The 

mans ar~d variances of each p ~ ~ r ' s  s.p.d. 's  f c r  cutcones under the two c o ~ t r o l  

s t r a t e d e s  \$ere subjected t o  a paFred-coqmrison t e s t  for each @?OLI of gro w%rs 

as  a whole. The results  are shovm in Table 3. They FW be compared wfth the 

results  for  the actual outcomes, which m e  shown in rows 1 and 2 cf Table 2. 

The s.p.d.'s of the two groups of gmv;ers present a s t r i m  contrast, 

both with one mother ard with the actual Mstorical  experience. The two sets  

of s.p.d.'s are entirely contradictory. For yields, IFT4 powers believe that 

IPM offers Mgher yields than conventio~al control, whereas non-IPM growers 

believe that  conventioral controls offer higher yields; The actual data-a~alyzed 

in  Table 2 shoii no Oifference in yields. Sirrllarly for  profi ts .  For 

expenditures the PP.1 growers believe that IPM offers lover insecticiee expen- 

ditures, rut?ich is  consistent vslth the b3storical experience, wP3le the growers 

who employ conventional control believe that this offers lower insecticide 

expenditure. In short, each p u p  of growers believes that its carrent strategy 

is better  than the alternative, in terns of the means and variances of the 8.p.d. 

How does thfs cane about? Our analysis of Table 2 sho%f& that each p u p ' s  

s.p.d.'s for  yields urder the c ~ m n t  strategy match the actual historical &ta 

reasonably well. For insecticide expenses this i s  less  t n e  - each group t e c h  

t o  overestirate actual expenses, t o  an approximtely equal degree for both groups. 

It appez's, therefore, tb2t each grol~p J';&es i t s  actua.  strategy better  tkar 

the alternative p r i m r i l y  because it lx.derestiina:es the yielclsmd/or over- 

est4kates the expezses esro"lZrc+ed with the al temrtive.  



T:ible 3. Sumary of r~si!~.?s of pai -ed co"parfsoq t e s t s  f o r  means 

and vari-antes of s c h j e c t i v c  p r o 5 s h i l i t y  d i s t r i b u t i o n s .  

IPX - eC - (PM p'" 7 p p .c 
Growers 5 %PM 

- 
cF'Q" c a "" ~f -ew - 

(3 - cS-"" 

Fiotes: (1) paP*(is t h e  meen of t h e  s . ~ S j e c t ? . ~ e  d i s t r i 5 1 i ~ i o n s  

under IPM of IPY gravers i n  the  First rm, and of  

conv-ntional c o n t r q l  (CC) groyers  i n  t h e  second row. 

Similarly for 5"; tl; CC 
- CC 

a d  a . 
(2 )  A l l  t e s t s  a r e  one-t?i led t e s t s  and a r e  a t  t h e  .05 l e v e l  

except  when t h e r e  is an a s t e r i s k ,  in vhtch  c i s *  t h e  r e s u l t  

ho lds  a t  the  .!9 l e v e l  but  co t  st t h ?  . n j  !cveL. 



6. ? ~ e  Choice cf m CptF~al  Si;;(late+~ 

Given the s.p.d. 's for  par t i a l  prof i ts  Larder both contml strategies, v;e 

ir,ves;;igat& tke c3oice of OF",-al strategy ?or each gower indi~Idudl ly  ur-der 

tvro decisicn c r i t e r i a  - eqected profi t  m.xL?izatior. wad expected u t i l i t y  

rraxirrization u s i r s  the f i t t ed  u t i l i t y  -%~r,ctions. We found that  both c r i t e r i a  

predicted the actual choices equally well. Clearly, it is the  nature of the 

subjectbe  perceptlor2 of outcones rather than the type of choice creterion 

or the nature of r i sk  p re femces  tvhich explains actual use of IPf.1. For 35 of 

the 44 p t r iers ,  gLven the i r  s .p .d. ' s, the* current control strategy was 

supericr t o  the alternative strategy by ei ther  criterion. For only nine gopiers 

- seven LPT4 and two ncn-I?FT growers -- the alternative strategy was better.  

Five of s i x  of these cases seem reasorable i n  that  e i ther  the two s.p.d.'s 

ir'tersected, or  the current control strategy w a s  optirral i f  one overlooked the 

consultmt fee compor,ent of insecticide costs. The other three o r  four cases 

seen l e s s  reasonable and ~ o u l d  appear t o  irply i r ra t ional  behavior as  well 

as incorrect percegtions of yields and insecticide expenditures. 



1.  '33 .2  f i t t e d  u t i l l c y  funcrio-s  and t he  det31le-i t e s t  res~tl.c-: o r e  Fresented 
i n  Hanens3n nnd F:?msy.or:h (7'. 

2 .  Thd ~ e t 5 c d o l o g y  i-.*i?lvrd t h e  use c?f A W ' i A  t e s t s  f o r  e q t a l i t y  of mnass and 
of v l r i l n c e s  of y i e l d s ,  ex?-ndi-ttlres e r r .  fs,r each gro1:;t o f  $roT,9ers (TP:.! 
and no=-IF'ij both f o r  the  years  !q?i!-71 p.q.:Lei -2nd L3r e2c.h y w r  tn::m 
se:,?c.3t-~Ly. 'Tihis %z:il.:.~i; :s a  7-n-i; ~ , 1 1 ; ? ~ 4 ~ 1 1  S F E I I C . ~  < t  G C C :  n3t: 1111~7 
fn- t f e  e fE%cts  of observable  f a c t o r s  srich a s  grower o r  fann c h a r a c t e r i s -  
t i c ~  which could inf lr tence y i e l d s ,  say ,  and n i g h t  a l s o  vaqr  systematicall: .  
b e m e e n  t h e  two gro.l?s. Thus, f o r  exanple,  i t  could happen t h a t  t h e  use of 
IP*! does lower y i e l d s  bu t  f a m e r s  who e a ~ t o y  TPM h?ve m r e  f e r t i l e  s o i l  
t??5 r,-?-T?Y Yz--..rr- ., ??",he t-13 e f  " c ? * s  C??CI?I .  o\L:: i? g r o s s  t e n s  
t h e  y i e l d s  of Ti33 and non-IPM f a r r e r s  a r e  t 5 e  sane,  E t ~ t  i f  o?e could r;.t 
ol!t t k e  e fEec t s  o f  o fhe r  F a m  c h a r a c t e r i s t i c s  t h e r e  w e l d  be  a d i f f e r e n c e  
i n  y l c l d s .  To t e s t  t h i s  hyp0:hesi.s estim.?te? r e g r e s s i o n  fuac t igns  fo r  
yields, e ~ ~ e n d i t u r e s  e t =  I n  which t h e  r eSre+sor s  were tho uszge of  varicl-rj 
i s ~ u t s ,  € a m  c h ~ r . ~ c t c r t s e i c s ,  and a ~ r o e c o s y s t e n  v a r t a b l e s  such  a s  s ~ i l  
q 3 s l i t y  and pref!.pItati-c.  Both t h e  s l o p  c n e f f i c i r : ? r s  a73 t h e  c o z s t a z t  
t e r m  of t \ e se  equs t inns  vere allowed t o  v t r y  5etween t h e  two gr9c;ts oE 
----:n.rs. > "  T?siz?z Chnv t e n t s ,  vc t ? s t ? d  f i r s?  f o r  eqrrnl i tg  o f  the s l o ~ e  
c o e f f i c i e n t s  t e n s e n  t h e  two s rouys  (which w n s  foutld t o  holrf i n  every ens,?) 
and second, eo i id i t iona l  on e q u l l  s ! o ~ e s ,  W ?  ter-tec! For fn,(! l l i ty  of  co-?.;t.??t 
te-s ( i . e .  e q m l i t y  of y i e l d s  e t c  a f t e r  g r o w e r j f a ~  c h 3 r \ l c t e r i s r i c s  '.n.:c 
beon netfe.3 c u t ) .  Beth t h e  gross  and n e t  t ~ s t . 5  y i~l ld i ld  t h e  sans j.est11.r~. 
The d-?t%iled r e s u l t s  a r e  presented i n  Hanenann and Farnsx~nrti? ( h ) .  

3. m e  r e s * l l r s  of t e s t s  ( I )  aatl (2 )  on t h e  j? r i<vid?~al  grofgers ?:?re s t t f f i l - i e r t l ?  
s i ~ i l a r  t h a t  we can g e l n r n l i z e  r .~ t th  sons cor f idsnce .  F3r e x a m ~ f e ,  us ing  
t e s t  ( 2 )  the  hypo th l s i s  t h a t  t h e  neans of the  s u b j e c t i v e  and a c t u s l  proh- 
a b i l i t y  d i s t r i b u t i o n s  of y i e l d s  a r e  equal. was r e j e c t e d  f o r  on ly  4 of  t h e  
28 IP?! growers and f o r  only 4 of t h e  16 nnn-IPPf growers. 

4. We a l s o  assuDe t h a t  tt..?ril i s  zero  co r re l a t ion  Seedeer y i e l d s  and i n s z c t i c i d e  
e q e n d i t t ~ r e s ;  an a n a l y s i s  of t h e  d a t a  on ac:ual y t e l d s  and expendi tures  
su?por ts  t h i s  assumption. 
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