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RETURNS TO AGRICULTURAL RESEARCH IN COLOMBIA

LNV

INTRODUCTION
This paper summsrizes and compares results of four recent studles of the econo-
mic returns to varietal research on rice, cotton, wheat and soybeans in Colomblia The

four programs analyzed have formed a part of a larger national program of agricultural

research, extension, and education which has been administered since about 1950 by the
Colombian Apricultural Tnstitute {ICA) and its predecessor agencies, the Department of
Agricultural Research (DIA) and the Office of Special Studies (08S5)

Cur main hypothesis was based on returns calculations previously made for Co
lombia, the Unlted States, and other countries For Colombla, Harberger had estimated

Jhat the average rate of return on all capatal bad ranged frow 8 to 10 5 per cent from
’

}1960 to 1968 and that the opportunity cost of public funds was of the order of 10 per

2/
cent in the late 1960's = There were also the rates of return for agricultural research

af

/ 5/
cglculated by Griliches El and Peterson ~ for U S programs and by Ardite for Mexico — ,
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1/ A revised version of the paper presented in CIAT's Workshop on Methods Used to Allo-
cite Resources in Applied Agricultural Research in Latin America This version was pre-
sented at the Conference on Resource Allecatior and Productivity in International Agrie-
caltural Research held at Airlie House, Virginia, January 26-29, 1375 1f benefitked
from comments of participants to the CIAT workshop and from suggestiors made by Norman
R Collins ard Alain de Janvry y

2/ & C Harbiger, "La Tiea de Pendimiento del Capital en Colombia", Revista de Planea-
cién y Desarrollo, Vol I, No 3 (Qcteber, 1969)

§m5ﬂ§y5¥ﬁxillches, "Research Costs and Soc1al Returns Hybrid Corn and Pelated Innova ~
-#:1om3, VJournal of Political Faonemy”, Vol 66, No 5 (October, 1958).pp 4194432
]
4/ Willis Peterson, "Returns to Poultry Research in the Unired States,"Journal of Farm
fconomics, Vol 49, No 3 (August, 1967), pp 656669

5/ N}coias Ardito-Barletta, "Costs and Social Benefits of Agricultural Pesearch in Me-
x1co” (Ph D dassertation, University of Chicago, 1971)

\\ Jorge Ardila, Reed Hertford, TN T /””1 -
L>\ Andres Rocha and Carlos Trujillo ( r ;} ?\
ZE S
— [V U I
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Aver and Schuh for Bra?il,éfand Duncan fer Australia szhese clearly established that
. rates of return to varietal {mprovement had exceeded 10 per cent and suggested that re-
L-turns obtained abroad had been somewhat hipgher than those obtained in the United States
wCormspﬁndingly, we hypothesized that the estimated rates of return for the four Colom~
bran varietal {improvement programs not only exceeded the opportunity cost of capital in
the country hut also those rates of return {of about 50 per cent) Ef previously repor-
ted for similar U § programs

This hypothesis derived additional support from the common-sense notion that,

because Colombia had entered the agricultural research field after the United States

and other developed countries, 1t should have been able to draw on a large stock of
knowledge aboutr plant breeding techniques and extensive international collections of
plant materials in ways which reduced the gestation periolds and development costs of

1ts programs  Assuming roughly comparable organizations and competencies of the re -
“search enterprises in the two countries, this should have increased the cost effective-
? ress of the research activity and the returns of 1t  Of course, there was also an al-
ternative view -- one which stressed the existence of important socioeconomic and gtrucw
tural constraints in Golemble that could have prevented irs earning higher returus to
mvestments 1n varieial improvement, ever 1f technical break-throughs had bean morxe
easily made

e omm e o e R AR e e W A e e

6/ Harry W Ayer and Edward G Schuh, “Sccial Rates of Return and Other Aspects of Agrie
cultural Research 'The Case of Cotton Research in Sao Paulo, Brazil," American Journal
of Agricultural Feconomics, Vel 54, ho 4 (November, 1972), pp 557569 ¢

7/ B C Dupcan, "Evaluating Returns Lo Fesearch in Pasture Improvement," Australian
Journal of Agvicultural Teonomies, Vol 16, No 3 (December, 1972}, pp 133-168

#

. 8/ See, for example, Willis Peterson, "The Returns ro Imiestment in Agricultural Fesearch
%1n the United States,” (n Fesource Allscation an Agricultural Research, ed by Walter
~Fishel (Miomeapolis University of Minnesots Press, 1971), p 160
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These contrasting views of our main hypothesis, together with the nature of the

data available for anslysis, led us to & methodology which could assist in distingulsh-

jng the contributions of bilological, socioceconomic, and structural factors to the cal-
culated returns Lo research "Soclal benefits'" of varietal research were estimated in
the usual ways as changes in censumers' and producers' surpluses resulting from shafts
in product supplies generated by the use of inproved seeds 2/3ut the shift in supply

itself was taken as the product of two separately estimated variables a difference in

vields between two (average) farm plots of one hectare each, one plot being planted

entirely to the improvsed seeds and the other to the unimproved varieties, multiplied

by the per cent of cropland actually planted in the improved variety We then asgo-

ciated the first of these variables, the "yield advantage" of the improved variety,

with the biological determinants of returns and the second-- equivaleuntly, the rate

of adoption-~ with the sociceconomic and structural determinants, as well as the bio-
- logical determinant, recognizing that a large yield advantage can be a primary cause
of rapi1d and high levels of adoption

Because it was our imprefgion at the outset that the technical and bilological

work of the four Colombian varietal improvement programs had been well done, we felt
that our main hypothesis would only be rejected by low rates of adoption, reflecting
rather m2 jor constraints of a sociceconomlic and structural nature  The only crop of
the four studied which evidenced such constraints was wheat It had been grown under
near-subsistence cornditions by emall, rraditional farmers in sowme of Colombia's poor-
est agricultural areas  Also, for a number of years massive wheat imports h§d been

made upder P L 480 These had depressed the relacive price of wheat

%/ By'"usual waye" we refer to the methodology followed, for example, by Griliches, op

«irt_, Petevrsen, op git , 4and Ardito; op cit The tormula ured to calculate sccaial
benefits in the cases discunsed in this paper was the one developed by Ardito, given
non~extrémenvaluescof the pricesedbstioftdesudf demand endesupply, otherwise the fore
mulas used by Griliches were employed

Pl



Our final proposition concerned the way the yield adivantage was to be caleula-
fhied We felt that any simple estimate of the yield advantage based only on compari =
sons of yields obtained on plots seeded to new varieties and others seeded to unim -
proved varieties would be biased upwards becnuse of strong, positive interactions of
the new variesties with such inputs as chemical fertiligers and water Therefore, 1in
comparing yields and calculating the yield advantages of new varleties, we attempted

to factor out the effects of other lnputs by estimating a production relation between

| yvields, seed variety, and other variables which may have interacted with the variety
|
 of seed employed

The next four sections of this paper take up the cases of rice, cotibon, wheat
and soybeans, respectively In addition to presenting information relevant to the
estimates of the costs and benefits of the varietal improvement programs, Some back=
ground materials are included i{n each section which relate to the reasons the parti-
cular program was established, the directions it took once established, and those
people on the si1de of production who may have expropriated the surpluses 1t ultimately
gererated The final section of the paper then provides a cemparative analysis of

our main results and svmmarizes our principal conclusions

RICE o/

{olombia's rice research program Ls of relatively recent origin, havirg been

initiated in 1957 by ICA's predecessor agency  Its estshlishment coincided with a

11/
sharp rise in rice imports occaslened by an cutbreak of the boja blanca disease,
13/ Tbais scction draws hesvily on Lthe work by Jorge Ardila, "HRentabilidad Scé;ai de las
Irversiones en Iniestigacidn de Arroz e¢n Lolombia” (unpablishaed M S Thesis ICA/National
Univers:ty Graduate School, Bogota, 1973)

« 11/ Urtil 1957 Colombia's imports of rice were rurning around 2,000 metric tons ammual-
1y The 1956 crop was down about 10 per cent from 1955 {(from 324,000 tops in 1955 to

> 300,000 tens in 1956), and the 1957 crop was up less than 8§ per cent from 1955, 1in

~ part because of a fall in vields In 1957 Colowbi12a then imported 10,200 tbns of rice
In 1958 ani 1959 impoirts returned to "normal" levels Refer, for enxample, to relevant
issues of the F'AD Rice Report for these and related data
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a virus of Latin America-~with symptoms like the stripe disease of Japan--which first

L. caused substartial losses 1n Venezuela in 1956 and in Colombia itself in 1956 and

1957 lﬁ;ﬁorresponﬂxngiy, the initial objectives of the research program included varie-
tal selection and breeding for higher yields and resistance to the hoja blanca virus

Rice varieties with rvesistance characteristics were collected throughout Colom-
bia as a first step, in addition, 7,200 varieties were selected and 1wported from the
U5 Department of Apriculture’s World Collection of Rice 1n Beltsville, Maryland By
1959 about 400 of these varieties had shown promising resistance to the virus 13 Be~
cause they were mainly japonica varieties previously not consumed 1n Colombia, the re-
search program adopted an objective of breeding the virus resistance of jJaponica into
the local long-grain varieties 14 It was estimated that this objective might be satis-
fred 1n four to five vears As an interim measure, Gulfrose, the one superior-yielding
U5 wvariety which had shown some virus resistance, was multiplied and released in
1961

The first improved variety, Napal, to be produced by the Colombian research
program was dcrtually released in 1963 or just four wveam after the prepram began HNaw
pal had the long-grain characteristics of Bluebomnet 50, the most prefzrred non -

12
traditional ariety, but was resistant to hoja blanca = Unfortunately, Napal was sub-

i

Jected to a heavy attack of Bruzons (rice blast disease) i1n 1965 and thereafter dis-

appesred from commercial production  In the same vyear, Tapuripa, earlier imported

- e R T s

1478 H Ou, Pice_Diseases (Englani Comronweslth Mycological Imstitute, 1?F2j,pp 28-33
Apparently, the attack was least severe where tn~ Golombian red rice was grown, sSee
Philippe Leurquin, "Bice in Colombia A Csce Studv in Agricultural Development," Food
Resegrch Tnstitute Studies, Vol VI, No 7 (1967}, p 231

1}/ The mezns by which the diseage was transmitted were not identified with the in-
sect, Sepotodes, until 1958

14/ Chewical control of the virus proved somewhat effective-=-but very expenstive--among
parti21ly resistant varieties, see G F Calvez, "lloja Blanca Disease of Fice," The
Virss Diseases of the Rire Plant (Baltimore Johns Hopkins Press, 1968),pp 35-49

18/Bluebonret 50 was fii1st imported to Colombia in 1954  The history of 1ts introduc-
tion and rapid adoption is discussed by Leurquin, op cit , pp 250 end 251



&
from Surinam, was multiplied and dittributed to farmers as an aslternative to Blue -

~ bonnet 50 and Gulfrose It was long-grained and flinty with some resistance to blast

disease and hola blanca

In 1966 the Colombian rice research preogram added an objective which reflected

e

ieads of the Imternational Rice Research Institute (IRRI) to develop dwerf varieties
with a high grain-to-straw ratio and resistance to lodging  About 3,000 additional
varieties were imported from IRRI, and an order went out to retain only those varie-
ties already in tue Colombian collection which outyielded the post prevalent local
variety by 100 per cent

A year later {(in 1967), ICA's program joined forces with the rice program of
the Irternational Center for Tropical Agriculture (CIAT)  Personnel, facilities,
budgetary resources, and objectives were shared under informal agreements between the
two institutions  These had the effect of reinforcing the ties of the Colowblan pro-
gram with IRRI as the head of CIAT's rice work had sersedlen IRRI's staff

In 1968, CIAT and ICA introduced IR-8 Its adoption advanced well even though
the madium-type chalky grain sold generally at a 30 per cent discount; and showed sus~
ceptibility to biast disgease TE~8 did prove resistant to hoja blanca TFollowing
strong cermercial trade i1otevest, CIAT and TCA also introduced IR-2Z inm 1970 and re-
commended it to farmers 1w 1vrigated tropicel areas

Between 1966 and 1970, ILA released :independently only one additional rice va-
rigty, 104-10 It never assumed any commercial imporidnce, howewver, because 1is yields
were {nferior to the IRRI var:eties --while being superior and/or less variahie than
either Gulfrose or Napal- and 1ts grain quality was less desivable thon Tapuripas

- In 1971, CIAT and ICA released the CIuA-4 variety It was more disease-resistant

and had gieater water gnd arr temperature adaptability, good groin asppearance and cook-
ing qualities, #nd slightly superior yields  Simultanesusly, CICA-4 appeared 1n Ecua-
dor as WLAP-6, in the Dominican Republic as Acvance 72, and in Pera urder the name of

Hylamp



Yields recorded in commercial fiedd trials of the seven major rice varieties released
@

by the Colombian and joint CIAT-ICA program after 1957 are shown in Table 1, together with

‘data obtained from the same source on yvields of the chack variety Bluebonnet 50  The 665

irdavsidual trials which are the basis for these yield statistics include all that are avail-
able for the iSwyear perwod, 1957-1971 It should be mentioned that WA's commercial

trials or pruebas regionales are conducted on parcels of commercial farms which sgree to

=eollabor‘ate with the Institute's programs Farmers run the trials, but materials and ins-
rructiong are prpvided by ICA "

The three rice varieties relessed prior to 1%06 show average yields {n these dats
of 4 1 metric tons per hectare representing a yield advantage over Blusbonnet 50 of about
33 per cent  Varjeties introduced after 1966, including ICA-10, just double that yield
advsntage bringing it to 65 per cent above Bllebonnet 50
i In view of these yleld data, 1t 18 i1nteresting te ncreoin Table 2 that the grsa plan-
ted to {fmproved rice varieties did not become a gignificant proportion oif all riceland une-
til the second, or post-1966, stage of the research program Dara in the table on the
patcentage of zZcreage sown to a given varievy were estimated in the followipng way First,
asrsr1lable infoxmation on sales &f certified seeds by variety were converted (o hectare
equivalents by dividing by estimates of seeding ra~es prorided by ICA's Direcior of {ts
National Rice Progwam  Second, lacking data on farm-produced seeds of the improved var-
ities, 1t was assumed that the proportion of all acresage plantad to certified seeds of
any veriety widg equal to the proportior planted to later generation secds profaced oute
side ths seed multiplication snd certification program This estimating procadure was
follewed here, as well as in the cases ol wheat and soyhears, to estimate total arsa
plantzd te improved secds because 1t preduced the si&plest and "best fit" betwesen avail~
‘zble data on certified seed <ales and "expert opinion "

In order Lo estimate the shift parameter of eech mew saricty--1ts vield sdrsantage

over Baehonnet 50--productlon functions were f1t to the pruebas region:les dsta usirg




TARLE 1

Colombia Average Rice Yie:ds From Commercial Trials by Variety

1339-1971
Variety
Year Eluebonet
50 Gulfrose Hapal Tapurina ICA=1C TR TE=22 CICA=Y
kilos per hecrare

1959 1,927 a/

1860

1961 2,893 3,071

1962 2,967 4,065

1663 3,875 5,391 4,420

1964 4,336 4,138 5,166

1965 3,462 2,739 4,343

1566 1,580 2,436 3,645

1967 2,893 2,680 4,707 6,098

1968 3,208 5,356 4,600 4 789 5,890

1969 3.544 5,110 4,625 5,450

1970 3,339 4,500 3,852 5,180 5,420 6,125
1571 3,164 3,610 4 234 4,748 5,080 4,600
Aversge 3,089 3,880 4,344 4,025 4,441 5,473 5,250 2,362

j

a/ Blanks indscate no regional trials were unoercaken
Source Jorge Ardila, "Rentzbilidad Socizl de las Inversiomnes e Investigacién de Arroz en Colombia"
{(unpublished M 8 'Thesis, ICA/National Umiversity (raduate Scnocl, Dogora, 1572) Tenvle &



TABLE 2

Colombia Land Area Planted to 5ix Improved Varieties of Rice as a Percentage

of the Toral Area Planted in Rice .
1964-3973
All
Variety improved
Year Napal |  Tapuripa | ICA-10 | IR-8 | 1R-22 |  CICA=4 varieties
per cent
1964 25 af 25
1965 21 21
1966 01 01
1967 32 01 33
1968 21 2 06 g3 22 1
1969 18 O 05 37 22 2
1870 12 4 02 18 2 30 8
1871 6 9 21 1 31 5 0 41 1
172 18 9 101 18 3 47 3
1973 20 1 24 3 12 6 57 0

a/ Blanks indicate less than 0 1 percent

Spurces

Jorge Ardila, "Rentab.lidad Social de las Inversiomes en Investigacid~ de Arroz en Colombia"
{(unpublished ¥ S Thesis, ICA/National Unaversity Graduate School, Bogota, 1873}, Table 11
for the years 1964-1971, also, after 1971, ICA, Pirector of the National Pice Program
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standard least-squares procedures In the final round of estimation, reported yields
{kilos per hectars) were taken as a function of 20 variables size of the trial ploet,
sepding rate, 7 seed wvariety variables, 2 variables to distinguish different time pe-
riods, 4 variables relating to irrigation and [ts interaitions with seed variety, and
5 variables to differentiale locations and their interactions with variety Only the
first two of these variables entered a5 continuous arguments  Other continuous varia-
bles {relating particularly to “cultural practices") were either discarded or respeci-
fied 1n noncontinuous form in the final results presented in Table 3

Because GICA~4 was taken as the check variety, the estimated coefficients on
the variety variables are to be interpreted as their "yleld disadvantage” in kilos per
hectare compared with CIAT-4  On interpreting results this way, it Is evident that
the Colombian rice research program has produced thiongh time continuous and gubgtan=
ti1al 1mprovements in yields  Again, the superiority of the varieties released after
1966 1g evaidenced

The large and significant coefficient on the variable adjusting for the loca-

tion of the pruyebas regionnles 1ndicates that the yield advantage of some locations
is 1 2 tons  This location effect appears to be somewhat larger foir the Napal Gulf-

rose, and IR-8 varieties since the location-variety intevaction variables for those

16/
var{zries are positive The fact that the corresponding inkeraction term is negative

and about equzl to 1 2 tors in the case of CICA-4 Jeads to a comclusion that 1t {s

the only variety which 18 less locarion specific

)

i
Fesults saggest, however, that vields of CICA-4, as well as those of IR-8

and IF-22, are very pesitively inEluenced by irrigation The coefficient on the
irrigation variable indicates that yields of all varieties arve increased by about
1 2 tons with average i1rrigation practices Roughly another ton i= added on top of

this when irrigation 1s applied to IR-8, IR-22, or CICA-4 as indicsted hy the .

16/ the location variable assumed a value of oae when a rrial fell fnto areas which
voul 1 be classafied as tropical dry forest, subtropical humid foresy, or very dry tro-
pical foresi, and zero otherwise This classification was suggerted by the Director
of (A's ¥ jiaral Rpce Program
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coefficients on the variables of interaction of those varieties with lrrigation This
evidence from Lhe production functions,coupled with data which show that drylsnd rice
yvields increased 7 per c¢ent during the 1961-1972 period while those of irrigated rice
increased 133 per cent, li}ieads to an Inference that the newer variet:zes have benefit-
ted mainly the rrrigatedc fice: areas,.The other side of the same coin, of course, is o/
that adoption of improved varieties was assisted by the existence of frrigated crpplandé_

Most of ICA's research has been focused on the i1rrigated rice areas Its lar~
gest programs have been located at the Palmira and Lspinal experiment stations  While
about 75 per cent of all riceland 18 {irrigated today (1974) in Colombia, almost 100

per cent has been trad:tionally {rrigated within the areas served by Palmira and Espi-

nal lE;Underscorlng this point L8 tHd'fact that 84 per cent of the pruebas regionales

were performed with {rrigation Also, among the 48 locations used for experimentation,
upland rice trials were the only type performed 1n 14 locat:ions while 30 were used only
for trials with irrigation This emphasis on the i1rrigated areas may have been ian -
duced by expectations of the sort of variety-irrigation interactions found in the re-
gression results More plausible is the common-sensical explanation that ICA's cre-~
ditability woald have been seriously threatenad had 1f not produced varieties which
yielded well in the irrigated areas of Colombia since the controlliag irterests of the

rice growers and commercial trade are found there 20/

BT mE e e e WS el TR W AN e Re Al e W e e W TR M Ty e T M D AR W W e

17/ FEUFARROZ, Irfprme de Gerencia al XIIT Congresc Nacignal, Bogotd, Colombia,
1971, p 32

%

!/ In 1948 Raul Varels Martfner, Industria v Comercio de Arror en Colombig {Rogerl
Mintsterio de Agricultural y Ganaderfa),p 15 estimated that 18 per cent of all
riceland wis irrigated and 16 per cent was partly irrigated By 1974, 1t is es=-
timated that the per.cent of riceland irrigated had increased to about 75 per cent

].—-n

19/ See, for emample, Leurquin, op cit , Tables 5 and 11
206/ The excepiion to this procedure was taken in estimiting CICA-4's yield advantage

since, given the specification of the regression, the yield advantage of CICA-4
equals simply the negative value of the coefficient on  vbonnet 50
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TABLE 3

Colombia Production Function Estimates for Rice
Based on Commercial Trial Data, 1957-1972

Fstimated Estimated
Independent variable copefficient statistics
1 Size of trial plot - 015 -2 30
2 Seeding rate 2 46 1 58
3 Bluebomnet 50 -1,609 66 - 3 45
4 Gulfrose ~1,486 56 ~ 13
5 Napal -1,742 79 - 183
6 Tapuripa - 884 31 - 1 80
7 ICA-10 - 536 $3 - 113
8 TR-8 - 798 97 - 1 54
9 IR-22 - 589 97 - 072
3 10 Irrigation 1,220 20 5 B4
11 Irrigation * ITR~-8 interaction 1,278 09 32t
12 Irvrigation ¥ IR-22 interaction 700 44 0 89
13 Itrigation * CICA~4 interaction 1,061 87 211
14 Location 1,185 26 712
15 Location *Gulfrose interaction 991 98 Q0 94
16 Location *Napal interaction 940 33 1 0%
17 lLocation *IR~8 interaction 428 22 1 24
18 Location *TICA-4 interaction ~1,340 16 -3 14
J19 Time 1 1,228 03 6 74
26 Time TX -~ 509 78 - 220
) Irtercept 2 (28 30 3 b4
R2 w067 n = 665

Source Jorge Ardila,Rentabilidad Social de las Inversionmes en Inve tipacidn de Arroz
en Colombia" (Unpublished M § Thesis ,ICA/National Unlversity Graduate School,
Bogotf, 1973), Table 1%
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Pegression results were used to produce one estimate of the overall shift para-
meter--the percentage change in rice supply attributable to the yield adventage of
’ail the improved varieties over Bluebonnet 50 It was estimated 2s a weighted sum--
-divided by average commercial yields--of the regression coefficient of each improved
variety minus the coefficient corresponding to Bluebonnet 50, with weights equaling
the percentage of all rice-~lind plantedd which was sown in each varilety £ Thi= esti-
mate is shown in column 2 of Table 4, along with the "simple' estimate of the yield
advarrage of the improved varieties (shown in column 1 of the table) which i{s based
only on the average annual yield data for each variety obtained in the pruebas regio-
nales and already presented in Table 1 2

The fact the the simple estimates of the shift parameter exceed the estimates
which incliude just varietal effects from the regression 18 consistent with the finding
that only the improved varieties of rice interacted with other variables of the pro-
“duction function  Since those interactions were on balance positive and are included

.iﬁ the simple estimate but not in the varietal-effects estimate, the former overstates
the shift parameter by as much as 7 percentage points

The simple and varietal-effects estimates were cowbined with assumed values of
the price elasticities of supply and demand to provide upper and lower bound estimates

23
of gross social benefits of the new seed varieties for the period 1364w3971 = Values

21/ The ewieptior to this proceduras was taken in estimating CICA=4's vield advantage
sinee, igaven the specificsiion of the regression, the yield advantage of CIAT-4 equals
simply the negative vslue of the coefficient on Blucbonnet 50 ;
22/ Tre varieral effacce estinate shoun here cvidences lower values for the shift para-
meteres than the source (Ardila, op eit , fables 17 and ?0) by reason principally of the
omission here of adjustments for "time " Ardila origimally added to the yreld differen-
lials estimatad from the proouction functions appropriate values of the coefficients

on the time varisbles i1n each year Since those coefficients are on net strongly po-
sitive for the 1964-1971 period, the effect was to increase estimated values of the
shift parapeters

23/ Caleulations based on the varieral effects plus interaction effects shaft parameters
are not included here but can be ipspected in Ardila, op cit , Table 27



TARLE 4

Colombia Alternative Values of the Supply Shift Paraneter
for Rice Attributable to Improved Varieties, 196441971

i i Estimate
Varietal
. Year Simple effects
1 )
percént
1964 1 G5 -0 16
1965 101 -0 15
1966 0 13 ¢ 03
1967 -0 17 147
1968 10 89 573
1969 12 81 5 28
1970 14 8% 7 42
1971 15 96 10 38

Source Based on Jorge Ardila,”Rentabilidad Social de
l1as Inversiones en Investigacibn de Arroz en Coe
lombia" (unpublished M & thesis,ICA/kational
Untiversity Graduate School, Bogota,1973), Tables
5, 11, 12, 13, 17, and 20

14
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considered for the price elasticities of supply were U, ¢ 2347, and infinity, the inter-

244

medtate value being derived from the only supply study available for Colombian rice,™
i

fvalues considered for the price elasticity of demand were -0 5, -1 372, and -2 O, the

25/
“inkteymed{ate value agsin having beep eatimated in another study Maximum gross benefits

resulted from using the simple estimates of the shift parameter and price elasticities
of demand and supply, respectively, of -0 5 and O, minumum benefits correspond to price
elasticities of demand and supply of -2 0 and infinity and the varjetal-effects estimate
of the supply shift parameter Both estimates of benefits are shown in Table 5 for the
1964-1971 perioed

Costs of the research program for the same period, also shown 1n Table 5, include
direct costs, indirect costs, and complementary costs, definitions given these terms
being those earlier used by Ardite géjﬁxrect costs of the rice program were availsable
only after 1964  For this reason available cost data were regressed on the number of
‘ewployees assigned to the rice program and ICA's total expenses for all research programs,
the resulting regression coefficients and available data on the two independent variables
of rhe regression were then used to estimate the direct cost data for the missing years,
1937-1965 Complementary costs associated with the new program--those tf {ngurred with
other cdlaborating programs--were estimated for this study by the Director of the Natio-
nal Rice Program  Included were costs #ssociated with the entomolegy, plant physiology,
plant pathelogy, soils, and extension programs Indirect costs were taken to include
staft trainlng cests, gzépporﬁunity coste of the services of fixed capital and land, ma-

nagement costs, and the costs of "international cooperation” including a prorpted share

24/ Nestor Gutierrez and Reed Hertford, Uni Evaluacisn de la Inrervencibn del Gobierno
en el Mercade de Arroz en Colombia, Folleto T&enico No 4 (Colombia Centro Internagcional
e Agricultura Tropical, 1974), Table 3

25/ Ibid , Table 4

26/ Ardito, op cir

27/ One staff member of the rice program was trained _hrough the Ph N sand four others
were trained threough the M S Costs of traiming personne! of the Nation:l Federation of
Rice Growers at the National University/ICA Graduate School were also 1ncluded
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TABLE 5

Estimated Denefits and Costs of

the Rice Reseaich Program, 1957-1980

Egtimated henefits BEgtimated
Year Magimum Mindmum casts
1 2 3
- 1,000 (1958) pesos
1957 a/ 15
1958 193
1959 235
1960 286
1961 4259
1662 4],
1963 252
1964 3,733 - 563 445
1965 4,750 -~ 699 538
1966 553 127 519
1967 -~ B27 5,187 857
1968 61,659 27,291 937
1969 60,872 | 23,675 2,074
1970 69,444 27,883 2,779
1971 107,470 | 52,225 4,165 b/
19721980 107,543 52,225 4,202 ~

a/ Blanks indicate no benefits

b/ Figures for subsequent years were estimated by
assuming 4,202 grew 10 per cent anoually

Sources
Cols

Col 3

1 and ¢ Based on preceding tables

Jorge Ardila, "Renrabilidad Social

de las Inversiones en Investigacién

de Arroz en Colombia® (unpublished

M 5 thesis, ICA/National University
Graduate School, Bogota, 1973), Tables

44 and 46

16
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of personnel costs of Rockefeller Foundation staff stationed in Colombia from 1958
through 1968 and, most impqrtantly, the total costs of the CIAY rice program from
¢ 1969 ro 1972 estimated by the head of that program This latter item was the major
« cost The simple sum of total cests for the 19537-1971 period equalad i4 2 million
1958 pesos, and the costs of international cooperation were calculated at 5 0 million
pesos or 35 per cent of the total g§jﬁ11 costs for the rice program in 1971 repre =

+  sented about 12 per cent of ICA's total expenses for research

Recogniring that the current stock of new varjeties will continue to produce

into the future, costs and benefits of the Lolombian rice program were projected for-
ward for nine yvears to 1980 using assumptions, when necessary, which would biazs down-
ward the estimale of internal rates of return On the cost side, for exomple, it was
assumed that the real value of the cooperative CIAT«~JCA rice program would increase at

a rate of about 10 per cent per year, primarily on the grounds that programs which are

29f i

- relatively new and reputedly successful tend teo grow' =~ On the side pf the projection
of gross benefits, 1t wis assumed that the value of production during the 1972-1980 pew
riod will average 581 mlillion pesos, 8 sumwhich equals the value of the rather pood

1971 exop (1n 19538 pescs), that the adoptien rate of the new r.ce varieties after 1973

ao/
will stabilize alL the estimated 1973 level of 537 per cent,  that the per cent of ricew

land planted to IR-8 will trend downwerd linearly to 0 by 1980, that the percentages

28/ Costs of international cooperation are still probably understated since benefits
derived from the "capital stoek' of IBRI and cther i1nmstitutionsz have not been charged
to the Colombian program  More 18 said about this elsewhere in this paper

LY
29/ Since this assemption was made, ICA's budget has beer severely cut and chars rice
program has been phased down Nopetheless, we hold to the i1n:itial assumption in order
not to overstate the final estimate of the internal rate of return

«39/ This~is a more modsrate assumption than that caused by Ardila, op cit , Table 35
who_-agsumed that the percentage of area <own In improved rice would fall between 72 per
cent and 84 per cent by 1980 The data of the U 5§ Department of Agriculture, Economic
Pesearch Service, Development and Spread of Hiph-Yielding Var;eties of Wheat and Rice
in the Less Developed NWations, FARR Neo 95, 1974, Table 38, indiciting that adoption
rates 1n the Philippines, Malaysia, and Indin are toppiny out atirates welllunder 60 perx
cent, plus the analysis by Robert Lvenson, "The'Green Revelution' in Recent Development
Experience ,"Mmerican Journal of Apricultural Leonomics, VYol 56, No 2 (May ,1974) ,pp
387-394, sugpest that the use of {mproved varietier may nrver reach 70 per cent in Co-
lombia and thai an assumption of 57 per cent is more conservative and probable
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of all riceland sown to IR~-22 and CICA~4 will be equal after 1%73, snd that the in -
crease in the shift parameter these assumpbions wouid {mply will about equal increse

ges in comnercial yields over the period 1971~1980 7
The resulting internal rate of return corresponding to the stream of maximum

gross benefits was found to be 82 3 per ceut, the rate estimated on the basis of the

a2/

minlmum gross benefits stream was 60 1 per cent

33/
COTLGN

Cotton has turned in a striking growth performance i1n Colombia  Since the mid-
1930's, yields have about quadrupled~-in fact, their pattern of change has been brpadly
similar te that of the United States Currently, Colombian cotton yields are compar-
able to U S yields and roughly twice 88 high as average yields for all South America
(Table 6) In an earlier comparative analysis of changes in cotton yields, it wag con-

cluded that Colombia ranked fgpurth in' yleld increases in the 1950-1960 period smong

34
those 24 countries of the world which produced 97 per cent of all cotton in 1960 34/

Production after the mid-1930's increased at least 15 times o1 from asbout 30,000

bales i1n 1937-38 to over 500,000 bales in the esarly 1970's 33/

e e T T T

31/ The increases in yields would be 14 and 11 per cent, vespectively, for the maximum
and mynimum values of the shift parameters

3%/ Ardila, op cit , placed 2 range on the inteinal vate of return of 53 0 to 53 4
per cent  The mianimum (and the wmaximum) reported here would have been lower and lower
that Ardila's cstimates had the additional costs of the new varieties to farmers been
netted out of "gross benefits™ Data on those costs were simply judged to be too weak
te i1nclude, however

33/ This section 18 based largely on the work by Andiéc Rocha, "Evaluaciénikconomica
de la Investigacibn sobre Variedades Mcioradas de Aldogén en Colombia" (unpublished
M 5 thesis, ICA/National Umiversity Graduate School, Bogota’, 1972)

34/ Leurquin, "Cotton Crowing 1n Colombia Achievements and Uncertaintles,”Fpod Research
institute Studies, Vol VI, No 2 (1966}, p 145

33/ These and other production and trade datas cited in this section were obtained from
the relevant number of Cotton-World Statistics published by the Secretariat of the In-
ternational Cotton Advisory Committee, Washington, D C




TABLE &

Comparative Cotton Yield Statistics
1934-35/1938+39 to 1973-74

19

!;lni%:ed South
Colombia Lates America
Year All ecrops Cotton
1 2 ! 3 { 4
index ounds per acre

1934-35 to -

1938-39 a8/ 133 212 181
1947 -48 100 152 267 163
1950=51 115 167 269 175
1951 ~52 102 150 269 203
1852-53 109 227 280 197
195354 119 317 324 212
195657 143 319 409 178
1859-60 152 317 462 207
1962~63 176 398 457 231
136566 158 352 526 244
1966-67 164 470 480 232
1%967-68 176 516 447 267
1970-71 463 437 222
1973-7&£f 470 519 249

_8/ Blanks indicate no data available
b/ Preliminary

Sources
Col 1

Col 2-4

U 8§ Department of Agriculture, Economic Research bervice,

Changes in Apricultural Production and Technology in Colombia,

FAER No 52, 1969, Teble 30

Secretariat, International Cotton Advisory Committee, Cotton-

World Statistics {(Washingten, D C ), various 1ssues
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Yields and production advanced most rapidly in two different but not widely sepa-
rated periods of time 1951-1954 and 1957-1959  Yields about doubled in the f£irst period
Although they did increase in the second, production evidenced a much larger increase of
167 per cent Developments in both periods appear to have been the direct result of
changes in government policies

The first period of rapid development followed the reopening of the Colomblan Mi=-
nistry of Agriculture in 1948 and new policy pronouncements emphasizing the need to subs-
titute imports of food and fibers with local production In the case of cotton, this in-
volved some protection--notably a requirement that the textile industry consume stated
allotments of national cotton--which resulted in an 82 per cent increase In the farm
price between 1948 and 1951 aﬁ/When the local texti{le industry was faced with the pros-
pect of consuming larger quantities of national cotton, it promoted the establiishment,
in 1948, of the Cotton Development Institute (IFA) to improve the quality and unifore
mity of local cotton through research and the control of ginaning él/IFﬁ, eventually &
govermment institute with 1ts own budget, slsoc assumed responsibilities for cotton ex-
tension, seed distribution, and credit

The second surge in production,occurcing at the end of the 1950's, paralleled
changes in exchange policies  The offfci{al exchange rate (n Colombia was 2 5 pesos
per U S dollar from 1951 through May, 1957 The {ree rate was 3.0 to 3 5 pesos through
1954 and then edged up to & 9 pesos by mid«1957 On June 18, 1957, the official rate
wag increased to 7 6 pesos  Through the 1951-1957 period, the Colombian textile indus-
try was permitted to import raw cotton and capital items at the official exc@ange rate
As & result, fmports steadily built up te a level of 77,000 bales in 1957, production
stood at 95,000 bales in that same year In 1958, following reforms, production jumped
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36/ U S Department of Agriculture, Economic Research Service, Changes in Agricultural
Production and Technology in Colombia, FAER No 52, 1969, p 76 In the sams source it
1s shown that the price of rice rose 41 perccent, and the price of pugarcane rose 49
per cent Pice and sugarcane compete with cotton for the same farmlands in many areas
of Colomhia

37/ Leurquin, "Cotton Growing in Colombia, « pp 158 and 159
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to 220,000 bales and, in 1959, reached 256,000 bales Imports fell to 36,000 bales in
1958 and to slightly less than 2,000 bales in 1959, at which time Colombia also showed

‘1ts first exportable surplus of cotton in several decades During the early 1960's,
- exports averaged abput 100,000 bales and by 1968 had reached a level of almost 300,000
bales
As producers of cotton attained national prominence and power for satisfying do-
mestic consumption and exporting & growing surplus, the National Federation of Cotton
Growars (FNA) began to abgsorb IFA'a functions In 1968, IFA was dissolved completely,
and its research and extension activities were passed on Lo the ICA  Others of its
activities were absorbed by the Ministry of Agriculture
IFA's inheritance was meager when it assumed responsibilities for organized
cotton research in 1948  On the advice of an English misafon, some cotton research
was begun in the Cauca Valley in 1928 but was later suspended when attention there
turned to the prospects for sugarcane research by a visiting mission from Puerto Rico
. Some research was established later (1934) in Armero, State of Tolima, to introduce
and test U 5 Uplands and some Pervuvian varieties  Most propress, however, up until
1948 had been made in improving the perennial tree cotton A station near Bairan -
guilla on the north eceast is reported te have opbtained vields of 330-400 kilos per hec-
tare or at least twice the then prevailing average yield §§jﬂanethe163$, one of the
firat things IFA did was to close that statibn as the quality of the tres cotton was
conaidered inferi{or to imported cotton and tree cotton had become infested with dis«
eases which threatened the intreduction of annual varieties .
From the beginning, the Institute's gole research objiective was the i;treductioﬁ,
testing, and manipulation of improved U S cotteon varieties No sttempt was made to
fgreduce a national variety until 1961, and that effort appears to have languished un-
til IFA’s research was absorbed by ICA in 1968
ICA stated the first objective of its cotton research program to coincide iden-

tically with IFA's but added a second objective--the development of # national cotton

variety through selection and hybridizacion  ICA also improved the design of research,



expanded experimentation beyond the three locations used by IFA (at Buga, Espinal and

Codazzi), and undertook more trials on a commercial scale as pruebas regionales

” Actually the first U S cotton variety was introduced into Colombia well before
the establishment of IFA Deltapine 12 was imported by cotton producers in 1941 and
came into general use in Tolima State during the 1940's  The year before, a Brazilian
variety had been introduced, Expresso do Brazll, it likewise gained acceptance in To-
lima during the 1940's  In the late 1940's and the 1950's, Delitapine 15, Earlystaple,
Coker 124, and Deltapine Smeothlead were introduced  Fhese so-called "T" type cottons
came to account for abeout 93 per cent of all cotton production by 1939, Deltapine was
certainly the most important among them  Another & per cent of production, mostly in
the Cauca,Valley, was a longer, finer "V" type cotton, The remainder was "L" type
tree cotton from the north coast and a short, staple length "S" type cotton (Lengupa)
from Peru iﬂanr 1961-62, IFA reported data showing that 92 per cent of all production

. was from the Deltapine [5 variety, 5 per cent from Coker 124, and the balance from Del-

tapine Smoothleaf, Deltapine 16, tree cotton, Lengupa, Delfos, Plains, and unspecified

varieties By 1971, Deltapine 15 was no longer in use but Deltapine 16 accounted

for 42 per cent of all cotton acreage and Deltapine Smoothleaf for 38 per cent, Acala

1517 BR-2 for 8 per cent, and Stoneville 213 for 8 per cent, with the remaining 4

41/

per cent being accounted for by Deltapine 45 and Coker 201
Because of the different nature of the cotton research program--namely, its em-
phasis on the selection and multiplication of promising U § varieties rather than on

the development of improved national varieties~--contributions of research te‘yield in-

§
creases and the gpecification of the shift parameter wers envisaged differently than

in the case of the Colombian rice program Specifically, the shif{t parameter was seen
*39/ U 5 Department of Agriculture, Foreign Agricultural Service, The Cotton Industry
of Colombia, FAS M-113, 1961, p 8

40/ Instituto de Fomento Algodonero, Colombia Su Desarrollo Agrfcola (Bogot#, Editorial
Andes, 1962), pp 51 and 52

41/ U S Department of Apriculture, Foreign Agricultural Service, Cotton in Colombia,
FAS.M 239, 1971, p 11
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to include three different factors

First, if the cotton program successfully encountered and releassed U S wvarieties
“which out-yielded the Deltapine 12 and Expresso do Brazilvarieties in general use when
IFA was established, there would have occurred amc increase in yield--analagous to the

shift parameter defined for rice--and equal in a given year to

o (R4, - Ry ;
b\ T m
t
where
Rdi = yield of the ith {improved variety
911 = percentage of cotton land planted to the ith variety
R, = average yield for Deltapine 12 and Expresso varieties
and

R = average commercial yield of al]l cotton
A second element to consider would be the change in vields which would have occur-
red had new varieties been introduced and diffused by farmers in the abasence of an or-

ganized research establishment, § e |

ET — ] Fay, (3>

vherse P2 is the per cent which would have been planted in the 1th cotton variety This

i
expression would be subtracted from (2) in calcularing the net shift parametet attri-
butable in a given year to the cotton research program It was hyphesized that (3)
~ould be positive valued in view of certsin characterietics of the Colembian cotton
industry For example, the demand curve facing producers has been hiphly elastic be-

cruse of the existence of an export market  Alse, Colombian cotton production appears

to have been concentrated in the hands of a small group of farmers As of 1958, 422
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42/
farmers accounted for 61 per cent of total production,” in 1967, 343 producers were

reported to have asccounted for 40 per cent of all output él{The elastic demand curve
would have served as i{nsurance to individual innovators that prices and profits would
not be eroded from Increased production brought about by fhe diffusion of their inno-
vations Also, because the industry was one of a few large farmers, 1t is more pro-
bable that a single individual or small group could have anticipated large enocugh re-
wards Erom search and research efforts to justify undertaking them

A third and final facter to be counsidered in the specification of the shift para~
weter is the vield change which might have heen bypught about through the introduction

by uncrganized research efforts of varieties different from those ohserved to have been

in use This yield change can be expressed as

F3i’ (4)

where P3i denotes the adoption rate of the ith improved variety not currently in use,
all other variables are defined as sbove This factor, 1like {(3), would be subtracted
from (2) in the complete specification of the shift parameter (k) 1n any giwven yeasr,

ie,

n R - R m R - R
. \ i a (?il - 92 y - 23 di # z (3)
! Rt t ntl i:it 31
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42/ Idem, The Cotton Industry of Colombia, p 9 H
2

43/ U S Department of Agriculture, Lconomic Research Service, Agricultural Production
and Trade of Colomhla, TRS.Foreign 343, 1973, p 3% It is interesting to note that,
at prevailing average vyields, this would have Implied that ecach large cotton producer
mas harvesting about 530 acres, given total production For Colombia of 465,000 bales
in 1967 The data for 1958 imply that each of the 422 farmers was harvesting in that
year only about 200 acres of cotton, suggesting that large cotton producers were major
coutributors to the increase in production which occurred between 1958 and 1967
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It was assumed that the last element considered, (4), would be 80 small that it

could be neglected This was equivalent to assuming that the organized research efforts

'Y

of IFA and ICA left no stones unturned that woudd have been by the less organized, inde~-
- pendent efforts of individual farmers

Note that what is then left in (53), namely,

n gdi - Ra

k=7, - G (5')
E

¢ould be zero valued in either of two circumstances (&) 1f (Rdi - Ra) were negatively

corcvelated with (Pii - pZi) or (b) if R , were equal for all varieties (although

d
greater than R,) since Sum (Pli - PEi} = (0 by definition

The first of theae two possibilities requires that farmers undertaking research
independently would have been more effective {n securing the adoption of the higher
yielding, improved varieties then IFA and ICA  That, in turn, would require: thsat
farmers would have been move effective at identifying new varieties, importing them
into the country, testing them, multiplying the most promising types, and releasing
them to fellow farmers  Both organizations of research might have been equally fast
testers of new imported varieties But Is has already Leen assumed that IFA and ICA
were ag efficient at identifying new varieties as individual farmers would have been
Further, because of their "official” status, the two institutes probably were able to
import new varieties more easily and rapidly into Colombis, likewise, they were able
to erercise absolute control over the distribution of improved seeds &éjfhus, it
seems unlikely that a farmer-based research effort would have cutperformed ifA and
ICA and that the shilt parameter in (5') bave been zero valucd in any vear as a result

45/
. of a negarive correlation bstwesn (Rd —

G A e R W W S AR W R MR e W R e e e

- Rﬁj and (Pli - )

} 21

44/ TFA controiled all cotton gins

45/ Wote however, that one of the implications is that it was the special privileges and
franchises TFA and ICA possessed as official government sgencies--not "pure differences”
1n the organizstion of research--which lead to this conclusion
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That the shift parameter in (5') might also be zero valued if yields of {mproved
varieties were cqual can be understood intuitively in the following terms IFA's
and ICA's programs were founded on a premise that yield differences existed among fm-
proved U 5 gotton varifeties when cultivated in Celombla A claim was made that it
would be worthwhile to ldentify the value of these differences and key programs of
seed multiplication and distribution on them in order to increase any positive corre-
lation between (Ry; = R&) and (Pii - ?21) in {3'y If, on the other hand, vields of
all ¥ S wariet:es harvested in Ceiombi; were equdl, then there would be no payoff to
a program of varietal selection and distribution Any farmer individually could im-
port a variety of U 5 cotton selected at random and hope feo cobtain s good results
as he would have obtalned through an organized program of research like IFA's and

46/
ICATs

In order to explore this possibility more carefully, all avallable data were
obtained on the IFA and ICA commexcial trials which were comparable in design to those
earlier rezported for rice The trials covered the perfod 1953-1972 and i1ncluded 523
individual experiments  They are summarized in Table 7 which presents mean values of
yields obtained for each of 10 cotton varieties  Additional trial datca were destroyed
when IFA's research was absorbed by ICA  Presumably they included information on the
two check varieties, Deltapine 12 and Txpresso deo Brazil

It 18 evident from the data of Table 7 that gross differences in vields are
not appreciable and that it would be difficult to reject the hypothesis that they were
all, in fact, equal For this reason a more refined test was made by estiméting pro~

duction functions from the trial data In the final round of estimates, 23 variables

P A A AR W W W e W W D e e e g AW e

46/ Thezre is apother instance in which the IFA and ICA type of program would not pay,
namely, vhen the distribution of yields by variety i{s the same in the United States
and Colombia



TABLE 7

Colombia Average Yields of Seed Cotton by Varlety Obtained from Commercial Trials
Conducted in the 1953=~1972 Period

Number of
Yariety observations Yield
i kilos per hectare
Deltapine 15 153 ‘ 2,312
Deltapine Smoothleaf 71 | 2,369
Stardel 18 2,296
Stonville 213 39 2,375
Coker 124 B 12 2,634
Acala BR-2 48 2,287
Deltapine 45 3 2,693
Deltapine 45 A 40 2,575
Deltapine 16 42 2,457
Caoker 201 27 2,568
Total/average &/ 523 2,366

a/ Excludes 24 trials on other varieties

Source Andrés Rocha, "Evaluacién Economica de la Investigacion sobre Variedades
Mejoradas de Algodon en Colombia" (unpublished M S thesis, ICA/National
University Graduate School, Bogota, 1972), Table 10

Ay
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Production Function Estimates for Cotton Based on Commercial
Trial Data, 1953-1972

Estimated Estimated standard

Independent wvarisble coefficient error of coefficient
1 Nitrogen 2 58 0 53
2 Irrigation 606 56 48 71
3 Parcel type 471 41 61 41
4 Rain deficiency ~1,150 22 47 60
5 Stardel 241,43 89 09
6 Coker 124 B 214 75 109 08
7 Alcala BR2 -331 64 59 23
8 lLocation 1 381 53 88 86
9  lLocation 2 189 13 80 78
10 Location 3 600 73 9% 34
11 Location 4 1,094 14 149 39
12 Location 5 349 18 91 05
13 Lecation 6 -649 88 116 d8
14 Llocation 7 ~408 99 181 04
15 lLocation 8 991 48 71 77
16 Location 9 408 49 62 74
17 Locatrion 10 1,167 86 77 85
18 1953 -218 53 10679
19 1934 -268 237 8L 12
20 1967 =428 55 156,78«
21 1970 363 15 61 72
22 1971 356 96 70 66
23 1972 452 88 75 20

Intercept 2,081 20 ¢ Unavailable

R% = 0 82 n523

Source Andres Rocha,"Evaluad
Mejoradas de Algedon en Colem

lon Economica de 1a Investigacion sobre Variedades

bia' (unpublished M 8 rhesis,IC

Graduate School, Bogota, 1972),Table 3

A/National University
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entered the regression, their estimated ceoefficients and related statistics are shown
in Table 8 The first variable measures the quantity of nitrogen applied per hectare,
the second indicates simply whether or not irrigation was applied, the third adjuscs
for the fact that some of the trials were undertaken on plots which were "small” by

pruebas repionales standards, the fourth is an index used by attending $ronomists for

the lack of rainfall, variables 9 through 17 adiust for bhhdoemiion of the experiments,
and 18 through 23 adjust results for abnoxmal years

Regression results indicated that only 3 varieties out of the 10 tested yields
significantly different from Deltapine 15 werew-~Stardel, Coker 124B, and Alcala BR-2,
in each case their adjusted yields were lower than Chose for Deltapine 15 and lower
by rather similar and "small"” amounts On the basis of these results, at is concluded
that no stgmficant, positive benefits were derived from the Colombian cotton research

47/
programs

48/
WHLAT .

: In'an earlier stpdy lofiproductadn tretlds.ofiiColombia’s major crops, it was
claimed that "the wheat situation in Colombia contains a number of paradoxes Despite

good experimental development and government programs to expand produciion, both acre=

149/
age and output have declined sharply in recent years ~  Other more refined data now
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47/This 15 not to deny the role of lmproved U 5 varieties in incressing Colombian cot-
toa yields There are several references te their importance in the available litera-
ture One of the strongest is International Bank {for Reconstruction and Development,
The Aprieunltural Development of Colombia (Washinpton,D C [1956),p 86 "  itlis the po-
licy and program of the Cotton Ipstitute to provide the full seed requirements for the
entire cotton qrop annually Largely as a result thereof, the average yield per hectare
of the cotton erop has doubled in four yeirs "

48/ This section 15 based on the research of Carlos Trujillo, "Evaluacin Lconomfca de
le Tnvestigacion en Trigo"” {unpublished M § Thesis,ICA/National University Graduate
School, Bogeots, 1974)

49/ U S Department of Agriculture, Changes in Agricultural Preduction , p 12




30
available~-developed, in part, on the premise that the snswers to some of the paradoxes
might be the result of data errors--continue to show that hoth acreage and production
have decliuned over the past 20 years The area cultivated in wheat fell steadily from
175,000 hectares in 1953 to about 70,000 hectares in 1973, over the same period pro -
duction was halved Yields increased by about 25 per cent inm the 1953-1958 period but
stabilized at just above 1,000 kilos per hectare until 1972 In the most recent two
years for which information is available (1972 and 1973}, yields may have again in -
creased«~ by about 20 per ceant QQ!Stiil, the average vield incresse over the whole
20=vear period has been rather unimpressive

The bhezt explanation currently available for the fall in acreage planted is that
increasing P I 480 sales have served to dampen incentives of Colombian farmers to
either maint&n or increage farmland devoted to wheat production éifThe quantity of
wheat imported has increased aver the 1953-1973 perigd from & third to almost three
times the quantity of total wheat production éz!The modest rise in yields may be
attributable to the same forces and a shift in the regional distribution of wheat
production frem the higher-than-average-yield State of Boyaca to the State of Narifio
in Soutrhern Colombia where farms are small and poor and vields have traditionally
stood below the national average (Our impressien is that production pessibilities

are limited in Warifio., In the Espiga de Oroc maximum wheat yield trials, for :
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50/ Data on production lacd area plantzd, and vields of wheat prior to 1971 are from
Roger %andilands, Alguncs problemas en la seleccidn de dates estadfsticos para trige,
cebada vy papa, Informe Tscnico No 14, TCA (Bogota, 1974) Data for 1%71-1973 are from
the National Depavtment of Statistics, DANE, Bogota

hl

¢
51/ Many of the important issues fnvolved sre discussed by Leonard Dudley and Roger
J Sandilands, "The Si1de-Effects of Foreign A{d The Case of P II 480 Whest 1in Colom-
bia", National Department of Planning (Bogota, 1977, mimeo)

52/ The wheat import data ave from the Food and Agriculture Organiration of the Uni-
ted Nations, Trade Yearbook, various issues
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example, sponsored by the Agricultural CGredit Bank in 1967, the average yieids repor -
ted by the 10 best wheat farmers in Boyaca and Cundinamarca were about 10 per cent
higher than yields obtained by the best farmers in Narifio )ééf

The wheat improvement program is one of Colombia‘s oldest, dating from 1926 with
the establishment of the lLa Picota experiment station in central Colombia (State of
Cundinamarca) fer the purposes of improving yields and other characteristics of wheat,
barley, oats, and rye Through 1951, at least half of the total costs of the activi-
ties of La Picota were absorbed by wheat In 1947, "eold climate' wheat resesrch expan-
ded out from La Picot# to two more locations-- one at Bonza in Boyaca and aneother at
Isla in Cundinamarca A few years later, additional locations for research were ac =
gquired at Tabaitata (Cundinmarca) and Obonuco (Narifio} Following the addition of the
Surbat§ Station in Bovaca {in 1859 for cold climate wheat research, activities were con-
solidated there, in Tibaitata, and 1u Qbonuco--iu just three locations

Colombia's wheat research has received important assistance from a number of
different foreign and national organizations in 1948, program personnel were sent to
Mezxico to study methods of wheat breeding with staff of the 058 in Mexico City, then
supported by the Rockefeller Foundation Later, in 1930, Fockefeller persounnel were
assigned to wollaborate with the Colombilan research program, the Foundstion's assisw
tance continged until the mid-1960's  In 1953, wheat seed dastribution and multipli-
cation program received a 1if¢ from the Colombian Agricultural Oredit Bank which ul-
timarely assumed responaibility for them  In 1955, the National Federsztion of Rice
Growers provided some support for research on the potentisl for wheet p:oduc;1eﬁ in

i
the warmer tropical areas traditionally destined te rice production, similar support
was reczlved in the same year from INA, the National Marketing Institute  PROCEBADA,
a federation of barley producers, contributed to the budget of the wheat program in

the 1959-1961 periocd for purposes of supporting an expansion of the prusbas regionales

L R R R I e L L

53/ Tru}illo, op _cit , Table C 5
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effort, support was received for the same purpose from FLNAICE, a federation of Colom~
bian cereal producers In the 1967-1971 period, the wheat program bepefited from in-
puts provided by persomnel of the University of Hebraska Mission, financed by & con -
sortium of international assistance agencies, including USAID and major U S founda -
tions

Data compiled on the costs of the wheat improvement program reflect these injec-
tions of complement8ry support from outside and provide a profile of the development
of the program Table 9 present# data on the divect, complementary, and {ndirect costs
of the program--comparable in all respects with the cost data earlier shown for the
rice improvement program-~- plus data on the asdditional cost te farmers of the lmproved
wheat seeds which were adopted after 1952 It is Feen that, beginning in 19Z7, total
costs built up slowly to a level by 1935 which was subsequently maintained for about
15 years  Following establishment of the joint Colombian-Rockefeller Foundation prow-
gram, direct, complementary, and indirect costs again built up to a level which was
méintained until 1964 with the exception of three vears-~1959, 1963, and 1964, the
latter two of which were years of reorganization of the research agency Investments
began to drift upwards after 1964 and then iucresased sharply during the period of the
University of Nebraska Missials presence, falling off after the Miesion began to leave
Colombia 1in 1371  From 1968 through 1971, total costs of the program reprasented only
5 per cent of ICA's research budget but fully 3 per cent of the valus of wheat produc-
tion In these latter terms, wheal reseavch had become an expensive progran

Activities of the resesrch program revolved around four kicds of uhea? (1) cold

climate, (?) warm cliwste; (3) Triticales, and (4) Durums By all odds, the firsc

has bezen the most important in terms of the time and the rescurces that bave been da-
soted to it

When the research program began i{n 1927, some promising cold ¢limate wheats were
introducad from the United States and tested over a siw-year period, resulting in the

relesse of 15 to farmers from the La Pirots experiment station in 1933 By the early



TABLE 9

Colombia Cost of the Wheat Research Program by Major Category 1927-1973

Costs
Added costs

af Complep e/ of new 4/ Total

Year Direct mentary Inditect seeds costs
1,000 (1972) pesos

1927 184 e/ 9 193
1928 236 g 245
1929 287 11 298
1930 338 12 350
1931 389 15 404
1432 &41 17 458
1933 492 48 540
1934 543 52 595
1235 598 58 656
1936 653 63 716
1937 708 69 777
1938 709 78 787
1939 709 108 817
1940 71¢ 120 830
1941 711 135 B46
1942 670 143 813
1943 630 156 786
1944 389 170 739
1945 548 189 737
1946 508 207 715
1947 L7 239 705
1948 416 255 671
1949 365 279 644
1950 315 351 666
1851 403 394 797
1952 492 88 440 1,020
1933 580 117 315 655 1,667
1954 609 74 349 2,638 3,730

(Continued on next page)
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TABLE 9==continued

! ' Costs : !
Added costs

Year &/ Complep, o/ of new ., Total

Direct mentary -~ Indirect ™ geeds ~ zosts

1,000 (1972} npesos ' -t

1955 758 93 385 242 1,478
1556 1,189 238 511 1,680 3,598
1957 1,117 232 562 282 2,193
1958 996 271 584 1,058 2,208
1939 841 265 483 1,170 2,759
1960 1,202 319 500 2,162 4,203
1941 914 348 510 3,002 4,814
1962 gz8 277 196 2,599 4,100
1963 615 280 280 2,717 3,892
1564 1,229 487 1,146 2,628 5,480
1965 1,889 658 585 5,548 8,680
1966 2,427 592 957 4,129 8,105
1967 2,150 993 2,307 8,731 14,181
1968 2,919 215 1,261 ) 7,050 12,145
1569 3,045 1,314 2,768 5,623 12,750
1970 2,:352 1,446 3,106 3,343 10,247
1971 2,020 1,603 3,260 2,901 9,784
1872 1,501 1,467 2,407 1,507 6,882
1973 1,570 1,385 2,354 1,626 6,935

afSalaries, supplies, and office materials directly related to the wheat
varietal improvement program

b/ Represents cests of the plant patholegy, soils, entomology, blometrics,
extension, and plant physiology programs ivncurred on behaif of the wheat
improvement program

¢/ Inclulze costs sssoniated with the use of experiment station facilities,
agricultural machivery, and land as well as costs of administraztion and
training of program staff

d/ Equals the difference between the average price of certified whezat seeds
and the price received by farmers times the quantity seold of certified
seeds, for the period 19271949, improved varieties relevant to this
arudy were not planted

e/ These (oats were included in direct costs (1927-1951)
Source Carles Trujille,"Rendimiento Economico de la Iavestigacion en Trigo"

{Unpublished ¥ 5 Thesis , JCA/¥ational University Graduate School, Bogota,1974),
Tables 4 1, 4 2, 4 3, 4 4, and &4 5§
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1940%s, the number had increased to 24  The best seven of these included Klein, Genperal
San Martin, Klein 40, Marzuolo, Pentad, Floreuce, Barcine Barbado, and Bola Picota Be-
cause the latter two were in most widespread use by the mid-1940"s, they are considered
as check varieties in this analyeis., The first reference to their yields i{ndicated
that between 850 and 1,500 kilos per hectare could be expected from them, while the

other five of the best seven aveilable varieties could be reasonably expected to pro- P
54/

duce 1,800 to 2,800 kilos per hectare under experimental conditions

The vast majority of promising wheats were obtained by crossing local criolla
varieties This led to a conclusion in the early 1940's that available foreign vare
ieties were inferior to local Colombian wheats and resulted in the program's turniovg
inwards until the arvival of foreign personnel in the early 1950's  When, with Rocke=
feller Foundation support, the 055 was established in Colombia, 11,000 variiies were
immediately imported from the Bockefeller Mexican program  Selections were made from
these imports primasrily on the basis of their resistance to the yellow, black stem,
and leaf rusts  These rusts had beceme the major precccupation of the Colowbian wheat
improsement team as a result of data produced in 1949 which showed that wheat yields
were being cut & per cent by leaf and stem rusts and by 14 to 41 per cent as a result
of yellow rust 35/

The first commercial release of a new wheat variety after the establishment of

the joint Colombian-Rockefeller Foundation program was of Menkemen 52  Distributed in

1953, it was the product of crossing varieties from the Mexican collection, including
i

L R R L T . gy AV

54/ Estacién Agrfcola Lxperimental La Picota, Informe de labores de la seccidn experi-
mental e industrial realizadas en 1936 (Bogota, 1937), also, ibid , 1941 (Bogot4,1942)

55/ Estacién Francisco José de Caldas, Influencia de las royas sobre el rendimiento del
trige, Proyerto I-SF-1949 (Begota, 1951}
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Mentana and Kenya It reduced time to maturity by 35 days, was somewhat resistant to
the major rusts, had strong stems, and outylelded Bola Picota by 30 per cent, Two
years later a second variety, Bonza 53, was released It was the product of two Ro-
camex varieties, Yaqui and Kentana, Because it was especially resistant to yellow
rust of Narifio State, 1t was most widely distributed there A third variety, Narific
58, was released in 1959, again, 1t was particularly well-adapted to the State of
Narifio, being resistant to its variety of yellow rust Three years later (1962},
several new varieties produced by the joint Colombisn-Rockefeller Foundation pro-
gram were released, including Miremar 63, Bonza 63, Crespo 63, Napo 63, Tiba 63, and
Tota 63 At the time this release was made, the industry was advised that the re -
search program would attempt to make "batch releases"” (i e , releases of more than
one variety) in the Future in order to reduce susceptibility to new wheat rusts Mil-
lers are repdrted to have rescted adversely to this sanouncement on the grounds that
a single will could not handle more than two varieties of wheat, an appeal was madé
to the research team to revise its strategy As 1t turns out, the whesat program for
cold climates made only one more additional release anyway,in 1968, Sumamuxi 68, Zipa
68, and Samacd 68 were distributed simultansously,

The Lolombian wheat plant began to change as the result of the introduction of
dwarf varieties from Mexico in 1958 The effort to incorporacte the smaller plant type
characteristics did not, however, gain force and importance uantil aboui 1964 By 1970,
60 per cent of all materials in the Colembian wheat research program included dwarf
wheata Of the 13 improved varieties released to farmevrs aftar astablis&meng of the
joint Colombian~-Fockefeller Foundation program, sm&ll plant characteristics wera in-
corporated in 9 varieties, Bonza 63, Miramar 63 and 64, Nape 63, Tiba 03, Tota 63,
and the 3 warieties releagsed in 1968 In this regard it is important £o mention that
practically wone of Colombia’s wheat 8 1rrigated and that fertilizer use is negli-

gible
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In 1971, ICA published the data shown in Table 10 comparing yields obtained
under experimental conditioms on small plots of lands for 12 improved varieties and
Bola Picota The reported yield advantage relative to the Bola Plcota variety was
in excess of 500 per cent for the highkst yielding wheats but not less than 250 per
cent for auy improved variety. By international standards, theee yields of the Cow
lombian varieties also appeared te be quite good Referring to Tabie 11 and data pu-
blished on the results of the Interpational Wheat Trials of 1968, three of Colombia's
most recently released whests outyielded the best of the Mexican wheats, Azteca 67 The
average level of these yields, however, is extremely high even by experiment station
standards in Colombia (e g , those reflected in Table 10)

With reference to the second category of wheat vesearch, namely, that under -
tzken on "warm climate" varieties, it {s worth mentloning that large areas of wheat

had existed in the clima cAlide or warmer climates since the Colonial Period However,

these wheat areas were practically eliminated in the mid-1930's as a result of attacks
by 8tem: rust Thus, in 1955 when the first rust-resistant varieties were available,
the Federation of Rice Growers persuaded the research agency to experiment with Bonza
and Menkemen in the Csuca Valley and Tolima State  Although the rust resistance of the
nev wheats wasz confirmed in these early experiments, they were not continued because

of the unpromising levels of wheat ylelds obtained It was felt at the time that, in
order fpr wheat to compete with rice, 2,500 to 3,000 kilos of wheat per hectare would
be required Commercial ylelds sveraged 1,500 kilos, and maximum experimental vields

56/

did not exceed 2,750 kilos per hectare .
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26/ Mario Zapata, "Informe Ceneral del Programas de Trige en Clima C#11do," {Bogota,
1969, mimeo }
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TAELE 10

Comparative Wheat Yields for 13 Varieties
Obtained Under Experimental Conditions, 1970

38

Variety

Reported yields

Menkemen 52
Bonza 55
Narifio 59
Bonza 63
Miramar 64
Crespo 63
Hapo 613
Tiba 43
Tota 63
Zipa 638
Samacd 68
Sugamuxi 68

Bola Picota

Avea planted Reported yields compared with
Bola Picota yield

hectares kiles per hectare percent

0 095 2,820 427

0 123 2,360 358

0 106 1,700 258

¢ 153 2,220 336

0 101 2,533 384

0 163 1,570 238

0 274 2,770 420

3 740 3,017 457

0 200 3,680 406

0 134 3,000 455

0 050 3,700 561

0 223 2,300 348

0 132 660 100

Source Colombilan Agricultural Institute (ICA), Informe del Programa Nacional
de Tripo (Bogoth, 1970), Appendix 4

t




TABLE 11

Colombia Comparative Wheat Yields Obtained for Colombian and
Mexican Varieties in the International Nursery Trials,1968

. Countxy
Varieby of origin Reported yields
; kilos per hectaxe
Sugapuxi 68 Colombia 6,232
Crespo 63 Colombia 6,215
Samach 68 Colombila 6,217
Azteca 67 Mexico 6,110
Tota 63 Colombia 6,054
Napo 63 Colombia 6,044
Tiba 63 Colombia 5,894
Penjamo 63 Mexico 5,832
~ Centrifén Chile 5,755
Nortefio Mexico 5,538
Lerma Rojo 64 x Sénora 64 Mexico 5,349
Sonora 64 x TZ PP
Mexico 5,249
Nai 60 (B}
Bonza 63 Colombira 5,233
Jaral Mexico 5,166
Zipa 68 Colombia 5,166

Source Colombian Agricultursl Institute (ICA), Informe del Programa

Hacional de Trigo {Bogota, 1968), p 13
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The wheat program first experimented with rye as a rust-resistant, high-protein,
water-gavirg alternative to wheat in 1937, and experiments with triticales were initia-
ted in L& Plcota in 1946 Interest in triticales appears to have languished until very
}ecently {1970 The wheat program has also evidenced interest through time in the
Durum wheats Work actually began on Durum ind1952 and was stepped up somewhat in the
mid-1960's However, successes have not been reported primarily because of the high
humidity which prevails in Colombia's wheat areass, the short daylength, and the some-
times heavy rainfalls which occur when the grainz are maturing

Again, as in the cases of rice and cotton, available data on the pruebas regiondw

les were collected {n an attempt to quantify the shift parameter and gross social bene-
fits attributable to the Colombian wheat research program The collection of these
data was much more difficult in the case of wheat, however, because the information had
been scattered by changes in the affiliation of the research program with outside agen~
cies In the final analysis, results of only 1,015 individual trials were cobtained for
Lhe 1953-1973 period, many more were undertaken on the major improved varieties

Most of the results obtained {about 80 per cent) related to six varieties Bonza
63, Crespo 63, Menkemen 52, Napo 63, MNarifio 59, and Tota 63 By region, the bulk of
the data related Lo two states, Cundinamarca and WHarifio Only about 5 per cent are
from the State of Boyscn  The Director of the National Wheat Program has stated that
this does not reflect any slighting of the Boyaca wheat regions because there are many
in Cundinamarca and Narifio which are fully representative of the areas in Bovaca Gi-
ven thet wlheat preduction in Roysca has declined most sharply, the facts here\ére im-
portant, although difficult to establish and qualify [Iinally, 1t should be noted that

most of the pruebss regironales data obtained (70 per cent) were for five years includ-
¥

ing 1963, 1964, 1968, 1971, and 1972

»

Table 12 summnarizes the data collected for 13 improved wheat varieties and 2

check varieties, Dola Ficots and 150 " Mean yields 1n kilos per hectaie are reported
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by variety, together with the estimated standard error of yields, the range of trial
yields corresponding to a 5 per cent level of probability, and the ceefficient of .
variation of yields When compared with the data of Table 10, it can be seen that
-these data assign rather different relative yreld rapks to specific varieties For
example, in Table 12 the yield Menkemen 52 puts it in twelith place among the im -
proved varisties, while its yield in Table 10 ranks it in third place Also, the
average level of yields reported Iin Table 12 is lower than the averages of Tables
10 and 11, and the yield advantage of the improved varieties is noticeably less than
indicated by Table 11
The range in vields of most improved warieties in Table 12 {includes the upper
bound yields reported for Bola Picota ard "150 " The only exceptions to this are the
Samac# 68 and Bonza 63 improved varieties, lower bound yields for which are well above
the upper bound yields of the two check varieties, indicating a significant yield ad-
vantage The yield advantages of Samecf 68 and Bonza 63, as & percentage of ths average
vields of "150" &nd Bola Picota, are 83 and 75 per cent, respectively, the corresport-
ing value for all improved varieties shown in Teble 12 is 50 per cent
In order to adjiust these estimates of the gross yield advantage of the improved
wheat varieties for the effecte of other determinants of vields, preduction functions
were estimated from the commercial trialg data., The f£inal version of the produstion
function 18 ghown in Teble 13  Thirty-nine variables entered 12 represénted zero-one
ad justment varizbles for the locstion of the trials, 14 adjusted for the effects of
variety, 4, measured as indices above a certain threshold level ard zers othﬁrwise, ac -
coubied for major diseases :eported (vancamiento, foot #nd root rot, stem rust, and
dwarfing virus), 1 adjusted for sreding rates of 80 kilos per hectare {only two rates
‘wera actually reported-«B0 snd 111 kiles per hectare), 2 each wers used to adjust for
soil type #nd riported weather, and 1 variable each adjusted for how well the soil had
been worked prior to planting, for weed growth, and for the application of lime Co-

efficients on the noncontinucus variables shown in Table 13 need to he read with some



Colombia Comparative Wheat Yields for 15 Varieties Obtained in Commercial Trials 1953-~1973

TABLE 12

Output per hectare

Renge at Coefficient
Wumber of Standsrd 5 percevt probabllaicy of variatio
Varietv observations Mean arror Lower heund§ Upper bourd of vields
kiies pEroent
"ys0" 8 1,624 1,022 771 2,476 62 9
Bola Picota 8 1,194 895 G4L8 1,941 7% 9
Sawacs &8 47 2,584 1,592 2,117 3,051 61 6
Bonza 63 106 2,460 1,197 2,230 2,690 48 7
Miramar 63 23 2,348 1,218 1,885 2,812 319
Zipa 68 31 2,1%0 1,382 1,684 2,697 63 1
Bonza 335 77 2,172 1,504 1,831 2,513 69 2
Crespo 63 129 2,115 1,368 1,876 2,353 64 7
Tiba 63 51 2,110 1,265 1,754 2,468 58 9
Narific 59 ilsg 2,106 1,351 1,861 2,352 64 1
Napo 63 136 Z,097 1,340 1,869 2,324 63 S
Sugamuxi 68 12 1,973 1,157 1,238 2,708 58 7
Tota 63 104 1,893 1,283 1,643 2,142 &7 8
Menkemen 52 138 1,836 1,237 1,627 7,044 67 &
Maramar 64 21 1,643 1,496 90 2,325 91 1
All varieties 1.016 2,099 1,340 2.027 2,175 66 1

Source Carlos Trujille, '"Rendimiento Economico de la Investigacion en Trigo” (unpublished M S

ICA/National University Graduate School, Bogota, 1974), Table 3 7

thesis,
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care Since the regression package reparameterized all variables by imposing & restrice
tion that the sum nf the regression coefficients equal zero, an estimate of the correc-
ted mean yleld associated with a given noncontinuous variable should bte calculated by
adding its estimated coefficient: to the overall mean value of yields, which was 2,099
kilos per hectare

The statistical significance of the variety variables entering the regression was
surprisingly low Only the estimated coefficients on the Bonza 63 and Crespo 63 varie~
ties were very positive and significant TIn an independent estimate made of the par -
tial contribution of the variety varisbles as a group to the explanation of the variance
of yields, thelr significance was found to be less than that of any other single va -
riable or group of variables (e g , the variables adjusting for locationm)

Also, the values of the estimated yield advantages of wost of the improved va-
tieties are lower on the Lasis of the regression of Table 13 than on the basis of the
unad justed eatimated of mean yields earlier presented in Table 12 The largestand
most gignificant yield advantage of any improved variety in the regression--that of
Bonza 63-~~- i5 only 30 per cent more than the adjusted yield of Bola Plocota, or roughly
half the value implied by the unadjusted yleld estimates of Table 12

Table 14 presents suvmmary statistics on the use of the improved varieties of
wheat Urderlying these summaries are data for each improved wvariety used in weighting
shift parmeters taken from the estimated production function te arrive at an average
annual estimate of the percentage yield increasss over average commercial yields attri-
butable to improved wheats ‘Two ecstimates of these weights were considered, gand their
implications for overall rates of adeption are reflected in Table 14 1n the "upper
bound value'" and the "most probable value” of the per cent of wheatland planted to
improvedivarieties The first simply &ssumed that the total use of an improved va-
riety in aov yezarx equaled two times its reported sales I(n certified form and that the
average geeding rate was 120 lkileos per hectare fér all varieties As can be seen in

the table, this assumption results in levels of adoption in the Jate 1960's which are



TABLE 13

Colombia Production Function Estimates for
Wheat Based on Commercial Trials
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Estimated Estimated
Independent variable coefficient statistic
1. Vaneamieantg - 138 « 6 98
7 Foot Rot - 111 - 575
3  Stem Rust - B 6 - 318
4  Dwarfing Virus - 158 - 373
5 Plot Sire - 48 5 - 5 88
6 Seeding rate - 22590 - 369
7 Good soils 482 7 8 10
8 Poor soils - 340 2 - 4 31
9 Poor prior soil preparation - 157 1 - 268
10 Heavy weed growth - 3006 - 679
11  Unfavorable weather «1,333 ¢ - 10 20
12 Favorable weather 895 4 B 43
13  Laime applied 154 1 2 35
14  Location 1 - 732 0 - 321
15 Location 2 3,672 8 16 40
16 Iocation 3 692 4 7 37
17 locaricn 4 1,606 9 ? 74
18 lecation 3 - 4669 - 229
19 Location 6 ~1,084 6 - 4 44
20  location § ~ 349 1 - 312
21 Location 9 - 644 9 - 5 38

(Gontinued on next page )




TABLE 13--continued
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Estimated Estimated

Independent variable coefficient t statistic
22  Location 10 - 8311 - 6 60
23 Loeation 11 - 812 2 - 19
24 Location 12 -~ 856 6 « 305
25 Location 13 49 1 g 56
26 Menkemen 62 - 113 2 - 120
27  Bonza 55 98 8 0 89
28  Narifio 59 163 8 170
29 HMiramar 63 - 375 5 “« 217
30 Bonza 63 340 5 127
31  Miramar 64 - 300 3 - 146
32 Crespo 63 210 9 212
33 HNapo 63 131 7 1 44
34 Tiba 63 - 169 2 - 128
35 Tota 63 - BO 7 - 077
36 Zipa 68 - 152 8 - 092
37 Samacd 68 196 9 122
38  Sugamuxi 68 210 3 0 80
39 Bola Picota - 303 5 - 09

i

Intercept 2,460 8 15 73

R™ = 0 53 n= 1 016

Source Carlos Trujillo, "Rendimiento Economico de la Investigacién en Trigo"
(unpublished ¥ 5 thesis, ICA/National University Graduate Schoal,

Bogota, 1974), Table 5 14

- —



TABLE 14

Colombia Selected Data on Employment of
Improved Wheat Varieties, 1953-1973

46

Total certified Wheat land in improved varieties
sead sslen Upper bound Most probable
Year value value
tons percent
1953 47 14 g9
1954 1,039 8 9 56
1955 113 09 05
1956 639 5 2 33
1957 599 55 34
1958 1,610 22 0 13 7
1959 3,050 43 4 27 1
1960 2,149 28 7 17 9
1961 2,830 33 7 21 1
1562 2,470 3 7 1¢ 8§
1963 2,100 31.8 1% 9
1964 1,864 27 0 16 9
1965 2,782 g 6 24 1
1966 3,113 45 0 28 1
18967 3,795 56 & 41 &
1968 4,494 83 2 52 0
1969 2,809 72 0 L4 6
1970 1,694 56 5 351
1971 1,641 56 9 35 3
1972 1,528 40 4 25 3
1973 1,429 33 ¢ 205

Source Carlos Trujillo, "Rendimiento Economico de la Investigacion en Trigo”
(unpublished M S thesis, ICA/Hational University Graduate School,
Bogota, 1974}, Tables B 3, 5 17, and 2 10
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high by known standards for unirrigated wheat The second estimate--and the one used
in this study--maintainad the assumptions that the total seed use of any variety would
equal two times its certified sales and that seeding rates aversged 120 kilos per hec~
tare, but set the germination rate of certified seeds at 86 per cent and the correspon-
ding rate for seeds retained and planted by farmers from prior harvests at 39 per

cent  These low rates of germination, based on several ICA studies,éz/were not encoun-
tered for elither rice, cvotton, or soybeans Since the sum of the two germination rates
is 125 per cent, the effect of this procedurs was to assume that the real, post-germi-
nation rate of employment of an improved wvariety was 1 23 times the quantity of it

sold in certifisd form

Estimates of the yield advantage of each improved variety taken from the re«

‘1

gresaion, divided by average commercial yields in each year and weighted by the appro-
priate adoption rate, produced two streams of groas benefits for the 1953-1973 peried

of the Colombian wheat improvement program In each case it was assumed that the
58/
¢ 1 £ import price of wheat was the relevant “price" at which to value the crop Howe

ever, in onz of the esrimates, Lt was assumed that the price elasticity of supply of
wheat equaled 0,35 and that the price elagticity of demand was -0 04  Tpese values

of the price elasticity parameters were derived from estimates of two iidapendent stu-

/

dies For the second estimate pf gross benefits, it was recognized that wheat wag im-
ported throughout the 1953-1973 period and thaf the value of gross benefits should

thereby uvetr ivclude a surplys to consumers

37/ Trujille, op git , Table 2 10

38/ Because of the overvaluation of the Colembian peso, this sssumprion results in an
underestimate of the gross benefits of research It was found, however, that the es-
timated internmal rate of return to the wheat improvemeot program would increase by only
& per rent if instead abhe (higher) price received for wheat by farmers was used

59/ The price elsstici?y of demand estimate {s from ICA, Un método de proyvectar la pro-
duccién v dema-da pars productns spricols’ en Golombia, Boletin de Investigacibn No 15
(Bogota, 1971}, the price elasticity of supply estimate is from Roger Sandilands and

L Dudley,"The Side-Effects of Foreign Ald The Case of P L 480 Whest in Colombia,” Na-
tional Department of Planning, Bogota, 1972 (mimeo)
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The two estimates,of gross benefits, as well as total costs earlier showa In
Table 9, were then projected through 1976 on assumptions similar to those used in the
case of rice The internal rate of return estimated for the '"closed economy” case cor-
responding to the stream of new program benefits (gross benefits minust costs) for the
1927-1976 period was 11 9 per cent When allowance was made for the fact that vwheat

was imported, the estimated internal rate of return was reduced to 11 1 per cent

SOYBEAN

60/

Soybean production in Colombia has ewperienced wvery rapid growth in recent years
The total area cultivated was only 16,000 hectares in 1962, production stood at 25,000
tons, emd yvields were 1,500 kilos per hectare in the same year By 1972, or just 10
years later, the area harvested had increased to 58,000 hectares, production was 116,000
tons, and vields had risen by & third te 2,000 kilos §;jThis rapid development is atiri-
buted to the fact that seybeans are excellent in rotation with several major crops (cot~
ton, in particular) and that the demand for sogbeans has been strengthened by a fast-
growing poultry i{ndustry The crop is cultivsted i1n Colombia only in the Cauca Valley,
and its location bthere has been attriboted to the nearness of the feed industry  An
equally important explanation, however, is that availsble high-yielding, disease-reais-~
tant soybean varieties produced by the ICA experiment station at Palmirahave been adap-
ted to conditions of the Cauw.a Valley

TCA #1d not inftiate activities in soybean research until 1960, and the work was
restricted to the Palmira station  In sbout seven vears, however, the resesrch effort
succedded in producing three new varieties with superior yield potential and gpesistance

. T S A R L T

60/ Based on the research by Gabriel Montes, "Fvaluacidn de un Progremas de Lnvestigacisn
Agrfcolz E1 Case de la Soya" (unpublished M 8 thesis, Faculty of Economics, University
of the Andes, Bogora, 19731)

.61/ Ibid, Table 4
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to major diseases, the principal one being gerclspora, a fungus which attacks and des-
troys almost all parts of the soyhean plant Table 15 summarizes experimental data re-

tating to yields of four soybean varieties obtained for this study Unfortunately, data

generated from commerxcial fields or pruebas regionales were unavallable, thus, the in -
formation used in Table 15 and algewhere in this section relates to small experimental
plots of the Palmira station ﬁg!ﬁhe ICA Pelican,Lili, and Taroas varieties were succes~
sive releases of the experiment station I'he Mandarin variety was imported earlier from
the United States and by 1967 had come to occupy about four-fifths of all soybean acre-
age In terms of the dats previously shown for cotton, rice, and wheat, the yield su~
veriority of the improved varieties in Table 15 18 not particularly outstanding

Nonetheless, adoption of the new varieties has been nothing short of spectacu-~
lar Table 16 presents the percentages of soybean acreage planted to each of the four
main varieties grown {n the 1967-1971 perfod These data were estimated using a pro-
cedure analagous to the one followed for other crops Included in this psper, 1 e ,
total acreage planted to a varilety 1a 8 given year was taken equal to two times cer-
tified seed sales of that variety divided by an estimate of the seeding rate The
important point to note about the data of Table 16 is that roughly three-quarters of
the ared planted in scoybesns was in the Mandarin variety in 1968 and 1969, while by
1971 =~just two years later-~ Mandarin had practically disappeared, and ICA Pelican
and Lilyr varieties had come to be used on 84 per cent of all acreage

1be wajor reasons for the rapid and high levels of adoption of the improved
varieties were at least the following two First, there was a severe outbrea? of the
cerclepora fungus on the Mandarin variety ino 1969 ICA found {tself in 1970 in the
enviable position of heving two high-yielding, fungus~resistant varietyes available

R I L et e Lt r T

€2/ The use of experimental data is solewhat less troublesome in the cise of soybeans
because of the high level of technology and improved practicez used by farmers
in the Cauca Valley
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Colombia Average Soybean Yields From Lxperimental Trials by Variety 1967-1971
Unimproved
variety, Improved varieties
Year Mandarin ICA-Pelican | ICA-] 114 ICA-Taros
i kilos

1967 2,068 2,406 af 2,490
1968 2,328 2,373 2,700 2,650
1969 1,756 2,138 2,525 2,400
197¢ 1,751 2,373 2,300 2,500
1971 1,828 2,578 2,410 3,034

Average 1,946 2,455 2,483 2,622

af o experiment reported

Source

thesis, Taculty of Economics,

i

Gabriel Montes, "Evaluacién de un Programa de Investigacién Agrfecola,
el Caso de la Seys" (unpublished M S
Universicy of the Andes, Bogota, 1973), Table 3
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Colombia Yand Area Planted to Improved Varieties of Soybe
Planted in Soybeans, 1967-1971<

TABLE 16

?ns as & Percertage of the Totzl Area

Variety
Year Mandarin | ICA-Pelican | ICA-Lila 124A-Tazoa | Ocher Total
peTr cent
B/
1967 = 89 1 </ 10 100
1668 77 13 10 10U
1969 71 18 5 ] 100
1970 35 8 24 12 1006
1971 2 43 41 2 12 100

gf Egstimates derived from data on certified seed sales, assuming that the total use of s variety
of seeds equaled two times 1ts sales in certified form

b/ Only data on ICA-Pelican use were available

The Mandarin estimate was derived on the dssump=~

tion that "other'” varieties occupied 10 per cent of all acreage planted 1in 1967 as they did

in 1968

¢/ Blanks indicate less than 0 5 per cent

Source Gabriel Montes, "Evaluacidn de un Programa de Investigacién Agricola
Soya" (unpublished ¥ 8

18735, Table 6

E]l Caso de la
thesas, Faculty of Economics, University of tne Andes, Bogota,
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for distribution and plerty of seed Second, it was easy for this news to g2i around,
the only Colombian farmers interested in soybean production are located in a relatively
small geographic area with some of the best communication and infrastructure facilities
that exist in the country The farmers themselves are among Colombia’s wmost modern

As in the cases of cotton, rice, and wheat, an attempt was made Co penerate more
refined estimates of the yield superiority of the new szoybean varieties by means of the
identification of a relation betwesen yields and their major determinants, including
seed variety Final results of this effort are shown in Table 17 reporting on a re =
gresgion of experimental yields on three indepsndent wvarisbles for the malor lmproved
seed varfeties (observations on the check variety, Mandarin, were included in the re-
gression, of course), the number of tiemes the experiment was weeded, kilos per hectare
of active herbicide and 1nsecticide ingredients applied, millimeters of rainfall, the
presence of cercospora fungus measured 28 an index with a range of O to 5, #nd an index
(likewise with @ 0 to 5 range) which reflectad essentially the ratio between the ob-
served plant density and the seeding rate Sigrs of all estimated coefficients are
those which werz hypothesized st the outset, and the significance of most coefficients
is seen Lo be high One exception, the eatimated corfFicienr for rainfall, reflects
the fact that vsinfall variability wss limited becayse mosvr csiperiments were under -
taken In small geographic area  The statistical strengrh of the plant density/seeding
rate varisvle {s ateribotable to the fact that it 1s capturing the effects of several
uvnspecified cultural practices uszed in the experimentis észhe fact thet the coefficients
on the impreved wvarleties ingreass In veleve {rom Pelicen (rhe firs: zel@aapd% through
Lil{ to Tordm (rmost recently xeleased) indicated substantial progression in ILA's re-

search progrem A test of the null bypothesis that the cgeimsted cosfiicient on the

W U b L B G M e e e fTE T T e Y W A e TR W e e e W -

63/ This variashle may thareby have adjusted to some extent estimated coerfficients on
the impro'ed varieties for the experimental nature of the dats-- the high levels of
technology and intensive use of Improved cultural practices
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TABLE 17

Production Function Estimates for Soybeans
Baged on Experimental Data

1967-1971
Estimated Estimated
Independent variable coefficient t statistic
1 ICA~Pelican 268 44 3 06
2 ICA-Lili 418 31 393
3 ICA-Taroa 436 95 4 37
4  Number of weedings 86 93 7 43
5 Herbicide use 78 45 2 135
6  Rainfall 113 11 1 75
7 Cercospora ~107 30 -3 68
8 Plant density/Seeding rate 200 80 4 58
Intercept 692 08 af
R? = 0 70 n=68

Unavailable

Source Gabriel lontes, "Evaluaciln de un Programa de Investigacién Agrfcola
Ll Caso de la Soya” (unpublished M 8 Thesis, Faculty of Economics,
University of the Andes, Bogota, 1973), Table 8
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Pelican variety equaled that of the Lili variety was rejected at the %9 per cent level
of significance Similarly, the hypothesis that the coefficients estimated for the Lil{
d Taroa varieties are equal was rejected at the 95 per cent level

The yield advantage of the improved varieties taken from the production function,

-

divided by commercial yields and weighted by the percentages of the land ares planted in
each variety, led to a "varietal effect" estimste of the shift parameter The yield ad-

~ vantage of the improved varieties estimated directly from the data of Table 15, likewise

divided by commercial yields and weighted by the percentages of the land areas planted
in each variety, 1led to a "simple" estimate of the shift parameter assoclated with the
soybean research program These two estimates of the shift parameter were combined

with plausible values for the price elasticities of demand and supply-~respectively,
64/

—"

-0 77 and infinity--to yield a range of gross benefits in each year for the 1367-
1371 pericd These two streams of pross benefits are shown in Teble 18 glong with es-
timates of the costs of the soybean research program which include the same categories
of expenses included in the cases of the other three commodities considered in this
paper Costs and benefits were projected nine years beyond 1971 on the assumption that
in real terms they would both remain about constant The resulting internal rate of
return for the smaller benefit stream was 79 per cent, while the rate for the larger
one was Y6 per cent  These rates did not change appreciably when program costs were

assumed to increase ]0 per cent per year after 1971

COMPARISONS AND CONCLUSIONS

At the outset we hypothesired that net internal rates of return to varietal im-
provement of rice, cotton, wheat, and soybeans in Colombia had been higher than the

opportunity cost of public fundas (10 per cent) end, in fact,higherbihan: retunn rates. of

ke T MWt W W N M e e e e e W A N W A T e Ty DR A MW

64/ The price elasticity of demand estimate was suggested by the results of James P
llouck, "A Statistical Model of Demand for Soybeans," The Journsl of Farm beonomics,
Vol 46, No 2 (May, 1964), pp 371 and 372




the order of 30 per cent calculated for similar programs in the United States  Among
the four programs, somewhat lower estimated returns were expected for wheat because
its domestic price had been under pressure from P L 480 imports, end production had
relocated iu less producgjve areas of Colombian agriculture

To more carefully examine this iatter possibility--as well as the roles of so-
cioeconomic and structural constraints generally on the estimated returns to research--
the total shift in product supplies caused by the use of improved varieties generated
through reseayrch was divided into two parts an estimate of the "'yield advantage' of the
new over the old varieties and an estimate of the rate of adoption of the new varieties
Low returns attributable to sociceconomic and structural constraints were then assocla-
ted mainly with low rates of adoption, the role of the biological determinants of the
return to research was associated principally with the calculated yield advantage of
the Improved varieties The yield advantage was estimated with regression techniqgues
which were designed £o factor out assumed positive interaction between the improved
varieties and such inpubs as fertlilizers and water

Qur wain results are summarized in Table 19 Estimated net internal rates of
return were found to exceed 50 per cent in the cases of soybeans eand rice  Returns
caleulated for the wheat inprovement program turned ocut to be much lower-= in fact,
well below the 50 per cent level, and gross returns to cotton research were found te
have been negligible In all cases, the estimated vield advantage was smallest when
Interactions of the improved varieties wiith other varisbles were factored out

The very high rates of return estimated for soybean research were exp}ained by
a large shift in product supply caused principally by the rapid uptake of the rew
varieties and their virtual displacement of the unimproved Mandarin seed The cal =
culated yield advantage of the new varieties was net spectacular The striking adop-
tion of the i{mproved soybeans was attributed to the etrength of product demand, de-

rived in the main from a fast-growing poultry industry, the geopraphic concentrstion

t



TABLE 18

Colombia Estimated Benefits and Costs of the Soybean
Research Program, 1960-1980

Gross benefits
Baged on
"varietal effect" Based on "simple” Total
Year shift parameters shift parametexs costs
1,000 (1958 pesos)

1960 a/ 40
1961 41
18962 37
1963 38
1964 33
1965 37
1968 40
1967 49 ¢ €2 57
1968 1,288 2,330 98
1969 3,102 6,187 179
1970 7,847 16,300 463
1971 10,217 28,643 267
19721980 10,217 28,643 267

5

a/ Blanks indicate no benefits during this period {

Source Gabriel Montes, "Evaluacibén de un Programa de Investipacién Agri-
cola El Caso de 1a Soya" (unpublished M 5, thesis, Faculty of
Economics, University of the Andes, Bogota, 1973), Tables 14 and
21
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of production in a small area (the Cauca Valley) which facilitated the rapid diffusion
of information concerning the improved varieties, the expected severity of the attacks
by the cercospora virus to which the improved varieties were resistant, and the fact
that soybean producers figure among Colombia's wost modern farmerz  That soybean
yields have been practically equal in Colombia and the United States in recent years
{Table 19) reinforces our characterization of the industry as a modern one

The Colombian cotton {ndustry has evidenced similar charecteristics Yields
of cotton in Colombia have not only equaled U 8§ yields but even surpassed them in
some recent years  Adoption of the improved U S5 wvarieties of cotton was practically
instantaneous as a result of the govermment's ownership of gins and control over seed
distribution Yield increases since the early 1950's, when improved varieties came
into widespread use, have heen spectacular Still, in spite of these similarities
with the case of soybeans, it was concluded that returns to the cotton research pro-
gram had been negligible

This apparent contradiction was explained in terms of the organization of the
research effort  The Colombian textile industry, long accustomed to importing U S
cotton, partly as & vesult of & preferential rate of exchange, was made "to buy Cow
lomhian'" by a change in govermment policy Textile firms then spensored establish -
ment of research which would lead ultimately to the local production of U § varieties
of cotten The final organization of the research program involved merely the impor-
tation, local testing, and the distribution to farmers of the highesat vielding U §
varieties  This organization was Justified on a premise that yields ebtai?ed locally
from the U 5 cotton would vary by variety, thus,there would be a payoff to identify-
ing those kinds of cotton which yielded best under local conditions

Our datz did not sustain:ithe premise, however Information compiled on about
500 commercial field trials undertsken in Colembia on over 10 varieties of jmproved

U S cotton indicated that differences in ylelds by variety were minimal Thus,
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TABLE 19

Colombia Selected Comparative Data on the Rice, Cotton, Wheat and Soybean Varietal
Improvemert Programs

Concept Onit Rice Cotton Wheat Sovbeans
1. ZEstimated net internal rates of
return per cent 60-82 o3/ 11~12 79«98
2 Estimated value of the supply
shift parameter, 1971 per cent 10-16 b/ 16 17=35%
3 Estimated vield azdvantage,l1971 peEtent 25-39 46 17-356
4, Land avez planted to inproved
varieties, 1971 per cent 41 100 35 98
5 Average vields, 1971 o/ / ;
Colombia/United States ragig 0 68 1 03~ 0 53% 1 01&

& Total research costs/
value production, 1968-1971 per cent 05 G.1 30 o1

{Continued on next page )



59

TABLE 19=~continued -

a/ Since gross benefits were negligible, this net rate should be negative

b/ Blanks indicate no data ava:.lable

¢f 1970-1972 average

Sources
1-4

5

Based on summary of previous tables in this study

For Colonmbia

Jorge Ardila, "Rentab:ilidad Soc:ial de las Inversiones en Investigacidn de Arroz en Colombia"
(unpublished M 8 thesis, ICA/National University Graduate School, Bogota, 1973)

Gabriel Montes, "Evaluacifa de un Programa de Investigacidn Agricola El Caso de la Soya"
(unpublished M S thesis, Faculty of Economics, University of the Andes, Bogota, 1973)

Andres Recha, "Evaluaci8n Economica de la Investigacion sobre Variedades Mejoradas de
Algoaon en Colowbia"™ (unpublished M 5 thesis, ICA/National University Graauate School,
Bogota, 1972)

Carlos Trujillo, "Evaluacidn Econdmica de la Investigacion en Trigo" (unoublished
M 5 thesis, ICA/National Unmiversity Graduate School, Bogota, 1974)

Fpr the United States

U 5 PDepartment of Agriculture, Agricultural Statisties, 1973, p 441

Ardila, op cit , Montes, op cit , Rocha, op cit , and Trujillo, op  cat
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the main research activity-~local testing of Imported varjeties=-- appears to have not
been necessary U S wvarieties could just as well have been selected at random for
distribution in Colowbia Therefore, even though the widespread use of U § cotton
increased yields, resulting surpluses were not attributed as benefits to the cotton
resedarch program

As already mentioned earlier in this section, net internal rates of return
found for the rice research program were high by any standard of comparison Yet, in
light of the comparative data of Table 19, they are a puzzle  Although the ranges
of estimated rates of return for the rice and sopbean program overlap, for exsmple,
we see that the range of the calculated supply shift parameter for rice is signifi-
cantly lower than the corresponding range for soybeans, principally because of dif-
ferences in the levels of adoption of the fmproved rice and sovbean varieties  Also,
it can be observed that estimated rates of return to rice were much higher than those
for wheat, even though the calculated values of their supply shift parameters were
roughly compsrable VWhy then were estimated net rates of return to the rice research
program Bo very high?

An {mportant answer lies with the cost side of the net rates of return ealcu-
lations and wirh the organization of the rice {mprovement program We believe that
the direct costs of rice research to Colomhia were effectively reduced by the pro =
gram's having tapped Iuto the accumulatsd stock of plant breeding capital--general
knowledge, improved breeding techniques, and plant materials-«available in the two
international centers, CIAT and IRRI, #nd in the World Colle~tion of Eice %ithout
that accumulated capital, the costs of achieving comparable shifts in the supply of
rice would heve been higher and the corresponding net rates of return would have
been lowsr

This characteristic of the rice program was also found in the wheat research
program In fact, wheat had a lenger history of using the accumulated foreign stock

of plant breeding capital than did rice Linkages with the Reckefeller Foundatione
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Mexjcan program dated from around 1948, and additional collaborative support was pro-
vided the program during the late 1960's and early 1970's by the University of Nebras-
ka Migsion to Colombia  Judged from & purely technical and bioclogicel peint of view,
these foreign inputs were #ssociasted with success as they were in the case of rice
The estimated yield advantages of the improved wheat varieties weie found to be large,
even after the effects of vavriables which interacted with the new wheat varieties had
been factored out 1f they were included, the improved wheats could be shown to out-
yvield the unimproved varieties by more than 250 per cent' Also, in interunational
Yoursery trials the Colombian wheats easily outyvielded the Mefican wheats from which
they were largely derived

Thus, the low estimated returnéto the wheat research program were not the re-
sult of obvious technical failures in plant breeding  Rather, part of the explana~
tion for the low returns lies with patterns of on-farm adoption of the improved seeds
The uptake of the new wheat varieties was notoriously slow From the time the first
improved vavisties of wheat were sold commercially in 1953 until they were in use on
roughly one-quarter of a1l wheatland, fully 12 years elapsed Ratesz of adoption peaked
at S50iper cent in 1968 and then began a downward trvend Current (1574} levels of use
of the Improved varieties are estimated to barely inciude a fifth of all creopland plan~
ted to wheat The slow uptake of the mnew seeds and the low levels and distressing
trends fn their use were attributed primarily to socloeconomic and structural cons -
traints on production, espacially the depressed domestic market resulis from conti -
nued P L 480 imports at levels which represented a large multiple of national pro~
duction ;

Two additional explanations for the lov estimated rates of return to wheat re~

e search should slso be stressed, however One is that it became 8 very expensive pro=-

]

gram in later life--in the middle and late 1960's  Annual investments averaged fully
3 per cent of the total value of wheat produstion, a figure which was not even remo-

tely approximated by invesiments mede in the other thiee varietal improvement programs
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(Table 19) A second explanation relates to the program's long gestation peried
The Colombian wheat program dates from 1927  Yet, our review of that history indi-
cated that a well-organized vesearch effort probably did not get underway untll
1948, and the first {mproved varieties were not released on 2 major scale until
1953  Thus, investments {albeit at reduced levels) were being made for almost a
quartey of a century before offsettiog benefits were realized This affected ad-
versely the calculated net rates of return for wheat ressarch

a
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