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FOREWORD:ON LAUNCHING THE STUDIES AND MOTIVATING HYPOTHESES

launching the Studies

The study descnbed in the following chapters IS one of

a series aimed at enlarging understanding of the factors

impinging on the adoption of new maize and wheat

technology. Better understanding 0 f the elements shaping

the diffusion of new cereals technology can help govern·

ments and development assistance agencies to Increase

farmer Irlcome, hence the IJlterest In the topic. Interest

increased as controversy about effects of introducing new

technologies attracted widespread attention to the theme.

CIMMYT, with its mandate defini'ng Its role in the

development and diffusion of maize and wheat techr:ology,

quickly assumed a participant's role in the discussions. The

concern and the Irlterest emanating from the critical im

portance of the theme stimulated CIMMYT to look for a

modus operandi through which patterns of adoption and

the forces shaping those patterns could be Identified.

Better understanding of these relationships would influence

CIMMYT efforts to develop new technology, the orientation

of its training program, and the approach taken in counsel·

ing governments about national programs.

In order to better comprehend what Influences farml:l

response to new technology, CIMMYT set out to facilitate

the research on which this and the other studies of the

series are based. We decided to examille eight cases in

which maize or wheat technology had been Irltroduced to

farmers. In identifying programs for study, we limited

consideratIOn to those in which the technology had been

available to farmers for no less than five years and In

wh;;;h no less than 100,000 hectares of land might have

been affected. Eight programs were selected for study. For

maize the focus was on Colombia, E! Salvador, Kenya west

of Rift Valley, and Mexico's Plan Puebla. For wheat,

progf3ms in India, Iran, Tunisia and Turkey were consider·

ed. CIMMYT's maize and wheat staff participated Irl the

selection of these programs. With their knowledge of

programs around the world it was possible to choose a

varied set 0 experiences e.g. programs with and without

irrigation, w:th and without effective price guarantees,

with massive extension effort and with virtually none.

To the extent possible, each 0' the ,KJopilon studies was

under the superVISion of an Irldlgenous economISt liloni','

one case was it necessary to tllrn to an exparrlilte and

thert~ we had the good IOi tlllH~ to collaborate 'J'/Ith a Ie

sear chef WI th sever a! yeal s P x [Wi ,encp 111 tile ill Cd Edch

of Ow collabOlators shalf·d CIMMYT\ C01l0'111 lUI fdlrlWI

Iesponse to new technology

Beyond shallnq thiS COIlU'IIl. each coilabul atol hJd ali

Interest III fal m level rf~sedl eh done In CklSf? cooperation

With agricultural SCientists. The Impol tance of rim Interest

emerges from our COlwlctlon that agricultural SClel:tlst,; Nho

are knowledgeable about d particular maizc' or wheat alea

can contribute substantively to research on trw cerlals

economy of ~hat area. Theil speCial knOWledge about '[he

interaction between plants and thell enVironments IS 1m

portant III identifYll19 agre-climatlc lones, c1ltlcal periods

for the r;rop, and activities which are essential to effective

cultivation. Many agriCUltural scientists played a promlrwnt

role in these studies, each wall ants our gratitude tOI hiS

contllbutlon.

As the studies Wl're completed It became apparent that

much could b2 said for pubi:shll19 them III J standard

format. With several serVIIlCj dS Ph.D. dlssel tallOns and

others dS less formal research pieces, a common format

could only be aChl2Vp.d through reworking the oflginal

monographs. In every case but one, then, CIMMYT's

publication IS an abridgement ot a longer piece The

Indian study, Itself a review of the findings of several ()tht.~r

research efforts, IS bemg published Ir1 ItS entirely with no

effort to recast It ill the form of the others.

In making the abridgement we have followed certain

norms. Mathematical proofs have been el,mmated, litera·

ture reviews have been II1cluded only where they relate to

pOints which are unique to J given study, and the discussion

of the hypotheses motlvatll19 the studies have been dropped.

This last deciSion arJ~es from recognition of the substantial

commonality of these hypotheses among the studies. This

suggested that, rather than plesenting essentially the same

discussion in the text of each abridgement, the hypotheses

could be treated once in all abbreviated form for all studieS.

That treatment follows below.



The Hypoth0Se~

While each of the studies examines a somewhat different
set of circumstances, all depart from the same general
assumption about farmer behavior. The assumption is
that farmers are income·seeking risk averters who are
sensitive to the nuances of the environment in which they
farm and that they are generally effective in their decision
making. For the six studies based on original survey data
and to a more limited extent for the study of Plan Puebla,

this common point of departure leads to a great deal of
similarity in the motivating hypotheses.

Given a farmer oriented by the assumptions described
above, we might expect to see relationship between the
adoption of elements of the new technology and 1) char

acteristics of the farmer-his age, education, family size,
farming experience, off-farm work, percentage of land own
ed, 2j characteristics of the farm-its agro-c1imatic region,
competition of industrial crops, relative importance of
cereals, nearness to market~, farm size, 3} characteristics of
government programs-access to credit, access to informa
tion (though extension agent visits or visits to demonstra
tion plots).

Some of the relationships between these variables and
the adoption of elements of the new technology are mOle
arguable, some less. Least arguable are hypotheses relating
adoption to ed'Jcation, farming experiences, percentage of
land owned, more favored climatic regions, relative import
ance of cereals, nearness to markets, farm size, access to
credit, and access to informatio". With other things equal
and accepting our assumptions that farmers are income
seeking, risk-averting, sensitive, and effective maximizers,
virtually no one would argue that anyone of these relation
ships should be negative.

Somewhat more arguable is the relation of age and family
size to arloption Even here it is Ii kely that on Iy a few
would argue that these relationships might be positive.

Most arguable are the relationships linking adoption to
off-farm work and competition of industrial crops. With
respect to the former, some hold that the relationship is
positive as more off-farm work implies more income, there
fore a greater capacity to bear risk, hence a greater willing
ness to adopt new technologies. Others hold the converse,
arguing that more off-farm work implies less interest in the
farm, hence less willingness to put in the time and energy
as~('ciated with taking on new technologies. So too for
industrial commodities, where those who see the relation
ship as positive allude to greater experience with improved
inputs and larger incomes while the contrary view rests on
capital restrictions and the high opportunity cost of labor.

With knowledge of the relationships among these var
iables, researchers and policy makers can better develop and
diffuse new technologies. Some of the variables considered,
e_g. age and family size, are beyond the control of these
decision makers. Nonetheless, by incorporating them in the

vi

analysis the effects of variables subject to their control are
more clearly discerned. Knowledge of how these variables,
e.g. agro-climatic zones and extension programs, relate to
adoption can be of critical importance in affecting the
development and diffusion of new technology.

With this rough sketch of the general argument, readers
wanting more detail about the derivation of the hypothe
sized relationships can turn to the relevant original piece
from which this series of abridgements was drawn. In
all cases the studies feature the effects of agro-climatic
region and farm size on adoption of elements of new
technology. This emphasis is related to the earlier contro
versy about the effects of new technology where these two
factors played prominent roles_

Before moving to the abridgement, some attention to

the phrase "elements of the new technology" is warranted.
Much has been made of the concept of a package of practi
ces in the introduction of new technology. We've chosen
to look at this a bit differently, taking the view that the
differences in risk, expected income, and cost of each
element of the technology are large enough to outweigh
the effects of the interaction among these elements. That
is to say, perceptive and prudent decision makers might
well choose to take up only a part of the package rather
than the entire package. For the programs studied, the
two dominant elements in the package are improved seed
and fertilizer. These two were analyzed as dependent var
iables in each of the studies. Of lesser importance are
such elements as seed treatment, date of planting, method

of planting, use of herbicides, use of pesticides, planting
density, and seed bed preparation. Nevertheless, where
any of these was recommended and where data are adequate,
these are also treated as dependent variables.

While CIMMYT has been associated with these studies
since their inception, the opinions expressed by the authors
are not necessarily endorsed by CIMMYT.

What follows

This report summarizes resl:lts of a study of wheat
technology in Turkey's coastal areas. The study is based on

a survey of over 800 wheat farmers conducted in early
1973. That survey was a part of a larger effort under the
direction of Dr. Resat Aktan and supported by Turkey's
Ministry of Agriculture, the State Institute of Statistics
and CIMMYT. Dr. Aktan is now examining the entire
survey, emphasizing the two winter wheat areas excluded
from this report where few farmers had taken up new
varieties.

The study on which this abridgement is based was
undertaken by Dr. Nazmi Demir while a visiti ng scientist
at CIMMYT.

Don Winkelmann

EI Batan



I. SETTING THE SCENE IN TURKEY

Turkey's marked dependence on wheat is evidenced in that

crop's role in national consumption and in production On

the consumption side, the country's 38 million people have

an average annual consumption of some 200 ki:os per person

a year, among the highest in the world. Wheat sUfJplies

roughly 50 percent of the calories and a bit over 50 per

cent of the protein in the diet of the average Turkish
consumer.

On the production side, 8.6 million hectares of land
were devoted to wt'eat in 1972. When the land in fallow
another 8.6 million hectares- is added to thiS, the wheat

industry accounts for some 70 percent of the country's
tillable 13nd. Wheat's vital contribution to Turkish agri

culture is evident. Given that agr;culture employs roughly

two thirds of the population, accounts for about a third
of GNP, and supplies nearly nine tenths of the country's

exports, wheat's overall importance to the Turkish economy
is also evident.

With this notable reliance on wheat, the Turkish govern

ment has long sought to stimulate production. Its first

goal, only occasionally achieved and then only in good
years, is to make the country self sufficient in the ba~ic

product. Area, yields, and year·to-yee( fluctuations combine

with consumption to make Turkey an importer in all but

the best years. These imports range up to 8 percent of an
nual use.

When considered in the context of a growing popula·

tion and increasing incomes, the zttainment of self suf

ficiency is seen to be difficult Population is growing at
the rate of 2.6 percent per year. Annual per capita income
is in(;reasing at a rate of over 2.5 percent per year. Even

assuming a relatively small relationship between changes in

income and changes in consumption it is clear that produc
tion must increase at a more than 3 percent per year.
Closing the gap now filled with imports implies an even

greater annual increase in annual production. Contrast

this target, however, with the experience of the 15 years,

1958 to 1972, when area increased little and yields increased

by a bit less than 2 percent per year.

Sources of Production

The bulk of Turkey's wheat production is now carried on
in two Quite distinc~ environments. The largest contributor,

bOlh in terms of area and in terms of production, IS the

winter wheat regior> of the Southeast, the Anatolian

Plateau, and Thrace. These regions account for about 60

percent of the total production on somewhat more than

60 percent of the wheat area exclUSive of fallow Neclriy

three fourths of the fallow lies In the South East and the

Anatolian Plateau

There is little opportunity to expand production through

expc lsion In af,~a. In filCt It is the hope of itw government

that area in the f-\natolian PLltec1U can iJf' reduci'd by 500,000

hectares, with all of thiS returnee! to pasture.

Yields of winter wheat in Turkey are gen"raily low, on
the order of 1.0 to 1_2 tons per hectare. Yield, are also

characterized by substantial year ·to·vear variations because
of the substantial variation in weather_ There 1$ little
opportunity for irrigation.

One knowledgeable official emphasizes the need f()r new
varieties adapted to the whe;Jt-faliow rotation, varieties
which feature efficient use of available moisture. In ad

dition these vareities must be responsive to SllC!l inputs as

fertilizer. New varieties now available lend to respond well
to inputs but lack yield stability, e.g. Bezostaya under

adverse conditions. The land·race varieties, on the other

hand, are quite stable but are also quite unresponsive to
intensive management practices.

Until recently winter W:leats were Widely grown under
traditional practices. Over the last decade lP.chnological

change, 1!1 the form of tractors, combines, herbiCides and
fertilizer, has entered the production scene_ New Vdl ietles
have been developed but are not yet wlde!y diffused eXCf!pt

in Thrace, an area which will be considered in detail later.

Tillage practices for managing fallow and wheat are being

developed and promising results are being promoted in a
new productIOn project covering 20 provinces ;n the winter

wheat region. It is still too early to see the impact of these

efforts to stimulate production. Even so, it is clear that

production Increases In the winter wheat area will encounter
significant hurdles.

All of thiS implies that no easy solutions are at hand for

stimulating rapid increases in wheat production in the malar

part of the wi'1ter wheat producing regions_
Looking now at the spring wheat areas, these are found

along Turkey's Aegean and Mediterranean coasts. This

zone is characterized by mild wmter t<emperatures and good
rainfall, langmg from 500 to 800 milimeters per year.

1



Some 15 to 20 percent of the country's wheat area and
on the order of 25 to 30 percent of the production are
found in these coast.li regions.

With then emphasIs on spring bread wheat, the coastal
regions were the natural recipients of new varieties develop'
ed in Mexico and Itaiy. 1\ t about the same time the farmers
of Thrace, with access to higher and more stable rainfall
than the farmers of I\natolia or the Southeast, took up the
improved Russian v;lriety Bezostaya.

In the late 1960',~ these areas, grouped into four regions
for purposes of the Ministry of Ag(iculture-Thrace, South
Marmara, Aegean, (HId Mediterranean regions-became the

focal point for governr,lent efforts to stimulate wheat pro

duction, Starting in 1~~67 in the spring wheat regions of
South Marmara, Aegean and Mediterranean, efforts were
intense as the government concentrated on the introduction

of new varieties, fertilizers, herbicides, seed treatment,
increased seed production; and launched an extension pro

gram aimed at growers. The intent of the government was
to at:ain sharp increases in production through yield in
creases achieved by chanqing varieties and practices.

Coastal Spring Wheat Programs

The program in the spring wheat area was initiated in 1966

with the importation of some 60 tons of seed of the Mex
ican variety Sonora. This seed was divided among 100
farmers and grown by them with the counsel of the Ministry

of Agriculture. Yields of 4 tons per hectare were obtain·
ed, a marked Increase over the 1.5 tons from the local tall
varieties, Encouraged by these results Government decided
to import larg'; quantiti'l$ of seeds from Mexico, the U.S.
and Russia. ! n 1967, 22,000 tons of HYV seeds were
imported and distributed. Most of this was in the Mexican
varieties Penjamo, Lerma Raja, and Super X with some
500 tons of Burt :md 8revor flam the U.S. and of Bezosta
ya from Russia

About 60,000 fanners with 170,000 hectares of land
took part in the 19c;7 program Penjamo showed itself
quite wei! adapteri to the Turkish scene and became the
dominant variety among the imports. By 1969, it was

estimated that over {jOG,OOO hectares were sown to the new
improved Wheats.

The Ministry of Agriculture relied heavily on its exten

sion staff for disernlnating information of the new wheat
technology _ Extension services are essentially in the hands
of Genera! Directcrate of Agriculture, with headquarters

in Ankara, Th\: Gene;al Directorate has technical agri·

culture directors located in each of the count,-v's 67 prG
vinces together with experts and supporting staff in v'driOUS

branches of agflculture.
When the campaign was launcned in 1967, few farmers or

extension agents were familiar with the new varieties or the
complementary agronomic practices. At the outset, Go-

2

vernment assigned 250 extension workers to work full
time for the new program. These agents were informed
through short seminars, informal mee;"lgs. and p'trl!P<!
materials of thp peepn,i,,! wonts regardli~~! Ih!' rww Vafll!

!ie5 and were instructed to promote ',;,<: C'nmplf!te package
to area farmers. The package Included preparatlun 01 an
appropriate seed bed, seeding technique and timeliness of

seeding, seed treatment, adequate ferti Iizer appl ications,
and weed control. All avenues for diffusing information
bulletins were produced and distributed, many of them are
still in print. These indicate expected yield levels between
4 and 6 tons per hectare under recommended practices

and with average weather conditions.
During the first years, with little information yet avail

able from research in Turkey, it was necessary to estimate

plan~ing dates and fertilizer recommendations on the basis
of experience from other similar environments_ These

experiences were buttressed by data from an extensive
FAO program. This program was started in 1961 and
ultimately was responsible for thousands of demonstration

plots throughout the country. In time, as Turkish research
institutions had the opportunity to focus on the problems
of HYV production, a full set of locally-produced recom

mendations became avnilable.
The Turkish recommendations featured variety and fertil

izer but included: preparation of a good seed bed; use
of drills for seeding and fertilizer application; applica

tion of phosphatic ferti Iizer at seeding time and of nitrogen
in three applications; a seeding density of 80 kilos per

hectare; seeding during the period mid-November to
late December; weed control when needed; irrigation
when needed if available. Seed treatment was also a part of

the recommended package as smut (Ustilago triticiJ, bunt
and rots can be a problem for Turkish farmers. It was soon
discovered, however, that Penjamo is highly resistant to 
smut, reducing the need for seed treatment to protection
against bunts and rots.

For Turkish farmers market risks and uncertainties are
minimized by a price support program of wheat. This
program is managed by TMO (Toprak Mahsulleri Of is i)
under the direction of the Council of Ministers. Each
year, before the harvest, the Council of Ministers announces
!lrices for each type of wheat (and for some other cereals as
well) _ Farmers can supply an unlimited amount of wheat
to TMO at the announced price. The agency has storage
space for about 20 percent of the normal crop and maintains
more than 300 procurement stations scattered throu£lhout
the wheat producing regions_ TMO is also responsible to

provide the infrastructure and the funds necessary to absorb

large increases in production, the sort of thing that might
occur from a marked change in technology or from particu
larly favorable weather. This hasn't been necessary in the
recent past, however, as local demand continuE:s to outrun
production. It should also be noted that an active private

market parallels TMO as local traders, wholesalers, millers,



and speculators compete for annual production.

Farmers also had access to seeds through Government·
managed seed production farms. Certified seed is pro

duced on large state·owned farms or under contract by

private growers. The seed is then shipped to supply POints

for purchase by farmers. Seed is priced at 125 percent of the

TMO guaranteed price of wheat. I t can be bought on credit

but only 75 percent of thes'Jalue of the seed can be loaned

to the farmer. This credit system has suffered from serious

difficulties in the recent past. Witness the year 1969 when

loans by the agricultural banks for commercial seed retail

ing were 340 million Turkish lira of which 62 million was

in default, 100 million was overdue and only 178 million
were current. One consequence of this was that credit for

seed was notably reduced in the early 1970's and this was

accompanied by a dramatic decline in the sale of seed,

from a high of over 250,000 tons to a low of under
50,000 tons in 1972

From 1967 on, the Turkish farmers III the coastal areas
had access to HYV's, to some credit, to an active extension

program, to a package of recommendations, and to an
active, guaranteed market for their product. By 1969
HYV's were estimated to be on over 600,000 hectares for

sprlnq wheats and by 1972 the estimated area was ave!

900,000 hectare'>,

Review of Subsequent Chapters

This is a dramatic sldt to new varieties, from virtually

nothing in 1966 to over 50 percent of thi" spring bread

wheat area 7 years later Still, I twas cieel! that some

areas remained With the old varieties or with the old

practices. The intent of thiS study, launched in early

1973 and based on data from the 1971·72 crop year, was

to see to what extent a pattern of adoptIOn emerged.

The goals of the study, a descriptIOn of the study regions,

the sample, and the data are discusser! in Chapter II Chapter

III presents survey data pertamlllg to the average profitablil
ty of new varieties anLi fer t iIller" and the rISk, d>SOClat I'd

With these new Inputs The follOWing two chaptl'lS rlISCUS"

the relationships between iJddptron of var letles and ff'lllhll'r
in one hand and farm char acte/ls t cs, fdlmer char dett'r IS tiCS,
and government programs on the other. ConclUSion and

descriptIOns of new resealch are the topics of the final
chapter.

II. FARM AND FARMER CHARACTERISTICS IN THE REGIONS STUDIED-

The study of adoption of the elements of new wheat
technology by Turkish farmers focuses on three spring
wheat regions and one winter wheat producing region.
The country's remaining winter wheat producing regions

are not considered because it was known that few farmers

had adopted new varieties by 1972.
Before considering the regions it is convenient to in

troduce some terms describing wheat varieties. In what

follows HYV's are short-stemmed varieties introduced to
Turkey from Mexico, from Italy, and from Russia. The
major Mexican variety was Penjamo. Italian varieties were
Conte-Marzotta, Mara, and Libellula, and the principal
Russian variety was Bezostaya. "Other" varieties includes

all other varieties, consisting primarily of improved and

local Turkish wheats.

The Regions Studied

For identification, the three spring wheat regions are called

Mediterranean (Region n, Aegean (Region 2), and South

Marmara (Region 3) while the winter wheat ,eglon IS

Thrace (RegIOn 4). T he regions and the provinces sampled

within each are shown in the Map. These regions and reo

presentative provinces were identified with the assistance

of agricultural scientists familiar with Turkish wheat pro·
ductlon practices. Regions were defined so that wlthm each
region conditions for wheat production would be essentrally
homogeneous, except that hillsides and flat land5 withm ;j

region were assu'ned to have different characterlSflC5 Thr.

analysis, then, recognrzes two zones Within each of the thrl'f~

spring wheat areas. Only one zone IS recognized Within the



winter wheat region, oS Thrace is characterized by rolling
land.

Looking now at the regions, the Mediterranean Region
has an annual average pr,-,cipitation of 934 mm with the
monthly distribution over the 5 years, 1967 to 1971, as
shown in Figure 1. The average elevation is 20 meters. Wheat
is planted in November and harvested in May. Wheat makes
up some 30 to 60 percent of the average farmers' crop
mixture. Because HYV's can be harvested in Maya second
crop often follows wheat. While the area has a well develop
ed irrigation system, wheat is rarely irrigated as rainfall is
usually quite adequate. Spring frosts rarely occur and
there is little damage attributable to hail or to wind. The
region accounts for roughly 10 percent of Turkey's wheat
area and some 1:3 percent of the total productior,. The
provinces chosen for sampling are less representative of
the entire region than is the case for the other three

n~gions studied. While this restricts ~Jeneralization of the
data to the eastern part of the reS'ion, that part does
account for tl".e bulk of the region's area and production.

The Aegean Region has an annual average precipitation
of 670 mm. The monthly distribution for the 5 years,
1967 to 1972, is as shown in Figure 1. The wheat season
extends normallv from the beginning of December to the
middle of June. Somewhat less than 50 percent of the
wheat is prod'Jced in the Region's main valleys and the
rest on the adjacent sloping lands and foothills, at eleva
tions ranging from ::n to 500 meters. The higher eleva
tions are subject to spring frosts. While the local wheats,
which mBture late, are rarely influenced, frost can damage
the earlier maturing ';pring HYV's. In the valleys wheat
is usually grown in rotations with cotton and pulses while
on the hillsides tobacco and wheat are featured. Wheat
is harvested in late May and early June. As in the Medi-

BLACK SEA
THRACE

SEAMEDITERRANEAN

The ThracG, South Marmara, Aegean, and Mediterranean regions of Turkey and the
surveyed counties within each region.
4



terranean Region, irrigation is available but little is practl'
ced on wheat. The region accounts for some 7 percen:
of the wheat area ane 9 percent of total product ion.

South Marmara Region averages 680 milimeters of rain·
fall annually and elevations of cultivated lands range up to
250 meters. Average monthly distribution of rainfall for
the period 1967 to 1971 is given in Figure 1. Major field
crops in addition to wheat are sugar-beets, tobacco, pulses,
sunflower, and potatoes. Wheat is harvested in July, 20 to
30 days later than in the Aegean Region. South Marmara
has 4.5 percent of Turkey's wheat area and 3 percent its
production.

Unlike the coastal regions, Thrace is a winter wheat

dl'!o. AllIlUdl dvel dyt~ pJt'C1~lIt<lll()n I C
, 590 nllIIIIlWlt'I~, <11\111

buted as shown in Figure 1 (data from 1967 to 19/1)

Wheat is the dominant crop with sunflower following in
importance. Thrace has nearly 6 percent of the country's
wheat area and contr ibutes a bit over 7 percent to total
production.

Sampling Strategy

After identifying Essentially representative privinces from
each region, counties were selected at random from each
prov;nce. Within ead. county vi!iages were stratified in

01 I I I I I I I I I I I

160-

120-

80-

MEDITERRANEAN AEGEAN

I I I I I I I I I I I

SOUTH MARMARA
120-

80-

40-

01 I I I I I I I I I I I
SONDJFMAMJJA

M 0 NTH

THRACE

I I I I I I I I I I I I
SONDJFMAMJJA

MONTH

Fig. 1. Average monthly millimeters of precipitation by region 0967-711.
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Table 1. Characteristics of sampled wheat farmers by region.

Mediterranean Aegean S. Marmara Thrace
-------

Age 52 49 47 56
Family size 7.8 6.2 5.5 6.0
Education a 2.4 2.3 2.1 2.3
Days working off-farm/year 13.5 13.5 9.9 12.5
Plowing with tractors. % 94 45 38 82
No. agr. radio programs/month 6 3 5 7
Participating field days, etc. b % 51 10 39 38
Membership in agric. SOC'dty, c % 81 55 79 9fl
Selling wheat, % 82 33 25 79

a/ Range: 1-7 (1 = no education 7 = college education. b/ Field days, '""ctures,
and demonstrations. c/ Mem0ership in any of several agricultural societies
ranging from co-ops, 4-H cUbs, etc.

Table 2. Characteristics of farms of samplerJ bread wheat
farmers.

Region
Size
ihai

E3-,e£cLvy~at

Land in plots
('Yo) \rII" \

Plots on
hillSide (%)

Dlstallc~

from home
to fielu, (kml

6

Mediterranean 14.6 67 1.9 67 2.6
AeJean 5.8 45 1.6 75 2.3
South Marmara 7.0 48 77 1.8
Thrace 15.2 48 96 2.3

a/Virtually all durum farme·'s eliminated 3nd those durum plots
included are not conSidered as part of bread wheats.

Table 3. r· .1t of fields and percent of area devoted to various
varieties on sampled bread wheat farms, by regien.

l'fLedi ter raf\.ean Jl,~JLECa!:!... __ S. Marmara Thrace--------_.- -_.. _---
Fields Area Fields Area Fields Area Fields Area

------
Bezostaya 5.7 2.4 7.1 20.7 76.0 78.7
Italian a 1.8 1.5 11.4 10.3
Mexican b 93.1 95.4 23.0 32.7 7.9 8.6

HYV's 94.9 96.9 28.7 36.1 26.4 39.6 76.0 78.7
Other c 5.1 , .1 71.3 64_9 73.6 60.4 24.0 27.3

a/ Conte x Marzotta. Mara, and libellula. b/ Penjamo. Lerma Raja 54.
Super x, Sonora 64 with Peniamo by far the most promineM variety_
cl Other includes land race varieties and pre-dwarfs improved varieties,
largely Turkish. Local improved accout for about one-fourth of other in
Aegean a,ld nearly one-third of other in South Marmar".



t(,l ms of topography, weigh led in terms of wheat area, and
two sets of villages wert' selecterl at I andorn. Roughly 30
villages from each leglOl1 wele selected in this manner
Within selected vil!ages, farmer households were stratified
Into lhree grollPS according to farm size and then farmf?r

households were selected at random. Roughly 200 house·

holds were interviewed from each region. Some of those

farmers interviewed were subsequently eliminated because

they concentrate on durum wheats. If durum occupied
over half of the farmers' wheat area he was eliminated

from the sample. No HYV durums were available TO

Turkish farmers in 1971. Th:s left a sample size of ':'00

farmers in Mediterranean Region, 154 inA.egean, 177 in

South Marmara, and 178 in Thrace. In m ,st cases, farmers

who reported some durums had ail of their wheat land in

durums.
Dr. Resat Aktan figures prominently in all of the early

stages of this study, from planning its scope, to formulat
ing hypotheses, to pn'paration of the questionnaire, and
to administering the surv::ly. Survey administration was
completely in Dr. Aktan's hands. Ennumerators were pro
vided by t;le Ministry of Agricult~te, largely from its

ex tel'sion staff. Turkey's State Institute of Statl stics also

provided counsel on statistical techlllques and accomplished
the task of transfering the data to punch cards. It should

also be mentioned that, while none of the data are reported

here, some 500 farmers of Anatolia Region anu Southeastern
Region were interviewed. Those data are now under

analysis, with the aim of establishing the characteristics of

current practices.
Several statistical techniques were used in analyZing the

data_ These included simple chi-square tests, analysis of
variance, multiple regression, and logit analysis. While a
number of variables were considered (see Foreword for a
description of hypotheses) major attention was focused on
agro-climatic region and farm size.

Regional Characteristics from Survey Data

Data from the survey can be used to augment the cursory

description in the first section of this chapter. Certain
characteristics of farms and farmers are given in Table 1
and Table 2 while data on the use of thE' HYV's by regions

are in Table 3.
Some comparisons among regions are interesting. Notice

that average age in Aegean and South Marmara is well

below that in Thrace. Family size in Mediterranean is far
larger than in other regions. Little off·farm work is under

taken. Tractor use is far more frequent in Mediterranean

and Tprace than in Aegean or South Marmara_ Notice that

Aegean is well below the other regions on ext~nsion-related

variables (radio programs, field days) and on membership in
agricultural societies. Thrace ranks quite high on agricultural
societies. Finally, both Aegean and South Marmara fall

TalJlt.· '1 Distribution of sampled farmers by aV8f<lqc

quantities of plant nutrients (nitrogen amI phosphorus)

applied to bread wheat In 1971 72 production."

l\i1f~dl tf~r r ;:HH!iHl i\f~~W,Hl '" MalifliHd r hr a~_I'oJ.

(kg/hal I'U,) 1":"1 1"'1 (';:,1

0-30 6 54 38 6
31-60 7 26 20 14
61-90 17 14 23 29
91-120 17 4 if) 21

121-150 20 2 3 14
151-180 19 11
over 180 19 1 1 5

Total 100 100 100 100

Mean (~, g/ha) 131 34 SO 99

a/ Recommended levels ace for HYV's, 160-200 kgiha: for others,
120·140 kg/ha.

well below Mpditerranean and Thrace in percentage of farm

ers selling wheat.
Average farm size for sampied farmers is a good bit

smaller in Aegean and South Marmara while percentage In

wheat is far larger in Mediterranean. South Marma; a farm

ers live close" to their plots on the average. Mediterranean

farmers have the lowest pe(centage of their land on hillsides

and rolling land.
Clearly Aegean and South Marmara lagged behind Medi

terranean and Thrace in use of HYV's. Notice too that in

Mediterranean and Thrace there is l~ttle evidence that size
is related to adoption while in Aegean and South Marmara
there is some evidence of such a relationship as percentage of
area is lc1rger than perCf~ntage of fields.

Two additional points should be made. If ont! compares

the regions in terms of "adoption" of HYV's where adoption
is defined as having more than 50 percent of rhf' sprlllQ or
winter wheat lands In HYV's, then the rate, are 93 pc cent

for Mediterranean, 29 percent for Aegean. 31 percent for

South Marmara, and 72 percent in Thrace. The second
point relates to durum wheats_ While viltually no durum
wheat was produced by the sampled farmers of 1\.1c·

diterranean, 30 percent of the plots of the Aegean farmtCs
Interviewed were in durums, 15 percent of those in Sour!'

Marmara, and 8 percent of those in Thrace_
'--:-nilarly, the farmers of the four regions can be group

t, ,ording to fertilizer use. The result is seen in Table 4.

As with HYV's, fertilizer IS most heavily used in Medi

terranean and Thrace, faillflg sharply In Aegean and South
Marmara_ It should be n lted that ferti Iizer use on wheat
has increased appreciably since the introduction of the
HYV's. In 1966-67 it was estimated r'1at wheat 3bsorbed
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20 ,;ercen: of the total plant nutrients used in agriculture.
B'/ 1972, JIIheat was ....stimated to take up 60 percent of all
nutrier:ts used in agriculture. Based on the survey results
the four regions under study used nearly 30 percent of the

nutrients applied to all wheat. Even so, there is apparently
same way te go before applications reach recommended
levels, which are 130-200 kg/ha for HYV's and 120·140

kg/ha for other varieties.

III. FARMER INCENTIVES FOR ADOPTION OF RECOMMENDATIONS

This chaptH treats rc:sults of analyzing the data from
the bread wheat farmers interviewee in conjunction with

the 1971-72 production ~urvey. Anticipating the con
clusions it wdl be seen that differences among regions
exercise the most notable influence on the pattern of adop
tIOn of HYV's and on fertilizer use.

Before examining the data from the survey it is appro

pnJte to review the elements of the new technology. These
were: 1) HYV's, 2) increased use of ferti lizer, 3) better
seed bed preparation, presumably with tractor-drawn im
p!rnents, 4) seed treatment, 5) proper seeding dates and
rates, 6) seed and fertilizer appl 'cations with drills, 7) arid
weed control. These will be <-..)Vered in turn below With
emphasis given to use of HYV's and fertilizers.

Measures of Profitability of Recommended Procedures

There is a presumption that by follolilling recommended
procedures farmers will realize greater per-hectare profits
than from following more traditional practices. This pre
sumption is solidly backed by experimental data from each
of the regio.ls. There is still the question of r ow farmers
fare when they incorporate these practices.

An <larlier study undertaken by the Ministry of Agricul
ture l in 1968 showed that a sample of 55 farmers had
average net returns of 1810 Turkish Lira for HYV's while

a sample of 44 farmers had net returns of 791 TL per hec
tare from lucal varieties. This study also showed a consider
able difference in use of fertilizer and implements between
the two sets of farmers.

To get an impression of relative yields under more nearly
similar conditions sample farmers were asked about their
yields for the 1971-72 crop year. It was not worthwhile to

8

group their responses in terms of ail of the elements of the
new technology as, with some 128 simplified combinations
per region, the substantial variation among farmers permits
only a few observations for each combin"ltions of elements.
It " nowevpr, meaningful to group responses in terms of

variety pl.::<r~ted and fertilizer use. The results are shown

in Table 5. Even so, it must be remembered that data are

farmers' recoliections of yields, hence are subject to a certain
margin r.:f error. This presentation has the significant ae
vantage of having maintained fertilizer use relatively constant
be"ween the two classes of seed. Even so, as many uther
important elements are left uncontrolled in Table 5~e.g.

preceeding crop <ind seeding date-the yields are little
more than ;,rJicative of the relative profitabiiity of the
practices which are being considered. Notice for example.
that larger appl ications of fertilizer seem to be warranted
in only three of the nine comparable cases-SOuth Marmara
hillsides for both HYV's and other varieties and Thrace for
other varieties. In the remaining six cases, the yield dif~

terences are short of the roughly 200 kilos of extra wheat
needed to buy the extra fertilizer, e.g. for Aegean flat lands
under HYV's, the reported difference :n yi~k~s associated
w:th higher fertilizer use is only 90 kilos. This is a measure
of the influence of the uncontrolled elements and, perhaps,
of errors in reporting yields.

In any case, before relative profitability can ue asseSSEd
some additional adjustments must be made. First .while

relatively few of the sampled farmers reported seHing

straw (7 percent, 4 percent, 12 percent and 29 percer..
respectively in the four regions), they do report that a
market exists and many use the straw for maintaining
their own animals. Assume that the relative proportion of
usable dry matter is partitioned 40 percent to grain and
60 pe,cent to straw in HYV's and 32 percent and 68 per-



Table 6. Grain equivalent of extra straw produced by

HYV's as implied by yields of Tabla 5.

Table 7. Net yield advantage (kg/hal of HYV's over other
varietIes after accounting for value of straw and certain
other costs.

Table 5. ~verage yields (kg/hal of bread wheats reported
by sampled farmers for 1971-72 by variety, fertilizer use,

and agro-c1imatic lone_

al Low fert",zer 16 0-60 kg!ha of l1ur"ents In ReglOlls 1, 3. and 4.
0-50 kg/ha in reg,on 2_ H'gh f"rt"'l<>r IS 110-150 kgs ill 'egJon 1.
60-100 kg/ha ,n region 2. 80-100 kg/ha In reg.ons 3 and 4. hi No
data reported. c/ Fewer than 10 observations.

n
67
;(0

170

________ ft:~..tdlty.

Low H'gh

91
-18
127

-137
51

Flat lands
Hills,ries
Flat 'ands
Hillsides
HillSIdes

ZoneRegion

_ f~~til!t'r'

Region Zone low High----- ~-------

Mediterranean
Aegean Flat lands 286

Hillsides 273 272
Sou th Marmara Fiat lanris 980 792

HillSides -t82 381
Thrace Hillsides 620 -59

Mediterranean
Aegean

South Marmara

Thrace

HYV OtneJ
low !-hgll low HIgh

Regia'! Zone f",l d if'rt d fen a ferr a

1. Medite" anean Flat I,mds b 2518 b 1750 c

Hillsldf's 1556 b 950 c b
2. Aegean Flat lands 7204 2294 1727 lJ

H"ISldps 1448 1533 1051 1134
3 S_ Marmara Flat lallus 7430 2375 t477 1550

Hillsld"s 1063 1833 1001'1 1332
4_ :hrace H,llSides 1947 1!~ t 1 1778 1600

cent in local varieties and that the price of straw IS 30 per
cent of the price of groin (sampled farmt~rs repolll~d Wlces
varying from 25 to 35 percent) Then the added gram
needed to offset the impl ied straw foregone from the data
in Table 5 is seen in Tahle u.

A second adjustment can be made because, according
to Turkisli government estimates, even when adjusting
{or fertilizer, HYV's c0st'roughly 100 kilos of wheat rer
hectare more to produce than do local varieties. These are

said to be the additional costs of harvesting and tending
the HYV's. This estimato seems high for several of the
regions where reported yield differences between HYV's
and Other varieties are low e.g. Thrace hillsides.

Adding these costs together, deducting them from the
reported yieids of HYV's and then deducting the reported
yields of ordinary varieties leaves the net extra yields
showlI in Table 7.

These calculations-based on farmers' reports of yields,
an assumption about grain partition, the assumption that
average fertilizer use within~he respective fertilizer grou;:::s
is the same for HYV and other groups-indicate that HYV's,
produce relatively more profits than other varieties in a!1

but two situations. Those two are South Marmara hillsides
for low fertilizer users and Thrace hillsides for high fertil
izer users. Again, we mus emphasize the operative verb
"indicate" as these two results are certainly counter to
expectations.

One interesting aspect of Table 5 and Table 7 is that

in four of six hillsid~ situations, the HYV's appear to be
more profitable than the other varieties. This runs counter
to the conventional wisdom of the countryside which has
held that HYV's are not useful on hillsides. The latter view
has received some support from the Extension Service which
has not given the same emphasis te HYV's for Aegean and
South Marmara hillsides that it has given to HYV's for
valley farmers.

It can be asked why the yields of Table 5 are so much
below the 4 to 6 tons yields cited by Experiment Stations
and regularly achieved on some farms. In significant
measure, this occurs because farmers have not taken up all

the practices recommended by agricultural scientists. Table
8 is a graphic demonsuation of this assertiGn.

For the Aegean Region perhaps th~ most notable issues

Table 8. Farmer practices by type of wheat and regio,", in 1971-72 production.

Mediterranean Aegean S_ Marmara Thrace
HYV Other HYV Other HYV- Other HYV- Other

-~ -----_._--- -----_._-------- -- --_._- - ~--_.- _.- - ~---.-

Fertll!zer (kg/ha 133 62 22 70 42 109 73
Treated seeds (% of fields) 61 21 77 68 98 75 97 84
Drilled wheat (% of fields) 2 0 5 1 4 15 6 2
Recommended date (% of fields) 94 41 63
Weed control ('Yo of fields) 20 10 25 12 87 52 33 32
Drilled fert.lizer (% of farms) 2 0 0 0 0 0
Split applications fert. (% of farms) 78 48 92 10 81 59 67 5
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die ille iow Idte~ 01 lertlliltH dppilcittlOIi dlifl ttle low pel

ceoldge of L,rrne" pliHllllly HYV'~ dl the leconlrnended

lime Weall-,el w"s als(\ d pootllf:nl according to lepons

110m the Ae~iedli fleglonai I\qll('llituldl Hesedlch Institute

a, some 2mi rrlfIIIITwtt-;f5 1<)55 Ihan the normal rainfall

was receiver!

South MaffTld.a IS also dISl<fl;jUiShed by low rates of

fertillzel appllcailons as compdled With lecornmendations

and by a Significant pOI lion of farme!s who du not seed at

lhe leCOllHnem1et; tlrne

Thrace shows up qUite well except for spill applications

of fertiliZe, ThiS rnay w/::!I be die,s CI ftical ,,, obleln lor the

Wlnler whealS and the Idintall regirne ot Tlir ace Ihan ffl

the spnng wheat legions

iJ"hlle 1I ligation is pOlenllaiiy available to many of the

lanm,rs culllVdliilg spring whealS, few take advantage of It

ACCOIdlii\j to t!'ie SUiVev, At-;gedil negion falmers Illigate

tess Ihail H) pel Ct-; 11 1 oj Ihell Spring wh"al d,e,), aiHJ most

01 Itl" i~ appllt-;f! \,j ifJilJloved vallelles The lenkHlJiilg

,egiOns repOiI iess Iharl 1 percent of ilwn spllng wheal

uIIl;el ilrigatilill and lhldce leports loughly 1 percent of

Its Will lei wheal uildel ililgallon

One final pU1iI1 must be Hidde behlie IHoceetlmy 10 lIle

que,tlon of risk In Ihe oun,rnel of 'I 9 l!:J, Mt-;XiCdf1 Vdlielles

wert-; seillllg at a dlSCUUI11 dS uHnpalefl 'Nilh local vanelles if!

tilt: itid,l,el towns oj tile Aegean He~Jlofi Trw dlscounl

was on the ,)f del (j I HI pel ceill and I~ alii illU table in the

re,] grdlil (" ill': Nle)iiCaii ViHlelies Tt11:> gives a reddish

lint 10 loeaHv grouild floU! while lhe local ilmllel colored

Vdl ielles !llt)(juce il whiter tlo(jl illfollgll 10Cdi milb (jlvell

(ht~ IOCdl Pit: tef i-Jiice iOf \Ntn tt~ ffUlH ftlt~ IUCdl Viii h-:lit;S dl e

:,old t;, 111<:: niall,e! I()Wil~ whil" rlit MeXican varieties alt:

~trlpped 10 rtlalOi rnill~,

011 Hie nltwi hand, 110 pllce dlffeit;f1i'dl wa~ iIld,Cal"tl

bV lilt-; ~urvev J\il ex.pldlldlloil 01 lliiS appall;[ir cuntl d

dICtion is ttldl Hie Iidivest uj 19/2 sold al ltw guvernlilt'liI

~UfJPlll pliO; Wiltl sutllCit:iii yldlil avallatJle thai TMO

could iIlailildili lh" fli IC" BV 19/G, howevel, dOmeS!i,

dnd wor Iii ~li,Jlldgt-;, alung with Turk".,,'s inflation lJushed

mar 1'1; ~ pi iC", above :'UppOil pi Ices ," IOCdl prefeience,

were l1laliileslt:d At the tlnie of the ,ill vey iii aliY case, dS

pI ice tid fe";,, trals wei" si1ldll or IHlf1el<,iSlelll, Uil"y had Ii [til;

effect 011 adoption oj Improved V<;IieTieS

With respeutll jJiOfllS, tlHm, expellflH:ntal dalil, rVlir1lStly

sUlvey dala, dnri the 19l'l 72 pioduetlon survey daia cum

bllie to SUPP(lIt llll, digument thaI HYV\ are 11iUle piOfit

able than olhel var lelies, evt-;n when both ale managed In

fOughty '!iii same way NOllCe, too, that the net yield

dilielences repul(t-;d ill Table 7 represent plopoltlOllately

laiger iIlCfeases iii nel profits per hectare than in net yields

pel !wclare FOi eXdmple, USifl(l Simple avelayes, the net

Vleld In,:lease oj Tahh; " ove, the other varielies of Table

!:J IS over 2b pel C!;lll SII,<:<, Ottl'" cos Is mus I be nelted

flom the bds,~ yrelds, the relative illcredse In rHofits is oj

d substantiilily lalgel magnllude

10

Measures ot Risks 01 Recomr,.ended Plocedw'es

Lookrng IlOW al I isk the siludliOl1 IS iess dedi thaii lid

profits II appedls thai the \jIOWli1g u,ndIIIClIi' jfi II",

rV18diterraneap He~Ji'lIil')1 HYV spling wheab drHJ ill Thldct-;

JOI HYV WiIller I/vlwats lilt' Sin;!i tliat theie '5 110 l"fiUff'

Iisk associated Witl) Illell ililf')(lucIIO" than Will, olhel

vai ieues, MeditellarWali jillli1'''~ fdce little dJIlge, IflHn

tl OS I amJ l1av" nOl exp"r I'" I('"d inajOI diSt,ase pi "IJlell1s

Tlildce I::; tJlesStd Wilt) good mOisture hem:" lhe crl1'CI~nr

applied ,0 BeloStava thaI '1",lds ale uns£able tlecau,e ot

mOistwe stress 's Ilul "ppilcaIJi,; Falmers ot Ihese two

regiOns lespond Wlttl hl\jlo ddopllUii Idles d/ld als() ,lie

u:,tn!J t'ledVY fei lillie, appllCdllUII'>.

ell cunlsldl iCeS dl e qu litO il, tlell" 11, however, II I the Aegeall

and Suuth Mdl mai d "I ed:, v'JIle, t, I die f I u~t5, e~fJeclall V il'1

the hills, ,:dn I,e devdst"llIiU UII"; (,t Ihe most CfitlCdl tdCtlHS

attecliny yield, 01 Ilk rVit-;XiCafi v",IHles IS tune ot seed,ilY

Bill Wllyl,!. WUlk'lly willi l'likey's Wheal Hesealch lind

T lalning Ct-;lilt:l, SIdle, tr,dt "IJetlldps tilt: INorsl tlllllg you

can (lo to d ~tiulI dill"llUIi type wheal (in TUlkey/ IS to

sow lUO edllV :,etOtled "arly and With tilY~1 I€fnperdluf'"

dUling edrly grOWill, Idie/illy is restlicted and Itk plalll

moves qUickly IIHO Itlt-; ItpliJl1uct!ve phase It Irost OCCUi

1119 wllile £lIe piaI'll IS IIUWtl,'ly, Yields can be "e'.tHel,! I,e

duced SOWII lalel, thl'> ptlase occurs allt:1 all uul the
late~t flOSh

0 .. IIH, olilel lldlid lale seedlllg Cdll "Iso IJe umJeSi(aul"

Dernlillcarndk 01 the WI1",,1 Resei:lfch and lrailiillg Cenkl

P0lnl, OUl Illdt, it seeding IS Idle, lallls Cdn flelaV planting

even ITlUle, 1&"dIl19 to poor emergence ond iiladequate 510mb

ij liVe£ con(hlions pel~lst

These constraints, espeClillty that afiS!ny 110m lros£,

put Ole MeXic"n vdneUes at d r:"lall'Je Jisadvonldge III

South NIdi ill"r" dlld l\eye'111 as COinparerJ Wllh Itallall eli

(j£llef '1,,1 ielles Tlkse vallelieS ale 01 IUIlger duration,

hence, even rt ,,,eded eally, lIave a !'llgh prolJabi!ily ut

escapiilg ddilldyt-; frtllii fruSt Tlus is probably one of the

jaclo,s expldiflillg tlie leL,II'Je1v IUW i:ldOpliOIl of MeXican

Vdlie ties and Ilit: cor respollttillgl y hlghei adoplion 01 italian

vaij(~lIes H1 South Marii1aia As Table 3 shows, Soulh

N'arrnalil hds mOle area in Italian than ill Mexlcdn vaiieues,

It ha~ IllOle ared ill improvtd wlnte. wheats !hdn In Hie

teta: of I [allan amJ MeXiCan spring wheats I tie l,ealli"l

'lse of WlIller wheats IS d measure of the r€ldllvely COU!"I

tempel dtures prevail ing III South Maunaf a, ""peUdlly III

Ihe Ililis wile", nearly 90 pelcenl of the Beioslo'{" 's \jrown

ThiS iast pOint, II SilUul(j l)e noted, " ai,,<J\ltISe corn

mentalV on the homogeneity oj the hillSl(Je areas 01 SOU1l1

Marmala If SOllie oj Ihe nilis of OIat region ,Uppolt wlflkl

wheats (Belo,taYd} while oItlel S SIJppOi t SPi illy wheab

(t tali an, Mex Ican, and othed, then Ihese IWO sets of hilis

aie dearly nol palt of a homogeneous dgrocimJdt": lone

Dlse3se IS also playlllg a lole in larmers' assessments of

the desiiabilltv of adopting n€w varieties Some early users



<1Vr.idYC I cHr.~ "t appiif":Cl(lf>ll

dVcidy" , dIes Ilj appliCdlililj

of Ihese varielies, especially ill Aflgean and Soulh Mcilmafa,

sufftHed when their HYV's showed jdr mIlle ,:usceptlliltty

to Septorlii Ihan did IOl.al wh"als Ifi Ih" duaek of 1970

PenJamo WI thstood the attack I easoflalJly well Slill,;[1

tfH; minds of some tarmers, the new vilfletles are suspect

because some of them manifested great susceptibility te

thiS now-and-agam scourge of wheal growers Hi the Medl

terranean lilloral.

Other diseases, the most Important being yellow rust, are

sp€cial problems in Aegean and South Marmara_ Here

howeve~, it appears that the Italian varielles and Penjamo

stlOw better resistance than do thl; local vanetles

Lookmg now at precipitation, the rnonUily raintall

patterns seems to be less favolabl., to HYV's III Aegedn

and South Marmara Region> !.han in the MedlterranflCln

Region.

DlscussioilS With sCiflntlsts 1 Im11cate tWf) differ!;n!. slages

In wheat's gtowth cycle At these sldyes IillflifT1UIIl dlTlOllIlls

of ITlOlstUte die C1itlcdl The tilsi Cillical S[dge IS dl crown

lOot initiation, WhiCh slans 3 In 4 weeks dtlel seedll"lY TIl'"

second CfillCill stage IS dl (lowerillY ..lIlet ectlly IIi llit: se,o;d

iilliny period ThiS usually ocelllS ,orne 130 150 !ldy; atl'"

seeding, depending UpOfj the "nVII'!Il111r.iital ClHH1itiOlI;

The threshold mOistule level heluw WIliCIi '1lelds "Ie 1.;wI:'

[haJ) expectation;, needed 101 these IWO Ci iircal slaYI:s ViH y

dependmy upon several faClors. Given TIlt; conditiun:: e"ISI

I..,: If1 the coastal regions at Turkey, a iule of Ihumt) thdt

seems leasonable IS that 4050 mrn fiilflialf e!thel ill Ue
cembef 01 Jal!ljalY Of hom, (Ii)ughly when Clown IU(;b de

vdop) and 6070 mm of rclintall ill el£htH Maret·, 01 APlil

or both (tloweling dnd early fllllllg ,1age) IS u",ally sut

fluent for a good harvest Assuffllny lilt; lowel irgllle, d;,

the threshold levels, Table 9 shows the jJrollabilllie;, of

havlfIg dlTlOunt5 of PlflClpilatilH"1 mOle thall lj' e4u,,1 ;.,

Ihe thresholds The plObai.lllllicS die base(l "II fflOlli!lly

ol"Jservat iom ot ihe pas!. H) yeals aV,H d!:l,,(j over seve",1

localities.

As IS observed hom Table 9, rarnfdll is rllJl lik"'y lU b·

a lifTlitiflg lactO! In the coastal regl(JllS al Itte C10WII 100,

development stage The probabilllles ol haVing Jalilldil

equal or above 40 mrn afe ve,y high Howe,wl, I "llll.ill

seems 10 be an Impofliinl factor dl the Howe, ,nu "lin

eallv fillrny stdye, PiolJahlliiieS oi havillg 'dlfddl ,'qI1all'·'

or above 60 fllfil III Mdrch and Apfi: dre llioJhhl 1(, II."

Merlltef fClnean Re~llon with fi] p';fcent and l"11'iSlilt', ,,1,1\,.

lower III Aegean and Sou th Mdl ,,1111 drillS 15 Ct.1 i~>I"l';;;i

With the higher artop,Hl1l Idte oi HYV's Iii M"dil'~;ldlle,ll'

dnd lower ddopliOl1 ,ate, rn A"yedf I iilld Sou I Ii M_i' ,I,dl"

Pedidl.;' '"Vl'n rHOI,' sl(JnillCdlll .5 I diltl"ii·, '1lIIlit-'''·I' 'HI

iales 01 'I'I tlillatiull Wltl·1 tile: Iliyll'" p",\I"t"ld'; iii l"il

IdlllS In :11., Me(llkIIClii!':<,1l H"'.!I'.'''. l,lil1,,'" I"" t,e Iii",,·

cOiilidp.llt ot adequ<1'" flii,i,lIJ1', 1,,"iC<; vv,,,,lil :",·,,1 ,,, Ij,·

fiHHe disposed IU c1Ct.t~jJl Itlf~ ll;"h l}f hl~I'l 1~llt:":. 'Jl 1'-'1 d

iI€f ThiS is Ct::ildll"lIy l'i)/l.l")lcil{ V'Jldi liit~ 1',t~II.i,JH.Jl l.t

Medikll"lIectii Idlind, h"" .j "IJf,- 4) II,,· l.ll<il",t"lill'" <I ..

Hul plopctly old~, Hit-: At~Ut~nj\ .-llid ijiiuli, IVL1Ilil;'I1;1 \(:~'IIIJl~.

wilh Jt!~pe4t H, tr~t(dlt·t.:j tJ:'f: lHll ,hi'; ii!l~~hl I,t~ lidl\i'l"'litt:d

I'j'l tile tiiyht-~l telilpr.I~JlUtr~'; ;liid t~'JdjlilL;illi!l1 1;:,{(;'; t.il lIlt:

!-\r.gecui Tlit~~e LOil[1dll'ii~ ~ 11il tiIlPlj~t: .'Hi c\lf~1i !jj'O,dr:i

l)t:t:tj tiJl iiHil':.h,lr. lit lito} jt:~HJli Ifi:lii ill ~IJ~Jltl I\ft n iif,.li:1

Wllh lilt"; tilt-: llltt7-;l'dld h:vt:1 III ~)'llilit {\..,1;11 nl,~::1 HSlljln

tit': (;vt-;I..,{r1(t:d felrillvt: 111 l:',CO!Ir..1tt 11 ':of; tll(O tlll)h:'lltl!d-, \il

dCllit:VIIIlJ rtHr.:-::ht,ltf h:vr.h i': lliltlt~I"')i•.,Ir.lj

f-IO~I olld dbt--::i~r. ;II(~ ,d~I' i,I:1'yliIU ~ li.Jh- Ii. tt:i ldt .... C'1

lb~ If f~Hrnt:r::; rnu::( hc 4 lHICclfied dt,filJ( jti':':~.:1~t~ 110:::t :1iuJ

Pft:CipltaiiOn. 'vvhr:l.flc, ,')0 i(jLctl di H1illlilVr:d Vdlir:fl~~, ftH~v

tend {(J uSr. 1~VlJr.f t:l,nlptr.n1C~iil(lIY iilJhil) In iHf,duCfii,tl

Tt,F.SP., "II;iC!t:ldliiJliS fillyl,1 wr.11 ".plaln ltie lild/kdlly ItiV\·" ,

tellllll;;1 use t'ltilill ill/\eyeal' "Ill! S,)fill, Ma;nid'a (j ,,1)1,' 41.

wttt:H::: I is''~ dlr~ n::L.:Htvtpt tliyt1c::=f IllaH jJl Mt~dtH~11 .,ilt:oi,

Summary

While flO! cOilclu,lve file d,;/d 11I"'''ii!'''il Ii, iI", <!idpld

"'~!:lije;l tll"t HYV', "Ie: III'"'' Pllllildtllt- lIi"i, 1",,,1,,,,1 .. ,1 ..,,

UlldeJ I)jj tU(li1y .-111 lit lIie t lit ~Jln~t.-1lit"(";""') i. .jVt':i~':d tl':l ff 11 '':.

;,Iudv f lilli, II", iI,>!., '" i _,lile i). It'i lilih'l do,.., illli <1ppeih

hJ be p,tJli{:1tjlr: III !.l,t~~(::lli nidi ~}iilltli Mt'Jf!ll;lllt \/\dlf~.t:

die: IdV\t. 1hH hI 111inCr. Wht:rt:

die- hiyh i'Jeill,e, H'(\f'" I"'f

Tdble 9. Estimated probability that rdinfall Will exceed speCified

threshold lel/els by region.

---------------

Mt:d I ttHI aneall

Aegean
SouIh Marma.a

<;;fQ¥~ii ~_QQt _~h:(~~I""Ji:lft~i~n(

Pi (pleClp'; 40 111m In

uec and jan./

0.94
0.93
093

flljwe, Ing and e"IIi hll,,;!.!
Pr tpfBCJp > 60 iIlfn in
Mal eh df\(J Aprlj)

063
043
OJI

I(tV

AdoPlitHi

idle~d

949
J8 J
164

al Percent oi lieldo undef IiYV~.

17



local varieties manifest a profitable response to fertilizers
according to the data of Table 5, certainly an anomalous
result.

The discussion on risk outlined several ways in which
risk might be influencing the adoption of HYV's. It was
seen that both regions with low adoption· rates-Aegean
and South Marmara-experiencE' relatively more climatic

risk from disease, frost and rainfall than do the regions
with higher rates of adoption.

Notes

1. Denizli lIinde Pamuk, Mekiska Bugdayi Cesitleri ve Akbasak

Bugdayin'n Mukayes ell Ekonomik Analizi (1967-68), Tarim Bak.

Planlama ve Ekon. Arast. Dairesi Bask. Yayin No. 36, Ankara

1969.

2. Private discussion with Dr. Glenn Anderson and Dr. Sanjaya

Rajaram at CIMMYT, Mexico.

IV. ADOPTION AND CHARACTERISTICS OF THE FARM, FARMER,

AND GOVERNMCNT PROGRAMS

A number of variables expected to be related to farmers'
decisions to adopt r,ew technological practices are presen .ed
in the Foreword. Included are characteristics of the farm,
of the farmer, and of government programs related to the
technolo~ies being considered. In this chapter we present
the survey data in a number of ways, showing the
relationships between adoption of n, '" practices and each
of these f?<::tors in two-way tables. In the following chapter
we present the results of multivariate analysis of the effect
of the factors on adoption when considered simultaneously.

.iYV's and lndiyidual Variables

The new wheat varieties were introduced to Turkish farm·
ers on a large scale in 1967 after extensive trials in 1966.
Most of these HYV's were imported from Mexico along
with Bezostaya hom Russia. Accompanying the importa
tion of the seed, the Ministry of Agriculture launched a
dramatic program to promote use of the varieties and of
complementary agronomic practices. By 1972, Penjamo, a
variety from Mexico, or.cupied 70 percent of the coastal
area seeded to HYV of bread wheats while Bezostaya ac·
counted for al! of the HYV's grown in Thrace (See Table 3).

Farm size and topography. With respect to topography,
the term "f1at I"ods" refers to land actually in valleys or on
flat plains. In forming the two farm-size categories, each
sub-region's farms (e.g. the farms of Aegean hillsides) were
arrayed by size and divided evenly into two groups. The
range of farm sizes and the proportion of farmers falling
into each group is given in Table 10.

Within regions and holding farm size constant, the effects

of topography are consistent in that flat lands always have
12

higher HYV <:doption rates than hillsides (Table 11), This
result accords quite well with the discussion. Differences
are small in Mediterranean where overall adoption rates
approach 100 percent and are substantial in Aegean where
disease and frost conspire against HYV spring wheats while
climate is not right for winter wheats. In contrasting small
er farms with larger ferms within region by topography
classes, the effect of farm size is usually positive. There
are two exceptions to this, that in Mediterranean flat lunds
is small while that in South Marmara flat lands is notable.
Only one other difference exceeds 20 percentage points,
that between smaller and larger farms in Thrace.

It was hypothesized that flat lands would show larger
adoption rates than hillsides and larger farmers would lead
smaller farmers. In general this is true but differences in
adoption rates related to farm size are small with the single
exception of Thrace. it might well be that larger farmers
adopted first, followed by smaller farmers, in which case
earlier differences would have been larger. By 1972 how·
ever, 5 years after introduction of new varieties, large dif·
ferences c.fe not evident. 11 is clear that the impact of
topography exceeds that of farm size.

Age, education, and membership in agricultll.al societies.
Table 12 relates adoption of HYV's to three characteristics
of farmers. No simple relationship between adoption and
age is evident. Only in the cas€ of Mediterranean Region
is it true that younger farmers lead older farmers in the use
of improved varieties.

Education and adoption of HYV's do show a consistent
relationship across each of the four regions. In each region
the average education of adopters is higher than the average
education of those wilo use other varieties.

Turkish farmers have access to a wide range of agricultural



Table 10.
sub-regions
sub-region.

Range of farm sizes for sampled farmers by

and proportion uf sampled farmers in each
Tabl£' 11. Adoption of HYV's a among sampled farmers by
size of farm, b region, and topography b (percentl.

?'ze.Lh..'J._I________ ~~':.t'_()_,,_J.'l_;,J_
Region Zone Smallest largest Smallest largest
---------_.~----_.-_._-_._------- --_.- ------ _. --- -

Mediterranean Hillside 0.1-6 6.1 125 33.5 33.5
Flat lands 0.1-8 8.1-150 16.5 165

Aegean Hillside 0.1-3.8 3.9·37 37.5 37.5
Flat lands 0.1-4.5 46-22 12.5 12.5

S. Marmara Hillside CJ.1-4.3 4.4-108 38.6 38.6
Flat lands 0.1-3.3 3.4·15 11.4 11.4

Thrace Hillside 0.1-7.9 8-128 50 50

societies. Among these are Chambers of Agriculture, AgTi
cultural Credit Cooperatives, Agricultural Sales Cooperatives,

Village Development Cooperatives, and 4H Clubs, (clubs
emphasizing the teaching of agricultural skills of young
people). For the sampled farmers, coops were the dominant
kind of society with over two thirds of those reporting

some kind of association being members of cooperatives.
As with education, a consistent pattern emerges across all
four regions with adopters of HYV's reporting greater
membership in agricultural societies than do users of other
varieties. Members of such societies, especially members of
cooperatives, are said to have easier access to credit and to

such Inputs as improved seeds and fertilizers than has the
farmer who is not affiliated. It is notable that such a large

portion of the sampled farmers in Mediterranean and
Thrace regions report membership in such agricultural
societies.

It should be noted that age and educatIOn are negatively
correlated for Turkish farmers. The simple coefficients of
correlation are -0.52, -0.45, 0.43 and --0.61 for Med,ter

ranean, Aegean, South Marmara, and Thrace regions res

pectively.
Risk aversion: Earlier discussion has argued that HYV's

are more sensitive to the vagaries of weather and to some

diseases than are local varieties. For example, late frosts

were described as haVing more serious consequences for
MeXican HYV's than for local varieties. MeXican HYV's
are also thought to be more susceptibl,e to Septaria than
the Italian HYV's or local varieties. On the other hand, local
varieties are more susceptible to rusts thar are the HYV' s.

The occurrence of late frost, of Sepi.ona, and or rust is

unpredictable except in probabilistic terms. Thus, in those

regions where late frost or Septaria are thought to be major
problems, farmers planting Mexican HYV's tend to be

exposing themselves to more risks than those planting local
vaileties. The converse IS true in areas where rusts are

prevalent.
Late frosts will tend to be a greater problem in the

higher hills and in South Marmara followed by Aegean than

All SmallH l.a'ge,
Region Zone Idnners farmers farmers

Mediterranean F lal lands 96 95 97
Hillsl(jps 91 92 90

Aegean Flal lands fi9 60 n
HillSides 14 4 23

South Marmara Flat lanos ~) 7 III 4"J
Hillsid", n 13 32

Thrace HillSides 70 ("" 85'.

a/ Mexican, Italian, and RU5SI;-H1 \<lIlt'IIPS /J Set' t.lbfe 10 and
diSCUSSion.

on the plams or in the Mediterranean region. Even tho\lljh

the last severe outbreak of Septoria, in 1969. occurred In
Mediterranean region, the agroclimatlc characterIStics of
South Marmara tend to be most favorable to Septaria's
development. Stripe rust tends to be most notable III

South Marmara and stem rust in Aegean. The Mediterranean
Region suffers little from either.

On the baSIS of these natural risks and the forelJoH1CJ

description of the varietie>, we would expect MeXican
varieties to have a clear advantage in Mediterranean Region
and a lesser advantage in South Marmara and the high
htlls of Aegean because of Septoria and late frost. Italian

varieties would tend to have an advantaqe In South Mdfrnar:1

because of Septorla resistance. On the baSIS of flsk
conSiderations. MeXican HYV's would tend to bt~ preferred
over Italian HYV's III Aegean flat-lands, where frost IS not a
factor but stem rust is, With roughly comparable r ISks on

the higher hills where frost threatens the edrly maturlfllj
MeXican HYV's more than the later italian HYV·s.

Table 12. Age, education, membership if farm organizations,

and adoption of HYV's by region for sampled farmers.

Averagp Average Members b

Region Seed agE' Iy<!arsl education a ('1.,)

MeditefrarH~an HYV 51 25 97
Olht>' 58 19 85

Aegean HYV 50 30 40
Other 47 22 10

South Marmara HYV 48 26 30
OthE'r 47 2.0 15

Thrace HYV 54 25 72
Other 53 2.4 69

a/ The averages are hased on coded values, P,q "flPVPf went to
school" 1$ codpd 1 whdp "graduate 01 coI!PQ("" IS coded 7. b/ TtH~

partitioned s'pts arf> adoptflr'S ano nOf\-arloptprs so that. c_Q fot

Thrace. 01 those uSIng HYV's 72'''" are nlPnlbprs of ~lfl d9flcultufal
SOCiety
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Table 13. Relative frequency of bad weather as related
to use of HYV's and local varieties by region.

With respect to Thrace, the Mexican and Italian HYV's
are simply not relevant as winter wheats are required, This
leaves the field there open to Bezostaya. BelOstaya is also
sometimes found in the higher hills of Aegean and 30uth

Marmara where climate calls for a winter wheat. This.

of course, is an adverse comment on the homogeneity of

the agro-c1imatic regions as they were drawn.
In an effort to relate risk, farmer's perceptions of risk,

and the adoption of HYV's, an index of optimism was
constructed for each farmer. The index is the ratio of

bad and normal yields divided by the relative probability
vvhich the farmer assigns to bad and normal weather.'

The range of the index is from zero to infinity with

zero occurring when yields in a bad year are held <0 equal
to zero or when the probability assigned to normal wl'ather
is zero. As the relative yields in bad years approach 1

or as the subjective probability of the occurrence of a bad

year declines the value of the Index rises.
Only normal and bad years are considered in the index

because of the assumption that income·seeking risk-avert·

hlg farmers worry most about the consequences of bad
weather. This is roughly in line with the treatments of
Roy2, Telser3

, and Kataoka4 where it is argued that the
probability of getting income below some critical level
plays an important role in decision making.

To Quantify farmers' perception about nature, sample

farmers were asked to guess yield leve!s obtainable in their
best fields under bad, normal and good weather conditions.
They were also asked to tell how many- bad, normal, and

good years they expected in the next 10 years. Near!y
all of the farmers responded to the Question on yIeld

levels. Only some 10 percent responded to the question

on the lequency distribution 01 bad, normal and good
years For those farmers not responding to this question,
it was arhltrarily assumed that f~ach OUTcome has equal
probability, I.e. the Principal ot Insufficient Reason was
invoked. For farmers not responding to the question on
weather, then, the opt.mism index is simply the ratio of
yields In years of bad weather to yields in years of good
weather.

Farmers responding to the question on the relative fre·
qtief1cy of VilllOUS krnds of weather were grouped according
to the class of wheat seed they used. The results are

shown in Table 13, For each region save the Mediterranean,

ai No observat IOns.

HYV's
Olhers

MedIterranean

0.24
a

Aegean

0.20
0.31

Soulh Marmara

012
032

Thrace

0.23
0.37

adopters of HYV's expected fewer years of bad weather
than did users of local varieties. No users of local varieties
responded to the question in the Mediterranean. Only in
the case of South Marmara is the number of . espondents
sufficiently large to permit placing much faith in the frequen·
cies reported. It should be pointed out that interesting

comparisons are those between HYV and Others within

regions. Comparison betll',een regions has little meaning.

A more interesting comparison, of course, would have been
between adopters and Olhers within topography classes but

the limited number of observations makes ~hese comparisons

dubious
Indices for all farmers were arrayed by region and a

series of descriptive statistics were calculated. No pattern
emerged from comparisons of the several measures calculat·

ed. In terms of means, only that for Thrace differs from

the other three. Even here, while adoption rates in South

Marmara are c1ea,ly lower than Mediterranean and Thrace,

the average index of optimism is much higher in South

Marmara than in the other two regions.
Extension Variables. When the new wheat campaign was

launched in 1967, few farmers or extension agents in Turkey
knew about HYV's or about the agronomic practices es·
sential for attaining high yields At the outset, Government
assigned 250 extension workers to the coastal regions for
full time work in the wheat program. International agencies
and experts from foreign universities also helped to diffuse

the new technology.
All in all a substantial effort was made to get information

to the farmers. One measUt<! of the success of this effort

is that virtually all of the farmers sampled for this

study reported knowing ahaut HYV's_ Only in the Aegean
Region did those reporting no knOWledge of improved
wheat varieties exceed 3 percent. There, some 30 per
cent of the s'ample fal mp.r< said they were not aware of

such varletie,
Most of the farmer; reported that their first knowledge

of HYV's came fo0m the extension service. In all regions
the proportion replli ting fi,<' knowledge from agricultural

organizations exceeded 80 p.ercent. This result might be
partially attributable to the fact that the enumerators for
this survey were extension agents.

A surprisingly large number of sampled farmers repon

ed extensIOn visits, from 75 percent in Aegean to 92 per

cent in Thrace. This might be because farmers were report·
ing all kinds of visits by representatives of agencies associat

ed with agriculture Many farmers reported participating in

extension activities-from 13 percent in Aegean to 43 per
cent in Mediterranean. Finally, the reported knOWledge of
the technology and of the equipment best suited to the

implementation of the technology varied from 37 percent

in the Aegean to 7fl percent in the Mediterranean and up

to approximately 95 percent in the other two regions.
In each of the above cases the Aegean Region lagged

well behind the others, and it also lags in the adop<ion of
HYV's. But, in each case, South Marmara compared Quite
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well with Mediterranean and Thrace and it too lags behind
In the adoption of HYV's

Table 14 relates several dimensions of extension to the

class of seed reported by sampled farmers. While clear cut

patterns do not emerge from the table, adoption of HYV's

usually report closer association with extension activities

than do users of other varieties.

Seed availability and credit. Government influences.m
the production of seed dates to 1963 when a seed produc·

tion and certificotion law was passed. Responsibility for

insuring quality seed falls to State Farms. These farms

produce seed and also gather the seed of contracted farm·

ers. They inspect, clean, treat, and bag the assembled seed

which is then sent to seed laboratories for testing. Seed

distribution is carried on by several cooperating govern

mental agencies.

Seed production and Si1les reached 200,000 tons in 1969.
From 1969 on, production has held up well but sales de

clined substantially to 39,000 tons in 1971. It is said that

this reduction is largely due to the reduction in the availa·

bility of agricultural credit for financing seed purchases.

There is some evidence that availability of seeds is in

fluencing adoption of HYV's. For example, in Aegean

Region 58 percent of the farmers sampled ex pressed this

difficulty and 89 percent of these did not plant HYV's.

For South Marmara the comparable percentages are 56
and 92 respectively. B'{ way of conti ast while 25 percent

of Mediterranean farmers reported difficulty in getting

HYV's, cnly 18 percent of these did not plant HYV's.

A second faCtor which might limit the use of HYV's

is the distance which farmers must travel in order to ac
quire the seed. For both Aegean and South Marmara, the

distance to a source of HYV's is lower for adopters than
for others. In tho? case of Aegean the comparison ;s 14.6
km. vs. 15.2 km while in South Marmara It is 169 km. vs

28.3 km. Again, howevpr, the pattern is made less mean
ingful by the average distance reported by adopU~ls in

Thrace, 19.9 km. This is considerably greater than the

distant: reported by non·adopters '0 Aegean.

Table t 4. Extension services by region and by class of

seed (percent of farmers).

Among farmers reporting the purchase of HYV', ,Itt

overwhelming proportion of them paid with their own cash:
over 65 percent tn Mediterranean, over 80 pe'cenl II:

Aegean and Thrace, ,me! avel 10 percent Hl South arm;Hd

These responses may. of COlH';,:, SIgnal that light credit h

I,miting the expansion In lise of HYV's.

Markets. Even given the t.ltthful and slnore eftorts 01

the government to protect f"rmers from I he 'Vd'l" les of

adverse pllce fluctuations, II I'; somet,mf'S said 1hilt not all

farmers have Jccess ta thl' pll)lect Ion off,:, cd by the go

vernment's wheat trading agene,!, TMO Ir! part,culal It 's
said that Aegean and South rV1iil mdrd farmers do not find

these services avatlabif.' dnd that [h'CaUSe of app,,:h"f1slon

over the marketabtlltV of the n:rl Ijralrwd Mpx,cim wheats,

these farmers were rf:lllC!ant to ddopt Improvp(] varlPllPS

To eXafTllIH: the validllV of lhes,: stiltemf'nts two minkel

ing Vi.Hlables were II1c1LJd,~d 111 the analy""

It,s instructive 10 cO!ls,de, II'w relallOn b"twI"'" adopt"",

of HYV's and sales 01 Wh'~dt Th,s'5 s"PH H' "T db'" 15. Tt,,,
pNcentages clr;arly pH'SI:nl a cOllsistf'nt pa!t'" n vVIth high

rates of adoption and 'dl,", LJo\ng togethel E '-":11 so. 01

the farmers selling wheat. 4':> percent '¥cw loc,,' Vdl;!~t":';

in Aegean, 56 pr:rcent in South Marmara, and 20 p..~rC"nl

In Thraclj.

Data from severdl Aeyean and South M,HmiHd v,Hayes

With low adoption rali's support some mt',reqlnlj sppculJ

tion on the influence of markets on the cHfusion of HYV's

I n the twelve selected Villages with 122 fannpr, only sev"11

farmers used HYV's FortY-SIx farmers, 38 pelC''';!, sold

wheat. All but one of these sold wheat to p' IV.lte dealer>

Of the seVEn adopters, four said wheat ilnd OfH' Ol thpSi:

sold to T1\I10. ThiS all mlqht mean that th" nmph"s!!. on

pf!vate sales led the faroll'rs to pret", !oed! wheats over
HYV's.

Whd" the ptf:c,'dlfl(J CCol1c!rlSlon IS 110t compli:1f'ly CO"

s,<;lent w'th ttw "I"l.·nc,' 0' [.Il,ry ddfpl!!l1t!als "'pOlli'd hV
fanners surv,'yf,d, It d()f's ilt nrher dala wh,ch suqq,,,,t that

while pr ices of till} two whr',,", tene! to move toqelher. fOI

some markets TMO does not operate for lorq per !Ods.
Rather, 111 some local markl'ls TMO IS on hand for only a
few months aft", harvest.

Data h om the survey al" not, unlor tunal,·; Ii, completel,!
clear on the eftects of markets on adoption 01 H\ V's. More

detailed held work IS b",nq carried out to clardy the role of
markets in the diffusion of HYV's.

Table 75. Percentages of sample farmers adopting HYV's
and percentage reporting sales of wheat.

Meofterranean Aegean S r..!'tar!nara Thracp

Extension Field days, Aware of new

Region Seed VISitS lectures, etc. technology

Mediterranean HYV's 78 44 75
Other 80 27 67

Aegean HYV's 82 26 ~

Other 68 7 30
South Marmara HYV's 98 33 100

Other 84 44 91
Thrace HYV's 93 45 96

Other 89 15 98
F~etds w~th HYV's

Farrns se!ilng"l,Jheat
95
82

28
33

27 76
78
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Fertilizer use Mediterranean Aegean S. Marmara Thraee

Table 19. Distance from farm to source of fertilizer by
region and quantity used (kilometers).

Table r8. Fertilizer use and membership in agricultural

organizations by region (kg N + P2 Os per hal.

Table 20. Percentage of sampled farmers using fertilizers

who expressed difficulty in obtaining fertilizer, by region,

class of seed, and level of fertilizer use.

Fertilizer and Individual Varieties

Fertilizer use in wheat has increased dramatically in Turkey.
From application of 3 percent of all wheat in 1963 it
rose to 32 percent of all wheat in 1972. Subsides on

fertilizers were instituted in 1963 and, until 1974, it is
estimated that Turkish farmers paid some 40 percent of the
production cost. Roughly, three ki los of wheat were required
to buy a kilo of nitrogen. Half C'f the nitrogeneous fertil·

izers were produced domestically, half were imported.

Benefit/cost ratios estimated by State Planning Organiza·

tion were favorable to wheat, on the order of 3, but were
even better for such crops as beets (4), beans (5), rice

( 10), and cotton (11).
Farm size, topography, and HYV's. Table 16 shows

average use of nitrogen and phosphorus on wheat by sam·

pled farmers. All farms are cross classified by farm size,
region, and topography. The effect of region and farm
size is quite clear as the farmers of Mediterranean and

Thrace use far more ferti lizer than these of the Aegean
or South Marmara regions. With the single exception )f
South Marmara flat lands, larger farmers apply more fertil·

izer to vvheat than do smaller farmers. Tcpography has no
consistent affect on fertilizer applications as flat·land hrm·
ers sometimes use more l'ertilizer than do hillside farmers
and sometimes the reverse.

Table 17 shows fertilizer use as influenced by type of
seeds. It is clear from the table that farmers who plant
HYV's, use more fertilizer on the average than do farmers

who plant local varieties. The difference is consistent for
all reGions, topographies, and farm size groups. It is un·
doubtedly connected with research results which show that
HYV's are more fertilizer responsive than local varieties.
An unpubl ished State Planning Organization report shows
benefit/cost ratios of 2,73 for HYV's and 1.93 for local

varieties. It is also Iinki'd to credit programs which insist
that recipients of credit for seed use fertil izer at recom
mended levels. While this stricture is probably not adhered
too, it has undoubtedly had some influence.

The most arresting result from Table 17 is that for
HYV's the relationship between fertilizer use and farm

size, seen in Table 16, is sharpiy reduced when variety

grown is considered. Much of the difference in fertilizer

use on small and large farms appears to be related to the
more Widespread use of HYV's on the larger farms. Only

in Mediterranean Region is the sizelfertilizer relationship
maintained. For local varieties, however, the size/fertil
izer relationship is maintained in each of the five sub
regions in which appreciable quantities of local wheats are
found.

One general point Can be made with respect to fertil·
izer use and this is that only in the Mediterranean area are
farmers approaching recommended levels. Recommenda·

tions are on the order of 180 kilos of nutrients-roughly
120 kilos of nitrogen and 60 kilos of phosphate-ranging
from 160 kilos to 200 kilos. Contrast such recommenda-

102
53

13.9
14.5

High Use

Larger farms

53
28

12.1
14.9

low Use

14.7
18.3

47
22

Smaller farms

20.3
185

151
93

Seed

MedIterranean Aegean S. Marmara Thraee

Zone

Region

High
Low

Mediterranean HYV 33 55
Other

Aegean HYV 30 57
Other 41 34

South Marmara HYV 42 50
Other 60 74

Thraee HYV 66 75
Other 83 67

16

Members
Non·members

Smaller farms La rger farms
Region Zone HYV Other HYV Other

Medi terranean Hillsides 133 153
Flat lands 114 124

Aegean Hillsides 26 64 30
Flat lands 64 16 60 27

SO'Jth Marmara Hillsides 69 41 64 42
Flat land 80 37 65 48

Thrace Hiilsides 107 67 110 89

alSee Table 10.

Table 17. Fertilizer use on wheat by sampled farmers

classified by region, topography, farm size a, and type of

seed lkg N + P2 Os per ha).

Mediterranean Hillsides 125 143
Flat lands 113 122

Aegean HIllsides 26 59
Flat lands 33 57

South Marmara Hillsides 44 60
Flat lands 57 53

Threee Hillsides 91 106

RegIon

Table 16. Average fertilizer US9 on wheat by sampled
farmers cross dassified by farm size, region, and topography

(kg N + P2 Os per haL



tlOns with the data of the tables which show even the
highest art'a, largel Mediterranean hillsidf' farmers, at 143

kilos with other regions fallmg away shilrply from that
lat". 01 consider the dilta of TillJle 4 which suggest thilt
some 19 percent of Mediter I anf>an far mers, less than 3 pel'

percent of Aegean farmers, less than 4 percent of South

Marmara farmt>rs, and less than 16 percent of Thrace farm

ers are following recommendations.
Wllat is restraining fertilizers, whetht>r ignorance, faulty

recommendations, availability of fertilizers, or risk aversion,

cannot be said. It's likely that each of these factors is

contributing in greater or lesser degree to the differences

between use and recommendations_

Membership. Age and education as they related to fertil·

izer use were not examined individually. Membership in

agricultural societies was considered and the results are

shown in Table 1B. It is clear that members use appreciably
more fertilizers than non-members in each of the four re
gions. This is consistent with the idea that societies, especial
ly cooperatives, have preferred access to fertilizers and
that society members have easier access to credit and to
the fertilizer itself than do non-members.

Distance to SOUi"ce. For the most part farmers transport
fertilizers from markets to farms. Only in Aegean Region

is an appreciable portion transported by someone other
than the farmer. There some 24 percent of the sampled

farmers report other means of transportation.
Variation in distances transported vary from region to

region and between those who use heavy and light appl ica

tions. This variation is seen in Table 19.
In general differences are small and relate shorter dis

tances to greater fertilizer use.
Availability and credit. While the use of fertilizer has

increased dramatically since 1963, it is said that many
farmers cannot obtain the fertilizer they would like to

have. Table 20 relates class of seed and relative use of
fertilizers to difficulties in getting fertilizers as reported

by sampled farmers.
While no consistent patter n emerges from the data of

Table 20 it can be said that those With gr cater 'Jse of
fertilizer and those seeding HYV's tend to have greater

proportions reporting difficulties in obteining fertilizers

Another classification on this same variable, i.e. farm
size against difficulty in obtaining fertilizer shows that

only in Aegean and South Marmara did small farmers report
appreciably more difficulty in obtaining fertilizers than

large farmers. For Aegean 79 percent of small farmers as
compared with 76 nercent of larger farmers reported dif

ficulty while for South Marmara 63 percent of smaller larm·

ers as compared with 44 percent of larger farmers report

ed difficulties.
Credit is widely used for purchasing fertilizer according

to sampled farmers. This is seen in Table 21 which
reports source of funds and Table 22 which shows source
of credit for those using credit. The percentages related
only to those who responded to the question (some 28

Table 21. Source of funds for fertilizer purchases among
sampled fam,~rs (p"fcent)

---_._--_._---- .

rtcglnn Own "Hili', (:.",)11 (.lllltl"n.tfll.l,

'VIedilerranl~(Jn 4/ :1£, ,/

Aegean 44 c)!' 1
South Marmara 38 38 7~)

Thrace 44 4~} 1)

percent of Mediterranean farmf'rs and 33 percent of Aeqean

farmers did not respond to the Question 'i':hile Virtually
all South Marmara and Thrace farmers respondedi_

Credit clearly played an important role In ),nanc'lng the

purchase of fertilizers Judging from th~ column "011"11 funds'

there is not much variatIOn among rfOg.lons e ~cept the
South Marmara appears to be somewhat low?r than others.
01 more interest is the difference In me, ChiHlt hnanclnq
reflected in the second pan 0' the ahie. Merchants plav
an important role In Med,terranean RegloP whdf' cnoperd

tives rJomll1ate finanCing If1 the rematnmq "'CliO!!':.
A cross claSSIficatIOn of farmers b·! size W:tll ".'spec( to

fertilizer credit showed that, among farmers uqn:l fertlliZ"f>.
larger f,nmers tend 10 be more likely to use Crt'Lin to!

fertilizers than smallel far rnt::rs The JI fferi'nc~\ an~ small
m Medltenanean and Thract::, less than 2 percentage pOInt>,

and larger in South Marmara. 21 percentdge POlfl!S. in
Aegean Re~lOn, the relationsh:p IS rever',ed vVith 7i percent

of the smaller fan ""S uSll1g credit for fertlillel ',;:,sus 63
percent for large farmers.

Extension service. Several classes of eX H:nSfon se(\"u,s
were included 10 the study, These and the,r reiiH1onsh,p to

fertilizer use are included ,n Table 23.

A greater proportIon of those uSing more f,.'rU,ze,;

reported viSits from e~tenSlOn personnel than did those 3D

plying less fertilizer. ROugh!y the same pattt:rn holds for
pilrtiClpatlon III field days, lectures, and etc. as \'\,'-,11 as amanq
those who were aware of the lechnoloqy. In qen~ral, then. a
greater exposure to t'xtel"lon services IS related to great
er' fer tillZer use_

Two aspects of the tah;e are of In(e,('~t. Orw IS Hlt,

relative awaleness oi new technology by Suuth Marm"I"
farmers. The data suggest thf'y are more aware than
farmers of other regions but their adoptIon fates. lor Ill"

Table 22. Source of credit for fertilizer purchases among

sampled farmers using credit (percent).

Agr<cultural
OthNRegion bank Cooper at Ives Mp.rchanrs

MedIterranean 17 39 38 6
Aegean 11 89 0
South Marmara 11 72 16
Thrace 17 80 2
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Table 23. Participation in various classes of extension
service by region and fertilizer use (percentl.

Partic- Aware of
Fertilizer Extension ipated field new tech-

Region use vtsi 1 s days, etc. nology
--_._-----,-----_.--- -
Mediterranedn High n 53 79

Low t,9 36 72
Aegean High 67 11 52

Low 82 8 26
South Marmara High 95 56 99

low 80 26 88
Thrace High 93 35 96

Low 92 40 96

tually all elements, are notably lower than those in Medi
terranean and Thrace.

The second is the relatively low rates of exposure
evidenced in Aegean Region. This conforms with their
low rates of adoption of HYV's and fertilizers.

An alternative grouping vis a vis extension services is
shown in Table 24_ Here, exposure to extension services
is cross classified by region and farm size.

As expected larger farmers fare better than smaller
farmers. Again Aegean farmers, with low rates of fertilizer
use and adoption of HYV's have lower percentages of
participation than do farmers from other regions. South
Marmara farmers, on the other hand, have high rates of
participation but iow rates of adoption_ Mediterranean
farmers, with the highest rates of adoption, tend to lag
uehind both South Marmara and Thrace farmers.

Table 24. Participation in various classes of extension
services by region and farm size (percentages of farmersl.

Region Farm size Extension visits Field days

Mediterranean Smaller 71 33
larger 86 54

Aegean Smaller 65 11
Larger 81 15

SOl,th Marmara Smaller 85 40
Larger 91 43

Thrace Smaller 92 33
Larger 93 41

Other Elements of the Technology.

Looking now at other elements of the technology. data
from sampled farmers have been cross classified with use
of HYV's by region. The results are seen in Table 25.

Seeds distributed by state farms are virtually always
treated. Seeds can also be treated by fermers with the
assistance of cooperatives or othtr agricultural agencies.
In general, and as might be expected because government
agencies distribute no local varieties of spring wheat, more
HYV users report seed treatment than do growers of local
wheats. The proportions are quite high for South Marmara
and Thrace HYV growers, notably low for Mediterranean
local variety growers.

Surprisingly few farmers drill seeds. Only in Aegean
Region is there any apprecIable use of seed drills In

Table 25. Farmers reporting certain practices classified by class of seed and
by agro-climatic region (percent of fields).

Treated Drilled Seeded Weed Fertilizer Fertilizer
Region Seed seeds seeds Nov-Dec a control hand-cast split dose

- ----_ .._-_ •.._-----
Mediterranean HYV's 61 2 94 20 98 78

Other 21 0 10 10 100 48
Aegean HYV's 77 5 37 25 93 67

Other 68 1 30 12 86 5
South Marmara HYV's 98 4 59 87 100 81

Other 75 15 22 52 100 59
Thrace HYV's 97 6 b 33 100 92

Other 84 2 b 32 100 70

a/ Recommended date for varieties from Mexico. bl Winter wheats seeded earlier in
the fall.
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general more HYV users avail themselves of drills but the
differences· -HYV versus usel s of 10Cili vallPlIcs whrle con·
slstent. ale negliglblf'.

Look ing flOW at seedmg date. MeditL'11 anean HYV USCI S
are complying with the recommended seeding dates. Aegean

HYV users do not seem to be doing so but there are ex

tenuating circumstances. First, some 20 percent of the

HYV's are Bezostaya and this has a different seeding date.

Second, some 25 percent of tho~p. using varieties from

Mexico are sowing in the spring. ThL;s, if all remaining

HYV users were seeding at the recommended time, the

percentage should be 60 percent rather than 37 percent.

Why nearly half of the winter sown Mexican HYV's are

not seeded at the recommended time is not evident from

the data. it is likely that yields are reduced but it might

also be true that risks of frost or excessive moisture at
planting time is also reduced.

For South Marmara 70 percent of the HYV's are from

Italy and Russia. Thus it can be inferred that all of the

Mexican plus a good part of the Italian varieties are being

sown in November and December. I t should be pointed

out that most I talian and local varieties are photoperiod

sensitive hence the date of seeding is not so clltical as with
Mexican varieties.

HYV users consistently report more weed control than

do users of other varieties, but, except for South Marmara,

the differences are not large. The quite substantial differ·

ence in weed control Sel!l1 in South Marmara is 1I0t readily
explainable.

As with scpd, most I,,, tl!l/l~1 IS hand <:'1\1 1I'11t .. 1 ", ',1111'"

Cl/'IJ'ISlnll,sthat handc,isllflq shows Ill' ,!'I.'I,v,·lv j, ...., .""'''111

Al'<jl!an fil""I'IS. (j'VI~1I 11\1' II',,' 01 "',.<1 <lilli" "'1'1>11,.-\ "I

South MiHnld'il. (ll\l' w,'l/Ill h",v,' I'Xpl'l;I.'d ~"HIIII M."''',lId

to have shown less hand castlll4 of ft~1 tlll/l" 111.11. l\,''1'''"

HYV usels arf~ more consistent on Iq)()!IIlHI Spiil "I'

piications of fertilizers than are users 01 othPl l/arlf.'t1f.~~

Moreover, differences tend to be lar0e. Th,s IS undoublediy

related to the larger applications of !c'rtil,zers repo't'Jd by

HYV users.
All in all, HYV users tend to be more likely 10 appl'{

complementary recommended practices than are trlose who

seed other varieties. Except for spl it applicatlom of fen i

izer and weed control, however, the differences ar" not nOla

ble.

Notes

I. The weather rtsk Indp'l< tor a ~Hvpn 1.1' lflf'1 : .... d,.f rrwd d<'

I IYbiYnl/lPhlPn) whp,,, Y" and Y n ;1'" !ll" V">',,, "., ~",'d"','",,·,

.t: ~ {arnlf~r expects In had and normal cooc"h' n.)p,;, d';rt Pt! d"Hi P r:

are the prohabllities the f~rlnpr assIgns to had 2nr' r,orrn<Jl t-CfH1·~!I)lts..

2. A.D. Roy. 1952. ", afety forsl and the hoicitnq c; il5<Pg." [cn""
mptnca. 29 431·438.

3, L.G. Telsp,. 1955-56. "Safply firs! and heogon9." R"','If>w ,)1

EconomIc studIes, 23 1-16.

4. S. Kataoka 1963. "A slockasllC p'ogramm''1(j mod?::' Econo·

metnca. 31'181-196.

V. MULTIVARIATE ANALYSIS OF FACTORS AFFECTING ADOPTION

In the previous chapter, we examlfled the relationship

between adoption of HYV's. fertilizer use, and II1dlvidual

variables through the use of two-way tables For sever al

reasons, it ;s useful to examine the relarionships using

multivariate analysis. First, we can consider variilbles

not easily considered in two·way tables. Second, multivallate

analysis allows us to estimate the effect of anyone variable

while holding others constant. Finally. we are able to

compare morE: directly the effects of each of the variables

being considered.
Two types of analytical techniques, ordinary least

squares regression analysis and logit analysis, are employed

III I elatinq sever al IIJdepefldl'l1! var iahio's :0 lh~' .3d,JplIOll ot

HYV's and to the application d tel td,z,',s Th<, S!Jilst'Coli

pr oper ties of 0' d ill ill y least squares al e I,'as0I1db h,- satist de

tor y for analYSIS of the amount of h'rtdil," dPPI't'd dnd
thiS techl1lqup WdS appllt'd to that ,pldr,olbh,p Old'I1,l!\

least squall's can. howev.>r, be qUIte unsdt"faC!o! V 101 tht'

analySIS of a dlchotomollS vallablp such as the .;dopl:on of

HYV's.

Nerlove and Press l dl<cuss the problems ,n'.·t)i\~d ,n
applylr1g ordinary least squares to relat,onshlps featuring
a dichotomous dependent varoable. They go on to offer

logit analysis as an alternate technique In thiS study both
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Radio:

F€:tiltzer:

Extension:

Seed avail.

Factors Affecting Adoption of HYV's,

We first present the general nature of the results of the
analysis of adoption decisions, then procede to discuss
them in more detail. We shall speak of a variable as having
an important effect if it is estimated with reasonable

accuracy and if its effect on the probability of adoption is

'1otoble. Reasonable accuracy in estimation is defined here

as a logit t-ratio of at leaST 1.0 in absolute value. A notable

effect is defined as an increase of 10 points or more in the
probability of adoption when (a) a con,inous independent

variable changes from its value at the 15th percentile to its

value at the 85th percentile in its sample distribution, or

(b) a dichotomous variable is increased from a value of zero

to a value of 1.0. Since about 95 percent of the farmers in

the Mediterranean Region were using HYV's, that region

was not included In the ilnalysis. The regression and.logit

coefficients for the three rl.maining regions are shown in

Table 27. Discussion is based on logit results.
Of the farmer characteristics considered, for Important

variables, education and the index of weather risk have the

greatest effects on the adoption decision, changing the

probability of adoption by 10 to 20 percent and 18 to 28
percent, respectively. The size of the family is consistently

positive but in only one case, that of S. Marmara, is it
impertant with an increase of five persons increasing the
probabd ity of.adoption by about 10 percent. Of the farm

characteristics, topography was tne most influential, with
valley farms more likely to adopt by 35 percent in Aegean
and Thrace. Farm ers who sell wheat were from 9 to 18
percent more likely to adopt than were those who did not.

Of the three government pol icy variables considered, seed

availabil ity is important in all regions with an effect of 32
to 51 points. Sales to government had a notable effect,

ranging from 17 to 21 POints, and with t·ratios just at or

above 1.0 in ali cases.
Farmer characteristics. As .1/35 suggested by the analysis

of the previous chapter, education is an important factor in
determining whether or not a farmer adopts HYV's. Each

unit increase in educatIOn ;'1creases the probability of

adoption by from 3 to 5 percent. This is presumably a

result of an increasing knowledgeability of the value of
HYV's, and an increasing ability to make use of this know·

ledge. Family size also had a positive effect on the proba·

bility OL adoption, with each additional person increasing
the probability of adoption by 1 to 2 percent. This was

not anticipated, and we can present no rationale which
could explain this positive (though small) relationship,

Farmer perception of risk, as reflected in the weather risk
index, had the anticipated effect on adoption in S. Marmara

and Thrace, but not in Aegean. Given the range of indexes

found among farmers, differences in risk perception (two

standard deviations) affect the probability of adoption by
.28 percent in S. Marmara and by 18 percent in Thrace.
An inexplicable negative relationship was found in Aegean,
however, indicating that the more risky the farmer perceived

Fert. Avail.:

Government:

Farm size:
pct wheat:
FielrJ distance:
Owner:
Tractor:
Valley:
Sells wheat:

Weather risk:

Other income:

Off·farm work:

Family size:
Membership:

Independent variables
Age: Farmer'~ age: in years.
Education: Farmer's education; codes from 1 (no formal

education) to 7 (college),
Number of family members dependent on farm
Membership in agricultural society; 1 if member,
o if not.
Number of times per month the farmer listens
to agricultural radio programs.
Off·farm work by fmmer; number of days per
year.
Off-farm income by members other than farm
er; 1 ~ yes, 0 ~ no.
An index of farmer's assessment of weather risk
(see text), smaller values representing more
riskyassessmem. (Index values range from
0.07 to 6.0).
Total farm size; In hectares.
Percent of farm alloc'.lted to wheat
Distance between home and fields, in kilometers.
1 ~ Land was owned, 0 ~ not owned.
1 ~ Tractor is used, a ~ not used.
1 ~ Valley farm, a ~ foothill or hillside farm.
1 ~ Farmer sells wheat, 0 ~ does not sell any
wheat.
1 ~ Farmer sells wheat to government, 0 ~ does
not sell to government.
Availability of fertilizer; 1 = is not difficult; a =
is difficult.
Availability of seed; 1 = was easy to obtain, 0 ~

was not.
Farmer participation in field days" lectures,
demonstrations; 1 ~ yes, 0 ~ no.

Dependent variables
HYV adoption: Adoption of high-yielding variety; 1 ~ yes,

a ~ no.
Nutrients applied (N + P205); kgfha.

techniques were applied to the HYV adoption data.
In presenting results, loglt coefficients have been convert

eli to direct probability estimates S0 as to be ('')mparable

to the ordinary least squares estimates. In each case, the
coefficients presented are to be interpreted as the change in

the probability that a farmer will adopt HYV's as a result

of a one un it change in the independent variable.
We assume that the logit coefficients are the better of

the two sets of estimates. Only in the case of South

Marmara are notable differences evident. Then~ it appears

that ordinary least squares underestimates the impact of

several of the independent variables.
Several variables in addition to those discussed i'1 the

previous chapter were included in the following analyses.
A description of all variables is given in Table 26.

Table 26. Description of variables used in regression and

logit analysis of adoption decisions.
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'able 21. Regression and logit analyses of the adoption of high-yielding
varieties. 3

Variable
Aegean
regression logit

S. Marmara
regression logi t

Thrace
regression loglt

0.0005 -0.0019
0.1 -0.3

-0.0006 -0.0008
-1.2 -0.8

Constant

Age
coefficient
(-ratio

Education
coefficient
(-ratio

Family size
coefficient
(-ratio

Membership
coefficient
(-ratio

Radio
coefficient
(-ratio

Off-farm work
coefficient
(-ratio

Other income
coefficient
(-ratio

Vleather risk
coefficient
(-ratio

Farm size
coefficient
(-ratio

Percent wheat
coefficient
(-ratio

Owner
coefficient
(-ratio

Tractor
coefficient
(-ratio

Valley
coefficient
(-ratio

Sells wheat
coefficient
(-ratio

Government
coefficient
(-ratio

Seed availability
coefficient
(-radio

Extension
coefficient
(-ratio

Number of farms

R2

Chi-square

-0.17

··-0.0002
-0.1

0.046
2.0

0.0098
1.0

0.027
0.5

-0.0083
-1.4

0.0002
0.5

-0.053
-0.8

-0.056
-0.9

0.0090
1.5

-0.0010
-0.8

0.12
1.2

-0.u25
-0.4

0.34
5.3

0.095
1.4

0.10
0.8

0.37
5.4

0.19
2.2
153
0.61

-·0.0035
-0.9

0.050
1.7

0.Q15

i.1

0.045
0.6

-0.0057
-0.7

0.0002
0.3

-0.12
-1.2

-0.18
-0.9

0.0092
1.4

-0.0012
-0.7

0.15
0.7

-0.022
0.3

0.34
3.7

0.089
1.0

0.17
0.9

0.33
3.6

0.11
1.2
153

69.4

-0.27

0.0009
0.4

0.049
2.4

0.013
1.1

0.076
1.1

0.0089
1.6

-0.048
-0.7

0.091
3.7

-0.0002
-0.1

-0.05
-0.5

0.16
3.0

0.059
0.9

0_069
1.1

.21
1.1

.41
7.6

-0.07
-1.2

176
060

0.0025
0.6

0.072
2.1

0.021
1.1

0.042
0.4

0.013
1.3

-0.0:"9
-0.5

0.14
2.4

0.0004
0.2

0.072
0.4

0.28
2.7

0.045
0.4

0.11
1.1

b

0.51
4.9

-0.15
-1.4

176

86.1

-0.54

0.0011
0.4

00:'\5
1.2

0.010
0.8

0.053
0.4

0.0034
0.6

0.0000
0.2

0.075
0.6

037
2.0

0.0012
0.5

0_0028
1.8

0.085
0.7

0.098
1.3

0.35
2.3

0.18
2.2

0.17

2.4

0.33
5.1

0.11
1.7
178
0.36

00018
0.6

0029
0.9

0015
0.9

0.044
0.4

0.0017
.3

0.0001
0.3

0.161
0.9

031:
1.5

0.0018
06

0.0035
2.0

0.10
0.8

0.090
1.1

c

O.ll:.
2.0

0.19
2.0

0.32
4.3

0.15
1.8
178

142.0

al Since the regression results are from ordinary least squares analysis of a dichotomous
dependent variable, the t-ratio cannot be used for tests of hypotheses. The logit
coefficients presented are the probability transformation of the logit mode! coefficients.
i.e. the change in probability of adoption given a one-unit change in the independent
variable. They are therefore directly comparable to the regression coefficients. The
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t·raliOS for the logit coefficients are those corresponding to the estimated coefficient

01 the logll model luelf.

b/ In South Marmara, all four farmers who sold pram to the government were also

adopters, and the loglt procedure does not perm,t estimation of a model including

thIs vmlable.

c/ In Thrace, all seven valley farmers were al.o adopters, end the log't procedure does

not permit estimation of a model including this variable .

wheat to be, the more more likely he wa:; to acl0pt HYV's.

Given that the risk from frost and drought in S. Marmara is
qUIte similar to that in Aegean. this differen::e ill farmer
behavior is not easily explaineo.

Farmer membership in agricultural ;ocieli2s was estimat

ed to increase the probability of adoption by about 4
percD~t in ali three regIOns. but this is a small effect, not
significant!·, different from zero. The effects of the other
farmer characteristics, age, radio listening, off-farm work
and other income, wer;: ~o small or so inconsistently
estimated as to be deerT'sd negligible.

Farm characteristics. Each of the farm characteristics
considered was important in influencing farmer adoption
decisions in at least one of the areas. The most irr.portant of
these factors was topography in Aegean and Thrace, With
flat-land farmers about 35 percent more likely to adopt,
other factors constant. The effect of topography appears to
be much less in S. Marmara, and since this was not sUrjgested
by the data of Table 11, this result bears some scrutiny.
The simple correlation between adoption and topography
was about 0.30, which is considerably lower than in the
other two regions, but stili substantial. The low estimate
of topographiC effect in S. Marmara may be due to the
very high correlation between flat land farmers and high
high weather risk Indexes (correlation == 0.4). If most farm
ers with high (optimistic) weather- risk perception live in
the flat lands and if most adopters aiso live in the flat lands;
it can be very difficult to determine which factor, weather
risk or topogr,,;Jhy, IS most closely related to the decision
to adopt. Since the estimated effect of weather risk in S.
Marmara is the largest of the three regions, and the estimat
ed effect of flat lands is the smallest, it is quite plausible
that the estimation procedure is overestimating the former
and underestimating the latter in S. Marmara, due to the
correlation between the two.

The second most influential characteristic of the farm
is whether or not wheat is marketed. Those farmers who sell
wheat are estimated to be more likely to adopt HYV's by
9 percent in Aegean, 11 percent in S. Marmara, and 18
percent i,l Thrace. This suggests that any market discounts
which might exist for HYV's do not adversely affect th'}

decision to adopt, contrary to the inferences tentatively
drawn in the previous chapter (though we have more to
say in this below)

Farms with tractors appeared to be significantly more
likely to adopt HYV's in S. Marmara and Thrace, though
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•
not in Aegean. The size of the effect in S. Marmara (28
plJCent) is surprisingly large, particularly when compared

to the estimates for the other two regions. As with the
case of the effect of topography mentioned above. if the
tractor variable is correlated with any other variables, the
estimatior. procedure may attribute too much effect to the
tractor variable and too Iittle to one of the others. The
other variables which were correlated with tractor use were
wheat sales (0.25), weather risk (0.25), education (0.21),

topography (0.17) and farm size (0.15). Of these. only

the effects of topography and farm size appear to be under
estimatl'rJ compared with the other regions, so it is possible
that some of the effect attributed to tractor se in S.
Marm1ra is actually attributable to valley topography and
larg~r farm size among the farms using tractors.

ihe impact of farm ownership was not estimated with
great precision but the effect is to increase the probability
of adoption (by about 10 percent) as expected. The
percentage of cropland devoted tocwheBt had no effect on
the adoption deciSion except in Thrace, where each ad
ditional percent of wheat increased the probability of
adoption by one-third of a percent. Farm size appeared to
be an important factor only in Aegean, where each addi
tIOnal hectare of farm size increased the probability of
adoption by nearly 1 percent. While this would have a
considerable impact for extremely large farms of 100
hectares or so, the distribution of farm sizes in Aegean was
such that a farm at the 98th size percenti Ie (about 17 hal
would be only about 10 percent more likely to adopt than
an average sized farm (about 6 hal.

Government policy. Three factors related to government
policy were co.nsidered: whether or not the farmH sold to
the government purchasing :>gency, whether or rot HYV
seed was easy to obtain, and whether or not the fam,;,;r had
participated in field days, lectures, or demonstrations. Of
these, seed availability had the most important effect. Those
farmers who said that seed was easy to obtain were 32 to
51 percent more likely to have adopted HYV's than those
.,:'0 said it was not easy to obtain. This factor appears to
have the greatest impact on farmer decisions of all the
variables considered in this analysis. This result should be
interpreted with some caution, however, since it is in
general true that seeds will be essier to obtain where the
HYV's are well adapted, and more difficult to obtain
where they are unadapted. Thus this variable could be
serving as a proxy for the adaptability of the HYV's. This



a/ Fertlltzer use IS expressed In kg of Nand P2 ')5 per ha.

Table 28. Regression analyses of the use of fertilizer by

region. a

Mediterranean and Thrace regions, where fertil izer use is
greatest, membership is important in thf' sense described
above. Listening to the radio is important in three regions
but, awkwardly, not in a consistent way. Age has appro-
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Age

CoeffiCient
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(·rat,o

Family size
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Coeff icient

(·rat'o
RadiO
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l·ral'O
Off·farm work

Coeff ,c,ent
t-ratlO

Other ,ncome
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(-ratiO

Weather risk

Coef f ,c'ent
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Irat'o
Percent wheat
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Field dist

CoeffiCient
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Owner
Coef f,c,ent

l·rat,o
Tractor

Coefficient
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Vallpy
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Sells wheat
CoeffICIent
(-ratIO

Fert Avail
Coefficient
(·ratIO

E xtPI1Slon

Coeffic,ent

Irat'O
HYVadOptian

CoeffiCient
(·ratio

R2

Factors affecting application of fertilizers.

Again, the general nature of the results are presented first,

followed by more detailed discussion. A variable is said
to be having an important effect if it is estimated with
reasonable accuracy and if Its effect on fertilizer use is
notable. Redsonable accuracy in estimation is defir.'!d here
as a t-ratio of at least 1.0 in absolute value. A notable
effect is defined as an increase of 15 kilos of plant nutrients
per hectare when (a) a continuous independent variable
changes from its value at the 15th percentile to its value at
the 85th percentile in its sample distribution, or (bl a
dichotomous v'ariable is increased from a value of zero to
a value of 1.0. Regression results for all four regions
are given in Table 28.

Of the farmer characteristics considered, membership in
agricultural societies is the only variable which consistently
has a t-ratio greater than one. Moreover, in the cases of

could be happening in the S. Marmara estimates, for ex
ample, where the effect of seed availabi I ity is high relative
to other estimates, and the estimated effect of flat land is
relativp.ly low, as previously mentioned.

The effect of sales to the government marketing acency
TMO, was to increase the probability of adoption by about
20 percent in all three regions. This bears out previous
observations that the HYV's are more saleable on the
government market than on the private market. The effect
of extension activities was positive as expected in Aegean
(11 percent) and Thrace (15 percent), but was negative in
S. Marmara. One would not normally expect that participa·
tlOn in a field day would reduce the probability that a
person would adopt a new variety, yet this conclusion is
supported by the da'. of Table 14. Again, however, it is

possible that extensic n activity has been more intensive in
areas where the HYV's were less·well adapted, while other
variables in the analysis (such as topography) have failed
to reflect differences between these areas.

Summary. The results of the multivariate analysis of
HYV adoption decisions have shown that topography,
presumably representing the adaptability of the HYV's,
seed availability and government purchasing activities have
been the most important variables afh,cting the adoption
decision among the farmers studied. tn addition, education,
family size, wheat sales, and land ownership had smaller
but consistently estimated effects in the expected direction.
In two uf the areas, the effect of perceived weather risk had
an important effect on the adoption decision, and two
others, participation In extension activities had a signifi
cant impact in increasing the probability that a farmer
would adopt HYV's. The estimates of the effects of several
of the variables in S. Marmara were inconsistent with esti
mates for the other areas, perhaps due to correlation among
the variables or to poor specification of the variables in this
area.
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priate t-ratios in three cases but associated Quantity changes
are small.

Characteristics of the farm had no consistently important
effects_ Distance to the field is important in two cases
"Sells wheat" appears to be important in South Marmara
and in Thrace_

Of the three pulicy related variables, only fertilizer

availability has appropr'ate t-raties in three regions; even

so, the signs are not consistent and in only one case does
the increase in fertilizer use associated with changing the
value of the independent variable from zero to 1.0 exceed

15 kilograms of nutrients per hectare.

Adoption of HYV's is consistently important, even in

the Mediterranean region where some 95 p€rcent of the

farmers had adopted HYV's. It should be acknowledged

thar results from models with HYV's are less easy to inter

pret than were this variable not included because HYV use
itself is held to be a function of the remaininl;: included
independent variables.1

Farmer characteristics. Of the eight variables describing
farmer characteristics, only three ever manifest importance
in the sense described above, viz. membership-in Medi
terranean andThrace, radio-in South Marmara and Thraee,
and weather risk-in Mediterranean and Thrace. Each
of the estimated coefficients for membershilJ has the ex

p€ct~d sign, which is to say that membership in a society is
associated with greater use of plant nutrients. The size of
the effect in this analysis is smaller than is implied by the

data of Table 18. In the case of radio, the signs of the

relevant coefficients are negative in twocregions, the op

posite of what was expected.
For two regions the estimated coefficients for age

had (·ratios in excess of 1.0 and each had the expected
sign. In no case, however, is the impact on quantity of

nutrients a large one.
Off-farm work is the only remaining farmer variable

for which signs tend to be consistent among regions and
with p.xpectations. For three regions, the estimated coef
ficients have a posi tive sign.

One variable manifests consistency among regions but
its sign is contrary to what was expected_ For all but the

Mediterranean region the sign for the estimated coefficient
of other income is negative and it was hypothesized to be
positive. A rationable for this result is not evident.

For three variables-education, family size, and weather
risk·-the signs of the estimated coefficients are half positive
and half negative. Only weather risk is ever important in
the sense defined, in both cases positively. It might 00
argued that the negative sign estimated for education in

Thrace is consistent with expectations, gi-..en the data of
Table 5 which suggests that high rates of fertilizer applica
tion don't pay for farmers there. Table 5, which is based
on farmer's reported yields, is not consistent with the rates
of fertilizer application reported for Thrace in Table 16.
As it seems likely that reported rates of application are
more nearly correct than are reported yields, the data of
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Table 16 seem more reliable than those of Table 5. This
conClusion puts in doubt the negative sign for education in

Thrace, seen in Table 28.
Farm characteristics. Six variables describe character

istics of the farm. Two of these, tractor and topography,
are important in one region and with the expected positive

sign. Distance to fields is important in two regions but

with different signs.
For each of the four regions Ise of tractor for plOWing

and rates of plant nutrients applied are positively related.
Only in one case is the t-ratio greater than 1.0. Topography

also shows consistency among regions but there, for three

regions, the sign of the estimated coefficient is negative,
the reverse of what was expected. This resu:t is con~istent

with the data of Table 16. Distance to fipld is also consist

ent but is positive in all cases, the reverse of what was

expected.
Tenure status tends to have a consistent sign with

nutrient use positively related to ownership in three 0f the
four regions. Never, however, is the t·ratio in excess of 0_6
in absolute value.

For each of the remaining variables, farm size and percent
of farm area in wheat, two regions show positive coefficients,
two show negative coefficients. Th is suggests that the
positive effects of farm size on fertilizer use in Table 16
are due to the other factors which are not controlled there
but are considered explicitly in the regression analysis.

For two of the regions, selling wheat is an important

variable and in both cases the estimated coefficient has

the expected positive sign. For all four regions the sign

of the estimated coefficient is positive.
Government policy. Fertilizer availability, which emerges

from asking the :armer whether or not he found ferti lizer
easy to obtain, is positively related to fertilizer application

in three regions. In only one region, Mediterranean, is the
variable important but the sign is negative, indicating
that difficulty in acquiring fertilizer is positively related
to its use.

For the extension variable, three regions show the ex
pected positive sign. The val iable is important in only
one region, South Marmara.

Summary. In a general way the regression analyses of
Chapter V conform quite well with :~e tables of Chapter IV.
In only two cases, farm size and membership, do coef
ficients of the regression models depart notably from ex
pectations based on the simpler tables in Chapter IV.

Only five of the variables are entirely consistent from
region to region and with expectations as regards signs;

membership, field distance, sells wheat, tractor and use of

HYV's. On the other hand, six variables-farm size, radio
education, weather risk, family size, p€1-~ent in wheat-show
great inconsistency with half being positive and half negative.
Of the remaining seven variables, other income and topogra
phy show tendencies contrary to those expected .

. No region stands out as peculiar, which was the case for

South Marmara in the analysis of HYV adoption. Even in



terms of the number of t-ratios with absolute values great
er than onE, there is startling consistency with no region
having notably more or notably less such estimates_

What is disconcerting in all of this is the size of the
coefficients of determination. Within regions the models

explained only a small part of the variation, from 33 to 43
percent_ While such results are not uncommon in work of

this kind, it nonetheless suggests that the prudent will be
cautious in drawi ng conclusions. In better specified mudels,
it might well occur that variables with little importance
here would be found important.

Having recognized the constraint imposed on inter
pretation by the low coefficients of determination, it can

still be said that regional differences in fertilizer us..: are
notable, tending to following the pattern of the adoption
of HYV's, i.e. ranking regions by percent of land in HYV's
is entirely consistent with ranking them in terms of

average application of plant nutrients. Even within regions.
this relationship holds up. Other varrables With a nota!>I!!
and consistent association With fertilizer use are avarlabrlity
of fertilizer and membership ir, agricultural socleties_ Each

says something about access to fertilizers or about access to
credit or both.

Notes

1 Marc Nerlove, and S. James Press. 1973 Univariate and
Multivdreate Log-Linear Logistic Models. The Rand Corporation.
Santa Monica, Cal ifornia.

2. A fTI'Jre desireable econometric approach would be to

estimate the fertilizer decision equation and the hybrtd decision
equation together using simultaneous equation techniques.

Vi. SUMMARY OF FINDINGS AND POLICY IMPLICATIONS OF THE STUDY

Wheat is the most important single element in the diet of
the Turkish family. Annual per capita consumption varies
between 160 and 225 kilograms of grain. If the present per
capita consumption is to be maintained, wheat production
must increase by 2.6 percent per annum just to equal
population growth rate. Moreover, this will have to be
accomplished through yield increases rather than area
expansion since no unused land is available in the country_

With the object of obtaining higher yields per unit
area, the government of Turkey introduced in 1967 to the

coastal regions new packages of wheat production techniques
consisting of high yielding seed, chemical fertilizer, weed
control, and sever31 other agronomic practices. The new
seeds came from Mexico, Italy, and Russia. They respond
well to fertilizer and other production practices and produce
high yields under favorable climatic conditions.

The purpose of this study was to look closely at the

adoption of the new wheat technology, emphasizing high
yielding sf'ads and chemical fertilizers. The specific
objectives of the study ware to see to what extent farmers
have adopted to the new wheat ~eeds, applied chemical
fertilizers to wheat and followed other agronomic practices
recommendecl to them, to identify and quantify association
between adoption of HYV's and fertilizer and selected

factors related to the farmer, the farm and government

policy, and to examine the ex,ension s'/stem, credit and
input supply situation, and market conditions as the),
relate to the adoption of new wheat technology

To carry out these objectives, the study draws heavily
on data obtained through regional samples consisting of
800 farms with different characteristics. The regions under
study are: Mediterranean, Aegean, and South Marmara, all
spring wheat regions, and Thrace, a winter wheat region.
In this section we review the findings of thiS study, point

out pol icy I mpl ications and suggest recommendations for

the attainment of further diffUSion of the n~w wheat
technology and of higher levels of wheat production.

Findings

What follows are genf'ral comments. More speci fic state
ments are found in Chapter 5_

Between 196/ and 1972, thE. HYV's covered an area
of about 900,000 hectares in the three coastal spring regions,
Mediterranean, Aegean and South Marmara. This is around
65 percent of the land planted in wheat (including durum
wheat) in these three regions and corresponds to 46 per
cent of all wheat fields in the regions. In Thrace, the

winter wheat region, HYV's are estimated to have covered
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about 290,000 to 300,000 hectares of land in 1972. This
accounted for 75.7 perce"t of the wheat land found in
the region.

So far as the coverage by specific varieties are con
cerned, in the three coastal spring wheat regions, Mexican
varieties were grown more extensively than any others.
They accounted for more than 80 percent of all high
yielding varieties in terms of both the number of fields
and the area occupied. The remaining 20 percent was in
Italian and Russian varieties. Among Mexican varieties,
the variety "Penjamo-62" covered over 70 percent of the
area. The winter wheat region, Thrace, is predominantly
under the Russian high yielding variety Bezostaya.

Differences in adoption rates among regions are large.
In Mediterranean, 95 percent of the wheat fields or
97 percent of the wheat land was under HYV's and
of these almost all were Mexican varieties. In South Marma
ra, 26 percent of the wheat fields. or 40 percent of the
wheat land was covered by HYV's. HYV's consisted of
Italian, Mexican, and Russian varieties in roughly equal
proportions. In Aegean, 29 percent of the wheat fields
or 35 percent of the wheat land was under HYV's of
which Mexican varieties account for more than three fourths.
In Thrace, 76 percent of the wheat fields or 79 percent of
the wheat land was occupied by HYV's of which Bezostaya
accounts for the total.

Use of chemical fertilizers in wheat production has
increased with the introduction of HYV's. As of 1972, an
estimate of 100,000 tons of chemical fertilizer (net nu
trients N + P20S) was used for HYV's in the three coastal
spring wheat regions. To this should be added around
30,000 tons used on Bezostaya in Thrace. The total of
130.000 tons gives an estimated 35 percent of total chemical
fertilizer used in all wheat production in the country. The
per hectare use of fertilizer on HYV's is considerably higher
than on local varieties. However despite the higher levels,
fertilizer doses are below the r"commendations. If 180
kg/ha is taken as the amount recommended to farmers
for HYV's, the average applied by Med;ter~anean farmers
on HYV's was three·fourths of this. Averages were roughly
one·third in South Marmara and Aegean. For Thrace the
average is about two-thirds as recommendations are less than
180 kg/ha. Thus, among regions, fertilizer application
in HYV's was on the average much higher in Mediterranean
and Thrace than Aegean and South Marmara.

Other agronomic practices were generally not in line
with the recommendations. Drill use for both seeding and
fertilizer applications was virtually absent. Incidences of
wheat irrigation were extremely low. Percentages of fields
which had weed control were lower than was expected.

So far as differences in yields are concerned, HYV's
were thought by farmers to be superior to local varieties
under similar conditions. The data suggest that under any
given type with equal amounts of fertilizer and with
no irrigation, HYV's yielded 5 to 65 percent more
than local varieties in 1971-72. Yields of HYV's were
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higher than local varieties even on sloping lands. Yields
on flat lands under the same treatment were generally and
significantly higher for both HYV's and locals as compared
with yields on sloping lands.

Wide aifferences in adoption rates of HYV seeds
and fertilizer application found among regions support the
hypothesis that agro-climatic conditions are ~ignificant

factors explaining adoption of the new wheat technology.
Higher and more evenly distributed rainfall, lower probabili
ties of frost and less disease occurences have significantly
contributed to higher levels of adoption of HYV spring
wheats in Cukurova as contrasted to other coastal regions.

Farmers' perceptions about risk and uncertainties reo
lated to natural conditions are found to be significantly
associated with adoption. Adopters are. in general, more
optimistic about their probability expectations of normal
and good weather conditions than non-adopters.

Fertilizer u"e has generally been lower than recommend
3tions as mentioned above. Factors accounting for this
are presented below.

The hypotheses that allocation of fertilizer to Wf,eat
production is negatively affected by shortage of fertilizer
and competitive demand for fertilizer by relatively high
valued and more fertilizer-rpsponsive cash crops grown in
the regions such as cotton. rice, sugarbeets. vegetables,
beans, etc. receive ample support from the data at hand.
Due to lack of irrigation and other complementary inputs
and inadequate as' onomic practices, wheat cannot respond
to fertilizer sufficiently to compete fur fertilizer with cash
crops grown under irrigation. Even so a substantial portion
of all fertilizer is devoted to wheat.

Members of cooperatives, associations, etc. Bre found
to use more fertilizer on wheat than non-members. Members
apparently have less difficulty in obtaining fertilizer and
credit for fertilizer, and more access to the information on
new farming techniques.

Policy implications

The dry lands of middle and eastern Turkey are the major
wheat production areas of the country. Wheat will continue
to be one of the main crops in the coastal regions as well
for several r-aasons. First, wheat is the country's basic food
grain and its utilization continues to increase. The coastal
regions have the potential to increase yields through the
use of biological inputs andjntensified practices. Second,
wheat is a good rotational crop in flat land along with
cotton, edible pulses, vegetables, etc. Third, the poorer lands
of the ihillsides of the coastal regions are not suitable for
cotton, pulses, vegetables or other cash crops. Here, wheat
along with other grains and with tobacco in some locations,
fits the conditions well.

Against this background, it seems likely that the State
will continue efforts and motivation to further diffuse new
wheat technology. Some modifications in technology may



occur. Modifications may involve replacement of the
weaker varieties, and al terations of some of the recom·

mendations to fit farmers' conditions. It is reasonable to

believe that the State's leadership and constant motiva

tion were the overall pushing mechanism for the successful

diffusion observed In the relative short period of 6 years.

This should continue to be so with a renewed spirit for
the years ahead for further progress.

There are still much potential gains from the new

wheat technology from which the country can benefit.

First, the presently available wheat area in the coastal
regions is more than 1.7 million r cctares. Contrasted
to this the HYV's had covered 0.9 million hectares of land.
Therefore, further area expansion of HYV's is feasible.
Second, yields expected from HYV's may run as h,gh as 5 to

6 tons per hectare. Turkish farmers have realized 40 to
60 percent of this potential on the average. With appro
priate farming practices farmers can also reach 4 to 5 tons
of grain per hectare.

Research mUST be given priority in the overall efforts
by the state. Research in breeding for new varieties can
be speeded up through provision of more resources and
motivation. Along with this, agronomic research, relatively
neglected in the recent past, should be given more emphasis
than before. While the objectives with breeding should

continue to aim higher at yields with disease resistance,
frost escape and yield stability, the quality factor must
also receive equal recognition. The new seeds must alJpeal

to farmers' preferences III terms of color, size and bread
making quality. This IS especially important for small
farmers who produce for the family's consumption. Further

more, varieties to fit :::onditions prevailing at specific loca
tions are needed. Wide differences in adoption rates of
HYV seeds among regIOns and subregions clearly indicate
that agro-climatic conditions existing in different locations
are decisive factors along with others on the extent of
adoption and diffusion. Thus it seems an appropriate
strategy in biological research to develop several varieties
for the several different kinds of regions.

To make use at the maximum yield potential from the

new seeds, timely and proper seedmg is necessary In
addition, adequate amounts of fertilizer should be used
along with weed and disease control. Seedbed must be

prepared properly and drill use should be encouraged. All

these practices have, however, their costs and benefits
which must be determined accurately. Agronomic research,
therefore, should aim for recommendations on rates, depth,

and time of seeding and fertilization. Moreover, research

should supply information about the effects on yield leVf~ls

of different topographies, number and timing of migatlOns,
weed control, drill use for seeding and fertilization.

As the findings suggest, fa.-mer's membership in an agri
cultural organization is associated with higher rates of adop-

tlOn. Therefore more and Wider membership III agrlcul
tural organization, such as agrtcultural supply cooperatives.
rnlght have a positive Impact on adoptIOn of seeds and use

of other Inputs.
ExtenSion services can be strengthened. More and

persuasive extenslOll ViSits, demonstration plots, field days,
lectures can have an Important bearing on the rate at
adoption. Howevpr, the whole system of extenSion seems
to be under utilized. It can bf' mobilized through the
prOVISion of resources and motivation. It should be empha

sized also that extension workers should be supplred by
the research workers and SClelltists With the precise III

formatIOn about the new wheat technology before they
are sent to the tarmers.

The situation In the market can aftect adoption. Farm·
ers should be given the feeling that they are gual an teed
easily accessible markets for their wheat. ThiS could be
done by increasing the number of state purchase offices
and by locating them properly In their regions.

The farmer should be supplied constantly and periodical
ly with certified seeds of reliable quality. Constramts on
the timely distribution of good seeds and seed credit should
be removed. Perhaps one of the alternatives would be to
leave the production of seed to state farms and contracted
farm ers as belore, but leavlIlg the seed control and distribu
tion entirely in the hands of farmers' organizations. In
addition, state farms located in the coastal regIOns should
be eqUipped and directed to prOVide constant flows for
farmers' use.

Any Increase In tertrlize, use on wheat appears to be

made difficult bV "conomrc reasons. With a shortage of
fertilizer supply, tarmers as well as the country as a whole
would seek ways to use fertilizer economically. Wheat
then has less chances of receiving fertilizer than cash crops
in coastal regions given 1975 relative p,ices and productivity
gams. However, as farmers are induced to use the complete
package at the new wheat technology and as output prices
are balanced by the State, then wheat may well become an
effective competl tol tor fertl! izer against other crops_ In
any event, the overall supply of fertilizer will have to be in

creased to reduce the competitive use among several crops.
Again, as In the case With seeds, membership in agriCUl

tural organizations would help increase fertilizer use in

wheat_ Perhaps efficient and timely distribution of fertilizer

could be maintailled by aSSigning the job of distribution to
farmers' organizations with some control by the state.

Simple calculatIOns IIldicate that if all traditional varie
ties are replaced by HYV's and If modest yield level of 2 to

2.5 tons can be reached, then the three coastal regions

alone would supply almost one third of the nation's needs
from the existing amount of land, i.e. Without pressure on
lands planted to other crops In the regions. To achieve
those aims '",ill require new motivation and leadershIp.
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