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INTRODUCTION

The Agriculture, Food and Nutrition Sciences Division

(AFNS) is one of the five Divisions of the International Development
Research Centre (IDRC), the’othe; féur being Information Sciences,
Population and Health Sciences, Publications, and Social Sciences and
.Human Resources. Each of the prograq'divisions seeks to encdurage
and develop research and training capabilities within institutions
and among scientigts in the developing world.

| The AFNS Division does not nofma]]y carry out research
programs as such on its own behalf. In some cgses, however, outside
scientific expértise has been requested by developing country Insti-
tutions to help them develop spécific parts of their programs and
assist in training local scientific pers&hne]. The papers compiled
in this document are progress reports on the work in which 12 such
field staff personnel are»iﬁvo\ved working within progréms funded

by IDRC but administed and directed by the grantee institutions. All
of the programs are concerned with providing the small farmer with
improved opportunities usually, but not always, tﬁrdugh new techno-
logy which will fit in with his‘current cropping systems.

| The subject matter covered by the papers is guite diverse

and the projects themselves are located on four continents. Despite
this diversify the ultimate objective of all the programs is to im-
prove the we]]being of gura] people in some way. Very generally the

programs can be diviqu into two categories. The first is related to
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devéloping improved agricultural technology through activities such

as plant breeding, agronomic research and S%udies of plant interactions
in multiple cropping situations. Associated with these ac%ivities is

a research project.on post-harvest grain preservatidn and processing

fo find ways of reducing the quite substantial losses which are common
during storage and processing in developing countries.

A second group of papers is concerned with concepts and
techniques related to_determiﬁ{ng how current farming systems operate,
defining their paramete}s and finding out Qhat farmers Qant and need.
This information is important as a basis for orienting more special-
ized research on techno]og;?improvemept and for identifying limiting
constraints whose removal would allow for- improved wellbeing for rural
- people. The first of thesé}five paper§ details an approach being
developed by the International Rice Research Institufe in Southeast
Asia as a means of assuring the re]evanée of its Rice-based Multiple
Cropping Systems research program. The last four papers form a unit
-since all four authors work in co]}abqration in the same program in
.-Colombia but present their researéh findings,from_s]ight]y different
academic points of view. Conclusions are still tentative but neverthe-
less some very important and extremely interesting concepts and pro-
gramming techniques are evolving which have profound implications
for agricultura: research and rural development programs. At issue
is the fun&amenta] question of how agricultural research and develop-

ment programming priorities are determined by executing agencies,



both national and international, and the implicit assumptions on
which programs aimed at helﬁing fural people are based.

AFNS trusts that these presenfations in the form of progress
reports on research activities underway and supported by IDRC wi11‘be

of interest to the invitees to this Symposium.
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THE_IMPORTANCE OF SORGHUM

Ethiopia is a remote and rather aloof country \n the north-
‘east corner of Africa, isolated from her African neighbours by deserts
on three sides, and separated from the Miolalle East by the Red Sea.
The h1gh Centra1 Plateau runs north and south 1ike a broad bumpy
backbone down the length of the country at an altitude of "two to
three thousand metres A second, smaller rib, called the Chercher
Highlands, comes from the eastern Horn of Afr1ca and would merge with
the Central Plateau if it were not for the Rift Valley, which begin:
in the Danakil depression and runs southward into East Africa,
splitting the Central Plateau from the Chercher Highlands.

Sorghum is.found in scattered pockets along both east and
west edges of the Central Plateau up to an altitude of 2,400 metres
and extends into the low hotter areas towards the Sudanese border i:
the west. The m05£ concentrated area of sorghum is throughout the
Chercher Highlands. The distribution of sorghum production is show
in Figurg }.

'}fh the highland areas, long maturing,'ta11.types are grow ,
which may take half a'year to flower, and often reach a height of f.ur
metres. In the lowlands, faster matur{ng, shorter types are grown
during the short rainy season.

h ~ Estimates of sorghum production in Ethiopia range from on
million tons to 1.4 million tons per year (Stanley 1971). The

sorghum crop occupies about 1.5 million hectares which is 18% of
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Adapted From: The Rural Economy of Ethiopia
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the 1and devoted to food crops. (Statistical Abstracts 1970-1971 .
As shown in Table 1, combined sorghum and millet production ranks

second only to teff, Eragrostis téff,'a small grained, low yieldi: g

cereal which is denerally grown at higher altitudes than sorghum.

Table 1. PRODUCTION OF MAJOR FOOD CROPS IN ETHIOPIA 1966-1967

Crop - Area ' Production

L (thousands of hectares) (thousands of met: c tons)
Teff 2,008.7 1,149.2

Sorghum & Millet* 1,759.0 1,441.0

Barley 1,480.8 1,328.9

Maize 1,119.3° 1,099.3

Wheat - ’ 660.0 478.9

Pulses 823.7 584.0

Enset 190.8 449.0

(false banana)

*Millet is mostly grown din the North, in Eritrea Province.
Source: Stanford Research Institute (S.R.I.)

Report #10, 1969.
Statistical Abstracts, 1966-67.

National sorghum yields between 1961-1965 are reportec t
be 6.1 quintals per hectare'(S.R.I. Report #10, 1969). The statis cal
abstracts 1966-67 put the figure at 8.4 guinta]s per hectare. P:o n-

cial yields, shown in Table 2 range from 14.3 quintals per hectae n
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Shoa Province, down to 4.6 quintals per héctareAin Eritfeq. Sorghum

is.most widely grown-in'the Chercher Highlands of Hagar Province

where 44% of the food crop area is planted to sorghum. -

Table 2. ~PROVINCIAL YIELDS AND IMPORTANCE OF SORGHUM 1966-1967

% of Crop Area

Stanley 1971.

Province Yield
Devoted to Sorghum (Quintals per hectare)
Arusi 3.0 8.1
Bale 2.4 8.5
Begemdir 15.0 7.9
Eritrea 5.0 4.6
Gemu Gofa 19.9 5.9
Gojjam 13.0 7.5
Harar 44.0 10.0
IMubabor 27.0 7.7
‘Kafir 12.5 6.7
Shoa 7.0 14.3
~Sidamo 14.3 7.3
Tigre 21.0 6.7
Welega 17.9/ 9.5
Wollo 15.0 11.5
Sourcé:.
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The importance of sorghum in an area is also affected by
tribal preference. The Amhara people who 1ive <in Shoa and Gojjam,
place a very hiah value on teff, however, the Galla or Kotu people

who predominate the Chercher Kighlands value sorghum very highly

and it usually sells for a hjgh' price in the markets in this area.
The Somali people who 1ive further’east in Harar Province are able
to grow sorghum, but they reportedly sell it all and buy maize

instead.

THE SORGHUM FARMER IN HARAR PROVINCE

Since I am most familiar with the areé in the centre of
the Chercher High]ands where the Alemaya College of Agriculture is
located, I will concentrate oﬁ describing éorghum farming in this
area.

The average size of a farm in Harar is roughly estimated at
one hectare. FEifty-one percent of the farmers are tenants (Stanley,
1971). Sorghum is axclusively a small farmers' crop, 90% of the
crop in the Alemaya area was found to be consumed on the farm without
entering a commercial market kBirke, 1974).

) . The land is usua]Ty cultivated just before the onset of
the rains in March. Often a digging stick is used. This is a stick
tipped with a 10 cm. wide iron blade, with a round stone like a donut

fastened to the top to add weight. The wealthier small farmers use

oxen and a single furrow wooden plow which scratches a furrow about



40 cmi“yide._ Sorghum ‘¥s usually planted after the first cultivation, ’
as_ soo@fﬁs tmrains begin. Someti*mes the seed is simply spread on
tﬁ!yunp1owed land gad thé seed is turned in with.the_first plowing.’

. Much less care is taken in preparing a seed bed ?or sorghﬁm or maize,
than for the smaller seeded grains. Subsequent cultivations are
carried out w&th a seemingly back-breaking instrument called a Kota
hoe, or possibly the oxen and plow are‘driven through the field,
weeding and ihinning at the same time. Manure is very occasionally
app]ied, but it is more often saved for lining grain storage pits or
bins. Plant populatiomsof sorghum in the Alemaya area were found to
range from 28,000 to 31,000 plants per hectare (Bedane, 1973).

Sorghum is sometimes planted alone but often "in mixtures
with maize. If the rains are heavy and concentrated, then the maize
will yield better, but if the rainy season is érratic with drought
periods, the sorghum, with fts better drought tolerance is more Tikely
to give the farmer a crop. Legumes are often intercropped with s:r—
ghum. Cowpeas, peanuts,.and haricot or field beans are the most commdn

Sorghum i's also grown as an intercrop with chat (Catha edulis) a per-

ennial busH. The leaves of the chat bush contain amphetamines. They

-

are picked in the same manner as tea, but are sold fresh and chewed
as a stimulant. _

The.long maturing Harar sorghums emerge and begin growtﬁ/
during the "small rains" which most often fall in April and May. A
Idry spell may occur in June or July, then the second "big rains" are

expected. Flowering of the sorghum occurs in early September, and
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.the rains often stop‘about thé end of September. Harvesting takes
.place in vaember and December. Thus the Tong maturing sorghums‘
take the entire rainy season to develop. These sorghums are also
adapted to cool night- temperatures. During flowering in September,
night teﬁperatures can be expected to dip down to 5°C., but climb to
‘20-25°C. during the.day.  Low altitude sorghums produce very little
viable pb]]eﬁ under these conditions,‘bUt the cool tolerant sorghums
pfoduce‘copious pollen and good seed set.* ‘

The sorghhm‘p1ant is used for man&?purposes. After flower-
ing, its leaves are of;en_séripped and fed to cattle. The stems of
some types are sweet and are chewed Tike sugar ccne. Other stems
are extremely hardvand woody and are used for building fences or for
walls or roofs of houses. _Since.moét trees in the Chercher Highlands
have been chopped down, sorghum stalks are probably :he main fuel
used for cooking.

The grain is usually milled whole into a fine f1our; Small,
diesel powered grinding mills are.common, but the mortar and pestle
is still used. The flour is mixed with water and allowed to étand
for three days to be fermented by air-borne yeasts. The dough, abgut‘
the consistency of pancake batter is poured onto a hot, flat griddle
and quickly cooked. The resulting enjera is the staple focd of most
Ethiopians. Enjera is also made from teff and bar]ey.A The sorghums

which are preferred for enjera are tight-headed durras wit: corneous

endosperms with light amber or *ﬁght red to orange seed coc:ts.

\d



-8 -
Sorghums with .high tannins in the seed have dark red seed coats; and

_daﬁkﬂsub'séed'cdat-iayers; These sorghums are usually used for

lhaking beer.

| CONSTRAINTS ‘TO HIGHER PRODUCTION

By world standards, yields of sorghum in Ethiopia are low,

as is shown)in Table 3.

Table 3. YIELDS;OF'SORGHUM IN ETHIOPIA AND OTHER COUNTRIES 1961-1965
(Average per hectare yields in quintals)

Country Yield Country Yield

-Ethiopia | 6.1 Turkey 12.8
Iran 10.€ Taiwan 10.6
India . 4.3 Japan 15.7
Kenya 9.1* United States 28.3
*only 1963

Source: S.R.I. Report #10, 1969.

What are the constraints that limit higher production?
Rainfall over the sorghum growing areas is very erratic.

An example is the annual rainfall at Alemaya College, shown in Figure

r

2, which can range from 502 to 1261 millimeters. Moreover, the



rainfall in the.Alemaya area is known to be more dependable than in,
many othér areas.- The mOnthfy djstributton{is shownzin;ngure 3: )
A1though there“are'two rather indistinct'wet'per{ods, in'Apri] and i
again_ in August the pattern f1uctuates from year to year, and a dry |
5pe11 may come durTng a cr1t1ca1 perlod fo11ow1ng emergence or. '
f]owerxng The 1ong term-Var1et1es wh1ch the farmers grow dur1ng

the ra1ny per1od’w111 usua11y make a crop, but in terms of grain

yield per day, they are, poor producers

LN
j Another prleem with the 1ate\type§>1§ frost. Last year, =

“an exceot1ona11y ear1y froSt occurred1n ear1y October w1th a temper—
ature of -20C. ‘at.the College. Probab1y over a thousand hectares

of sorghum was k111ed in the Chércher H1gh1ands dur1ng the ear]y
stages of grain filling. A]though this frost was the worst' in memory;
~it was only 2 to 3 weeks earfer—than usual. and there is no reason
thd?;ﬁt will not occur again.

In lower areas, down the edges of the escarpmenté the

rainfall period is’usually shortef apd lighter. .Rainfa11'can really

only be expected during the peak months of April and in July or August.

In these areas the farmers sti11 plant much the same types of long

" maturing tall sorghums, hoping for the exceptional year that will
,give them a crop. In the Dire Dawa area at 1300 metres, the sorghum
will likely make a crop this year, but the rains have been very
heavy and well timed. For the previous four'years, no crop'had been

harvestéd. The situation vassimilar in many of last year's famine

areas in Wollo Province.

{‘. N
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Cultivation by hand methods or by a wooden plow is slow
and exhausting work. Often a‘farmer is not ready to plant at the
onset of.the rains, Also, wooden plows do not destroy weeds or prepare
the seed bed well.

In many areas farmers have grown sorghum'continuous1y for
perhaps hundreds of years, taking all stover off the field--even
rootsfare pulled up fo} fuel. The level of organic matter has
become very low and the moistdre‘ro1ding capacity and fertility of
~the soil is reduced. The raiq‘t#ﬁt does fall is allowed to run. off.
waterlor erosion control measures are practica1jy non-existent. The
rapidly expéﬁding popu]atioﬁ has pushed cu]tivafion onto steep hill-
sides and forests, which once served as natural reservoirs for water,
. have now been largely cut down. The hillsides are quick]y evolving.
In lower areas, the uncheckéd water is mékihg huge gullies through
;he sorghum fields, reducing the area that the farmer can cultivate.

The prevalent system of land tenure also discourages higher
production. Rents which range from 30 to 75% of the farmer's crop
are taken by the landlord, the church or the state. This system
should now change for the better, but land ownership is incredibly
comb]icated and land reform will take time. Table 4 shows the per-
centage.of farmers who rent their land, and the cropped area per

holding in most provinces.
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i

Tab1e'4; PERCENT TENANCY AND CROPPED AREA PER HOLDING (IN HECTARES)
‘ BY PROVINCE o

Province Percent Croppéd Area |- Province Percent Cropped Area

Teénancy per Holding Tenancy per Holding
Shoa 60 . . 1.67 ‘Harar 51 -
Arussi 48 - Gemu Gofa 45 0.54
Wollo 17 0.97 Kafir 60.5 - 0.90
Begemdir 12 - ITubabor 74 0.69
Gojjam 16 1.15 Welega 56.5 1.14
Tigre 16 1.27 ‘

Source: Stanley 1971.

Birds are a serious problem-in many aféas. They may pick out
the pistil at flowering or take the soft grain as it reaches the dough
stage. Yellow weavers and sparfows are the most persistent, and doves
and pigeons take their toll. Quelea birds, a type of migrating weavers
will occasionally descend on a crop in the thousands. In order to
scare the birds, farmers build platforms so that they can stand and
Took over the crop. During grain filling, the farmer and'a11 meﬁbers
of his family take turns at bird scaring. Many a budding David, a sling
in his hand can be seen standing above the crop. He loads the sling
with a piece of earth, spins it around his head, then fires at the

~birds with a loud crack and a yell.

Other problems which discourage higher production are con-

cerned with the marketing economy. Feeder roads are very poor or non-
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existent. The farmer must bring excess sorghum and other crops to
market on his wife's back or by donkey.” The markets only serve a
small area and prices fluctuate tremendously during the year. Because
of poor storage facilities, the farmer often brings his excess to
market immediately after harvest, flooding the market and forcing
prices down. Storage is either in a dung-lined hole in the earth,
or in'a small above-ground bin. Storage life is reported to be abouf
four months.

These problems must be overcome before the farmer has the

incentive to produce more.

‘THE_ SORGHUM. IMPROVEMENT PROGRAM

The sorghum project, based at Alemaya College can be
divided into three areas: 1) Collection of Ethiopian sorghums;
2) Intercrossing of Ethiopian and foreign sorghums; and, 3) Agronomy
trials and variety tesiing.

Ethiopia is acknowledged as a major centre of diversity of
sorghum. Collection trips have been made, and 3,000 entries have
been collected over the years. More systomatic Eo]]ecting methods
are now being plarned to gather as much information as possible about
each type 6f sorghum in an area. It is loped to collect the diversity

of Ethiopian types before improved varieties with narrow bases of
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genetic diversif; replace local types.

This collection will be valuable in identifying superior
types which are adapted to a given area. The first released variety
called Alemaya 70, was selected froﬁ.the germplasm collection. It
is ear1ie? and yields significantly more than farmer's varieties. The
coj1ection should also be useful in locating specific desirable genes.
For example, the high lysine, hl gene was located at Purdue University
in an entry from the Ethiopian collection. Th%s gene triples the
bio]oQica] value of sorghdm when fed to rats (Singh and Axtell, 1973).
Subsequently, over 200 heads of high lysine suspects were collected
in Wollo Province where the high lysine mutant apparently originated
and where the high lysine types are grown to a limited extent. The
head rows of these collections are showing considerable variability
%or seed plumpness, earliness and plant and head type. One problem
with the high lysine types is that they have a seed with a dented
endosperm, and their seed weight is only about half that of normal
sorghums, consequently yield is reduced. When sufficfent high lysine
materia1'ha$.been multiplied, it is planned to conduct feeding experi-
ments with children. We feel that a possible immediate use could be
as a feeding supplement for weaning chj]dren of farm families.

6uY breeding program is also based on the germplasm
collection. Thé breeding program has two parts. First, by making
épecific crosses between Ethiopian and American, Indian, and East
and West African material, we hope to bring back to Ethiopia favorable

genetic combinations which have been assembled elsewhere over a long
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period of time. The parents include short early maturing types, hard
seeded types that store well, bird resistant types - either with

high tannin, covered glumes or tight; pendant heads; large seeded
types, locally adapted types with good enjera‘qua1jty, as well as

the high 1ysine mutant. Two hectares of FZ'S from last years crosses
between Ethiopian and foreign material are now reaching maturity and
are being selected for advance.breeding.

The second part of the crossing program involves combining
170 selected lines, which are mainly of Ethiopian origin, into a
genetic male sterile base to produce randomly mating populations. It
is hoped that linked groups of genes can be broken up and re-assembled
through a recurrent selection procedure at a-mumber of sites; so that
the best yielding, most adaptable, insect and disease resistant and
high quality combiration can be picked out. We are also crossing
out selected lines to four cytoplasmic male steriles, in order to
conduct test crosses of hybrid performance.

Once an entry has been selected, it is then yield tested,
first in a pre-national yield trial, then in the national yield trial
(NYT). We presently have fifteen entries at seventeen locations in
the NYT. We are planning to split our yield testing program into
two parts. One for high altitude testing, and the other, which is
just getting started, for testing varieties with potential in low
altitude areas. For low altitude areas, we are now looking at vari-

eties which can be planted and will mature either in the "small rains"
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or in the "big raims”. This requires a very fast variety of 60 days

or less to flowering. There afe very few entries of this sort in

the Ethiopian Gemplasm collection. Less than 1% of the collection

flowered in 60 days or less and only 15% flowered in 90 days or less

(Gehrekidan, 1973). It would appear th;E—Ethiopia, for all her wealth

of diversity of sorghums, may need to use foreign material to bring‘

in sufficient earliness. We now have five_ear1y selections in the

NYT wh{ch flower in 100 days or less. Four of these are introductions.
‘I feel that the introduction of fast maturing varieties into low
~altitude areas, is a relatively simple and urgent priority.

Advanced selections are also evaluated for enjera-making
quality. A woman prepares enjera from each entry using local methods.
The enjera‘eva1uation is quite complex, and is based on a panel assess-
ment of such characteristics'as stickiness, pliability when curled
in the fingers, the number and size of the "eyes" or gas bubbles,
colour, taste and keeping quality of the enjera after 3 days of storage.
Also the number of enjeras that can be made from oné kilogram of flour
is noted. We find that a close correlation exists between light
amber corneous seed .and good enjera quality. Seeds with high tannin
or chalky seed coats with a dark sub-seed coat layer make poor or
unaccepta51e enjeras.

High tannin in the grain however, is probably the most

effective type of bird resistance. But it has been shown that tannins
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bind up the protein in the seed and make it nutritionally unavailable
(Cummings and Axtell, 1973). A test is being used at Purdue cé]]ed
the vanillin hydrochioric acid test which can pick out grains which
have high tannins during gréin filling but the level drops as the seed
nears maturity. Furthermore, on a recent collection trip we collected
a high tannin type which the farmer assufed us made good enjera. Thus
it may be possible to se1ect{types which h;ve good bird resistance,
but do not bind up protein and also make good enjera.

In our agronomy trials, we are investigating the best
populations to use at a cool site with erratic rains, at a hot site
and at Alemaya which is cool with a long rainy season. Thrée types

*6#“56F1eties are used, a long, medium and short maturing type. We
find that ideal populations run from 66,000 to over 100,000 plants
which is 2 to 3 times the population in fafmers' fields.

We have also planted an intercropping trial using two
commonly grown lecumes-haricot beans and cowpeas, in alternating
rows with tall, medium and short sorghums. The yields will be eval-
uated on an economic basis. We are finding that we still have a lot
to learn about adjusting the rates and dates of planting of the legume.

In another experiment, our entomologist is putting seeds
of cur selections into bottles, adding weevils and allowing them to
stand until well infested. Then counts are made to try and determine

which sead types are weevil resistant.
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ACCEPTANCE BY THE FARMERS

Every year.we provide the national extension service, called
éPID, with 2-3 quintals of our best 3 or 4 varieties, which are grown
in about 50 demonstration sites. EPID began functioning 4 years ago,
working only with small farmers who had 5 hectares of land or less.
They now have a good network of agents and demonstration fields through-
out the country.

As yet the acreage under improved varieties of sorghum is
insignificant. Nor is there any organized seed multiplication set up.
At present, the‘college can produce only about 50 quintals of seed.
From there, individual farmers multiply the seed themselves. Govern-
ment seed farms are beiné set up, but they have not yet produced any
seed. |

In an attempt to get a closer understanding of the problems
in accepting a new variety by‘ghe farmers, a number of demonstration
‘sjtes have been set up on farmefs fields near the college. Three
improved varieties and the farmers seed are planted at the correct
popﬁ]ations, in rows whj;h are opened with the farmers plow, and with
recommended rate§ of ferti]iéer (100 Kg of phosphorus and 100 Kg of
Nitrogen per hectare). Thé plots have been very impressive with
2-3 times the farmer's yie1d obtained by using improved practices.
However, the,farmérs accebtance is disappointing. Ohe farmer who had

impressive demonstrations on his land for two years, has reverted
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back to his old system. When asked why, he simply said he didn't
have time to p1ant the way the college had done. Another farmer
looked at the seeds of a short, erect high yielding sorghum which
we viere going to plant as a demonstration on his land. He would not
allow us to plant that variety because he said that his neighbours
would scorn him w%en they saw that kind of sorghum growing on his
land.

However, improved technology is catching on. Harar Awraja
is the district surrounding the College with a population of half
a million people and about 80,000 farms. In this Ewraja, the exten-
sion agency has 801d the following amounts of fertilizer (urea and
diamonium phosphate) from five outlets, as shown in Table 5. I am
grateful to Ato Mohammed,.the EPID agent at Bati for giving me these

. figures.

Table 5. FERTILIZER SALES AND NUMBER OF APPLICANTS IN HARAR AWRAJA

Year Number of Quintals Sold Number of Applicants
1971 100 98
1972 o 997 _ - 875
1972 1,247 1,245

1974 | 3,000 (Est.) 2,500 (Est.)
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It would appear that about 1% of Ihe-farmers in this area
are now using fertilizer. With the average size of farm at one

hectare, it would aﬁpear that the farmer who uses fertilizer applies

about one quintal per hectare.

1

Superior varietieé can be selected and bred to meet a
 number of différent specificatigns, and their superiority can be
demonstrated. But the change needed in adopting these new varieties,
along with the new technology lies in the mind of the farmer. For
him, it is a major revolution to change frgm the methods he has known
for generations past, and to accept the risks and responsibilities of
adopting something that will cause changes in his 1ife that he cannot
foresee. For adopting a new technology requires an evaluation and
acceptance of a new way, which for better or worse will shove him

into a greater awareness of the world and his own position in it.
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SORGHUM BREEDING AND . INTERCROPPING IN YSENEGAL

HistoricaT and Background Information -

.Work on sorghum breeding starteq in Senedal in about 1950.

- Up unti1 1962, it con51sted essentia}ly 1n expioring for .and coiiectfng-

Iocal materiai. Selection was then appiied between and withun the

‘iaMiiies compoéing this material. The difficuipy encquntered in

having the consumer. to accept the taste of d new variet&, even a
productive one wae cited as the reason for limiting the breeding

“work to mere sele'ction within the local material. By 195241953,

fnere wesla new expioration for local vanieties, but inproving
genetioally those varieties wasithen aiso.enviSaged.

Later, selection work.on the local naterial was done as
pre]iminary steps, preceding its hybridization with.dwarf early
sorghum: varieties introduced from the USA. The dwarf male sterile
CK 60 was.often the‘female parent‘in those crosses and the African

1

lines were used as male parents.. ' A few hundred lines were obtained
in ghe process, of which about forty were retained

In thae period, some hybriis were a]so introduced from the
U.S. They were found of no use in Senegal because of poor grain
quality. In the U.S. these hybrids were produced to be used as
faninai feed and not as human food, whereas in Senegal the sorghum

grain is entirely destined for human consumption. They also lacked

the resistance to certain parasifes found in most. Tocal strains.



Coﬁsgquently. the production of African male sterifés was cohsidered;
This was very promising since testing of 73 African lines at Bgmbey in.
1960-61 revealed that 23 of them were of the B-type (non:;;;torer)
and the other 50 of the R-tyae (restorer of ferfi]ity). The,

techniques-used were:

1) to.cross the American dwarf-male sterile (CK 60) with
the R- type African lines, thus obtaining the fertile F1° 's.

2) these were to be backcrossed repeatedly with the dwarf
male sterile in order to produce some African dwarf 1ines, fertile
But with théncdfresponding male-sterile cytoplasm (B-lines).

' 3) tﬁe F1's were also to be backcrossed several times
with the African parents, thus producing the African ma]e-steriles..

They were expected to be tall (A-lines).

About a hundred early and late Afri&éﬁ varieties were ;sed
{tﬂvthis hybrid production program. CK 60 Qas again-the male sterile
parent. ‘Some fifteen}ﬁ?re B-lines. (L—t

It was feported that wind pollinization became the major
problem; s 1nce reﬂative humidity is very high during the flowering
months, pollen ‘movement was impaired and consequently seed setting
was very pobr. |

Another series of crosses fnvolving‘CK 60 and some sixty-
five late and véry late varieties were made in 1964. Only the dwarf
male sterile were retained. They were either } of 3/4 Dassi tourka

(a R-type local line, race guinea).
A



In 1967, more male steriles were brough}. this time, from
the hs via Montpellier. Two of them, without brown subcoat (MSCK
612, MS 172) are stiil readily used. Later in 1972, another two
male steriles (MS 607, MS 615) were also included in the prog}am.
The produétion of exper{mental hybrids is today an
1mportant part of the breeding program and'it_is hoped that
hybrids made with male steriles produced at Bambey will rep]éce
those made with merican ma]e‘steriles by 1976.
. Parallel with these ;ctivities towards producing African
male sterile and hybrid sorghums, pedigrge and mass selection in
local pobulations and segregating genergtions of crosses between
them and .introduced material have never ceased.

In 1960, the variety SH 60 was selected out from the local
population Congossane (SHa select{S:xﬁirlan). Hlow, two strains of
that variety exist at‘Bambey. one with and one without brown subcoat.
It is a tall late variety with good grain qua]ity.«_xﬁéross male in
the dry-season of 1966-67 between a local variety and a variety’
‘introduced from Niger lead to the va}ieiy'lRAT CE90 now in seed
mu]tip]fcation for distribution to the farmeérs in a northern part
o? Seﬁegal. It is a good grain variety with a growth cycle of
100 days. It has been found outside Senegél intermediate in its
reaction to drought and drain molds. Another variety (51-69)
introduced from Tehad was found very productive in yield trials

in the southern part of Senegal. Unfortunately, this variety was



later rejected by the farmers for being too late (145 days).
MARATHEE who has been the sorghum breeder from 1970-1973
sought to explain the little success obtained in the croSseﬁ.
According to him the varieties used were poor genitors and theq
objectives very}different from thé7present ones. He noted as an
example that reducing the size of the plant was judged important
only in 1964. In his opinion, members of the races can;atum and

Kafir are better genitors than those of the bicolor and guinea

races. The latter were more often used in those crosses.

Present General Selection Objectives

1. Reduction of Plant Height

In general, the local varieties are-4-to 5 m tali. The
grain straw ratio is very low as the yield per plant is low. Today
the limits are put at 1,50 m for the early varieties (90 days) and

2 m for the late varieties (120 days).

2. Good Grain Qualities

This has always been an objective in sorghum breeding in
Senegal since the grain is used for human consumption. The grain
should be white or light yellow, corneous, without brown subcoat and

with no antﬁgcyanic spots.



3. Good Adaptation

Soil and climate in Senegal present some peéuliar
characteristics that tie plant breeder shou1d“reckon'with. The
amount of clay in the soil is often very low. Soon after the start
of the.rainy season there is a period of nitrification as a result
of the rené;;1 of microbial activity in the soil. The plant breeder
should allow the plant to take advantage of that.

The fainfa11 is often j%regu]ar. Rain may start one month
later or stop one month eaflier,and also it may fail to come at all
for some time Juring tine season. - Thus, some kind of drought resistance
is necessary. - .

The wind mav be a factor. In particular, a not and dry wind
sucks away the water from the plant and causes it to break or crack.

leat resistance nay. also be useful.

4, Disease Resistance

Almost no‘sorghum disease is economically important in
Senegal. However through repeated introductions and because of
some specific obiectives (grain molds), tnis situation might |
change in the\futuré. Spots of Anthracnosis, Ramulispora and
Gleocercospora can be seen year after year and Macrophomina may

be a problem in :iry conditions.



5. Insect Resistance

Many Specieé of insects visit the sorghum head from
*%lowering to harJ;;;. However only contarinia is known to have
the potential for becoming economically important. The plant
itself may be attacked by stem borer. Sorghum shoot fly is
being watched, since some transplanted segregating material

show signs of discovery resistance in the, field this year.

Special Objectives

1. ‘Increasing the Yield Level

A11 reports show that the average sorghum yield obtained
in Senegal seldom surpasses 12 quintals per Hectare. This is very
low. The minimum yield should be around 30 quintalé/hﬁ and this
can be reached without going to hybrid production. Improved

cultural practices and a variety with average yield potential

would permit to attain at least that level.

2. Reduction of éfowth Cycle

Rainfal]_in Senegal increases in intensity as in duration
from North to South. Early and late sorghum are accordingly |
distributed throughout the country. Local varieties are often
late and photosensitive, reacting as a short day plant. Photosensit-
ivfty is an obstacle in the reduction of tie growth cycle. So, non-

photosensitive material is prefered in the crossing program.



2.a. A 90-day Sorghum Variety

In the crop rotation system being offered to the farmer
in the main sorghum growing area of Senegal, sorghum precedes
peanuts. Timing considerations in the calendar of agricul tural
activities lead to the conclusion that this sorghum should have
a 90;day growth cycle. It will thus -be harvested early enough
to allow the utilization of the last rains f;r plowing the fields
in an early preparation for the next year crop : peanuts. This
sofghum will certainly have to mature under rain, thus creating

ideal conditions for grain molds develdpment;

2.b. Grain Molds Resistance

The program of grain molds resistance took birth from
the preceeding constraint of the inclusion of 90-day varieties
in a nomally 120-day rainy season region. It appears to be a
difficult problem since the fungi involved seem to be numerous
and they attack at different stages of seed development. However,
there is a slight possibility that harvest can be done early enough
so that greét damage to the grain be avoided.

A rapid screening procedure is being worked out to facilitate

the selection of grain mold-resistant lines.



2.c. A 120-day Sorghum Variety

The main sorghum area has a urgent need for a 120-day
variety. The variety 51-69 that was proposed for this region
should be replaced because it's too late. There is evidence
that sorghum is loosing ground in some places of the area
because of the lack of a suitable variety. 51-69 qutyie]ds
all the local varieties, But it is late and photosénsitive.

It matures always at the end of the season, its harvest being
possible only when there is already a grea£ amgunt.of field

work to be done.

3. ° Response to Nitrogen Application

An improved variety should have a good response toc nitrogen
fertilization. llowever organic nitrogen may be important as,if not
more important than mineral nitrogen. This is now under study.

Also timing of fertilizer application might need new consideration.
Personnel

There are two sorghum breeders in Senegal, working in
collaboration but on separate programs. OJne is provided by IRAT
and the other by IDRC. The IDRC sorghum breeder is being entrusted

with those special objectives for the main sorghum area of Senegal.



The IRAT sorghum br 'der is serving a region north of the
sorghum area where :Sﬁyg millet is the main cereal crop.
They have each a local staff that is recruited mostly with
a certgin level of secondary educétion, and no education in
agricultural sciences. They rqce;Ve their training on the
job, and thus tine is very ruch needed to build competence.

L

Approaches (IDRC Program)

At .this early stage of the program, the main concern
is yield. However, none of the other objectives are neglected.

Yi2ld is seep in two different ways : yield per plant
and yield per unit of area.

In breading for high yield per plant, the emphasis is
placed on head dimensions, length and girth, given that yield is
positively correlated with head size. The population density
anticipated is about 190,000 plants per ha. The plant can thus
be as tall 55 2 m depending on its arowth cycle. It shall have
12-16 develooed leaves, if possible erect leaves, short internodes
and a sturdy stem. The root systém, although it will not be investi-
gated, should be good enough to prevent 1odg{ng under wiﬁﬁ}mzonditions.
It may have early synchronous or late tillering because it probably

won't be mechanically harvested.
‘ High yield per unit of area is often best obtained through

breeding for tolerance to high density. The ideotype becomes then a
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éhort-statured plant that can be sown in close spacing, thus allowing
a population density qf 200,000 plant per hectare or more. The plant
should have small, erect leaves, short internodes and synchronous
tillering, that may or may not be profuse. The height shall not
exceed 150 centimeters. The harvest is intended to be mechanical
as probably will be all other cultural practices under intensive
agriculture. Its response to nitrogen fertilisation should be
very qood.

In both cases, some level of disease and insect resistance

is required and in particular some drought resistance capability.
Methodology

A. Introductions

A trip has been made to ICRISAT, in India at a time when
a great deal of sorghum was_in the field. About allobo lines were
requested and soma of them are already iﬁ'thg field at Bambey.
Some infroduction for grain-mold resistanée were also brought

in from Nigeria and US.

B. Observation Plots

Abbut twenty of the good grain varieties used in crosses

at Bambey since 1950 were sown and observed in the field last year.
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In the off-season, about one fifth of the good grain varieties of
the Bambey collection was chosen randomly to be planted in obser-
vation plots. The observations show that there is a large amount
of variability available in the Bambey material. However, some

lines look so much alike, although cqming from different sources,

that one is inglined to think that they are identical.

Hybridization

Based on these observations made and other recorded
information on those varieties, a choice was made of the lines
to be used in the crossing program. A diallel was contemplated
at first, but it was soon discovered that the material did not
suit such purpose. The resulting F2's from these crosses are
undergoing selection this year. |

Then, varieties with good contrasting head characteristics
were crossed together depending on their height and flowering time.
Priority was given to short or medium height plants with an average
flowering t{me of 50-60 days. Thus, segregation for height and
duration of the growth cycle is not taken for granted since the

parents so chosen can have the same height and maturity genes.
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Selection

Effort is made particularly toward selecting plants
with good head characteristicé in a wide range of flowering timés
(45 to 85 days). It is known that seed weight is a component
of seed yield. It is further assumed that the length of the
grain filling peribd correlates positively with seed weight. So,
different grain filling periods could lead to different levels of
yield for the same seed number and dimensions..

«Excepti;na11y transgressed specimens aré\also retained
for later use. Selection is not done for disease or insect

resistance, but heavily attacked plants are routinely discarded.

Use of the Selected Material

The seiective pressure applied varies from 0-12,5%. The
chosen heads are classified under three broad categories : the elite,
the A-group and the B-group plants.

The elite plants are those that fit either of -the two
ideotypes described above. They are judged differently for yield
potential depeanng on which ideotype they approach, For yield on
a per plant basis, a yardstick of 50 grams of dry seed is used, or
in certain cases the‘yie1d of the best parent is the indicator.
Judging on a-per area basis, the plant should havé 2 or 3 synchronous

tillers and a total seed yield of 30 grams or higher. These elite
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plants go through fixation (self pollinization) reaching eventually
drought resistance test, gfain molds resistance screening and
fertilizer - density - yield trials.

' The A-group plants have compact and medium size heads.
They have broad and erect leaves. The stem is sturdy. They may

6? may. not have tillers or stem ramifications.

The B-group plants have long and loose heads. They have
numerous small leaves. They may or may not have synchronous tillers.
| These two groups will be intercrossed using A-group plants
as female parents. An effort will be made so that at least one
parent has tillers. It is expectedathat these cros§es will lead to
the selection of more elite plant;. ‘ '

As ?ar as possible atileast one of the parents in a cross
is known or believed to have some level of grain molds resistancé,
oF,drought resistance or both. ”

So, awaiting a rapid drought rg}ﬁstance screening procedure
from the work of Dr. P.M. Saint-Clair at Laval University and a quick
grain molds resistance test from Or. J.C. Girard at Bambey, the focus

is now on high yield for several flowering times.

Future Prospects

Eventually after exploring some of the additive genetic

variability that is presently available, a hybrid program will be



-14 -

started where the same basic ideas of the present selection work

will be applied.

Areas of Research

- Genetics of the rhythm of growth as'related to yield.
- Genetics of the life &uration of the leaves in its relation
to yield and drought resistance.

- Relation between head shape and yield.
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INTRODUCTION

In countries of the Middle East and North Africa, where
traditional agricu1tyre is still widely practiced, there exists a
considerable potent§;1 for agricultural improvement. The region,
which extends from 50N to 400N is dominated by a semi-arid temperate
climate and two main systems of farming are of importance within region;
a relatively intensive irrigated agriculture, and a less intensive
rain fed agriculéure.

In response to the need for increased agricultural research

within the region, the Arid Lands Agricultural Development Programme
(A.L.A;b.) was started in 1968 by the Fora Foundation with the three
primary aims of:
a) Increasing agricultural productivity in the regfon;
o« b) Building national capabilities in the regiogyto s;stain
increasing productivity; and,
c) Strengthen 11nﬁages among national agricultural scientists
between‘jhem and centres of agricultural excellence 1o;ated

elsewhere. .

-

The region covered by A.L.A.D. activities includes abbut 18 countries
(Morocco, Algeria, Tunisia, Libxﬁ, Egypt, Sudan, Ethiopia, Jordan,
Lebanbn, Cyprus, Turkey, Syria, Irag, Saudi Arabia, Yemen, Iran,
Afghanistan and Pakistan) and the regional research base is centred

in Lebanon. Two special country programmes have also been established

to complement the central programme, one in Iran for research under



.co1d-rainfed conditions and the other in Egypt, primarily for research
on irrigated agriculture. _ )

| Research under the A.L.A.D. programme 3nitia11y concentrated
on sheep and forage production and on wheat and maize development in
conjunction with the CIMMYT programme in Mexico. The research has
since broadened in scope, howeyer, and now 1néludes programmes on

farm mechanization and gourds, on rice (in cooperation with I.R.R.I.),
potatoes (in cooperation with C.I.P.) and in 1671 Dr. L. House of the
Rockefeller Foundation joined the A.L.A.D. staff to explore the poten-
tial of sorghum, g‘uzﬂ"l‘lggs"gpd'food legumes in the Middle East. In 1973

the funding of this prcg?amme was taken over by the I.D.R.C.

THE SORGHUM, MILLETS AND FOOD LEGUME PROGRAMME

The production of sorghum, millets and food legumes varies
considerably throughout the region (Table 1) and although the total
production is small in comparison with wheat and barley, they consti-

tute an important factor in the diets of many people in the region.

Relatively little research work bas so far been undeffaken on these
‘crops and in general #t has taken second place to research-;; wheat and
barley. The current protein shortage, however, has‘he1ped to stimulate
many governments to take an interest i} the food legumes and there is
also a grqwing interest in improving sorghum and mi’lets, both for

seed for human consumption and as a foraae.
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‘The main aim of the regional programme if to help initiate
or strengthen the national research pfogrammés on these crops and it
is hoped to achieve this through several lines of approach which can
be summarized briefly as follows: .

1) The training of research workers in the theory and techniques

' of crop improvement and management.

2) The extablishing of a framework within the region to allow
the interchange of personné1, ideas and materials, with
particular’ emphasis on providing facilities for off-season
nurserins.

3) Enlarging the germplasm base.of the crops through co]]ecting‘
within the region and introducing exot4€ material from other
parts of the world. //g‘ff

4) The distribution of germplasm collections through the
region for screening and evaluation in the various countries.

5) The establishing of breeding programmes at the régiona] base
in Lebanon to provide ségregating and aqvanced material for
selection and evaluation in the region.

6) The undertaking of certain basic research, chiefly on
agrononic practices and cropping systems.

- Basic research and breeding work are currently being under-
taken on sorghum, pearl millet and chickpeas at the International

Center for Research in the Semi-Arid Tropics (I.C.R.S.A.T.) in India,
and 1inks between the A.L.A.D. programme and the I.C.R.I.S.A.T.



programmes have already been established and it is intended to develop

these further in the future.

TRAINING

In many countries of the region the lack of trained scientists
is a major barrier. to crop improvement work. Research capabilities
vary considerably throughout the‘region though even in those countries
with a comparatively high level of academic traininé, there frequently

“still exists a need for people with practical ;kills who are capable
of running effective field trials. It is felt that if the regional
programmes is to succeed in its aims, then a body of trained scientists
should be built up in the region who wou1q be responsible for the
national breeding efforts and who would work in close cooperation with
the regional programme.

In view of the widely differing academic backgrounds and the
need for training of a very practical nature, it has been decided to
conduct courses which are primarily field-oriented and in which the

~_;Eéory of breeding takes second place to the practical aspects.
In accordance with these aims the first §brghum and millets
training course was held in 1973 and was attended by twelve students

from-seven countries. This year two courses were conducted, a Seven

months course in soréhum and millets attended by ten students from



seven countries and a five months course in food legumes, which was -
attendéq,by sixteen students from ten countries. The courses were
designed to coincide with the growing.periods of the ;eSpective

crops so that all aspects of breeding programmes could be studied
from tand and seed préparation fhrough to harvesting.

A considerable amount of time was devoted to suéh topics
as mechanization, land preparation, irrigation, planting plans,
planting methods, crop protection, crossing techniques, breeding
methods, note taking, harvesting and seed storage. A certain amount
of theor} was also covered and included an introduction to genetics
and statistics, morphology, taxonomy and physiology.

The lectures were held almost entirely in English and a
working knowledge of the language was made a condition for attendance
on the course. In spite of this requirement, however, language did
prove to be a limitation and a certain amount of help had to be given
in Arab;c to some of the students.

Generally, it is felt that these courses were of consider-
~§b1e value, though obviously this can only be judged from the perfor-

mance of the trainees in the future.

THE FOOD LEGUME PROGRAMME

This programme aims primarily at the improvement of the

three crops, chickpeas (Cicer arietinum), broadbeans (Cicia faba),

and lentils (Lens culinaris). The main objective in the breeding of

-
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al}three is increasing yield, although -other %gétors.such as harvest-
ab{:;ty, disease resistance, and nutrition are of impprtance.

In view of the generally rather narrcw gene base available
to breeders in their local varieties, a major effort has been put
into obtaining, maintaining and dt§tr{6uting germplasm through the
region. In 1972 and 1973, Or. House.Ebhtacted a number of breeders
throughout the world and assembled fnitial germplasm collections, and
expeditions were made to Syria, Iraq and Jordan to collect native
landraces. This year, a'?ive week expedition was mounted in Afghanistan,
at the request of the Afghanistad Government, to collect food 1egumes.'
As a result of this expedition nearly 900 samples wére obtained
including seeds of chickpeas, broadbeans; lentils, beans, peas,
cowpeas and mungbeans. A few pearl nillet samples were also obtained.

The germplasm collections currently maintained in Lebanon
comprise nearly 2,800 entries of chickpeas, 600 entries of broadbeans
and 2,000 entries of lentils. These collections were screened in
Egypt, Sudan, Tunisfa and Lebanon in 1973 and on the basis of these
trials a regional nursery of chickpeas, comprising 168 entries, was
sent to twelve countries in the region for evaluation this last year.
On the baéis of further screening of the ¢armplasm collections,
regional nurseries of chickpeas, broadbeans and lentils will be dis-
tributed through the region for evaluation this coming year.

_Litt]e actual breeding work has been uhdertaken yet, although

last season a number of genotypes were identified which are suitable

for inclusion as parents in a breeding programme. Twelve lines of
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-of chickpeas have been sent to I.C.R.I1.S5.A.T. for croésing in their
crossing block this season, and the Fl séed resultiﬁg froﬁ this
programme will be evaluated in Lebanon next year. Et is also
planned to ﬁake crosses in lentils this winter 1d‘a'g1as$ house in
Lebanon. Lines of bfpadbeans have been identified for including in
several composites to be established next year. These lines will be
~grown in cages into which it is planned to release bees at flowering
time, so as to make the maximum use of cross-po11ination in the crop.

A major confribut%én which can be made by the programme
to breeding in the region is through the organizing of off-season
nurseries, enabling breeders in many of the countries to grow méfé
generations per year. A high altitude site in Lebanon is currently
being evaluated as an off-seéson location, and it is hoped that this
.will allow two generations to be grown per year in that country. The
transfer .of material between countries will also enable further
generations to Se grown each year, e.g. seed from the Egyptian pro-
gramme can be p]anted in Lebanon during the summer, and the next
generation can be returned to Egypt in time for normal planting. It
may be.possible, in some instances to grow three generations per
year.

Legumes are very susceptable to a wide range of disease,
and the broadbeans in particular can be very greatly affected. The
prevalent diseases vary throuchout the region, e.g. powdery mildew
and viruses are the most important ones in Sudan, whereas chocolate

spot and rust are more serious in Egypt. Dr. C. Bernier from the
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University of Manitoba spent severa] wéeks in the region this year,
as a consuitant to the programme, and he was able-to locate areas in
which the disease risk$ were particularly high. It is intended that
in the future, nurseries will be grown in thése locations in order to
screen for resistance to the important diseases. The disease factor
is an important consideration in the movement of.seed through the
region, and special care has to be taken to ensure that new diseases
aré not introduced to countries where thgy are at present unknown.

| Other impoftant areas of research which are currently being

investigated are the control of the parasitic weed, broomrape (Orobanche

- spp.) through chemical means, and some initial work has been undertaken
on various agronomic factors.

: It is envisaged that in the future the work will be expanded
to include*hutriticn, (e.g. the identification of lines with a high

percentage of protein and methionine in the seed) and nitrogen fixation.

SORGHUM AND MILLETS PROGRAMME

The world collection and other entries of sorghum and several

entries ¢f the millets have been procured and were sown for seed increase

-~

and preliminary evaluation. Entries came from many sources and these

are indicated in Table 2.
Preliminary screening tests furnish valuable information on

flowering behaviour, vigor, growth and adaptation. For example, many



introduced types of sorghum and millets f]owe; late or fail to flower
altogether in Lebanoh. The expression proso, common, foxtail and
barnyard mi]ipts has been very good.indicating their adaptation to

the region These crops are, therefore, being further evaluated to
see how they cou]d fit in a productive and prof1tab1e cropp1ng system.
Poor adaptabi]1ty has been noted for finger millet and common millet.
Most of the finger millet entries failed to germjnate and those that
did germinate exhibited extremely poor development; the .common millet
was observed to germinate but grew very slowly and died before
producing heads. These preliminary tests thus enable suitable entries
to be identified for the rggional nurseries and hence contribute to

a regional 1mprovemeﬁt program. A rggiona] nursery is being grown

in Turkey (three locations), Egypt (three locations), Sudan (one
location), Ethiopia (one location), Yemen (three locations), Saudi
Arabia (two 1oc§tions), Iran (two locations). Other countries
including Syria, Iraq; Pakistan and Afghanistan have shown considerable
interests in these crops and the programme will be expanded to include
these countries as well. A sudangrass nursery and a dual purpose or
silage type—sorghum nursery have been distributed in the region.

Based or régiona] notes on plant height, flowering date,
vigor and ofher charécteristics, entries showing a broad regional
adaptation are se]ecéed. These selactions are then used to build com-
posites and organize?crossing blqcks. For sorghum, three broad based

" and eleven narrow baged composites have been made. One broad based

composite of pearl mi1let has been made up of selected B-lines
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(maintainer lines of cytoplasmic male - sterile type used as seed
parenis in sorghum hybrids).

Ih t;e ¢rossing block, the B-lines are being crossed and
backcrossed to selected male-steriles arising from an msy composite
made in India, using an m;7 source from Nigeria. A1l other sorghum

COmposites‘are being crossed and backcrossed to early and late male
sterile selections arising.from an“m53_composite made in India based
on'composites from Uganda. It is planned to distribute these basic
composites to interested programs in the region for selection in their
environmental conditions. Other operations in the sorghuh hybridi-
zation program inc]ude/crossing local varieties from Sudan, Egypt,
Yemen, and Ethiopia té‘short early exotics and backcrossing the F2
plants of these crosses to short exotics. The objective here is to
produce short early udapted varieties. Many of the current varieties
grown in the region tend to be very tall and rather late. Another
procedure carried out in the sorghum.crossing block is to cross
high lysine source to local types, regional selected entries which
have been introduced, selected B-lines, cold and drought tolerance
entries and other exotics in order to upgrade the lysine content of
these types. _

At the present time, the pearl millet germplasm is being
evaluated and regiona]iy adapted types are being identified in order

to build up composites and organize a crossing program for both grain

“and forage types.
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Nurserigﬁ are grown in Lebanon to identify cold tolerance
%n the seedling stgge and drodbht tolerant types of sorghum and
millet.

Sorghum and millets do AaVe considerable potential in the
Middle East and North African region. An important aspect of the
cultivation of these full season summer cereals will be as part of
the cropping system. In hot areas, they can be grown following
wheaf which is harvested April-May; hence; with identification of
short duration varieties and suitable sowing dates it would be
possible to fit ;hese crops in a relay cropping system or a rotation
croppfng scheme. In many coqntriés igtensive efforts are made to
improve and increase meat production and summer fodder crops such
as sudangrass. and forage type sorghum and millet are expected to
play an 1mp6¥tant role in the development of a viable livestock
and poultry industry in the region.. In some countries sucﬁ as Egypt,
Sudan Pakistan, Yemen and certain parfs of Saudi Arabia, these cereals
are a staple food and tremendous opportunities for improvement of
these crops exist also in other countries where they are less familiar
and they have a considerable potential as a feed grain if not as a
staple food. It is hoped that the!present research programme will
stimulate and expand production of these crops and hence increase

agricultural productivity in the region.
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INSTITUTIONAL LINKS

The Agricultural:Research Institute (A.R.I.) of the Govern-
ment pf Lebanon has, supported A;L;A.D.'s crop improvement research by
providing land, 1abour,‘staff and office facilitiés. Their support
has helbed tremedously in the exbanéion of the programme through the
region. The Governmént AgricJﬁtufal Departments’ of the countries in
the region are a1$o cooperat{ng by providing land, Tabour and other
facilities. U.S.A.I.D. and F.A.O. havé financially supported young
argiculturalists during their training programme in Lebanop Strong
1inks have been developed between the sorghum, millets ang‘ch1ckpea
programmes and the respective programmes at I.C.R.S.A.T. It is
possible that in the. future these programmes in the Middle East may
become outreach programmes from I.C.R.S.A.T.

The Pmerican University.of Befrut (A.U.B.), under a grant
from the I.D.R.C. is expected to play an important role in investigating
the cooking and nutritional quality of these crops, and will also
research methods of processing.

The A.L.A.D. programme is currently in a state of flux as
the possibility now exists of the development of an International
Centre for the Middle East. If and when such an institute is formed

it is probable that the sorghum millets and food legume programmes

will be considerably expanded.



Table 1. Production Acreage and Yield Statistics for Various N.E. Countries
] Sorghum Millet
Area  Production Yield Area  Production Yield
ha.x kg/ha. ha.x kg/ha.
Area 1000 tonsx1000 x 100 ‘1000 tonsx1000 x 100
Alegeria 3 3 10.0 - - -
Cyprus - - - - - -
Egypt 210 897 2.7 - - -
Iran 12 12 10.0 ., 18 19 10.6
Iraq 3 3 10.7 2 2 7.8
Jordan 1 1 13.0 - - -
Lebanon 1 1 6.0 - - -
Libya 1, s 1 1 5 7.1
~ Morocco 60 60 { 10.0 7 6 8.6
Pakistan 560 330 5.9 760 360 4.7
Saudi Arabia 5 - 52 10.4 16 16 9.7
Sudan 1950 1500 7.7 700 450 6.4
Syria 12.5 10 8.0 12.5 10 8.0
Tunisia 12 4 3.3 - ; -
Turkey - - s - 34 40 11.8
Yemen 135 275 14.9 135 275 14.9
Total 3009 3148 - 1685 1179 -




Table 1. (Contd.)
Broadbeans - Lentils Chickpeas
Area Production Yield Area Product1on Yield Area Product1on Yield
ha.x " - kg/ha. ha.x kg/ha. ha.x kg/ha.
Area 1000 tonsx1000  x ]09 1000 - tonsx1000 x 100 1000 tonsxlOOO x 100
Algeria o3 16 7.0 23 9 3.9 35 18 5.1
Cyprus L 2 2 . "8.8 - - - - - -
Egypt 135 269 2.9 20 . 39 9.3 3 6 17.4
‘Iran i - - 55 37 6.7 95 45 4.7
Iraq s 12 8.0 6 4 6.2 5 3 6.0
Jordan 2 4 17.5 22 22 10.0 2 1 5.0
Lebanon 1 1 110 3.0 "2 5.6 2 1 5.0
Libya g 1 3.0 - - - - - -
Morocco 180 19 0.6 35 22 6.1 120 100 8.3
Pakistan - - - 140 70 5.0 959 480 . 5.0
Saudi Arabia - - - - . - - - - -
Sudan g 13 163 - - - 2 2 10.3
Syria 7 10 13.6 129 87 6.8 29 2 8.1
Tunisia " 50 24 4.7 3 1 3.7 2 13 5.0
Turkey 30 43 14.3 103 105 10.2 100 120 12.0
Yemen - - - - - - - - -
Total 457 608 - 539 . 398 - 1378 813 -




Table 2.

Acc. No.
NES ®

2-103
153 .

261-600

624, 628, 2734~
2736, 2832-2843

- 629-866
867-873, 1386 .
874-879,
2824-2829 '
880-1380, 2963,3087
1381-83, 1387
1389-1881
1972-2569
- 1882-1971
2570-2707

2737-2791, 2912-2914,
2929-2962
2792-2802
2803-2833
2844-2851

2852-2855
2856,2857
2858-2874
2875-2890
2891-2911

2920 :
2921-2924
3088-3197
3198- 328] .

Sorghum

Source

Feds/Stat. USDA Mayaguex, Puerto Rico.

.EAAFRO, Sorghum Section, Serere, Uganda.

Dept. of Agron., Purdue Univ. Indianha USA.

Batan, Mex1co »

Mayaguez, Puerto Rico thru India. -
Oklahoma A&M Stillwater, Okla., USA thru India.
Imper1a1 Valley Station, Un1v of Ca11f ,USA

- " thru India
USDA-Texas AES Conversion pnogram thru Inida.

Dekalb Ag Research Lubbock, Texas, USA thru India
Texas AES, Lubbock Texqp, USA thru India.

thru Thailand
Kasetsart Univ., Farm Swan, Thailand.
A1l India Coordinated Sorghum Program, Yemmiganur, A.P.

A1l India Coordinated Sorghum Program, Hyderabad, A.P.

Punjab, India.

“Towa State Univ. Ames, Iowa, .USA.

Northrup King, USA.

Univ. of Kansas - Manhattan, Kansas, USA
Kasserine & Beja respectively, Tunisia.
Univ. of Nebraska, North Platte, Neb., USA.
Pioneer Seed Co., Plainview, Texas, U. S A.
Un1v of New Mexico, C]ov1s, N.Mexico, USA.
Mer1d1an, Mississippi, USA

Univ. of Neb. Lincoln, Neb. USA.
Accessions, American University of Be1rut
CIMMYT Mex1co .

Cytoplasmic male-ster11es from USA; All Ind1a Coordinated, Sorghum Program,
Coimbatore, Tamil Nadu; EAAFRO, Serere, Uganda;-and from Samaru, Nigeria.

3854-3953

Ethiopia

In add1t1on, the world collection comprising about 6500 entries originated
from the following countr1es [

Afghanistan
Botswana
Chad
Ethiopia
India
Japan

Kenya South Africa
" Mali Swaziland
Mexico . Sudan
Nigeria Tanzania
Rhodesia ~>"Uganda
" Senegal U.S.A.



Table 2. (Contd.) " Pearl Millet

Acc. No. Source
NEP
7-994 - A1l India Coordinated Program. Coimbatore, India.
1014-1032 India thru Thailand
1033-1041 A1l India Coord1nated/Program. Hyderabad, India.
1042-1051 Coastal Plains, AES Tifton, Georg1a. USA
1052-1053 " thru
Accessions, American University of Beirut.
1P _
2650-2790 Bambey Senegal
NESe " Foxtail Millet
1~6 Colorado, Nebraska, Minnesota, USA
7-121 AES Akron, Colorado, USA.
ISe
462, 474, 79 Towa
297, 358, 389 India
480, 700, 710 China

12 entries of ISe from A1l India Coordianted Millets Program

NEPm Proso

1-12 Mitchell, Nebraska; St. Paul, Minn.,
Akron, Colorado, USA.

13-227 AES Akron, Colorado, USA

9 entries. of IPm from Mitchell, Nebraska, USA.

Also included in the collection are 255 entries of Common millet (Panicum miliare)
663 entries of Finger millet (Eleucine corocona) 32 entries of Barnyard millet
(Echinochloa spp.) and about 200 entries of Sudangrass (Sorghum sudanense)




SUMMARY

Sorghum, millets and food legumes are important in the
Middle East and North Africa, but to date relatively little research
work has been undertaken on these crops. In 1973, I.D.R.C. funded a
regional prégramme for research andltraining on these crops, to be
based-ﬁith the A.L.A.D. programme in Lebanon. Two training courses
have so far been held on §orghum and millets, and one on food legumes.
The training is essentially of a practica1~nature, with the aim of
bui]gjng up a body of scientists with the region, capable of carrying
out effective f1e1d“;;per1mentation.

A major part of regional activities so far has been in
obtaining and distributing gérmpIng, to provide breeders with a
‘greater range of genetic material for selection.

Collections of chickpeas, broadbeans and lentils have been
made and evaluated in several countries. Some breeding work has been
started and a few basic agronomy trials have' been undertaken. Diseases
are 6f major importance, especially in broadbeans, and steps have
been taken to locate suitable sites for growfng disease resitance
screening nurseries.

Large collections of sorghum and millets have been evaluated,

and regional nurseries have been screened for both grain and forage
production. Several sorghum compos1tgs have been formed and crosses
have been made in an effort to incorporate genes for high lysine into

locally adépted genotypes. Pearl millet germplasm has also been



evaluated for both grain and forage and lines have been identified

‘ ‘
for the formation of composites. Several other species of millet
have ‘-been screened of which.proso. foxtail and barnyard millets show

the greatest adaptation to the region.
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ABSTRACT

A study was initiated in 1973 by African Scientists at the
University of Dar es Salaam to study and improve systems involving
mixed cropping, under a grant provided by IDRC.

The objectives are: to increase the total yield of sorghum,
millet and other suBETEtence cereal grains and grain legumes by system-
atic intercropping; to test sorghum and millet varieties and determine
those best suited to intercropping; to select varieties for resistance
to the major pesyi_gffecting cowpeas and other food legumes; and to
determine the best cunditions of crop protection - 1n§ect, disease and
weed control. |

The project should make a real contribution towards the
?mprovement of rural agriculture in Tanzania. Not only will newly
developed varié;;ggwgnd recommendations assist production and raise
nutrition levels, but the project will help increase the practical
experience and knowledge of the Facu]ty_g}aff and students. Close
contacts and cooperation with the local farming community and the new
international centres, such as ICRISAT and IITA, as well as other
qqa]ity research institutes linked th}SEEE the project, should
involve a total team effort.

In preparing young scientists for a practical field such
as agriculture and since applied agricultural research must be field-
oriented, their association with and participation in a well-defined,

well-implemented and dynamic program are essential.



A stﬁdy was initiated in 1973 bQ:African Scientists, at
the Universit;ﬂéf Dar es Salaam to study and improve-farming systems
involving mixed cropping.

Intercropping or mixed cropping is the most common form of
crOpding'system found in Tanzania (3,4). Prbbab]y the most important
legume grown in Africa is cowpeas (2), particularly in low altitude,
low rainfall areas and provides food for millions of people. In
Africa, 98% ofecowpeas grown are intercropped (2). In areas such as
West Africa cowpeas are mainly grown with millet and sorghum (1).

A study (10) conducted in Northern Nigeria showed that, in
generé],_the profitability of crop mixtures over sole crops was about
60%. This particular study was conducted on 1ocal]y grown annual
crops under indigenous technological conditions.

Despite the popularity of this cropping system among
pedsant farmers, there is little quantitative information available
on the comparative merits of 1ntercropp1ng and monoculture in
Tanzania (6). Experimeﬁts which have been conducted so far show
that in most cases higher yields can be obtained from intercropping
(3, 4, 5, 7, 14, 15, 16).

' As a cultural practice, the reasons for {its popularity by
small farmers in tropical environments are as follows:
1)  flexability - sowing and planting dates can be arrangedwgd‘as
to optimize labour requirements during cultivation and harvesting

(12).



.2)

3)

4)

5)

6)

7)
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higher yields per hniggggea of land - higher output and profit
maximization (1, 3, 4, 5, 7, 10, 13, 14, 15, 16).

maximize resources?on'a given area of land (8, 10, 12). -
maximizes thef;;;ufns from the most limiting factors (shortages)
- can be considered as a space and time dimension;

a) space - vertical and horizontal arrangement of stems,

leaves and ﬁyots\- land area, light, etc.

b) time - water, nutrients, temperature, labour, crop cover

etc.
minimize risk and insure against insects, disease, weather,
price fluctuations etc. - a cropping system which utilizes
an ecological balance between a farmer and his environment (9).
benefit of %oi1 conservation by utilizing ground cover to protect
the soild grom water and erosion - in Texas it has been shown
thau:§vzﬁéz: yields can increase 20-25% with maize acting as a
wind break (13).
higher retention of soil fertility (a type of crop rotation) -
nitrogen fixation from legumes - adaptatioﬁ of planting to
cﬁanging soii cbnditions - root excretions, mycrorrhiza, root
feeding at different Mevels and over different periods of time
(7). .
weed control - cowpeas and other fast growjng crops can-act

as a smother crop - crop competition is the cheapest and most

useful method small farmers can use to control weeds.
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8) foodf%upply - nutritiona1 reasons, continuous supply of varied
foods over several months - frequency of consumption depends
partially on storage which is generally a problem (12).

9) sustenance income from companion crops. _

10) traditional popularity - the system works, normal practice by
farmers equipped with hand tools which 1imit both land and
labour. |

The chief disadvantage of an intercropping system is
mechanical harvesting. Evans (3) working in Tanzania wrote, "Unless
sound evidence is obtained that production from pure stands is
apprec%ab1y higher than that from mixed cropping and that there are
advantages shch as reduced labour input, pest and disease control, and
convenience, it will not be possible to 1ntroducé rotational systems'
of agriculture based on pure stands as long as -the hoe remains the
most important agricultural implement".

- Scientists at the Facu]ty of Agriculture in Morogoro under
the direction of the Dean of the Faculty and the.Head of the Depart-
ment of Crop Science and Production set out the objectives - to
increase the total yield o@orghum, millet and other subsisthce
cereal grains And grain lequmes by systematic intercropping; to test

‘sorghum and millet varieties and to determine those best suited to
intercroppingi to select vérietiés for resistance to the major pests
affecting cowpeas and ofher food legumes; and to determine the best

conditions of crop protection - insects, disease éﬁd weed control.
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With the objectives defined, a research approaéh was worked

out. It was decided that the project would have a central theme of
crop improvement through plant breediné, in addition to crop production
| studies (agrbnomy) and chp protection. Agronomy studies under
different fertility levels and rainfall regimes were to be conducted

bx the Depa;tment of Agricultural Chemistry and . Soil Science once
the breeders had established which germplasm should be studied. Three
main recommendations are required from our agronomy studies -

1) economic fertilizer rates;

2) time of fertilizer application; and,

.3) method of fertilizer application, i.e. broadcast or placement.
The most important fertilizers are phosphate and nitrogen. Utilizing
.‘nitrogén fixation in an intercropping system makes phosphate, perhaps,
tﬁé most important element, and respon§e'curves will have Fo be worked

out. Thus, the first two years have involved variety testing and
germplasm evaluation by entomologist Pfofessor H.Y. Kayumbo, plant
pathologisg Dr. C.L. Keswani and the Sreederg headéh.by Dr. John Monyo,
Head of the Crop Science and Production Department. The IDRC grant
brovidés;ﬁubport-fé} two research fellows and three graduate research
workers. .Therefore, the déve1opment.and availability of research
material for graduate student projects within the framework of the
program are of prime importance.

From the variety testing and germplasm evaluation phase of

the project the next step was to set up a crop improvement program at



Morogoro and at the same time move thgbproject into direct contact
with the local farming community in different regfons of Tanzania.
This second phase of the project should involve the departments of
Rural Economy and Extension, and Agricultural Ehgingering and Land
.Planning. This will involve the economics of production systems and
extension together with cultivatibn, threshiné. milling and storage
systems. | .

The third and final phase of the project should be an
evaluation of the program. - Are we using the latest methods in our
breeding, agronomy and plant protection programs? Are the(young
scientists and recommendations developed through the program relevant
to the country's needs? Is our research effort applied directly to
~ the improvement of local crop production and nutrition? If we are
developing an improved farm technology how can this information be
“quickly disseminated to and adopted by the farming community? This
last steﬁ involves knowfng what the farmers are daing now. In
Sdkuma1and, Western Tanzania, the princ}pal crops,grown are sorghum,
millet, maize, rice, groundnuts, Bambarra groundnuts, cowpeas, mung
beans, chickpeas, cassava, sweet potatoes, cotton and sisal. Cereals
aﬁd 1égumes are most often grown in mixtures and these crops are
frequently interplanted with cassava. Sowing and planting dates are
arranged so as to optimize ]ébour requiféments rather than crop yields
(1). |

In the first two years of the program variety testing was
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carried out on sorghum, bulrush miTIet qnd findéf mi]1et, bred by
'the East African Community at the Serere Research Station, Uganda.
The best new cultivars are now part of the intercropping program.

" Co-operation Qith IITA H;SJbegun with the exchange of legume
material. Close contacts and cooperation with the new international
research centres such as ICRISAT shoqﬂd involve a total team effort,
in which Morogoro and the project cop]d act as a link with the local
farming community{-;?

' Eighteen varieties (d{ffering in morphology) of cowpeas
and soybeans were intercropped duringothe first year with maize,
sorghum and millet. This also included monoculture checks to p;ovide
the answer to two main questions:

1. ':Is the material available fof monocul ture systems from our
research institutions suitab]e'for‘intercropping?

2. Will varieties of legumes keep their yield ranking under
cercal crops (as morphologically ;ﬁd physiolggiéa]ly diverse
as a tall full season maize variety, a dwarf sorghum variety
and a bulrush millet variety).and under monoculture conditions
in both good and poor environments?

The cowpea varieties in the intercropping gxperiment are
divided into high and Tow yielding cultivars of the following groups:
(1) prostrate, {(2) semi-upright, and, (3) upright varieties all within
the preseht range of our germplasm and were grown under insecticide

spray and non sprayed conditions.



A cowpea variety was also conducted~in 1973, as were
population experiments 1nvolv1ng sorghumy maize, cowpeas, and
soybeans in an attempt to standardize- spacingsg ‘But these were -
not successful.

The practica] benefits of using Sqrghum'PopaJation Breeding
Methods also began in this first year ofécéerprogram. “The breeding
systems under investigation are half-sib seleetion; p1ant-ron
selection and Sy test1ng'within one sorghum population using the
Coes genetic male- sterile mS3

The 1egumq\improvement program invo]v1ng cowpea and
soybean seed increase bulks along with T’m#ted sesame breed1ng
completed the 1973 program.

During the past season, 1974, the fie]d program included
the large cowpea and soybean intercroppinﬁ ;;;eriments and the

following:-

1) Need of Inocu]ation Maize- Soybean Intercropping Exper1ment -

It is hoped to develop a design and treatment series
which can be taken to the villages, to test our best strain of
Rhizobia under 1ntercropped and monoculture. ‘conditions, which could
act as denonstrat1on wherever well grown. The design works on
confounding a:i/jj}p*ﬂes 16 treatments per replication with 2
replications at’@ach location. Dr. Chowdhury of the Soil Science
Department is a scil microbiologist and handles the“]egume

'1nocu1ation work.
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‘2) 'M;;zé-Legume-Popu1ation Intercroppfﬁ§=ihd Intercqypping S}stems
Experiments '

These e*beriménts had 16 and 20 different treatment
populations and.coﬁbinaf1ons respectively .of millet, sorghum and
"maize with cowpeas and soybé%ns in an attempt fo standarize our-
spacings. |
3) Maize Breeding - Legume Intercropping Experiment

. . |
This involved a screening of 21 cultivars and populgtions

of maize of different maturity periods andvmorpho1ogiéa1 types.
over one“variety'of'soybean.and‘one variety of cowpea. We are
looking for an intercroppin§ type of cereal.p1ant. A formula is
being developed in combining the cereal, mi11et-sorghum-maize, with
the legumes cowpeas-soybean;-pigeonpeas-greengrams, and the oil
crops, -sesame and sunflower, for ;elgction purposes.

New recurrent~se1ectio& schemes for sorghum, millet and
maize in combination with cowpeas, soybeans and pigeon peaé in
conjunctiqn with sesame and sunflower are now under consideration
for development in the Morogoro Intercropping Program under phase
two.

Under the legume improvement program 170 lines and varieties
of cowpeas and 26 greengram varieties from the Tanzanian collection
were examined this past season in a large screening trial by Prof-

essor Kayumbo for insect damage, Dr. Keswani for disease infestation

and Mr. Doto, a Tutorial Assistant in Crop Science, for agronomical



characteristics. We hope to improve the technique which involves
one portion of a long row sprayed with insecticide; one portion
intercropped and one portion lef; as monoculture. As major pgsts
" affectiné“cowpeas at Morogoro consist maiaiy;of leaf'e§§ing beetles
and suckiﬁglkﬁgs which démagé the pods, th1s‘scréehing\approach was
higply effeétive. An 1nteresting observation was the disease score,
which gave differeqt re;dings under sprayed and non-sprayed conditions.
A‘satisfactofy crop proQuction system must fnclude'control measures
for insects, pathogens and,'perhaps most fmportant, weeds. |
',Qs'one_of th§ major objectives of the project was to help
increase the practical experience and knowlédge of the Faculty staff
»and students, their participétion in the program is essential. This
‘past season several staff members took an active part in the field
‘program; seven final year students conducted their special research
projécts on the intercropping material. Field practicals in the
1nfercropp1ng research areas were held during July and early August
wifh the Faculty students from each year. Discussions and working
sesgions were conducted by Dr. Monyo and some members of his staff.
It is hoped, in the future, that not only wtli the Faculty
staff and:.students be involved in the proéram, but.also a strong
cadet field staff can and will be trained both for the research
program and f&:”;xtension-reséarch service in the villages. It

s possible to train these agricultural workers directly in crop

production practices while bulking new varieties for release to
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farmers. This offers a complete package aé.we]l as a direct communi-

cétion system which must be set-up 1f'we.are to be successfu]lat

traniferring modern technology into a traditional African husbandry
system,
- Two factors are 1ﬁbortant:-

a) the project must have a'qirecf commitment to and involvement
in agricultural Erop prﬁduction in Tanzania;

b) the development of yoqu men and women fqr agricultural careers
involves equipping them to recognize thg.prinéiples involved
and providing the training ability tq translate findings into
practica] solutions. In preparing yo;né scientis;s for a,

praética] field such as agriculture and since applied agffcu]tura]

research must-be field oriented, their asSociation with and
participation in a well-defined, well-implemented andﬂhxggmic

program is an essentfal mixture.
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Agriculture in South East Asia is small farm agriculture.
To a very great extent it is based upon a single crop per year, a
1imitation imposed by the length of the period when water {is in ade-
quate supply. Recognizing the need for a better understanding of
cropping systems in.this region, several institutions are in the
process of developing research programs with this fundamental object-
1ve.r This has been fostered by a group at the International Rice

' Research Institute in the Philippines, where a considerable amount
of basic work has been done on the nature of Asian cropping systems.
The IRRI group has encsuraged other institutions to develop related
programs.

In Thailand the lowlying Central Plains cover approximately
5.8 million hectares. Rice is the traditional crop of this region,
but on the higher arecs where flooding is not a problem, sugarcané/

—and other upland crops are grown. The majority of farming in this
region is r;;;;;a, with the cropping rericd beginning in May or June
and ending in November or December.

There is great need to extend this cropping period. New
irrigation networks are being developed, but while more than 50% of
the land is irrigatle, it is probable that irrigation will reach only
half of this irrigable area. There will be problems also in reducing
the seasonality of water availability throughout the irrigation system.
At present there is promised watgr supply during the rainy season only.

While this reduces the risk of crop loss from variable rainfall, it



-2~

does 1ittle to extend the-cropping period.

As at least 50%, and perhaps as many as 75%, of the farmers
of the Central Plains will remain totally dependent upon rainfall for
their agricultural productivity, thére has been evident need to initi-
ate a research program to determine optimum cropping patterns for this
area. The rainfed 'ﬁultiple.cropping' program at Kasetsart University)
was one of the first to be initiated in éonjunction with the IRRI
program. |

Although the oldest established University with a Faculty of

" Agriculture in Thailand, Kasetsart has had little experience in
research. Until recently, teaching was its only function. Throughout
all disciplines the research base is very thin, and in many areas has
been developed with little regard to native problems. In consequence,
Kasetsart has not had a major input into either of the two major crops
of the Central Plains. The rice crop has been the focus of the differ-
ent agencies of the Ministry of Agriculture, whereas cane has been the
concern of private industry. If Kasetsart is to build research skills
capable of serving the farm community, it is evident that the Univer-

'sity must have contact of some sort with this community in order to
develop an understanding of farm problems. The cropping systems
program has been designed in such a way as to promote this contact.
The.objectives of the program are, briefly:

1) To ?eve1op rainfed cropping systems of higher productivity,

and giving arcater net income, than those ir present use.



2) To encourage Kasetsart University personnel to take an active
" {nterest in thé problems of farming cdmmunities.
3)  To develop institutions within Kasetsart that can originate
small farm research technology.
4) To act as an outlet for conéepts and information developed at
IRRT in.the Philippines, and at ICRISAT in India.

There is a range of agrfculturé1 and food scientists involved
in the program, which is now in its second year. Although-the major
activities relate directly to agriculture, a smgll component of the
program is designed to examine the food habitﬂ;ﬁhd preferences of
the Central Plains people.

CROPPING PATTERNS

The present cropping patterns found on the Central Plains
are very distinct: either a single crop of rice or sugar cane each
year. Elevation is a major factor which determines which of these
~ crops is grown on a particular piecé of land, but the range in eleva-
tion is 1ittle more than two metres, so that the division into 'cane-
land' or 'rice-land' is not distinct. Whether the cane spreads into
rice-land, or the rice into cane-land, appears to depend upon the
price of the product and the relationship between the farmer and his
buyer. Cane follows a three-year cycle, the first crop followed by

two ratoons, and the cane farmer is very ruch dependent upon a



middleman merchant for his supplies and his market. As the rice
farmer is mbre independent, the change from rice to cane is an easier
one than from cane tb rice.

]here are two possible means by which the present cropping
patterns éﬁn be improved: improvement of existing practices, and
introduction of new ones. In terms of major improyement the second
approach appe#rs to hold more promise. A single rice crop presently
makes inefficient use of one season's rainfall. The rains are spread
over a five-month period, with the majority falling in September and
"October. Few farmers are ready to plant at the beginning of the rainy
season, because the initial cultivations are not started until after
the rains have begun. One or two months of the rains méy thus be
lost to crops. Similarly, in sugar cane, the scason of the first
planting is one in which the land and rains are not fully utilized.
Wide row spacing, and the slow rate of elongation of the cane buds
means that complete crop cover is not achieved until about three months
after planting.

In our preliminary studies of possible-cropping patterns for
this region, we have accepted that rice or cane must remain an.integral
part cf any pattern. Thefe is consi;erable potential however, to
improve on these patterns within existing farming conditions. Figure I.
shows the patterns that are currently being testec. In both rice and

sugar cane it is possible to saueeze anotter crop intc the rainy season.

In the case of rice, this involves sequential cropping, with the
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additional crop being grown before. or after rice. With sugar cane .
this involves intercropping, but the;e 1s:the 11m1tatﬁon that this
may be possible only in the seeding year. The rafoon crop sprouts
earlier and grows faster than a new planting, and this, in combin-
ation with the mulch of trasﬁ from the previous harvest may eliminate

the possibility of ihtercropping in the ratoon.

TECHNOLOGY

In this program, there are two levels of fechnology to be
considered. There 1s the techbo1ogy that exists at the farm level,
the means by which the farmer accomplishe§ his objectives. There
is also the technclogy that exists at the University level, the tools
and technique¥'by which the University conducts research aimed at

developing the farm level techno1og’*' The farm level technology is
. a proven technology, as it is farm-developed to utilize the resources
available to the individual farmer. It is a product of conceptual
thinking and practical management. Ho University teéhno]ogy can hope
to have much inpact on farm-lavel technolcgy unless the research
workers apply it within the same conceptuel framework that exists at
“the farm level.

' There is, of course, nb single technological approach to be
developed, because every farmer is different and Qperétes within.

different conditions. Differing technolocy at the farm level requires
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ﬂdifferent approaches at the research level.- Howevgr.'there is need
to develop a 'technology of understanding', a means §y which a
researcher can comprehend the concgptua] basis of é;particuTar farm
enterprise. Only then will a skill develop in being ébTe to distin-
guish between the conceptual thinking of different farmers.
| The rice farmer has a particular technolagy developed to

fit his own conditioﬁs. To say tﬁat a riée farmer can grow an upland
crop after rice because his soii has sufficient residual moistu#e is
to totally ignore his technological capabilities. He could grow the
upland crop if he was aware of'how he could adapt his system to the
necessary technological change in switching from lowland to upland
culture in the same season. If it was left tqlthe farmer to determine
the nagure o?'this change, he\woqu base it upon his conceptual J
'picture’' of his production system. He may consider adapting.this
change if he felt that it fitted and would benefit his system. The
researcher tends to assume that such a change is obviously desirable
just as it stands, and that therefore, the farmer should adapt it for
this réason. ﬂF fails totally to acknowTedge‘that the farmer has a
" better understanding of the compTefe system than he, the researcher,
has. | | |

The Kasetsart program, in the ﬁrocess of creating a research
methodology applicable to small farm problems, has to pass through the

~

development of a 'technology of understanding' phase.~ This requires
continual village and fasm level contact{with rﬁﬁ}{i:;ople in some



Véry‘simp1e research situations. There 1s_no'fee11ng as yet that
on-farm research is any different from on-station research., The
unpfédictability of the fafm situat{on requires, however, that if
.any worthwhile resu1ts are to be obtained. whether they come directly
from an experiment or 1nd1rect1y through conversation with a farmer,
;only one or two variables should be studied and in simple tests. It
~needs to be understood that in this context more useful information
will come‘érobab1y from less comp1gxie§périméntation. ;n the coming
year. of the Kasetsart program, a sfnéle-érop will be used as the basis

for a farm-level research study, and in very specific research situations.

. CONCEPTS

‘Dtstfncf frem a gropping pattern is a croppiﬁg system. The
pattern is a simple description of what crops are being grown; tpe y
system'is a description of the resources used by thé farmer and the
co?s;raints upon him when he grows a particu1ar‘pattern. The cropping
system is a subdivision of the farming sysﬁsm, though by no means a,
-digcreté part of it. - ’
While it is fairly easy 'to formulate adcropping pattern,
it becomes‘xgrx\ggch more difficult to determine whether such a pattern

could become the basis of a farmer's cropping system. Input %rom the

farmer will be essential if such an analysis is to be achieved.
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While one thrust of the Kasetsart program has been a con-
sideration of cropping patterns, the development of a small farm
research technology has requfred that another thrust should be the
&eve1opment 6f farmer/researcher connmnication channels. Only after
this can a cropping pattern be developed=into-a croppirg system. The
deve10pment of these channels is the crux of the progs;m, and it is |
here that there has been the least success. -

Thqugh Kasetsart has considerable human resources, these
people do not have a training that is dasigned to help them perceive
and solve the probIems of their own cuIture. In turn, the extension
activities of the University are a1med at training extensionists
rather than prnmoting‘infonnation flow from other sources to the farmer.
Thus, the University is two steps away.from thc farmer, and has no
méans at_q1] of promoting any feedbaék that would enable it to evalu-
até {ts programs. From the limiteq contact that this program has
had with the farming community,tit is cfearIy apparent that the Thai
'farmer is amenable to, and apptgciative of, new ideas and information.
" The protlem rémains, however,:to encourage people to see and understand
-;this, and then to use this as the motivé-force in the development of
a tonceptua1 understanding of the small farmer.

~It 1s essential to encourage, in the pe;ple working with
small farmers, an understanding of the concepts thit the farmer them-

selves use as the operational base of their own producticn system. For

the majority of agricultufal workers this requires re-education, for
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they see the small farmer as the lowest agricultural level, who can go
nowhere but 'up' and ‘'up' normally implies a shift away from his present
production system. This re-education_is a slow process, and though
it may be encouraged through training courses (IRRI now offers a five-
_month fraining course in'cropping systéms designeé for people involved
in national brograms). it can be achieved only through continual con-
tact with the farmer himself. This requires a considerable amount of
effort that many people are not williﬁs to spend, because they do not
consider it worthwhile. A majay problem in the Kdsetsart program has
been to set up a group/individuéi/farﬁEF~information channel, where
an individual is asked by a working group to, find out some farm-level
information. The lack 6f an 1nterdisciblinary understanding results
in the individual not recognizing'that the group is the necessary
working level, and consequently ﬁ; feels that he does not have any
reSponsibility towards it. This does not encourage any use of systems
cqncepts in developing a farm-level research technology.

The Kasetsart pfogram has resources that have not been
gengraily available to fhe University in the past. An'overall lack
~ of appreciation of the nature of the research involved in the develop-
ment of cropping systems, combined with inflexibility in the working
approach to the prograﬁ‘s problems has resulted in poor management of
the resources available to the program. However, in the same way that
the orogram hopes *o encourag:ran understanding of small-farmer con-

. cepts, so a suitable management structS¥e must evolve as the program
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proceeds. A research worker cannot hope to have skills without exper-
fence. However, he must recogni%éjthat these skills should be modified
through experience. If the prggraﬁ can'develop'its:bwn methodology
through continual evaluation of.its experiences, then it has a chance
of success. This requires a'éegree of humilfty that ﬁany of the parti-
éipanis are not’ yet w1111ng*§o-§how.
_ Ultimately, it will Bé_qgcessary to develop. 2 11n&$ge
betwéen the University and the Ministry of Agriculture. Although the
University shou1g be able to\develop a small-scale capability through
this program, it is the Ministry that has the resources to develop 1p.‘
across a large area. The Ministry already has a ;;;;bfk of agricultural
officers throuéhout the Central Plains. And although there are within-
Ministry problems with rega}d to 1nfoﬁnat10n fTEW:—Tf¥T§ unlikely that
a betterxbasis for program expansion cogld be found. The University/
M1n1str§ link will be a difficult one to foster; because the most
desirable contact is between the field workers of the two institutions.
This will have to be established on an 'official® basis, through the
various institutional channels, and this is a slow process. It will
take a long time for an University/Mihistry interaction to develop.
lAIthough many problems in a program of this nature are
country-specific, the Asian network that is slowly developing around
cropping systems research promises to be of considerable benefit to
'the participants in country programs, because the wider insight gained

By an appreciation of the Fifferent problems of another program with
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similar objectivgs can only be of advantage to the individual in
his own program. The development of concepts with‘and between
programs 6ffers the research worker a good opportunity of 1mprovfng
his services to the farming community, and of providing the Asian
‘small farmer with the resources he needs in a rapfﬁly changing

agricultural region.
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INTRODUCTION

To meet ‘our global requirements for food one must advocate
a systems approach; not just to crop production; not just to post-
harvest technology but to the ehtire spectrum of the food chain.

Others have covered the production aspects of agriculture in the tropics

. and now I would like to present to you the post-harvest technology
program at Bambey. | ‘

Tﬁe program is divided into thrée broad areas: drying,
storage and processing. Both_;heoféticaI and!experimentaI techniques
are used to study drying an&”Q%Brage. The work in processing is, at
the moment, purely experimental. Thraugh adequate theoretical models
one can predict fairly well what may happen under given experimental
éonditions} Such models used in simultation can be a saving of both
time and money. The unfortunate part is that computer facilities are
limited where the work is likely to take place. Thus arrangements
have to be made wifh some external unfversity with adequate facilities. .

In this project most of the'variabIes in drying and storage
are well.defined. One can measure teﬁperature. wind velocity and sola;“
radiation. Knowing the physical proﬁé{ties of the grain in question,
one can calculate heat losses or heat gain. One can then simulate
drying and storage systgms with reasonable accuracy. This gives us
_gp‘gdequate screening device for our experimen§§ since any situation .
which appears useless in the simulétion will prﬁbgbly behave likewise

in real-life. Thus that trial need hptgbe included in the experiment.



To work in a mitieu near that of the village farmer we have
planted 2.5 hectares of sorghum. This should provide material to test
drying teéhniques and subsequent storage and proceésing trials. Since
the history of the crop is known, oﬁg%;an use the grain for chemical

analyses. The entire post-harvest system can be followed using this

crop.

SOLAR RADIATION AND THE PROJECT

The'greate;t factor influencing both- good drying and good
storage/is- the amount of-incident‘so1ar radiation. In drying we want
as nuch radiation as possible, 1n:stora the rgverse‘is true.

At the equat;r~the radiation component striking a vertical
w§11 facing south is nearly zero for some portiohméf’the year. For
this reason many of the buildings in the tropics are constructed with
the long walls facing south or north. As one moves northward or
soufhward to higher or lower.latitudes this vertical component can
be minimized by constructing a suitable overhanging roof. Max imum
Sdlar radiation in the tropics is réceived by a.horizontal plane.
Thus one must take into account these two factors és well as wind

velocity and direction and a large-surface area to volume ratio.

Trials are being carried out }his fall using these different factors.



DRYING

Drying is dependent upon thg equilibrium moisture content
(e.m.c.) of the g;ain which is a funﬁtion of the relative humidity
(R.H.) and temperéture.--Bymusefof conérolled environment chambers or
by means of saturated salt solutions, e.m.c. curves can be obtained
for different grains. However this type of apparatus has not been
av&ilgple. Instead theoretical methods were obtained to calculate
_these curves for the common crops. The curves were calculated for
77;-;;;wsince_the yeari} mean temperature at Bambey is 80F. the fit
- 1s quite good. '

- To study the rate of drying in threshed grains a factorial
exberiment was sef up to measure temperature under different orienf&Q
tidn, inclination angles, materials and paint color. The results of
this trial should be available next October.

Drying tr1a1s\$re conducted for two reasons: first moisture
content works in paralleN\with temperature to cause grain losses or

spoilage; secondly, in co ercial aspects water can be extremely

expensive. Let us assume that Senegal produces 500 thousand tons of

grain per year.’ If an add ional 2% water is found in the grain,

- 10,000 tons of excess wéter would be bought or sold each year. Depend-
ing on whether one' buying or selling this may be something to enjoy
or something to dread. I think it may be worth investigating the

possibility of introducing moisture content into a grading system.



Even two classes, dry and tough, could be set up so that the farmer is

paid more to sell dry grain.

THRESHING

Good drying is necessary for good threshing. The power and
machinery section at CNRA has constructed a millet thresher which has
been tried for millet and found successful. Last fall, sorghum was
trfed for the first time and damagéd kernels ranged between 7-35%
depending on cyi?ndér speed and setting. The machine was further
adjusted to reduce this loss but the farmer contacted for the test
decided that 4 francs per kilo was too expensive. As a result further
tests are to be made this fall. The grain from these tests will be
stored under different condi:ioﬁs'fbf a period of six months, at
which tiﬁéLa11.samp1es will be ana]yzed.fqr germination percentage and
free fatty acid content. Initial tests on the grain will also be

carried out.

STORAGE

Storage of ‘grain can be successfully carried out if one can
3

meet three requiremenfs:'

1. kéep'the grain temperatures below or above that required



by the insect species that may be present;

2. keep the grain dry; and,

w

avoid large égmperature gradients at ary point within
the grain store. A
Generally factor 2 can be resolved by keeping the grain
within a rainproof structure. Tb meet the other two requirements one
'must control the environment external to the grain bulk. This is
partially accomplished by shading of bins to protect the bin against
direct solar radiation.
| Studies are carried out primarily on local structures. In
use at the station we have bins of the type used in Senegal, Nigeria
and Togo.. As time goes on we hope to include nearly all the different
structures used in West Africa and cémpare them under the same con-
ditions. These studies are multivariate in nature wjth the following
factors being studied: temperature, germination, mbisture content,
microfldra, 100 kernel weight, ash content, fat acidity, weight of
dust, percent of infested kernels and nimber and stages of insects
of major species per given weight of grain. Results from this s;udy
should bé available next year;

In orcer for work ;o be méaningfu1 it must be carried out
‘under conditions that can occur in the farmer's life, As_such I am
slightly heditant to suggest anything to the farmer which;he,cannot
afford. We have therefore set up.an experiment using chemical and

physical metheds of insect control in the local Senegalese bins.



Using three bins filled with threshed grain, one was filled with sorghum
and admixed with bromophos, the second is admixed with millet and the
“third is a millet control since m111et is harder to infest than sorghum.
‘Resu]ts are not yet availab]e

Studies are also being carried out on the IRAT concrete bins.
These have‘been advocated strongly and are now undergoing a two-year
test using sorghum. Tesié‘were madé'using bhosph1ne. bromophos, lindane
and no insecticide. At the same time different methods to control
soIaf radiation were tried'ouf. This included straw roofs, straw
walls one metre away from the bin and an underground bin,

Us;ng the methods deveioped as ﬁart oﬁ‘my thesis at the
University of\ﬁani;obd. one can simulate many of.the temperature
conditions within the different'bin fypes provided that one can obtain
the necéssary 1nput data such as montth mean temperature, wind
velocity and latitude. Then by knowing initial conditions and
thermal properties of the grain one can solve the Fourier heat
trangfer equation by the finite-difference method. This technique is
useful s1nce;one cén simulate the teﬁperature distribution in a bin
before it actually happens, thus allowing a warning against possible
problems. The other use 1s to screen out bins which obviously do not
meet the fequirements. Thus this ;imulgtion can save a great deal of
~research time and mone) |

Further work at the station will involve tests using plastic

bags. ferro-cement, .0f1 drums and dther methods already tried out in



other tropical areas.

EDUCATION AND EXTENSION

-

A1 of ‘these ideas innovated at the research level would be
a waste of time if not tested under real-life situations. The research
-part of this p;oject is easy but one wonders whether or not that is
~also true about extension and education. The extension aspect of all
these trials will be carried outla% two levels: first a village near
Bambey and second at the "experimental units”, an outreach station of

C.N.R.A.

GRAIN. PROCESSING

At present much of the grain processing for immediate con-
éumption is done by the Senegalese housewife. It takes approximately
six hours to prepare ;he evenfng meal, a dieh‘ca11ed couscous. The
grein 1s.wetted for decortication then washed and drieq and pounded
into flour. Since the final product is quite damp, the product must
be used immediately if it is not to be attacked by molds.

We now-have completed trials or mechanical decortication
and m1111ng and find the product well accepted by our sample of
Senegalese housewives. They likelit because the flouc is dry. It

presents a problem because it takes longer to ferment. However,



we plan to introduce the mechanical methods at the experimental units
within ?Dﬁ next few months, The extra time g£1ned.by'this innovation
will provide the housewife with time to make articles for sale. This
money can be used to pay for her processing of grain and .the.rfest can
be used for other necessitfes. You may see the overlap between this
program and that of the household Sciences. The f1nal aspect of this
program is to coordinate the d??ferent stages of th1s network such

that there are no bottlenecks.

CONCLUSION _

You have just heard- a brief exposé of our‘gost-harvest
technology program at Bambey. 1 hcpe that you can take home some of
the thoughts on our systems approach to‘drying, threshing, storage

and processing. [ will welcome any questions or suggestions you may

have.
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INTRODUCTION

The objective of a Survey of cropping systems is to define
and, where possible, quantify major factors‘interacfing with cropping
systems. This information %s neéded to help understand the croppd ng

L4 N

systems in practice so fggéarch.on new technology can be designed to
meet the needs qf/zggp;ota1 farm system and not just o;e'enterprise‘_
lor one part of.Qne enterprise. The o;jective-of this paper is to begin
developing a philosophy of surveying croppfng‘systems; Philosophy here
is defined as a system of principles for guidance in practical affairs,
A more mundane title might be, ”Some.principles for surveying cropping
.systems". | ' ;

| Before de]ineating,thexphﬁ1osobhy that has developed in our

work weé should bégin by stafing some of the assumptions made at the

very beginning of the work5

ASSUMPTIONS

1. With‘the given level of technology and resources available to
him the.fa;men is near his optimum jf he has had sufficient time
to develop a stable system since the last major'éhange in his
)teéhnology.

2.  The farmer is using his resources to meet his needs. The'cropping

systems and the other enterprises found on a farm are only a

means to an end.



3. Any program which involves give-aways or great subsidies will
not get a clear picture of_the'farmer's decision making and
resource utilization. |

4, Figld experimentation is needed to back up and clarify survey
data. |

5. Fié]d experiments should be built on farm level management in
:fhe farmer's~§nvironméﬁt if they are to complement survey data.

C. The farme; has a limited range of decision making. Many decisions

| are3méde by the community or other groups over which'he has
limited or no control.

7. The researcher is theredto learn. He must develop the idea that
the farmer is the teacher if a true understanding of the cropp{ng
system is to be attained.

8. Farmers cooperaée with research agencies on the basis of the
quality of the people sent out from fhe agencyr+and not from a
feeling that they will obtain a lot of useful information from
the agency.

9. The farmer is markéting his products as well as he can so the
study will stop at farm gate prjce.

These assumptions may not all be valid in a very detailed

study but have not caused us serious problems. Assumption 9 would be

the first éssumption to be removed in a more detailed study.



FRAMEWORK

"In setting out to gather data on cropping systems, it is
important that a framework be available into Q;fSh to fit the data
and to help in planning the form the data gh&u]d take. In the ini-
tial study of cropping systems, a very simpie.framework with only
five major parts was developed (Fig. 1). These parts were environ-
ment, resoyrces,'enterprises, market, and needs. This framwork was
built on the assumption that the farm operation is a process ty which
the farmer transfers resources into praducts Which can be used to
‘meet his needs.

Environment

_ The environment is the first part of the iramework for
studying cropping systems: Environment is divided into five major
areas: physical, economic,:social,.bip1ogica1 and political. Each
"of these environmental factors can have a direct effect on the
cropping systems (the resources.available to the farmer) or an indirect
effect on other enterprises. In surveying a cropping system it is not
possible to quantify or even define each of the many variables found
wﬁthin‘any one of the environments. It is important to define those
which are outstanding for thgt cropping system or which are having
major effect in.the cropping: system. Several examples will help
explain this. An example of an envirénmenta]lfactor having a direct

effect on a cropping system is land reform as it is now practiced in



the PhiTip?ines. Large landowners are forcing the tenants to put
their ricé and vegetable land into sugarcane to keep it out of land
reform. Thué;,politica1 Qecision making is haVing a direct effect on
a cropping system. Another example of environment with inflation and
a lack of fertilizer at the same time. The farmers are planning to
plant more legumes than they have dbne previously as a direct result.
We cannot cover every factor in the environment; rather there should
be a framework to look at the environment and to check which factors
are associated with a partfcu1ar cropping system. IRRI is currently
sponsoring a set of studies on agro-climatic environments in South-
east Asia to start defining climate and soils for cropping.systems.
Resources ‘

Resources in this framework ‘are those factors currentiy
used by the farmer which interact in the processes.associated with
his cropping system. We study these in more detail and spend more
energy on defining and, wherever possible, quantifying. The resources
we look at initially are land, water,.solar energy, labor, management
ability, technical knowledge, power'dvailab1e, cash, non-farm inputs
available, credit, and perhaps markets. Each,of_thése resources,
with the excepticn of markets, has been defined and methods found to
quantify most of them. Markets are not usually considered a resource,
but for a farmer considering what crops he can grow in his cropping

system, a good market would be looked on as a .resource.
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In considering land, we .quantify its phemicél properties
such as the pH, the nutrients available and possibly its cation
exchange capacity. We define and, if possible, quantify its physical
propertigs such as the texture of the soil, water movement in the
soil, lower. plastic 1imit, depth of soil and finally, the topography.
We also quantify the area available and the ease of access to it.

The next factor is water. We quantify rainfall patterns
and water tables. | . .

‘ The number of weeks or months with a rainfall averaging
over 200 mm per month has been used as a standard associated with
rice cropping systems.l The depth to the watertable at different
times of the growing season also appears to be associated with certain
cropping systems found in drier regions.

In solar energy we quantify the daylength and the solar
radiation pattern over the year. In certain areas temperature becomes
a significant variable. In most of the rice growing areas of&Southeast
Asia, temperaturg is not a significant variable.

In considering labor as a resource, we first quantify that
available and then define the ability and finally the cost of the labor.
It is becoming clear that ability is far more‘importaht than is gener-
ally taken into account. Many cropping s}gtems are designed to make
use of children in activifies such as picking vegetables on a regular
daily basis or in a continuous cropping program where little hard
work is involved at any one point. Young people have the ability to

do concentrated light work for short pcriods. The farmer has to



consider hiring outside people in terms of cost and availability.
It is a major factor in cropping systems which may have significant
labor peaks. Management ability is one of the hardest factors to
: measure. A preliminary study has indicated that certain factors can
\V:Be associated with speéific cropping systems. - )

Certain abilities and attitudes are signifieant1y different
for farmers in different cropping systems.2 Farmers who have high
managment ability can generally manage more sophisticéted cropping
systems and afe willing to include crops which have a higher manage-
ment requirement if there is a high potential income. If a more
detailed énalysis of management is required, management ability:
may _be divided into economic management, biological management and
socT31 management.

Another factor closely associated with the farmers' ability
is his technical knowledge. Technical knowledge is not easy to
measure. Many'farmers know many ways to increase yields but do not

- practice them because they do not pay. Farmers with more assets can
also take more risks than a poor farmer. Thus, current practices are
not a measure of a farmer's technical knowledge. Some preiiminary
studies have shown that a better understanding of technical knowledge
can'be gained if it is divided into biological knowledge, economic

knowledge and knowledge of physical factors. Most farmers in South-

east Asia have a high degree of competence in biological knowledge.



They do understand interactions among plants and animals.
Interéctions between ‘plants in many current cropping systems are
based on a superior knowledge of the biological interactions found in
thé fields.

Power is another resource which has a great effect on crop-
ping systems. There are four main sources of powerAévai1ab1e to a
farmer: hand labor, animal power, internal combustion engines and
electrical power. For most of Southeast Asia electrical power is
not a significant factor in the cropping systems. Mechanical power
is limited to the very few large farmers who are not within our primary
target group of farmers. Animal power is used by about eighty percent
of the.farms under two hectares in Southeast Asia. The power source
available to the farmer must be defined and quantified as the farmer
with only hand labor available will try and develop a crqpping system
which requires only 1 land preparation per year and usually the land
preparation is at a period when there is no immediate rush. A farmer
with animal power can have a little more flexibility in his cropping
system allowing some land preparation in the middle of the growing
season; Once the farmer uses mechanical power he has greater flexi-
bility. However, because of the increasing initial cost of each of
these power sources, they réquire an increcasing area to use them
efficiently.

Thecash that the farmer has available to carry on his
farming opefations must be quantified over the whole year. The

farmer with very little operating cash usually has a low risk cropping



‘system.3 The cash that the farmer has available also” affects the
type of cropping patter he uses. W

The market jnputs available to a farmer afe usué]]y measured
both in quantity and quality. In many areas in Southeast Asia tRe
inputs needed by the farmer are‘only available in 1imited quantity
and often their quality is below standard. -We have foun& examples
of ammonium chloride being sold in urea bags.

Credit is another important resource for a;y:farmer and is
usually quantified at the same time as cash asthe two a;é';1ose1y
interrelated. The credit is usually quantified on the basié of
amounf borrowed, length of loan, the interests paid and the collateral
required. In considering credit, the difficu]tyiof getting a loan
ﬁust be considered. A small farmer requesting a gma]] loan may have
more difficulty at regualr banking facilities than someone requesting
a large amount. In looking at cropping sysfems we must quantify the
type of credit facilities available.

The final resource we consider in our_cropping systems study
is markets. When defining and quantifying markets we have the cost
" of marketing the product, the information which the market sﬁpp]ies
to the farmer, the faith the farmer has in the markét, the facilities
available, and the quantity that the market is willing to handle. This
final point is quite important for a farmer starting a new cropping

system in his area. If marketing facilities will only handle large

scale quantities of a product at a certain time of the year, it is
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viftua11y impossible for a farmer to test the new product or a change
in his cfopping system. This has been a_cOnstant stumbling block in
introducing new cropping systems in different parts of Southeast

Asia, particularly those with a new crop or a crop with some character-
“istics which differ from the normal. ‘ |
Enterprises

Although we are primarily concerned with cropping systems,
we must be aware of whére the farmer is allocating his resource§ and
the interaction between.enterprises, particu]ar1y_a§ the other enter-
prises interact with the cropping systems. An analysis which does not
take into account these other enterprises qufte often leads to a
conclusion that a farmer is not a]]ocating'his resources in an effic-
ientlmanner; yet when the total system is considered the farmer is
doing a very fine job of allocating his resources given the circumstances
he is facing and his tofa] needs. ' ’

Our framework requires the farmer to allocate his resources
intc five possible enterprises. These are: direct resource marketing,
family production, community stability, livestock production and
cropping systems. It is also quite possible that he does not use the
resource or usesonly a portion of iz. In our Etudies to the present
time we have beer primarily interested in where the resources were
being allocated end limited information, except for labor, has been

gathered on the resources left idle.
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Resource marketing refers to~thehfarmer selling any of the
resources, or utilizing any of the resources on the farm to Hirect1y
meet his needs or meet his needs through the market. This enterprise
is-usually easy to quantify as money is usually received for the
resource. One of the prime examples of this type of enterprise is the
farher who spends part of his labor in off-farm employment. Another
example of resource marketing is the farmer who hires out his tractor
or his carabao to a neighbor.

Family producgjqq_is not usually considered a farm enter-
prise but it has been found y§efﬁ¥§§@h1ook at the family as an enter-
prise which requires cerfainfﬁgsourceg. These resources are not
available to the'other enterpr}ses.“ OQur framework, then, can clearly
show the resources used directly by the family. The two resources
used most by the family are cash and labor, which can be measured
quantitatively in total amount and distriblition over time.

Community stability is another enterpri;e where the farmer
must allocate certain of his resources. If we 103R at community
stability as an enterprise utilizing resources, it helps to under-
stand the allocation of resodrces made by the farmer and the potential
for a new technology which may be introduced. Examples of resources
being used in community stability are cash to pay taxes, labor put
intc community projects, and cash given to various community projects.

Cash and labor are the main resources so quantitative data is relatively

easy to obtain.
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Livestock production is aﬁ important enterprise on many

Southeast Asian rice farms. First and of prime importance, is the
power source. A water buffq]o or a cow is used by most farmers in A
Southeast Asia to do the land preparation and other heavy'cu1tivation.
These are eésy to.qdantify in number and value. The farmer must
keep in mind the food requirements of this power source’me‘signi‘né
his cropping system inhéuéh a way that the qnima] can ‘do the work
when it is needed. Thigs means that food must be available prior to
ahd during the heavy initial cultivation. Also enougﬁjfood must be
available through the dry season for the power source to eat. A
profile of:feed used can usually be quantified. In addition to the
power source, many farmers have other livestock which are sold in the
market p1acelor used for home consumption. Thus, a cropping system
may be designed so the products from the cropping system ére fed
directly into therlivestock system and do not enter the market place.
In analyzinglthe cropping system alone, it may appear that the crops
grown are not coming near reaching an economic optimum. If we have
specific data on the return of the crops marketed through a livestock
enterprise, it may be that the total system is very efficient. The
by-products from the livestock cgﬁ go back to the'fie1ds to increase
"fertility for the cropping systems. This has not yet been a major
factor in any of our ana]ysis.' The livestock enterprise also acts

as a reserve for the farmer. If his crops fail or he needs a lot of
money at any one time to meet a family crisis, livestock give an added

economic stability to the farmer.
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Croppfing systems are the main methods that small farmers
throughout Soutﬁeast Asia use to turn their resources into products
which meet their needs. When surveying cropping éyStems, we break
these systems inéo cropping patterns; that is, the croﬁé grown on each
,ﬁiece of land ﬁver.a one yeér period. Within a cropping pattern we
then look At'the sequence of crops and find if there is any intér-
cropping, any interplanting, or relay interpIanting; In looking at
these croéping patterns it is important that we not'on1y know the
'sequencé bdt g]so the ddrafion of each crop and any special management
‘characteristics which it may require. Varieties can be a very impor-
ténp factor. Resistance to disease, resistance to insects, ability
to ;ithﬁtand adverse w§ter conditions, the ability tb withstand typhoons,
ear1y'seed11ng vigor, ability to withstand high population densities,
height and shade characteristics and the harvesting characteristics
of the plant may all be important. ‘tarvesting characteristics aré
turning out to be quite an important factor. A simple example is the
position of the pods on cowpea; thosc¢ with pods scattered all along the
hain stem require about 50 percent more harvest time than do those
Qith all the pods located at the very top, where they are easily
picked. There is also the quality of the finished product. Does it
receive a high market value And is it one that the consumer or the
farmer would 1like to eat? The understanding of cultivar selection
is of great importance. A general discussion withlfarmers about their
crops to generally define the crops will usually give enough data.

But once any special characteristic is found, quantitative data are

required.
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Weeds'aré‘a éontinua1 problem and cause a loss of fncome for
all farmers. .Undergtanding#the weed management ﬁractiées carried out
by :the farmer§ji; mosf_impoftqnt. This ihc1ude§ not only what the
‘farﬁer is ¢ur}en£1y'd6ing; but what his previous' c}oﬁé ha?e been and
hfs.pﬁgéibuslmaﬁégemeht s§ that an undérstahdghg'oﬁ the interaction
betweén the cfgps{'the héeds,‘the'cu1ti§atf6n.éﬁd herbicides, if any
are understood.-”Looking at one crop and the weed managemgnt practices
applied to i£ does not-gﬁve a clear undérstanding of weed management
when we are looking at an area where different crops are grown in
sequence.

Insect managemdnt is also scmething which must be studied as
a total management system. It is important not only to study the
insect on the crop béeing grown, but the crops surrounding it. The
interaction of cultivar resistance, cultural practices, time of plant-
ing, off-séason inSect control practices, and fhe actual control o}
inseét§ on the crops while growing are all faétors to consider when
collecting data.

‘Disease managément, although important, appears to be tied
very tightly to cultivar se]eétion at the present time, and with
the exception of a few management practices, there appears to be little
that we can study diraectly. The most effective method at the present
time appears to be using farmer recall to.obtain estimates of the

deqgree of disease damage and frequency.
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So11 management can be d1V1ded 1nto two main areas: ‘ physical -
ang*chemica1hmanagement. In understand1ng the phys1ca1 managemen} of
‘thw-s0i1. we must firSt define the so11 with thg usual ‘sof] classifi-
cation teehniqués In add1tion, it appears tnat -some measure oT tne
50113 wet p]ow1ng character1st1cs is needed.’ Lower plastmc limit may
be one posS1b111ty ) Some measure of the ébeed with which the farmen
can continue cu1t1vat1ng or.plowing his land after heavy ra1n is
def1n1te1y needed to-get’an 1nd1cat1on of the turn around t1me we may
expect in the wet\season Also, some measures are’ needed of the amount
of work required to .take the soil fyom a ﬁudd]ed to'a fr1ab1e up]and
condition. Until more sSC1enT1TiC METnoas: nave Deen workea OUt-and
adapted to field conditions we have been using.number_Ofadays from a
heavy ratn to the first plowing as some fndication of the measures
menttoned above The rhemical management of the soil is usually
directly re]ated to tht farmer trying to 1n£rease the fert111ty of
the soil with nitrogen, phosphorus and potash.. \A few areas may also
inc]ude‘1iming or the use of micro-nutrients, but\fhis i$ rare among
small farmers in Southeast Asia. ' The data required-for chemical
management of soil is quantity, timing, and cost o; ferti]izer used.

_waten‘management is an area for'which it is Qifficu1tﬁto
get Jata, But it is quite important. In water management we are looking
at.holdihg thé rainfall whieh comes to the field and the movement of
water from one fielo tc the next. The ho]dingiof the rainfall which

falls on the field is dependent on the physical management of the

soil.» Of course, it 1> also ticd very closely to the topography as
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"is the movement of water from one field .to the next. 'Up to the present
we have done Tittle work in this field. It is-expected the water
management.team being established by IRRI will supply the guidelines

onAQQxa heedéﬂ and a methodology to obtain it.

Markets

‘ In looking at the markets in relation to cropping systems
'wevhaqe chosen to take markets as given. ' Price fluctuations ové; the
year are takeﬁ 1nto*cons1de}#tioﬁ, but only as they show up in the
fafmers'.datg as prices received minus tranqu(tation cost to the
market p1aé§.- If is felt at this time that\thé‘research should con-
‘céntrate on understandihg Qhat is happening on the farm; more detailed

studies of marketing can be undertaken in the future.

Needs

For the purposes of studying cropping system fﬁe farmers'
needs can be divided into seven ﬁajor categories.

The first is food. His food needs are made up of carbohydrates.-
and'proteiﬁ, which afe-baSic. He also is c§§cernediw1tﬁ taste, variety
and the social acﬁeptahce of what he is eating. The first two items,
barbohydraiés and:protein, are essential ‘and must be met either'through

the crops grown or throdgh the market place. Any change in the croppihg

system which brings about a major change in the amount of p}otein or -
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cartohydrates produced must take into consideration where the replace-
ment witl qomé from. To date no }elationship has been found between
Qropbing,system:add‘eafing habits. Taste is something which has to
be taken as.g1ven and simply stated that the farmer 1ikes or does
not lige,a_yéfté1n crop or a certain variety.” Rice is one of the
peséigxa@plé%ﬁbfﬁfhis. Rlthough the c§rbohydrate and prote}n content
.may.be“exactly the same, different varieties of rice meet varying degrees
of acceptance, in different areas of Southeast As1a._ There are also
the.sbc1a11y aéceptab]e crops in certain areas; sweg; potatoes are
considered a very poor man's food andﬁany one who can possibly avoid
‘it does not regularly use sweet-potatées in his diet.. In other areas
~_other crops are considered socially inferior or not good for cergéin
'peéple at certain times in their 1ives. The cropping system résearéhérs
must take these needs and values into account when they are considering
what to grow and the sequence to grow them. |

Consumer .items are the farmers' next large group of needs.
These have all one characteristic in common; they all require cash to
obtain them. _ They include hous%ng, clothing, entertainment, fransporta-
tion, read1ng materials, and things tc make life generally more enjoyable
(food is considered separately). In quantifying consumer jtems there
are two factors to consider: total cash required anq the distribution
of‘qash requirement over time. The fermer's cash requirement do not
usually coincide with the cash made available from his cropping system.

The. further apart these two are, the nore difficulties the farmer is

likely to experience. Credit will become more important for consumption.
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Another need.ofuthe farmer is social aéceptance. He.must
be doing things which are acceptable to his family, his friends, the
community and the 6ati0n£ The national does have a desire for him to
.g;ow thoég crops which are.needed most to meet either the existing
food requirements or export demand. The communiFy is a little more
critical in 1ts.acceptance of fhe farmer‘s cropping system. If he
is totally out of sequence with the rest of the community it may lead
to some disharmbny within the community particularly his immediate
neighbqrs.' It becomes more critical that his cropping éystem coincides
with'theirs. The family must approve ihe crops, the sequence, the way
the farmer 1s.produc1ng them, the amount of labor that they are required
to put in, and the products that he gats from his cropping systems.
This need of social acceptance, although real, is very hard to measure.
It can only be defined when some change is made or anticipated by
checking if the people in the community will generally accept the idea

and more important if the farmer and his family find it acceptable.

Stability of the Above

The farmer requires that each of the needs mentioned above
be met this year and in the future. The farmer is not interested in
carrying out an qctivity which, althcugh neeting his needs at the present,
has a high possibility of ruining his chances of meeting his needs in
thé future. The most obvious example is the farmer who would sell his
land, although meeting all of these needs at the present time, the

probability of meeting his needs in the future are very slim. The
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farnver.facing a variety of risks and uncertainties due to nature
wants to develop a system which has tuilt in stability.

Socio-economic stability is also important for éhe farmer.
It is one of hi$ needs, and to meet this need he pays his taxes and
is a conscientious member of his community. The money paid for this
can be measured.

The final need is one which is the basis for farmers trying
to improve their systems, testing of new enterprises and making them
1n£erested invregearch_and new technology, this is the need to increase

ahis leQel of well being. The farmer is interested in more food, better
education; mo}ewconsumer items for hisvfamily and greqteé staﬁi]ity
both in socio-economic aspeﬁts and in the meeting of his immediate
physiological needs. Although this need is almost impossible to
define,quantitaf?vely, certain general patterns‘emerge when the
farmer wants more to eat or more law ard order. In our studies
certain groups wanted more social improvement, others wanted more
infrastructure development (pafticu]ar]y in the way of roads so that
they can have more and cheaper products), others mention more law and

order. So each has an existing level of reeds and an increasing desire

for some aspects of the above needs.
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Agronomic Experiments

Survey of farmers and their farms covering social, economic
and physical factors is not sufficient to understand cropping systems.
In addition, agronomic experiments in the locations wﬁere the survey
is being conducted are required. A range of simple single factor
treatments added to a farmer's field is sufficient to give an idea’
of which factors may be constraints. It is very simple to add 100
kilcs per hectare of phosphorus or potassium to a farmer's field
and measure the result to find if phOSphoru§ or potash 1s really a

_11mit1ng factor. It is very simple to go in and keep.severaI small
plots weed free in farmer's fields to find the potential for increased .
weed management practices. The same method, although not as accurate,
holds for insect manaéement. A combination of systemic 1nsgct1c1de
and quick kill chemicais can keep plots re]étivel& insect free and
some idez of the potential for insect management can be obtained.

This method for insect control is probably sufficient because anything
above this level of control requires such tremendous cost that it is
really of no interest to the farmer and has no economic possibilities.
Farmers in almost any area of the world are willing to try a new
variety in a small test plot under their own management levels thus,
an easy rethod of cultivar evaluation in an existing cropping system
is to have the farmer grow a new variety. Disease management is more

difficult to measure as disease does not always occur.
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It has been our experience that farmers are willing to give
us a smll plot of land io try differeﬁt cultural practices if they
understand what we are doing and we do not want too much land. AN
. farmers are willing to test new fertilizers in their existing cropping
patterns. Farmers do not pose a problem to running a variety of
simple single factor experiments in any village in Southeast Asia.
Water management and an understanding of it w111'také ﬁore effort
fnitially than the other factors, but_it appears from some other
work being done at IRRI that this is possible.’ The results of ‘
these single-factor experiments can then be compared with what the
farmer has stated about the response of each of these factors. This
is a good check for a variety of factors. There is also a possibility
that when one of the fnputs was used previously, it was notygsed"
properly, as the éxtension which goes with some new products is not
clear. The factor under consideration may have potential in the
existing cropping systems. It has also been found that when conducting
the single-factor experiments a great deal more information can be
obtained from the farmers than just gétting their responses to the
single-factor experiments. They comment on things tried previously
which would not normally bé obtained in surveys. They also discuss
fﬁeir needs in greater detail and compare what the new faétor does
in relation to what they feel their needs are and will be. Thus, the
single-factdr experiments have been found useful not only in getting
more quantitative data but also as a very effective survey tool in

understanding the farmers' current cropping systems and what they
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feel are the constraints. We are also able to gafn data on changes
‘the farmer would like to have in his cropping systems in the future

in regard to the type of crops to be grown, the characteristics needed
in those crops and the management techniques required for future
development. The use of single-factor experiments have been found

to be very effective in testing how well the researchers understand

a particular:cropping system. The singlé factor experiments are

also used as a check on the reliability of the data obtained from the
farmers. Certain farmers tend to give erroneous data for a variety

of reasons. With the actual checks from the field ft is usually easy
to spot those farmers and they can be removed from the survey. It
should be noted‘that in conducting these single-factor experiments

it is most importabt that thgy be carried out properly. If the farmers
find that the people conducting the research cannot grow a crop of corn
or aigggg qf rice and cannot function in the barrio setting, the
_future of "the survey and of the whole experiment plan is in serious
jeopardy. The people who go to the barrio must know what they are

doing and be able to get along with people.

Principles

Using the framework described above in three different
studies of cropping systems and patterns, certain principles have

developed.
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The principles involved in surveying cropping systems
are:
1. ~ Get initial data on the environment of the study .area as'quickly
as possible. This usually means a quick “dirty“ survey of the area
using existihg data, rainfall pattern, total rainfall from fhg}yeathen
bureau, soil maps, road maps, statistical data on people, topdgizphi;
cal maps wherever possible, a short discussion of the agricultural
practices with the people of the community. on the crops grown and
the major systems that they are aware of, and finally, a discussion
with the leaders in the village and surrounding area on the lifestyle
and values of the people in the target area. This can be pooled into
one large table to compare with the national average or some other
"~ standard. If any one of these environmenta]_faciors is very different,
more detailed follow-up studies are fequired\to get quantitative data
on the characteristics of that environmental trait.
2. The next step is to define all of the resources available to the
farmer and wherever possible, to quantify them. This involves a base-
line survey of the afea‘and a sufficient number of farmer§ to get an
understanding of the resources the farmers are cyrrent]y using and
the resources that are available to them. This meéns surveying enough
fartiers so the differences can be measured.
3. The next step is to get an estimate cf how the resources are
being allocated to the various enterprises. For the enterprises,
~except cropping systems and perhaps livestock, a rough idea for each
of the five categories is sufficient. For the cropping systems in

which we are riost interested, a detailed treakdown by crop and a
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profile of use over time are needed. To get this data record keeping
is involved. .

In gathering this data the objectives a}e: ‘a) to get a
detailed study of the 1nteracfion of the ré§burces with cropping
systems; b) to study the interaction between the entefprises and
cropping systems; énd, c) a biological study of the interaction over
a range of inputs to tie in with the farmers'frespénses.

‘ To cover the last point effectively agfonomic experiments
of a single factor type using farm level management work well.

4. Quantify the products resulting from all the enterprises. This
means a list of the quantities of each'product that‘resﬁ1t from the
enterprises. This_a]so acts as a check cn the data frdm resource
utilization. It is unlikely that the farmer will be putting a lot
of res&chés into an enterprise with very few products. If this is
found further research is required. | /"’

5. List the main needs of the farmer based on what the farmer is
currently using and then record these as his current needs.

6. Using questions, check what needs the farmer would like to sat-
i{sfy the most.

7. = Delineate the constraints or area wrere technology is needed or
where the tgthno]ogyfavailab1é is superior and might Qg transferred
~ to another similar agro-climatic type area. -

The most impcrtant principle leiarned from this research to

date is that we are looking at a total system and must always consider

it as such. It becomes very interesting to look at specific compon-
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ents and certain very interesting relationships. There 1; a great

desire to study them in depth, ignoring the rest of the system. This
trap must be avoided if we are to truly understand the total cropping
system. That is not to say that detailed studies are not needed, |
but they should all be kept in perspective and ev;luated oﬁ the basis

of their importance in the system.

CONCLUSION

1. To study cropping systems we must look at the’fanm and 1t$ total
environment. We cannot look at the farm as an 1solafé& unit and get.
an understanding of the cropping.s,_ystemsf

2. Any factor which does not 1n£5fact with other factors on the farm
does not need to be studied in cropping systems. We are only inter-
ested in those factors which interact.

3. Biological and social scientists working as an integrated unit
will be the only ones who have a chance of understanding cropping
systems and designing a technology which will fit into existing cropping
systems in a planned manner.

4. The integrated team members who deal with the farmers must be
able to communicate with, and more important, listen to farmers. That
is, have empathy with thé farmer.

5. We view the cropping system on the farm as one process of trans-
forming resources to meet farmers' needs and look at it as an integral

part of the total process.
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6. A simpler methodology must be developed for‘use by small research
institutions throughout Southeast Asia in developing their own cropping

system team to assist their immediate community.



-92-
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THE CAQUEZATPROJECT.

FOLDOUT

by

ICA-CIID RURAL DEVELOPMENT TEAM

A subjective and approximate presentation of information
flow in agricultural production résearch, rural development.
activities and the small farmers decision making process.



THE CAQUEZA PROJECT
PR‘EFACE

Agricyltura| research at both the national and internafiénq] leve:| is strongly
oriented towards technq|ogical change. .Much of this feseor;h sgeks ;o develop com-
Mongnts of ogricu|tur'a| prodt;étion systems or complete production ‘sy_gf’gm's which' will
Inahgpse wfood availability from improyéd agricultural production.

The experience of the Céqueza Project is tl:uat much of the-technical effort
invested into agricultural production research .may not necessari|); improve the well-
being of‘,/f*he small farmer, unless the technical innovations are ac;dnbaniéd, at least
in the first instance, t;y q'cor;pm.'ab|e eﬁcpenditur‘e\ on d;tiviti es. fo_in;/esfigafe the farm-
ers' limitations to the incorporation of research results i;\'.to their_productibn systems.

The following four pr.esent'dtions, an i‘nferdi@ip"nory effort from IDRC and
Colombian stof‘f -.in ihe Caqueza Proiect, reflect our increasing' preoécupation with the

8 . . SN o
issues involved in achieving higher.levels of well-being by.-using the technology al-
recdy know.n. .By co;ifinuously,'-sfg.(!ying' the constraints whi(;h delay the acceptance of *

new production technology, the Céqueza team is sceking to define which conditions

must be met by the results of production research for the farmer to adopt new techniques.

v - “ ;
It is our contention that fhlsgcp‘prooch requires an |'n.terd|sap||nary team, and it is our

experience that rescarch that is purely production or technically oriented, disregarding
¢ ) : '

the socio-ecoromi& and cultural aspects of the farmers' system, is likely to achieve

only a very limited impact in:improving the ~ell-heing of the rural community.

Bogota, October, 1974
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I. INTRODUCTICN

The object of this paper is to try to define what information is required and from
whom it is to be obtained, in order to generate successful action programs aimed

at improving the well-being of the rural population.

In order to achieve this object, the paper will briefly discuss the origins of the
Rural Development Projects (RDP) in Colombia. Then it will analyze various approaches
followed in the past to design appropiate action programs, with particular emphasis

on the information on which these were based and its sources.

Finally, conclusions based on the experience gained up to the present time in

the Caqueza Project will Le presented.



Il. HISTORY OF RURAL DEVELOPMENT PROJECTS IN COLOMBIA

In 1967 the Colombian Agricultural Institute, ICA, .took over the Ministry of
Agriculture's 16 extension agencies and started its own extersion activities. Soon

after, the number of extension agencies was increased, first to 42 and then to 58.

At the same time, other institutions besides the ICA were ca.airg out technical

" assistance, for instance, INCORA (the Agrarian Reform Institute), ‘the Caja A@raria
(the Farmers Credit Bank), COFIAGRO (#inoncial Corporation to Promote Crops and
Cattle Exports), the National Coffee GI'O.WGI'S Federation, CECORA (the Cooperative
Land Reforrn Institute), etc. In general, the aim of nearly all the extension

acﬁvif'ie:'s corried out was to attain high agriéulfural productivity. Their work was
rendered extremely difficult because of the number of very Aifferent ecological areas
encountered in the country. Since |ICA was in charge of the research activities
required as a. necessary basis for recommendations to farmers, it was logical for it fo\
b.e given major extension responsibilities in order to ensure close ties between research
and extension programs: This yvas‘ a tremendous task in'view of such conditions as the
size of the land holdings ond the educational level of the farmers. ICA consequently
decided fo divide its extension activities into two categories, applicab]e:

1) to the bet.fer-’edpcafed. commercial producer with a relatively large holding, to
whom a frad-if.ional extension system approach could be applied, and 2) to.the small
farmer (minifundista) with a very small holding and a relatively poor educational level,

for whom o new ooorooch had to be followed. .
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This new approach arose after an extensive study af similar projects in Asia and

Latin America, with particular emphasis on the Puebla Project in Mexico.

A. THE PUEBLA PROJECT

The objectives of Puebla were: 1) to develop, field test and refine a strategy
for rapidly increasing the yields of a basic food crop among small holders; 2) to

train technicians from other regions in the elements and successful use of this strategy.

While these objectives were production oriented, they were closely associated
with development. An.early report on progress in the Puebla Projec.t 3/ stated:
"Unfortunately, the strategies currently being used to bring about development in this
kind of area are largely modeled after extension programs in the commercial farming

areas' of the more developed countries".

The assumption underlying the Puebla Project was that the problems of the small
farmer in o subsistence economy could he solved by increasing the yields of his

basic food crop (corn).

The project employed the concept of limitations in its definition of action programs,
in the sense that "The strategy is essentially a simultaneous and integrated plan of
attack on the many problems limiting farmer use of adequate production technology" .

The actian progroms proposed concentrated on the provision af: 1) high~yielding maize

Yy Progress Report of a Program to Rapidly Increase Corn Yields on Small Holdings.
The Puebla Project. 1967-1969 CIMMYT, 1969.
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varieties, 2) information on optimal production pl:qcﬁces, 3) effective communication
of agronomic information to farmers cnd.agriculfu;;l leaders, 4) adequate supplies
of “Ggronomic inputs at easily accessible points at the time when they ;;'e needed,
5) crop insurance, 6) favorable relationships between the' cost of inpbts and crop

values, 7) adequate production credit at a reagonable rate of interest, and

8) accessible markets with a stable price for maize.

.

This conceptualization of Rural Development is represented in Figure 1.

Figure 1. A Giaphic Representation of the Puebla Pioject

[

Present Stage
-I g

/Limiﬁng Problems
J
!
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|
>

Corn Yields
(Development)

The farmers were producing a certain amourt of corn, represented by point A/
they were not able to produce more because of the limiting problems impeding their

progress beyond that position.

Corn yields were considered to be highly correlated (r = 1.0) to development.
Thus, the proper way to "generate" development was to introduce a "technological
package” (high yield corn varieties, fertilizers, pesticides, new seeding practices, etc.)
into the farmers' present production system and at the same time to attack the problems

considered as impediments to the adoption of the package.
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It was assumed that no information was required from the rural population in
order to plan appropriate action programs. If information on the rural situation was
needed, it was assumed to be alreqdy available and known to the.professionals who

designed and operated the project.

A numb:e_r of évo_luotions of the Puebla Project have by now been carried out.
In 1973, it was four.nd‘ that after six years of work on the project, only 11% of the
farmers in the\project area had adopted the full package o'f recommendations and
only 40% were following the recommendations to use fertilizers. The increase in
production for the whole oréo was 22% in 1973, .fokin.g 1968 as the base year and
moking. the necéessory allowances for weather conditions. This change in production
represented an increase of 4% per year for the project area-as o whole. While this
result was undoubtedly important i‘t fell far short of the original objecti¥e .of doubling

corn production in five years (i.e. a growth rate of 15% per year).

B. THE COLCMBIAN RURAL DEVELOPMENT PRO JECTS

ICA sterted six RDP's in 1971 (there are cur:ently 21 in progress). One of these
;- ojects, in Easte:n. C: ndinamarca (Caquezal, receives support from IDRC. Although
these projects weie corneived as outgrowths of the Puebla Project, they have rather
broader objectives. ]

ln the case of the Caqueza Project the stated objectives were as follows:
a) To develop and test a strategy for the transfer of techuical, economic and social

/

information to small farmers, which would favour their active participation in



matters such as the use of credit and purchased inputs, the sale of their
products and the betterment of their social conditions;

b) To use this strategy to‘bririg about higher crop and animal yields, improved

- economic returns and better family living in the project areg;

c) To establish a system whereby the farmers in the. project assume increasing
fespon;ibilify for the éxecufion and expansion of this strategy, using their own
initiative; |

d) To rﬁeosure the changes in the comeni}y ard in its incomes that will have

resulted from the project.

The basic assumption underlying these objectives was that Rural Development is

multidimensional, having two main divisions: the social dimension and the economic

dimension.

Figure 2 shows a simplified graphic representation of this conceptualization of

Rural Development in the RDP's of Colombia.

The well=being of the people (WB) is a function of both social welfare (SW)

and economic welf'ore (EW).

The objective of an RDP is to shift the well-being function to higher values
through the generation and application of appropriate action programs. To achieve

this goal, ICA decided to work initially in three main areas: Agricultural Production,

Animal Production and Home Economics.



Figure 2. A Graphic Representation of the Colombian Rural Development Projects
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Il.  APPROACHES FOLLOWED TO:DESIGN ACTION PROGRAMS

The various approach?s which were followed in Colombia in order to design
appropriate action programs will now be discussed. Graphic representations will be
- Used to help i;\ their conceptuoli\zation. For this purpose a linear orthogonal two-
variable world is assumed, where the properties of proportionality and additivity, are

valid. The well-being function is defined as follows:

W8 = 1EW + 25W

where

"WB  is the level of well-being

EW is the level of economic welfare
_and

SW is the level of social welfare.

A. THE "GO OUT AND DO IT" APPROACH

« The basic assumptions underl.);ing this approach were thaf farmers‘,,fqllo.\&d a
traditional syﬁtem of produc.tion and comequ\ep\tl.y lived under very poor conditions.
However, technical information obtained at experimental stations was available which
would, if transmitted to them, improve the farmers' living c‘onditions and help them
to modernize. The‘ task was thus to “go out and do it" by putting people in the field
to carry out communication activities. The main activities plaf;ned were: meetings

_w‘hh ufarmers, field days, leaders, courses, divulgation pamphlets for distribution, etc.



This approach is represented graphically in Figure 3#

Figure 3. The "Go Out and Do It Approach
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At the beginning the action program‘were desigired a' the national level. Soon

after, professionals working at both the national and the project level realized that

’

" the planning model was likely to be ineffective unless it took regicnal characteristics

into account. Therefore, the planning of field activities .was delegated to the project

level; ~evertheless, the activities carried out were not, initially, substantially

changed.
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This lack of change can be attributed.to the mental attttude of thef'proiect staff |
which was, at that time, very similar to that of the national plar;ne'rs (similar
educational background, equa'l fechnological orientation,‘simﬂ'or field experiences,
etc.). In addition, ffhéy .were using the 'same‘ sources of information (experimental

station research and general publications).

B. THE BASE-LINE STUDY APPROACH

.

Although the field,sfaf; at t_hé project level had a "feeling" about ﬁwe condition#
of their region, this was not considered adeduate for plafining purposes. It was, thus,
decide;d that some projects should start base-line studies usi.ri'g secondary data as well’

as questionaries.,

In the Caqueza Project the base-line study was carried out by the personnel of
ﬂ';e: Caquezt;t Project at a reatively low cost. At Garcia Rovira (another Colom‘b’ian
RDP), the study is p.resenfly being conducted as port‘of a Ph.D. dissertation and
enough information is ovoilable-for two m.ore M.S. theses.. The basic data collected
at Garc;'a Rovira. in 197"2 (unpublished) were 'gcthéred at a cost of more than
US$40.;000, fimncged by the Ford Foundation. Although thi% approach );ielded very
useful dafa; its widespread use presents obvious problems with regard to time and cost,

in terms of the long=run national objective of ’100. + RDP's.

The underlying idea behind base-line studies was that, by defining the present
regional state of affoirs it would be possible to specify action programs in such a
way that the well~being function could be more easily shifted from ifs present level

r

‘to a more desirable one.
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In practice this type of stidy has provéd of limited value, since it described or
measured the present situation but generally failed to say where the project should

go in the future.

~ This approach'cou|d~be'representéd graphically as in Figure 4,

Figure 4. The Base-Line Study Approact
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The rural population is at point D, its well-being is expressed as K. 4/

4/ For the purposes of our gt:aphic representation, it is assumed that the rural population
is at point D (7,9). Specification of point D helps in assigning a value to the well-
_being function (K). " '

If WB =1EW+2SW, then K
o K

1(7) + 2(9)
25

t
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Many action programs designed modelled on the early base-line studies have been
relative failures, for instance, home improvement, hygiene, latrinization; even the

agricultural and animal production oriented programs may be considered as such.

The quuéza team felt that these failures, which lay mainly in the production
areas, -were due to the broad, and in some cases inadequate, technological
recommendations made by the experimental stations which were used to define the

production packages. They thegefore decided to look for a more realistic approach.

.C. THE LIMITATIONS APPROACHY (PROFESSIONALS)

»

Professionals working on the Caqueza Project felt that the farmers were subject to
constraints limiting their_possibilities of adopting new technology. Hence, they
introduced the concept of limitations used in the Puebla Project. They identified

what they felt to be the two most important limitations:

1) "technology" adapted to the region, and

2) "communication" of that technological information to the rural population.

/This aprroach differs from the base-line approach in that, whereas the goals of
the a'cﬁon programs derived from the base~line srudies are expressed as shifts of the
well-being function to higher levels, the goals of the limitations approach are stated
as removing the limitations that constrain the rural population to remain at their
present level of well=being. This latter approach came about as a consequence of an

increased awareness among professionals of the farmers' problems and values.
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This approach s represented graphically in Figure 5.

Figure 5. Limitations Approach (Professionals)

Sw ‘ /Cornrﬁunico tions
- - AcHon
Programs
] . - Technology
- . \
i L2 . N
- ' \
\ N
v .
‘ \
 WB=K
t [ W 2 [ N G U S \ U Y S -
Y _ EW

The rural population was at state D, its well-being expressed as K. Two limiting
factors, technology (L]) and the lack of communication of that technology (L2), were

constraining them to remain in that situation $/. Therefore, the action programs

é/ For the purposes of the graphic representation, the limiting factors are as follows:
Ly = 4EW + 1 sW Ly = 3EW + 25W

Since the value of point D is known (7,9) the values of the limitations may be given as:
L] =37 “and L2 =39
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needed to be directed towards the removal of those limitations.

~ As a result of this approach, the project staff started to carry out applied research
and developed "packages” of recommendations suited to local conditions for two main

crops in the grea: potatoes and corn.

The technological packages developed (and tested in farmers' plots) enabled both
yields and income to be increased. They were widely communicated to farmers
through field days, demonstration plots, etc. Nonetheless, the new recommendations

were accepted only by a relatively small number of farmers.

D. THE LIMITATIONS APPROACH (RURAL PCPULATION)

The next approach adopted was to ask rural people to define what they themselves

considered to be the limitations to their .well-being. Interestingly enough, they

-

expressed a set of limitations different to those postulated by the professionals. They
repeatedly stressed infrastructural and institutioral constraints such as credit, marketing,

etc., rather than lack of technology.

There appeared to be two alternative explanations for this situation:

1)) fgrmer_i are inefficient decision 'm&ers. The rural population can achieve better
'wel_l-beirg levels within their own set of limitations. Pr;)fessionuls have been
mistolien in thinking that technology and communications were constraints acting
on the present level of well-being of rural people:, when in reality these people

could be living at higher levels before those constrainrs become effective. This

situation may be represented as in Figure 6.
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Figure 6. Limitations Approach (Inefficient Rural Population)
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The rural population has four basic limitations. Tech?xology (L]), communications

(L2), ciedit (L3) and marketing (L4) 6/

The rural population is at point D, with a_valve for the well-being function

equal to K 7/, If they were efficient, they would be at point B 8/ with a

6/ The equotions for limitations L3y and L4 are:
L3 = 2EW + 35W and L4 = IEW + 45W

77/ K = 23

8/ B = (12,4)
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value for the well-being function equal to K + R 9/.

This type of analysis is very much in line with the thinking of some development
specialists who claim that rural populations ure tiaditional, that they lack the
desire for achievement, and even that they are comgoied of backward people

~ who prefer to remain urderdeveloped.

Given this explaration, the strategy to be followed could be represented as in

Figure 7,

Figure 7. Strategy for lnefficient Rural Population
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The first step to be taken is to move the faimers from their inefficient (D) to an
“efficient poirt (B); and then to remove the limitatiors constrainisg them to that

new state, i.e. tgchnology (Ly) and communications {Ly).

9/ 1 K+R=28 thenR = §
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The quesﬁén of how to move the rural p§pu|ation from point D to point B is

al most i;nppssible to ar;sw_er unless we know the reasons for theirl being at

point D. Duncan's work suggests that the above explanation as to why the
farmers were stressing. other limitations than those considered important by the
prbfessionﬁls lies no_t'.in the fuct.:that: rural pec.;ple are inefficient, but in the fact

that their value structure is different fo that of the professi?onals.

His work would therefore suggest that the second alternative presented below is of

much greater validity:

2) -Farmers are :-f_ﬁ_cient decision makers but thcey have a different set of values

-
(well-being function) 10/ to that of the proffesionals.

This approach is presenfed. in Figure 8.

Figure 8. Limitation Approach (Efficient Rural Population)
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10/ The rural population well-being function (WBR) is as follows: WBR = 1EW + 2SW
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The limitations are still the same, and the rural .populétion is s;ill at point D.

But according to this representétion the farmers are efficient decision makers (and thus
at the optimum F?oint). Their .well-i)eing' is WBR = M, their redl limilutiom are credit
(L3) and marketing (L4). .This.implies that rural peo;.)le are not/}bockwolfd and do not
lack the desire for-achievement; however, fhey.look.’at life from a perspeéti;e
different to ‘thot of érofessionals..

The question now arises as to whether rural development projects should try to
impose their profc;ssio‘nal sets of values on the rural population and move them from
point D to point B, as suggested in the previous approach, or whether they should work
from the standpoint of the rural people's concept of their own limitations in order to

shift their well-being function (WBR) to a higher value, |

The project staff Lelieves that the second approach is the more_desirable since it
allows rural people to take their own decisions and make their own choices. As a
concomit&nf of this approach, professionals working on the projects have to be
respiywsive to the needs, desires and limitations of the rurél population. This means
thot project activities should concentrate on removing the limitations canfranting the

rural people, as perceived by themselves (see Fijure 7).

Action programs ought thus to be directed towords the removal of credit (L3) and
marketing (L4) limitations. As a result of such action programs, the well-being of the
rural populution (WBR) should be shifted to higher values, until other lim‘ifations
become effective. The presentations by Zandstra and Swanberg, respectively, will deal

specifically with the removal of credit and markating constraints.
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IV. CONCLUSIONS

. Assuming thot the humanistic oppraach to rural development (where the power
to moke decisians remoins in the hands of rurol people)is more desirable than "pistol

1 .

type" development (where decisians and volues are imbosed) the first infarmation re-
quirement in irﬁﬁgtiné opprapriote actian pragrom§ is to know the limitations impeding
change for the ‘rurol people. The best sources af infarmation for this purpose are the
rural peaple themselves, |

A much claser interaction between professianals and rural people is felt ta be a
"sine quo non" far on RDP, Professionals must work together with the rurol popu|]a-

. : ]

tian in arder to ‘determine the real limitations and the couses of these limitotions_/.
before attempting to implement solutians.

Althaugh this is o necessary actian, it is not sufficient. Sometimes, even when
] suBstontiol effart ta interoct has.been mode and the suppasedly reol limitotions ond
their couses have been determined, octian programs generoted an the basis af this in-
.farmafion still foil. In this case, it is necessary ta try ta exploin the reosans far

their foilure, on importont part of the evaluation of action programs, Such an ex-

ercite Helps to determine whether the real limitatians and their causes were properly

11/ There is a clear differentiotion between expressed limitotions, real limitatians

" ond couses of limitatians. A former may soy that his limitatian is credit (ex-
pressed limitation) but his reol limitation could be the lock of cash ta buy in-
puts (credit is ane way of abtoining inputs but there ore ather possibilities).
It daes not help much ta be oble to point out at credit os o limitotion, it is
alsa necessary ta Jaok at the causes of the limitotian (it could very well be
thot credit is nat avoilable at the praper time, at any time, it is taa costly,
it is ta risky, it requires a lot of time ta be spent in tawn, the former does
nat have the callateral aor property rights are not in arder, etc.).
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defined or whether the sffuation changed in the co.urse. of the éction ‘programs,

the author hopes that this conceptual paper will set the frame of reference
for the presentations to fc.;:llow. His colleagures, who hoye been wc.;:rking in close
contact with the rural population and professional-s in Caqueza for the past threé
years, will discuss a number of the factual exgmples that helped in the develop-
ment of tl:é ideas presented here. °

Ronaid J. Duncun will talk about how intcraction with the rural population
may te ojerativnalized. Hubert Zandstra will explain why thinking in biological
terms onl)- or tl-2 preposition that "a good varisty sells itself" did not apply to
"corn rec:-.mr;\endotion packages" developed in .he Cdqueza Project. He will
also show how he pioject is dealing with this problem. Finally, Ken Swanberg
will srov. e e-mple-.to s'vow how the eruluat-on ol past oction'iprogroms is help-
ing tc de crmine the reul_ limitations and tl.eir causes,

The ICA-IPRC team hopes that this fom oi precentation will provide an insight
into the i tegratior. of tha practical experiences of the group into a conceptual

framework for Fural Deve!opment.



DRAFT
FOR REVIEW ONLY

74
TWO CO"N PRODUCTION SYSTEMS IN THE CAQUEZA PROJECT

by
2/
H. G. Zandstra

1/ Paper prepared for the Agiiculture, Food and I utrition Sciences Field Staff

" Symposium cf th:: Internaticnal Development Resarch Certre (IDRC), Ottawa,
Nov. 18-23, 1974, Grat=fully acknowledged is the helprul support of Roberto
Gonzélez, Barry Nestel,” Carlos Zulberti, Ken Swanberg and Ron Duncan.

*

2/ Coordinator, ICA-CIID, Rural Development Project.,



| INTRODUCTION

Production research for small farmers in Latin America is now generally recog-
nized to require a different .opproach, design and interpretation from 'troditionoi crop
production research methods as used in Europe and North America, The changes de-
signed to better meet the smoll. farmers situation have so far focuse‘d~primori|y on three
additional requirements, Firs!ly,. Ih_e need to reaiiZe research on new practices or ma-

pa——

terials within the region for‘which the application is intended. Secondly, the need to
consider various levels of fir;onciol inputs, in order to structure recommendations to the
for{hers' ability to pay for them and his pfeporedness to occ.e;;t the risks involved.
Thfrdly, the need 'o infuse new methoc/ologies on maierials into e);is;ing production me-
lfhod.s, in this way avoiding the recommendation of enﬁrely new production systems in
an extremely risk‘s.ensitive society (ALP;DER, 1972 pp. 56,57; Turrent, 1973).

Although the néed for these changes is no\/ recognized, there remains a consid-
erable lack of ur!onimify about the role of produciion research,\its methodology and per-
.fc.;rmqnce criteria for its resulis, in the process of :ural development, ‘Such results, whicH
are genefclly expressed c;s production recommendations have, in the majority of cases,
achieved a very limited acceptance by the small "crgner._ This lack of adoption has been
widely discussed and used as an argument both to justify the employment of and to criti=
cize the performance of communicafion specialists assigned to "extend' research results
to fhe_former.

In this study, some of the resuits of the production research in the Caqueza

Project onggsome' of the expuriences acquired from studying iarmers' adoption behaviour

related to production recommendations, will be employed to further define the role of



. production research in rural development. In addition, methods forsthe interpretation
of '(esearch ‘results will be discussed that may’ lead to action programs better adjusted

to the operational restraints existing in the small farmers ‘c'o.mmunity.
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11 TWO CORN PRODUCTION SYSTEMS IN THE CAQUEZA PROJECT

The Farmers Methods

Farmers in the project region generally make a .p_loWing contract with a
'membe‘r of the ~conirpunify v;ho owns oxen and a wooden plow. Corn is then
se_éded in hillls, spaced 1. m, by 1.20 m, " Seeding rates are three to four
plcn;s per hill and fhe_r.esmt'.i‘lﬁng stand is not thinned. Th;' field is weeded
twice and hilled u;; once, 'af the time of the second Qeeding. No fertilizer

. .

is ubpl.ied. Ibe family harvests corn with the cobs covered and stores:the cobs

with helf the covering |heof still on ‘the cob (Gonzé_‘iez and Zandstra, 1973).

\ s vey o; 1¢5 farmers' fields. (Narvaez, 1974) provides a more p‘recise.a
aralyses of -his proét;r.ion system (Table 1) und‘shows the low production costs,
lov: yie:ds and 1o« pre-.-:v;iously low returns provided to the farmer using 1972
°(V.fct,."}\g) and 1974 (1A ct/kg) corn prices.

.]_I'fﬂﬁl‘fgi 3'9_99'-'*}'"_9'_' 51"’.’.@9 )

< Jeearse of *he obvious pofﬁ(tiols for production increases indicated ‘in

-

Takle 1 and rhe dominance of_fhs, corn crop in the region, the Cdqueza Project

Se
o

hes dé;‘jted considerable research effort tov.-";rds 'the definition of an improved
corn pruduction mc‘rho‘d in fhé project area. . Jnitial research concentrafed on the
- selactio of adap?ed. hybri_ds and varieties from the assortment of lCA-pro&uce‘d
ceifiel maicrials thar were c;lreody available (Conzélez'and _Zandsfra. ofa. cit.).
Mcjor emphasis wc;s, however, given to ex‘perimer-ts on farr‘nvers' fields formulated
t§ definé adapted re.commendofions for planting densities, fertilizer a}:plicction

andd ‘pes corntol (Cobos and Zandstra, 1973;.



Two- or three-replicate trials were carried out over a period of three

years at 27 different sites, in order to arrive at suitable recommendations.

Yield analyses from these trials, combined with yield figures from 23 commer~

cial farmers fields in which recommended fertilizer levels were-dppl/ied, per-

mitted an estimaﬁon.to be made. of the benecfits to be derived from following

thé projects fgcommendatghs (Table 2). To derive the yield estimate presented
in Tabie 2, experimental yields were deflated\by anﬁai;r.age of 20% (for the

highest yields the deilution factor was approximately 40% in order to adjust for
bias .in ex.p«.-rir.nental control and site selecti;)n, Zandsra and Villamizar, 1974).

The Pr?iec}'s Experierce with Farmer's Adoption of its Recommendations

Since the early pro].ed work. in 1971—suggested that it was possible to in-
crease prod:ction and net income ky over 200%, the project began to
meke preliminary cecorr:.mendaﬁons in the eriension prbgrcfrr for 1972, In 1972

__and 1973, it also studied the responsc to furmers to a six-factor package of re-

" conmendations, In 1972, farmers who seceived credit and were urged to follow
the reco;nmendqtions('si\owed considerable ;esis_tance to the application of some of
the components of the recommendation. Only 22% éf the recommended fertilizer

—was applied, even though fertilization was a well re;:ognized part of the trials on

. férmer fields (Escobar, 1972). Mo;t farmers (86%) did, however, adopt a higher
_planting density, although during the experimental phase, this measure was unpop-
vlar Qi!l; many farm.e;s.

~ The project team's reaction to the®low adoption .of the fertilizer recommend-

}
ation was two-fold, Firstly, they recogniZed the desiceability of simplifying the

fertilizor recommendation from a triple application to one i which all fertilizer

»



was applied equy_in the season (when the farmer still hod cash from the credit
program), if possible in a sinéle application. This led to a new research pro-
grom with ten on-farm experiments carried out over a period of two »years‘. This
progrom will terminate next month and is designed to compare the éerformance of
the simplified fertilizer application methods to that of the split opplication, tok-
ing into account o&opﬁon experiences, income and risks. The s?cond reaction
to low adoption of their recdmmendations was to criticize the extension method-
ology used (a tr@itioml reaction by technicians to a lack of adoption of their
recommendations).

In 1973 considerably more pressure was applied and more supervision was
given by the project to recipients of corn production credits, The fertilizer re-
commendation was reduced from a three-fold applicoti?n to a two-time applico-
tion method. Preliminary results of the 1973 adoption study (which,. unlike the

1972 study, also includes yield meo;urements) indicate that there was a substan-

tial increase in adoption rates ond a marked improvehent in corn yields, The
stoff did, however, sense a lack of emhusiosn; by farmers for the corn, produc-
tion credits in cmporisem credits for horticultural crops .or potatoes. This

lack of enthusiasm existed even though the pfice of corn in the field had in-
creouci from 10ct/kg in 1972 to". approximately 13ct/kg in 1973, but may re-
late to the fact that overage per ha net incomes from vegetables and potatoes

are much. higher than those from corn.



I AN ANALYSIS OF THE CONSTRAINTS ON ADOPTION

Sy

Through regular meetings with formers ond axesearéh project designed to es-
tablish the "reol cost" of credit in the regian (M.S. thesis of V. Villomil directed
by K. G. Swanberg, in prep&raﬁan), the praject team begon to suspect t'he existance
of some constrainfs,“of which they wére not fully aware, that were limiting the adop-
tion of whaf a;peored. ta them t;—:e sound recommendotioni. This led to @ more com-
plete campanson af the twa. producnan systems, wnth particular emphasis being given
to comporonve risks, returns ta mputs and cosh and lobour requirements, The praduc-
tian method recommended by the pro;ect- showed odvantages over the existing produc-
~ tian method, except far cash and lobour requirements, returns to cash invested and
both ;neosures of risk (Tu.b|e 3). Each of these disadvontoges will be discussed separ-
ately: B

Cash requirements werc increased by 575% in the recommended method. This

changed the productian sys.h:m from ane that was iand and labour intensive (75%. of
tatal investmént far the actual method) to ane that is cash intensive (62% .of tatal in-
vestment far the recommended method).

Ta appreciate what this chonge may mean to the Céquzza farmer, ane needs to

~————— . .
compare these figures ta the average income far the regian, the opproximofe cosh turn-
aver and the available cash an a per ha basis. The praject benchmark - study (Escobor,
3 i

1973) indicated a per ha income of 5235" af which approxinately $150 was received

in cash and the rest as form prod'uce for cansumption an the farm. The average in-

come from dgricultural productian was.$190 /ha (585 cansumed and $105 sald) and

Y Adiusted for inflation ot 25% per year and differences in peso exchange rates, as-
suming an average farm size of 3.2 ha and a tamily size of 7.5 members.



$45 /ha was received off-farm sources of income. A separate study of food consump-
tion data of 259 fomilies in 1974 ollowe_i these figures to be cross checked against
actual consumption data. On a per ha basis using the same assumptions, per fomily
food costs were $222. Although this estimate of cash available ofter. food costs
($13 /ha) can be substontially ;oried by slight chaonges in inflot.ionf fgtes, it is most
indicative of the limited cosh available to the for';ner for investment in crop produc-
tion, Where he originolly needed to invest $21 in cash, to follow the project’s re-
commenc.fqiior he vill need $142 or neo.rly six times as much, His low cash ovail-
ability suggests that, to do so, he will need to seel; credit from the agrorian bank or
Frpm his.communif-,'._ He will therefore incur an interest charge of $21 (Table 2) which

is nearly equul to the tctal cosh requirement of his original production method. -

Lohour requirements were 18 man doys /ha Ligher with odditional labour demands

evenly distributed throughout the season. Depending on the ov;:ilobility of labour
(under study), this factor may reduce odoption rates, However, retuens to labour
under the recommended metl';od increased substontially ond may therefore be competitive
'_‘4& other employmert possibilities.

Retumns *o caosh dropped in the change from actual to recommended practices, This
production input was receiving tl';e highest returns per dollar in the octual production sys-
tetn, which could be considered an expression of *1e value the farmer ottaches to cash
input, The combination of reduced returns to cosh with its limited availability may well

.
be sufficient reasor to qualify the recommended mathod as an inadmissable strategy in

the decision-making space ot the farmer. The reduction in the productivity of cash in-

uts mqgy also explzin the forers' preference for cled'ts for horticultural crops.
Y ‘ P



The farmer's risk was calculated as the expected value of the loss. Two dif-

ferent loss functions were calculated using (a) the total cost of production, including
land, labour and cash, and (b) using cash outlays alone. The second alternative was
considered important as the farmer appeared to be more sensitive to a loss of cash than
to reduced productivities of land ongliloboyr. Indeed ;Fe work of Duncan and Swanberg
suggest that farmers did not regard land as an input and that many disregard labour also.
In t;:ir low cash econoc:f, cash was the primary, if not the sole, item in any consid-
eration of inputs,

Calculated risks on total investment more than doubled and risks os;ociofed with
cash inpuﬁ increased 15 times (Table 3). As the farmer needs to bor:ow.*;n\"aney for the

recommended-production method, this means that he acquires a risk liability to his com-

munity of at least $53, a sum that represents 23% of his per ha annual income. This

.

risk may be excessive for the farmer, particularly if weighed against the low returns
Fad

on cash inputs that he obtains from the recommended system, If the farmer does not
change his actual production system, his risk equivalent is only $3.25 (Table 3, last
line), which would not be vis-a-vis the community, as he is prob;:bly able to raise
the $21 cash requirement wifhouf—s-;:rrowing.

The above analysis suggests that resistance to occepfoncé of the recommended pro-
duction methods lies in the high initial cash requirement, the low returns to cash in-

vested and the high risks related to the change. The possibility exists that the addi-

tional labour required for the change and the necessity to market a larger crop will

4/ The expected -alue of the loss was calculated employing a loss function that took

~  values between zero and the cost considered (total or cash), No negative loss
values (gains) were considered so that the risks are related to the probability mass
associated with losses larger than zero and the size of these losses (Appendix 1),



also constitute limiting factors. These mateis are currently under study (See K. G. .
Swanberg's presentation).

Acceptable recommendations must apparently satisfy a set of requirements that

are defined by the producers' community. The lack of knowleﬂdge of .reseorchers and
planners of action programs olbout these conditions and their relation to the rural com-
munity, has probatly been the overriding reason for the failure of new production tech-
nologies in the ;mnll farmers’ community.

A t;”fng.i.ndicofion of how liftle thought these matters have been given lies in
the fact that no clear unde'sianding exists of which conditions a production recommend-.
ation_must salisfy ro really constitute a better cltcrnotivé for the producer. Most re-
seorchfrs will ‘ef;lp|oy.producﬁon‘ figures or net gains as their criteria for comparison.

through continued resrarch closely associated with rural development action pro-

grams, the project staft hopes to narrow.down moie and mc . specific criteria for the

odt\issdbility of alternative production strategies. In addition, a clearer understanding

is squgin of optimization criteria that include limits on returns to inputs (or their avail-
obility)l- and on risk, as dictated Ey the criteria for cdmis;cbility.

. At this t;me, Athe project staff is considering the following tentative conditions
for admissability of ;:ltetnotive production s}rotegies':é/ ’

1) A necessary condition is that average -eturns to total inputs are higher for

" the alternative than for the actual method;

These corditions employ average returns, as marginal returns require a knoWledge of
the production function and ar analytical capacity rarely available in field situa-
tions- ‘ N )
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2) A necessary condition is that the risks associated with the alternative
methéds not be s_ubsfopﬁolly higher than thoseussociated with the act-
val metﬁods; |

3) . A necessary condition is that retums on limited input factors (cash, land

and moyl;e labour in the Céqueza case) be increased by the alternative
_production strategy; and
4) A sufficient condition for production alternative acceptable in economic
terms, appears to be that the average returns to éach_producﬁon factor,
are higher than for the actual production method, and that risks are
lower.

As stated, these condilidns' are far from complete, .e.g., the project is still
attempting to defire what the tolerance relation is between increased risks and in-
creased net returns. There aiso exist non-econom’c constraints on adoption that should
be considered. Moreoven‘}' this document confines the discussion to the introduction of
an alternative proc.ctior }ne.’hod for the same cro;.. The condusions of this study need
to be mcde' oppliceble te the introduction ot oltemaﬁv.e crorizs and, more generally, al-

ternative ecoriomic activities,



n

IV FORMULATION OF THE PROJECTS CORN PRODUCTION PLAN

To reduce furmers' resistance to adoption of the recommended .production prac-
tices, one coulci consider reducing cash inputs for fertilizer. This would result in
lower cash requirements and lower risks. However, the project does not cpnsider
this an ocf;ep‘toble olfern;:tive because benefits of the. recommendation are closely
linkad g fetilizer inputs. The formulation of recommendaﬁpns for different levels
.of ric:h'nes;.‘wpuld, therefore, lead to low incomes for poor farmers and higher incomes
“for richet*farmers, whicn he:dly leads to improvgr-ents in income distribution.

For this reason, the pioject .feom designed an experimental credit/risk~sharing
s::heme 9hof.sought to re&uce the farmers' cash requirements for producfioﬁ to near
his actual cath ingut level. This scheme was stnictured so that the participating
farmers shared the risks associated with the adoption of the recommended investments
in fertilizers -'xnd;i'\';ecticidc.s (2ondsfno and Villaizar, 1974),

' .T} ¢ pl«x;\ op. ates 1s  -tlows: Interested far-ners speci'y the area “to be seeded
and provide'informoﬁon on «:.e soil type, topogrcphy and history of f,he field. They
puy an entrarce fve of S10 . ha (Téble 4), The wroject staif visits the farm and in
consultation --ith the farme: ‘ommulates recorimena tiors with respact to variety to be
seeded and ‘ortilizers and i iocticides to be applied. [The iarme: is given a note
authorizing :“.e prcject :oop=rative to supply him with the seed, fertilizer and insect;
icide required at s-edin: tir ¢ and at the ti.e of 'rop diessing. The farmer signs a
contract, which spe-ifies tha e will share in equal parts with the plan all production
exceeding 800 Ka. grain’ha and that he will be liable to a fine of $10 /ha in addi-

tion to the costs oi inpu's he received from the r'an, if he reck« the contract.
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Comparison of the production plan with” the actual and recommended practices
(Table 5) shows that the plan increases cash outlay by $1@ because of the entry fee,
but the cosh‘costs for the farmer participating in the p.lon are far less thon .fhose of
the farmer using the recommended _packoge. As far as risks are concerned, the plan
shows low probabilities for low yields, o risk related to total investment similor to
that of farmers' actual practice, and o risk related to cash investment that is substan-

[

tially below that which the farmer accepts for his actual corn production method
(T?b|e 5, last 3 lines).

The production plan was designed to red:..;ce cash réquirements and risks and to
c.avoid that returns to cash wcre below those obtained by the octual system. In this
cose, returns to cach were increased from $3.75 to $6.03 per dollar invested. These
.hiqh returns may be required to make sure that the plan can compete agoinst high value
product crops such/os tomatoes and onions.

Under the :lan, *he farmer's t;er ha net gain is reduced from $205 to $168 be-
cause the plar. gerarates a et return to itself of 548 b7, This income is required to
inure continuatior of tha plun, to cover its oper-ting costs (transport, handling, losses,
over-application o fertilizer, etc.) and to serve ws a buffer against unexpectedly low
yinlds. -:lt”'i"s expected that the costs of supervising theaharvest will be high‘ and ways
to reduce this wili be a.key item in refining the plan.

1. 1974, 27 faucers participated in the plan, To da_re, farmers seem to be
‘plﬂosed with the way 't ope-ates: one farmer was heard to .ay to a participant in the
plon "Veo. hdve wen tle lotiary ir cora this yec”. Althouuh yields appeared to be

b/ Totul net goi. from the vlan ($168 + 43 = $:16) exceeds net gain from the pro-
- jects recomm. xdetion 12705) by the differe.c + between the cost of credit (521)
~anrd the entry fee ($10:
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at or above the expected average, the corn had not been harvested at the time of

" writing (October). Furthermore, the plan is expected to presenf. problems in terms of
transport of éroduce, the farmers' ;nd the extensionists' accuracy in estimating the
yield-and their prepareédness to ogree to an estimated yield figure, etc. In this
sense, we regard the plan as a link designed to explore a new approach to credit,

in the complex chain of activities that constitute rural development .
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V CONSIDERATIONS FOR AGRICULTURAL PRODUCTION KESEARCH

The experiences discussed are in réclify no more than a documented example
of what often occurs when national and international research pro'grams.endeoygr to
introduce new“ production technologies on small farms. A prime reos;an for this may
be_the isolation of these ncentres of excellence” from the reality of the small farmers'
sociﬁty to which they are supﬁosed to direct at least part of their activities, since in
general there appears to be a deepjvoid between those responsibl.e for biological re-
search cn& .;l:)se responsible for delivery systems to small farmers. Because of this a
dismal picture of ndn-parﬂcipotion and non-identification is often seen all the way

~

up the ladder, Although rural development personnel make valient attempts to sell
new technology, this study indi:otes that it is. not always saleable and probably will
not be until methods have be'en developed to insure a realistic participation of the
farmers' community in the problem definition and research of the projects (See also
Ronald Px.;ncan's presentation).

The sméll farmers are even less understood by central exr:erimentol station re-
search personnel, to the extent that the majority of these r’eseorcbgrs' are hard pressed
to understand ‘and assign importdnce to what rural development staff ‘t’gll them about
the small farmer with respect to the design of new production technology. Except for
a few persénnel ;pecicliied in small farmers' agriculture and in agricultural develop-
ment, sociology or economics, staff at most major ce'nrres for agricultural research in
developing éountrievcontinue to: think in biologii;lol terms only about what is in reality ~ -

a problem that heavily oveiflows into economic, -ocial and culturally oriented areas

of knowledge.
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This, study cleorly‘ indicates thgt the proposmon- "A good variety sells it-
self" may only be valld under a specﬂ‘lc set of circumstances, of wh |ch the proba-
bility of occurrence ﬁwa small farmers' commumty is extremely small, For this rea-
son, -pt;oduction research‘designed to benefit small farmers should incorporate inte its
planf}ing and design stages the socio-economic and cultursl sp_gcificaﬁons of the re~
Cibients bf their results. To do this,' researchers need to acqu‘i.r-e‘o better understand-
ing of the relotion between the socio-economic ond cultural characteristics of the farm-
‘ers’ commumty and the optimizahon criteria to apply in the fom’&:lahon of recommended
pMuction practices. The most effective me?hofd to orrive at this is to structure real-
istic porticipation in the decision-making processes, of the farmer at the change agent
Ieveli, of the change agent ot the research station level and. of the national research |

orgaffization at the level of the "centres of excellence".
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Appendix 1

CALCULATION OF EXPECTED LOSS

Let f, be the probability density 'ﬁ_mcﬂon of corn yields and assume:
£~ NG, 4 5
’ . v R ¥
Let f| be a comn function in terms of costs, yields and prices so that

i =T for yields ¢ X

.= g foryield y x  onere-X I3 the breck

even point,

Then the expected value of the loss will be:

o~
E (L) g_ff.fa,

In this sense,” the loss function specified is not an actuarial loss function, as it
does not take on negative values (See Halter and Dean, 1971),
As in this document the loss function for the two production systems can be speci-
fied as: L C-yp fory<Clp

L o fory 3 C/p

e ————

R LR

where y. = yield; p = price of corn and C is costs (total ok cash).

Then the expected value of the loss is

EL) = ECyp) fory<Clp
E(L) =<p-Ely) +CfryClp v
E (L) =:p.E(y|y(C/p)¢C

So that the expected loss can be calculated from the cost of production, the price

of corn and the expected value of the truncated (nomal) distribution of the com
Yi‘ld’o .

1/ As the price of corn and costs of production are independent of yield for each
of the production systems compared.



Table 1; The actual oot'n productién method in Céqueza*

Costs /ha 1972 1974
Cash: 1) Land preparation '533__ 5‘16

2) Seed and others $ 5 $ 5
Land (Cost -of rental) " % 30 ’ $ 36 |
Labour. (26 days_). ' _5__2'3_ -$.28
Total s X
Yield, kg/ha 907 (5.d. = 660) 907 (S.d. = 660)

——
- ——— -

Returns /ha

Vélue Product $ AN $144
Net gain $ 20 $ 59
* § = Cdn$
Table 2: The recommended production method in Céqueza®
Costs /ha 1972 1974
Cash; - 1) Land preparation , $ 13 $ 16
2) Fertilizer and seed S 49 _ ¥ 97
3) Insecticides ‘ ‘ $ 6 $ 9
*4) Interests (24%y/ yr ), S 6 $ 21
Land | $ 30 $ 36
Labour - S 41 $ 50
Total $145 $229
Yield, kg/ha 2740 (S.d. = 1170) 2740 (S.d. = 1170)
'Reixrns / ha
Velue product - 8274 $434
Net gain ' $129 T $205

* § ="Cdn$



Table 3:  Comparison of actual and recommended com production methods
in the Céqueza Region, assuming the 1974 corn-price &f 16 ct/kg.

Cdn$ /ha
_Actual ' Recommended % .chozge
Yields /ha 907 Kg. 2,740 Kg. S 202
Total costs $ 85 s 29 170
Net gain $ 58 . $ 205 253
Cash costs $ 21 - $ 142 - 575
Return to lond /$ | $2.61 $6.69 155
‘Retum to labour /$ $3.07 $5.10 73
Return to Cash /$ $3.75 $2.44 58
P [gainc¢o] - 0.28 0.13 - 53
P [gain {cash costs} 0.12 0.06 . - 50
Risk-on-total input * $ 37 $ 78 wm
Risk on cash input *  $3.25 $ 53 1,53

* See Appendix 1 for the method of calculation used.



Table 4 ““Description of the Com Production Plan Developed in
‘ the Caqueza Project (1974 Prices)

Cdn$ /ha
Entry Fee - $ 10‘
Farmers Investment $102 (Land + Labour)
Plan. lnvestmént $106 - (Inputs)
Minimum Yield for Farmers . 800 Kg./Ha
Expected Farmers Yield 1770 Kg./Ma (800 + 970) )

- . }-2740 (Table 2)

Expected Yield for Plan 970 Kg./Ha )
Net-Return to Farmer | $168 (Cash Equivalent)

Net-Return to Plon $ 48 (Cash Equivalent)




Toble 5 Cash requirements, returns to inputs ond risks to the former of the Com

production plan, ond the octual ond recommended production methods,

$ 3.25

Actual Plon _Recommended
Farmers Cash Required /ha** $21.00 $31.00 $142,00
Nef ‘G‘oin /ho $ 58.00 $156.00 $ 205.00
Return to Totol Input/$ $ 1.68 $ 3.42 $ 1.90
Retur fo Labour /$ $ 3.07 $ 4.12 § 5.10
Return to Land /S $ 2,61 $ 5.'33 $ 6.69
Retum to Cash-/$ $ 3.75 $ 6.03 $ 2.4
P (Yield 800) 0.44 0.05 . 0.05
Risk on totol input /ha ° $37.00 .$39,00 $ 78.00
Risk on cash input /ha ° $ 0.50 $ 53.00

* ""For. colculation method of expected losses see Apﬁendix 1.

‘wx § . Cdn$
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INTRODUCTION

The anthropological contribution to the rural development team hos been to

attempt to conceptually match programming and commynication "materials" with the

cognitive organization of the small farmer.

' The commurication system that Is being developed ond tested in Caqueza is
designe.'c-i with 'ptlarticulo.r. &'fenﬁop to fh; speci«ﬂ @Iems of marginal groups of small
farmers, who are ‘customarily not ex}boséd to much cutside i_rv\fo_rmfiofL/ They have high
rates of v'erbol illiterocy?-/, ond.their visual li*eracy is markedly different from that of

. ’ .o 3
urbon peonle accustomed to moss media=

l.  MUTUAL-AWARENESS COMMUNICATION

Agricultural development plans such as Puebla have traditionally emphasized
Agncu ; ¢
experimental farm,"ideal" solutions for the smoll former. But, the years have shown
in both Puebla and other similar cases, that scientificolly "saund" information can be

nullified by ncn-acceptance because it is nat “sound™ in te-ms of local social knowledge.

T/~ "Communicatior ' is a "communal” activity, although many people unconsciausly

T conceptualize it as a unilatera) tronsfer of infor.:ation from those who have it to
‘those who do not, o *

2 / 45%-of the men and 52% of the women are officially listed as illiterate. The un-
measured functional ulluterocy rates would be much greater.

3/ Rcseorch in progress. '



With small farmers it is necessary to use sociol and cultural information as well os
agronomic and econamic information because adoption and use by farmers are essential
to ultimctely validate the significdnce of scientific innovations in blant"or'soi | infor- *

mtioﬁ;  In addition to the new production ond ecchomic alrernoﬁves, rural develop-

ment must include new coamhve alternatives for the ‘armer (See Zulberti's poper).

Mutual-Awcreness carmunication is a system to insure that the social knowledge
of farmers and the scientific krowledge of planners con be “s;'n'thesized. This system involves
3 separate but related steps. Step one consist‘s"of mutually exclusive definitions of the
state of well-being, prlorna;;;; change, and mechecnisms for that change. Step two is
reverfing that inforr-ation to the farmers as o clieck u1d a further refinement af the

definitions. Step thiee is arogram planning bases.on a synthesis of sacial acceptability

and scientific validity of recar imendations. (See Fi;wes No. | and No. 2)

The experience with corn in Caqueza as described by Zandstra is an example of
the way in which. a cammunication system designed t« create mutual awareness can
operated. The desiin and definition of this communication system has been made in
re;'pmse to the v&ry specific needs of an opero.ting 1. “al develop 1ent project. The concept
of mutual awareness cammunicztion has been built ar severcl years of experience in Caque-



Figure No. | . Non-Coincidence of Cognitive Sets
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Figure No. 2 Incorporation of Farmer's Social Knowledge in the Planning

Process
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1. THE INITIAL PROGRAMMING PROCESS

In this section the initial programming method employed in Caqueza will be

!

described, to serve as a point :o,f reference for the improved methodologlés described in

the next section.

A. The Determination of Agronomic and Economic Needs for Production

As Zondstra'a paper shows, the traditional production system shows low’production
costs, low yields, low risk, and low profits. His paper gives a cetailed presentation of

this information .

Again as Zandstra indicates, over u period of three years various trials were
replicated in experimental plots on commercial farms ‘o establish a set of recommendations

‘which would maximize production possibilities on the mini-farm.

B. Communication of Recoinmendations to Farmers

The project hegan to introduce its recommendations in its extension activities in
1972. Trcditiénal extension aporoaches were utilized. In numerous small gf;)Up meetings
the ICA technicians verbally presented the information to the farmers who attended. In
general these meetings were structured and controlled by the ICA representative. The

farmer wos allowed limited opportunity for talking. ‘.ritical farmer response was not



encouraged.,

Three other opprocc'hes. were also used. One, fleld day demonstrations on
experimental plots were used, where possible, so that farmers could visit and see rbo
results of the project récommendations. Two, the recommendations were communicated
to a limited number of farmers by ;;ersonol contact, Three, a newsletter was printed for

the Project and carried some -of the recommendation information.

 Although some former responses were collected as a part of this process, it was
informal and non-systematic,and there was no systematic analysis or incorporation of that

feedback information into on'cxiysis or programming activities,

C. Adoption of Recommendations

The farmers response was mixed. Zandstra notes that only 22% of the recom~
mended fertilizer was applied, even though fertilization was a welcamed part of the
experimental trials on farmer's fields, However, 86% of the farmers did chonge planting
distances, a measure tat had been unpopular during the experimental phosé. They
odoétod the recommendations that did not entail investment ;:nd rejected the others.

Adoption rates were comparable fo those in the Puebla Project, as described by Zulberti.



D. Evaluation of Adoption Rates -

The reaction of the people of the Project to the lack of adoption was two -
pronged; On one hand, the fertilizer recommendations were revised. On the other,

" the extension methods ut_ili.zed were re-examined in the light of the anthropological

information that was being developed.



I, REVISED PROGRAMMING PROCESS
An--understonding by project quso}inel of th_e.,/far_mer"s definition of his well-
being is a prime requirement for program action planning, as*was discussed by Car-

los Zulberti.

A, Mutual Definition of the State' of Well—Belqg

Traditional agricultural and sociological-anthropological research methadologies
were utilized to describe the actual state of we"-B-eing. The agronomic and'ec'ono'mi'c
.research, 'as described by Zandstra and Swanberg, began' to .i/demify bds’rc production

mformahon. Interviews and porﬂcupont observation. by. the socuologm and anthropologist

establl&hed some farmer defmmons of well-being needs ICA techmcmns, who arel in

Y

continual: contact with farmers, also recelved such information. After initial guudelmes

were establushed abouf the farmer's concepfuahzahon of ‘their own state of well-being .

the mformohon gcnhered wus.used to structure a series ‘of, formol-, controlled mteryuews

to further specify our mformohon. Amor'\g‘.Fao;mers, social iu'ov'vledgi aboui’ corn is male
'knowledge. ‘Women do net directly ‘make dicisions abou? crops. Researci; has.sh:vin

that men are more Sonservoﬁve about risk and change behd;iours. (Dn':foco_ “The Economic |
Role of the Woman", Study in prooess) Men are more wilfi;\g to accept the sure minimum,
thOn try ‘for the possible maxumum. They said "We plam corn and leave it, ond we know

rhm at harvest the ottics of our houses will be full and we will have enough food for the

yodr. It does. not need fertilizer or attention. Sometimes weavels are bad". That

EN
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translates into the following varicbles about corn cultivation: (See-Figure No. 3).

vl

V 2

V3

V4

Vv 5)

~ Com is-the Food Supply. Farmers object to selling corn becouse they

~

think that they ‘m‘ight run short and have to buy corh'llotor, It is best

to store it.

. Corn is cheap. Since it is for consumption and not for sale, insecticides

" and fertilizers are not used because that would increase the ‘price of the

family's food.

Corn is easy. No special cultivating h‘? to be done.  Other cash crops

may fill labor <emands to. the’ maximum in peak work periods, which could

. leave- little labor capacity to expand cultivation of corn.

Comn is sure. Traditional cultivation is dependable and known. There is

minimum risk, also minimum expectation.

Corn has low productivity., Not using fertilizers or insecticides means

low productivity. That level of productivity is known and acceptable.

éxperimenfing with production might lead ‘to crop foilure. A. sure,

minimum production is more acceptable than possible failure and no food.

This social knowledge was then combined with the previously collected agronomic

ond economic information.
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Figure_No, 3 Limifs on Action Possibilities

Exomplo: Corn_Recommendations

Past "Experioncc And Accumulated Social Knowledge

Corn is Food: supply
"“TCorn is cheap
Corn is easy
Corn is sure
Corn has low préducﬂvify
Decision on cropping pattern

Successive decision on cropping pattern

D, and ,D_2, are_approximately

|
the same, with only slight

variation Between the two.



. B. Pre-Test of —S'cionﬁﬁc and Soclal Knowledg
1) Feedback Form

" In this stage th fcrmer's concopfvolizoﬁon aof his wcll-boiné is put into a cam-
municable form ond his own mformﬁon is pnsenfod back to him. The purposo is ta feed
the information back in a social context whlch will stimulate "social analysis and inter-
pretation® in the farmer group. Since the Caqueza region is fragmented into small social
groups in dispersed farming sétlemedts, ﬂ\_i: merhoJ seeks fgl' bridge that fragmention and
:h;w that there are cammon well - being prabiems fraiﬁ one group to another. The
(oalizoﬁa;w aof common pr;:biem can facilitate identificatian and acceptance of cammon

solutions.

Information was fed back to the farmers in three ways. bne, visual communication
materials were produced, such as the film, {‘Porcdes de Piedra". Two, onl’hl_'opological'
studies were designed to test parts of the original analysis of forr;ler's social knawledge:
including o ovoluofi;n of the information in the film and analysis.odf the farmer's concept

of well-being. The results of these studies are currently being analyzed.

Three, ICA technigians used their daily contacts to test farmer's verbal

reactions to the revised recammendations.
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2) " Content

In any communication éxchong‘, overt and covert messages are ﬁomd,back
and forth. In the pre-test, the overt message Aoomaincd the wbsténcot‘of the scientific
ond sociol knowledge. The formr‘s"_s'o;clol knowledge about- corn proddcﬂo;\ was
included in the first f ilm that we produo_ocj in the area. In the ugniﬁ“ﬂmt talks
ubout corn p;oduction we: see how that was done. The former's definition “of the;r
own woll-bging is usually in negative terms; fhey'tolk obogf limifations.ond things
they do not hovc..’_‘ The overt scientific knowlocige that was ;ociolly tested was the

recommendations,

This pre-testing of information carries covert messoges, which are very important
in terms of the goals of rural development, These covert messages are basically
intended to focilitate cégniﬁve re~organization necessory to change from a sub-ordinate

position to a position of participation in development. One covert message is their

own iubgo o? themselves os\imporfontftﬁ.embers_f_o_f"fho notio'nol economic. For example,
they roibsﬁded to the film with these words, "The farm":fs pretty in the film, oand when
¥e were working we were not os dirty“ond owf‘ull'os | though wo were". This way they
are ,,ro'.,d o_f. being formers. They were also oxcifed.thdt fhoir friends, neighbors, ond
'ogia'; cauld be seen in o movie, Being able to porticipate in mass media, suggested
to ﬂ;oem th.at thoy w.ero imporfant cnwéh to be shown The result was that the image

of the farmer ir—the film is closer to on acceptable image of flmmsolves; this counteracts

the usual mass medio image of the farmer as o country bumpkin. If.formers involve
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themselves personally in the rural development effort, they first have to be proud
of being farmers, - If they are ashamed of being farmers (as is traditional in Colom- X

. _ ¢
bia), it is difficult for.them to want to“be better farmers.

The second covert message in this pre-testing process is the importance of
manipulating and criticizing i:\for;rntion_input.u' In the tradiﬁon;:l éktensio_n_ system
of ICA the fo?mers recleive the minimum technical information n\eeded on& have
little systematic opportur'\it)'/‘ .foﬁﬁfcal evaluation.’ Pre-t;sfing su-pp.lies the farmer
with more information than he previously had. He is ;ncoﬁroged to cri!'&jcqlly

evaluate the information and to specify the variables involved in his oﬁn problem

definition, (See Figure No. 4.

_.3), Forums

The forums in which ir formation can Le pre-tested with small farmers are

[

-

numerous. In Caqueza pre-‘tgs(f'ing has ‘been primarily done in anthropological research
situations. My research initiclly defined problems, according to local social knowledge.

In a number of student researc., projects my informarion has Leen re-tested.
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Figure No. 4° Effect of Covert Messages on Action Possibilities

Past Experience and Accumulated Soclal Knowledge
V5 = Farmers are important Variables 5 and 6 can affect the
. ' - decision process but are not
V6 = Manipulating information

wfficient to affect major changes.
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The process of pre-testing should be corried out in o wide voriety of forums
to insure efficiency of the feed-back process that we seek to stimulate. In the rural
development projects, pre-testing should take place in the followi ng settings:

¢

Rural, Small Group Mestings

The ICA extension progrom is based on the principle of o small group of
formers meeting in their own s__efflemem. Utilizing that situation, ICA fechnicions_
should be trained to maximize the participation and feedback possibilities from the
farmers. In these some megffngs visual communica‘rion materials can be iniroduced ond
used. Tkis process has olreo&y begun ~in Coqueza.

~

Visual P@r_ams in Town .

On the weekly market day ond ort hol.idays farmers gather in town. These
days have been utilized to program film screenings and other kinds of public presentation.

In this way film or slides about rurol development can be shown to os many as 500

people in one day in controst to the normal small groups of 20.

4) Significonce of the Pre-Testing of Information

The overt messages can be re-andlyzed to correct“then: or further elaborate

them before they are formally included in the—orogiamming decisions. The covert
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ms,sog,esyfbosicolly tell the farmer that rural development is worth the effort. After

- -

decades ﬁfmish:ust of governient programs and mistrust of people who come from the

city, special effort has to be made to get beyond the mistrust to see that ‘positive

changes may be possible. And, significant for ICA, is the fact that farmers social
. A . ‘ - |
knowledge is becoming a part of the body of information with which ICA works in

lts_\'-bwn p!}anning_, <reseai’ch,' and evaluation (See Figure No. 2).

cC. - Proggmming

With this approach to rural development, planning is done by a professional

who uses"socicl and technical knowledge to plan the project's recommendations. In

this way there is a greater possibility that the scientific knowledge developed in myriad

experiments can be incorporated and utilized in the everyday farming.situation by the

farmer. Zandstra will define some of the agronomic and economic data that has been
R 3

used in programming in relation to corn production. The social knowledge that is

incorporote& in programming included the lacal conception af corn production, cost

’

of farm suppliei, aridity, low profit margins, plan disease, yauth and inexperience

of rural develapment personnel!, etc.

In some cases problems so identified have no inmediate solution ond simply-

have to be occepted by the development professional as limits on rhe development

process. If it is a treatable problem,:' it has to be broken down into its component

variables, so that tiie particuiar problem variable or voriables can be specified.
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For example, Caqueza farmers are little interested in applying fertilizer to
their corn crops because of the high cost of fertilizer, the fear of risking their own
year's food supply if something goes wrong, o;md the anticipation of low prices and
low profits. So, their, reaction has been to reject fertilizer for corn. They said
that the only solution was that the supply companies  not continue to raise the
prices and establish some kind of control on the intermediary system, so that farmers

and not intermediaries wauld get more profits,

However, given their low-information position, they did not have control of
needed information” to generate specific programs to solve their economic squeeze that
prevented them from adopting com recommendations. They could identify the problem,

but they could -not solve it.

When the farmers rejected fertilizer applications to corn, a simp]e componential
analysis was used to determined which variable or variables presented the real problems
to the farmer. Was it that ke did not have cash at the time that he needed fertilizer?
If so, credit might solve the problem. Was it that the anticipaied profit margin was
interpreted as being too narrow to support sustantial invesfmenr.in fertilizer? |If so,
low cost innovations could be suggested until the profit could be widened to an
acceptable margin. .In this manner the-q.c‘amponent variables of the fertilizer rejection
v;ere ;solored one by one and their soluﬁc;ns identified. One by one the voriables

were pre-tested against local social knowledge to determine which would be effective
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solutions. ,In this lvay the program of intervention was planned.

The solution that was developed utilized the local version of "share-cropping”,
called Compahifa , befwe'en the local oériculfurol cooperative and the iﬁdividuol farmer,
.Th_e farmer gets fertilizer on credit frgm the Coop. and 'signs an ogreefne'nt fg* market
through the Coop. Thus, the Coop. can control fertrili.zer cost and market price to
insure ﬂhne farmer the widest pos sible margin of profit. In this way the farmer was
freed of some of the limitations on his decision process. Thus, it increased his
possibility of being able to adopt recommendations for corn production. (See Figure

No. 5).

D. Communication of Technical Information

1) Traditional Rural Development Communication

The traditional orientation in rural development projects has been to develop
desired praduction ‘condiﬁons and to communicate them ta the farmer, with the
assumption that he will accept the ihnovgﬁon. This ossumpﬁon is based on the idea
that the farmer has the same cognitive set as the resesarch oriented scientist, and that K
he will reolizq the advantage .af the innovation. All toa_dffen the farmer has not

accepted ‘the recommendations, or he was interested in accepting only part of the innovative

package.
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Figure No. 5 New Action Possibilities with Socl:iollx-Rolz'vant Technical
Recommendations .
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"Why? Because his cognitive set is different from that of the research scientist,
His educational experience, his farming ‘exporleﬁce, ‘and his vision of the world are
radically different. What is “logical” in scientific terms- is not necessarily "logical”

in terms of the low-information, subsistence farmer on o)ﬁ‘mlni-form.

Far these reasons pre-testing is essential to transform the technicol, scientific
information fram rural de\}elopmnt.pfofessiondls into -terms that ore occeptable and
- useable by the small farmer. Pre-testing insures that program plans are not only wvalid
in terms aof scientific knawledge but are olso-vo-“d in terms of the social knowledge

of the receiving group.

" 2) Content

In oo;wfrosf to the relatively open, problem defining pracess in the pre-testing
stage, technical communication has a direct messace about the confel;tt and significance
of technical recommeﬁdotions, similar ta frog!ifionol 'extension techri ques.” However, the
style of pfenntotlon of.fhis specific information must perrﬁif farmer reaction and inter-
- ch&nge. :The avert message may be direct and specific, but the farmer needs the

opportunity to respond.

hY

. 3) . Form

Direct personal contact and visual communication ore the necessary forms of

communication with the Caqueza population with its high illiteracy rates. For this
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reason, ICA has developed its communication around intensive use of technicians

in the rural communities, and we haw'w actively involved in the development
/\

of a complementary visual communicoﬂon system, which now consim of 3 films that

can be used in pu-teshng ond 3 films of hchni’ool informoﬂom o

4) Forum

The forum of interaction ‘is basically the same as in pre-testing: small rural
group meetings, transitory morlrtot day ‘.gothcrings,-lond holiday celebrations. One
additional forum is utilized for unilo.tgrpl technical communication, the ICA special
meetings. On spo‘cio| field days formers are invited to visit an ;xpefimentol plat
located on a farm in their \zone. On other occasions trips are made .tq an experimental
farm or ‘even to a rural development project lin a ciifferont agricultural zone. |In

o o ‘

these meetings the teqhnic'tal information and recammendations are presented to the

farmer with concrete evidence in front of him in the form af the experimental plot.

5) Significance af Technical Communication

The absol;no level of information is increased for the farmer. In the com-
.pdrisons of one zone with another, he can. understand more ‘precisely the specific
influonoo of certain variables. His information cantent and analytical capacity
increaso. So, boyond the improvomom in production and marketing possibi%nes,

his eomlhvo skills and possibcliﬁos are inptoved



" 22,

IV. INTERNAL COMMUNITY COMMUNICATION

‘The existing communicational infra—structure of the community is the most potenr
meuns of cohmb‘nicuﬁon withip the local community. The employment of existing com=
mun!;:ufiop. b;\ the projegt could subgtdh;idlly-,increase the efficier;éy of ,fhe pre-testing
and progrummin§ stog:es' .described. So, it cannot bé ignored. But, such channels of
" communications érq so diffuse, and ‘o'mni.pre.sent in the small furmer. community fhut. it

is'impossible‘td-directly Vv.:ﬁlize‘th‘em ina formol ébmmunication system. For this‘

reason this is not @ major intervening activity on the part of the rural development
. . ' 4

project. However, it is possible to plug into the existing system at certain points.

A. Project Support for qommuﬁity Commurication

The community communicational infrastructure can be supported by encouraging
contact oetween the normally isolated rural communities, [CA technicians each have
. ) T ]

the responsibility of visiting various such communities. In.so doing they carry informa-

tion from one community to the other. Their presence gives the locgt people a new
. . X el

channel to send and receive messages.

B. ' Former Produced Communication Materials

(CAdbes been active in-organized public programs on 'certqir;. holidays in which
farmers have the opportunity to present couplets, songs, skits, ordances, usucll)} of their own

-invention. The project Newletter has also been used to communicate some of these
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materials.

In other social change programs video and film materials have been produced by

the local community as a channel of internal compunication, Small fakmers of Colombia

o ]

"do not.normally have much mass media exposure. In addition to their lack of familiarity

- ©

with visual communication media, many technical problems gxist for the realization of

such communication plans in Caqueza. Nevertheless, we are encouraging experimentation

with such materials as'a means of expanding rural development communication beyond one

region.

c. Farmer Control of Their Meetings

Community\control of small farmer meetings tias been used as a means to re-inforce
internal communication. Someone from the local chnmunity directs the meetings. As
community people control the meetings, fhe.y control the subject matter to be discussed,
and they interchange more ideus and criticism. The draw back of community control of
meetings has been'fhof if one rolitical faction gains.control of the chairmanship of meetings,

then n.> one comes fiom opposing factions.

., . . ’ H . . ‘ .
The traditicr al eatensi :n approach is that 1" 2 extension agents talk and direct
the meeting, resulting in miniral interaction on the part of the farmers, That lack of

interaction seems to have led to a pussive resistance !o the information communicated.
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D.-  Significance of Support for Internal Communication

1) Increased Horizontal Communication

Basically, thi;_ means that the increase in fhe level of information gives the
people more to talk asout. Prm'/iding rural developmen? fnformtfm.input to the local
comimunity increases the potential audience. Some of the information is included in
normal conversatior;‘and gossiping networks. So, utilizing local communication channels
means that more people will receive the -information. Those who are ICA related farmers

will tell some of the non~ICA relatéd farmers some information.

2) Screening Outside Information

Plugging into the internal communication processes also means that information
frqrﬁ outside sources will be screened according to the needs and capacity. and tolerance
thresholds of the small farmers. Problems of culturally irrelevant information, culturally
Qninferprefoble information, information overload, or offensive information can be screened

out and <liminated. Thus, information is presented within communicational thresholds of the

small farmers.

3) Community Specific Treatment of Information

" Local people can generate kinds of information or interpretations not recognized
as important by outside professionals or technicians. Rural development data can become

mixed with gossip, community information, or covert parallel communications and will



more readily become a part of the existing informational structure ., -
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V. CONCLUSIONS

A, Shape of Information

With the vorious.checks on the communication system by both professionals and
“farmers it is possfble to transform the information into the necessary acceptable form.
The silent withdrawal and non-understanding of. scientific information on the part of the
farmers i; no longer the only means to react to unacceptable information. In this system
technical informaﬁon‘can be more readily utilized. In the traditional vertical communication
‘system the dominant professionals unilaterally communicate to subordiﬁant farmers. In

part the farmer rejection of that dominant social relationship also led to their rejection

of the information.

‘It is not easy for farmers to accept that a young, inexperienced rural development
technician from the city tells them that he knows something about farming that they do not
know. But, if the technician comes to hear their definition of their own problems, and
then later returns with a proposal to solve those problems, they may be more. amenable

to listening to his information.

B. _Mutuolil_’x

The concept of rural development-as one of a communication process designed to

increase mutual awareness, mukes program planning depended on the farmers input.
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In this way program planning is closely tied to the farmer’s perception of his problems,

so that the aevelopment recommendations are more understandable to the farmer, and he

can more reédily accept them and u.se them. In traditional agricultural extension oPprmcHés X
the farmer was given technical information that did..not directly relate to his production
situation, He wos\expected to do the necessary work: to transform that infclarmotion into

forms that he could use.
We are suggesting that the planner, using social and anthropological information,
should assume a larger part of the responsibility for transforming information into forms and

terms more readily useable by the farmer (See Cover).

C.  Definition of Development

_ Rural development is an effort to expand the effective knowledge base of the farmer,
change his cognitive set, and realize a chance in factors limiting the farmer's production

and morkéﬁng possibilities.

- Small farmer agricultural development depends on expansion of the farmer's infor-
mation base and cognitive set so that he can efficiently utilize the possibilities open to

him,
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D. Evaluation .

As development recommendations are communicated to the farnfer in the rural,

- "

.small group meeting, o in the field demopstration da_y, eté._, fhe sought effect is that
the farm‘er's inforrﬁatioh is expanded from point A to.poin; B and that the cogriitive
possibilities for action are augmented, as described by Zulberti. The success of a rural
deve‘:lopment_proiect therefore can be measured in 2 ways. One, is the percentage of
increase in..action possibilities open to the farmer, such as an increase in the availability.
of ™useable" credit and not a total increase in credit. Two, is the alteration of the
farmer's cognitive _organizaﬁ;zn to permit him to identify his production and marketing

_problems with more precision and to identify specific solutions.

This utilizes Leon Festinger's theory of cognitive dissonance, in which each new
presentation of information results in an adjustment in the organization of existing infor;
mation.. The_se gradual adiustment of information organization are constantly in process.
Specific actions, as generated by the lperson, are determined by co;"ntent‘cmd organi zation

of the person's information,

E. The Goal of Development

According to this definition of rural development, the ultimate goal is not

[y

defined only in terms of production levels or profit margins. The goal is a state of being

in which'the farmer is continuously generating effective solutions to the cor;tinuously



arising problems confronting him  (See Zulberti's paper). Development is the capacity
of the farmer to solve his problems to the maximum within the limits of the system in which

he lives.
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|. THE OBJECTIVES OF EVALUATION

The major thrust of this baper will be to show how an evaluation program in
rural development may be structured to allow for analytical evaluation. Analytical
evaluation becomes 'r:‘é'c"essory to explain which faétors cause less than full goal
achievement in ocﬁc;;w programs. Only after this knowledge has been acquir..ed do
dvaluation programs take on real significance and usefulness.

Since my discussion of the role_.of evaluation will follow a somewhat non-traditional
course in this paper, it may be us.efu_| initially to lconsider the most limiting aspect
of evaluation, namely, defining its puréqsé, since®he . type of evaluation method-
ology chosen is likely 'to depend upon the obiecfiv; of‘fhe evaluation. Examples
of three .differenf purposes_ for. which the evaluation of the Caqueza proieéf may be
used will illustrate this point.

1) The Co|ombior; Government has charged the Colombian Agricultural Institute
(ICA) with the responsibil}fy for agricultural exfension.' Let us suppose that
its reason for doing s is to prevent rural unrest by showing that the Govern-
ment is serving the needs of the peasant farmer. An evaluation system
designed to meosur\\le the succéﬁ%;ﬂ:ilure of this program would attempt to
identify an increase or reduction in peasant _farmer unrest and displéasure

/ ‘
with the existing Government structure. The analysis would involve eliciting
farmer attitudinal changes, and observing the aegree c;f ‘ci\ange in the num-
ber and intensity of farmer opbosiﬁon activities. Income generation, social

well=being, and weaith levels would not be included in any evaluation
g ny

"scheme designed to satisfy this purpose.



2) The Colombian Government is also attempting par'filolily to finance its rural
'deve!opmenf program with the assistance of a subsfanﬁoll loan from the
lWorId Bank Group. The types of analysis being .cdrried out fo justify this
loan finonciélly are strictly economic in nature. The factors beiﬁg studied
include base-line pro_du_cﬁon information, _ond:f'hg pjroiecfed costs for the

c.onsfrucﬁon of infrastructures (such as roads,."mbr‘k_efs, rural electricity,
proéessing. plants, etc.) and the benefifsuwhfch they will generate over the
next several years. It is this type of finoncial evaluafipn which ’i's:' the
most widely used by donor and aid-giving institutions to demonstrate project
.viobilify.

3) There is yet <:;nother form of evafudhon,{"ﬂowever, namely, that in which
the IDRC is involved in its present rélahonsbnp“wnh ICA. This is to
evaluate whether the rural development project contributes to increased
rural well-being, and to determine the extent to which the rural develop-
ment projects contribute to national well=being. In this case, the ériferion
for evaluation is "wel‘l—being" and not "economic development" per se.
This implies that such variobles;' as group participation, regional or national
decision-making capacity, health and nutrition, leisure fimé, etc., must
be formulated in quantitative terms. It is also necessary to generate standard
.types of data on income levels, farm size, population, etc. Initial values
of these variables may thus be combined to form a generai quantitative
‘well-being" index.

Although this is the type of evaluation information which is required in order

to ascertain whether or not the goal of increased well-being has been



achieved, it is not certain that an aggregated quantitative index will be
easily obtained nor that it will be viable as an evaluation tool once the

data are processed. It may bé that each’ var'i.able will have to be 'conside'red
separately, and some forrh~of'urbitrclry vyeighfing will have to be designed
ta caunterbalance ‘the increase in one variable with the decrease in another.
This appraach is in contrast to the traditional technique of us?né "net family"
ar_"per capita income" as proxy variables for all of ﬂ;e other well-being
varicb|es:
These examples illustrate three distinctly different evaluation objectives which

are currently being applied in the ‘Caqueza rural deve.lopment proieci’, each af which

requires a qute.differenf evaluation methodology. The first measure.s farmers' values,

attitudes and political awareness, the second is almost exclusively financial, and:the

third invalves developing measurement techniques for well-being variables which aften

have attributes of a sacial rather than an econamic nature.
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Il. TRADITIONAL EVALUATION TECHNIQUES

Donor agencies traditionally employ standard fiﬁapcial aﬁq|yses to evaluate the
viability and success of the de\;e|opment programs in 'which they }nve;t. Several
alternative techniques are available, which have been pdeqﬁotg|y"disc_:ussed in the .
evaluation literature, especially those documents emanating from the World Bank
Group.

The more simplistic financial ‘evaluation techniques are the payback period and
the éimple‘rbte of return. However, there are serious drawbacks to these two tech-
niques, mdinly becayse the time value of money is not taken into considérotion.

The .fechniques which do emp.|"o.)'/ thfs concept are the ratio of preser.nt vo|ue1- benefits
to costs, the present value of benefits |essbcosts, and the calculation of the internal
rate of return.

In spite of the fact that the tachniques which employ the time value of money
concept are regarded by the donor agencies as pn;oviding adequate ranking systems
for investment fund allocations, their conclusions may be misleading and meaningless
for development purposes. The reason ;br this stems from the measurement problems
encountered in benefit-cost evaluation systems. . The major problem involves the
choice of the inte;resf rate to. be used iin the calculations, a choice which depends
chiefly on the cost of capital, according to the. source of the funds being used. The
second major problem lies in determining proiect.duro.tion and, more specifically, the
d(;ration'of.proiecf benefits. The third problem is that of designing quantitative proxy

Qeariables for both social benefits and social costs. Lastly, comparison of projects of

different magnitudes may give different ranking for each technique applied. Suffice
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it to say that if financial analyses are to be employed. in rural development project
-evaluafion, extreme’#are must be' taken in selecting the techﬁique to be used, and ..
in'consider.ing the .measurement problems to be epcountere_d".

' Perhaps the most critical question that may be_raised against those evaluating
rural. development orojects by methodologies based on financial i‘nve"stment ’.criteria is

“ Does .the  level of funds allocated or the rate of return on..them really constjtute an

cdequqte' measure of 'development' ?"



I, EYALUATION IN THE CAQUEZA PROJECT

There are several points to-be.made: about.'the evaluation program in the Caqueza
projeét.. :As 1 said garlier:in this paper, the primary.objective of gvdluation activities
:is to measure goal achievement in the pirsuit of .improved rural well-being. In order
to perform this task effectively. evaluation concepts must be taken: intofconsideration .
during -the diaghostic period;, during actioh program planning, and’ throughout the pe-
riod of on=yoing project opetations. “These “activities’ mu;f'.ﬁ‘é' performed in addition to
posf-project impact evaluation, ’Th‘e Coc;-u_.éz'o project staff also feels that it is me-
_cessary to charge the evdluation program with tive responsibility ot-designing evaluation
're;earch of -an analytical natute, which may detect the causes rendering  goal achievé-
ment less than sofisfacf’b(y, whén si‘:ch instances qre /idénﬁfiéa. 'Thisﬁty?g'of dcfivify
is not generoll'y considered to be appropriate for the evaluation team in most rural de-
veloprﬁent projects; insteud), it is ossigned to the researgh team. However, in our -
éxperieﬁce' fh;e research téam“Ss composed of the more scientific research personnel.
such as ogronomisfs; anirr‘:al'scientis.fg, plant breeders, etc., and no origntation to-
ward researcH into socio-economic conditib'ns,-.w;hich constrain_ the ado‘pti.on,proc.ess;-,
is forthcoming. Hehce,;fhege tasks fa||.intc'> ;I';e purview of the evaluators, who are,
in most instances, at least familiar with the fields of economics, sociolb‘gy.,"’c.ommuninﬂ
‘cations ar;d anthropology . Aha|yfi‘cai e;/a|u¢fiop,. then, bec;;mes part of -the evo|ugﬂon
sercfure, and is designed to in\;esfigafe the institutionat Sonsfraints impos‘edv on thi:z
peasant farm c,ommuni&y., v‘whivch_inhibl't:fhe farm families .f.ro;n obtaining the full po-
fen.ﬁ.clzl _bénefit of tl:e néW' technology, both sgienfific and e'c:onomic,. which is b;ihg

introduced into the region..



A. Diagnostic; Smdies
Prior. to ;nit{aﬁng any action program, it is Qsﬁally necessal;_y.to carry out soﬁne form’

of diagnéstic*study. Such a study attempts to provide a base=line or initial status level
of . the regional éhaﬁbcterisﬁcs which the action brogram is .designed to change. Ex;_)erienée
in the .Caquezd pro'iect,- however, has shown that such base=line studies prior to project
action are often in'adequafe', mainly becq'use the depth of analysis is far less than that
requ'fred by post-project impact evaluation actitivities. 'If, as was found by subsequent .
analyti.;:al"e\;qlt:qtion in the ‘project, farm incomes are inco;'rei:tly estimated in fhe initial
stages of proiéct development, the degree of goal ‘achievement, as determined by post-
project activity estimates, will be incorrectly calculated.

| The initial Caqueza diagnostic study can be used as an example (Escobar, 1973).
The original data for farm size c;nd production patterns, based on the socio-economic
survey ;:F more than 600 families in early 1972, provided a rough estimate for income
p.c. of about $50 (Cdn.) derived from monoculture corn production, some dc;uble cropping
of horticulture crop;, and off-farm labor income. Six months lqtgr, improved estimates
of agricultural prodpction; which tock into consideration the actual pattern of multiple
croppings encountered in the area, and which were derived from cost accountings of the
major crops ésnd\sjtheir associates, yielded per capita incdfe figures of about $66 (Cdn.)
in July 1972, Subsequent analytical evaluation, which more accurately reflects pro-
ducﬁon’incomg and food expenditures, suggests per capita income levels of approximately
20% higher (Ramirez, ’Villqruel, qu.nberg, 11974; Shipley and Swanberg, 1974; Florez
and Swanberg, 1974). Obviously, an evaluation program based or; the original estimate

of $50 as the base level would unduly inflate the degree of project achievements.



~ The principal reason why the original estimates were so erroneous was Becouse the
peosantA farmer, prior to the development of benefits from proiéct activi}i;s, was overly
suspicious of the motivations of the ICA personnel- soliciting ir‘come inforr;'nafion. Tra-
ditionally, the farmers of this regior; suspect that gjgvernment employees are trying to
elicit information for tax purposé_s. v"Tbi:‘s type of informtion was thus not available
directly, but ho_;J‘ to .be c,alcul—qfé';i from information on farm size, family size, agri-
cultural prdducﬁo_n and costs, and bff-fafm labor returns. - And it was found in this
typé of situation that eoc‘b subsequent analytical evaluaﬁon.provided more complete in-
formoﬁon-on &gricultural.producﬁon, costs,‘ond returns, and more exacf data on the
patterns of multiple cropping utilized by the farmers in the area.

Two major conclusions have been drawn from the experiences gained in developing
the Caqueza diogno;fic stt‘n.dy. First of all, the determination’ of bose-line. levels of
soéio—eccnomic characteristics must be derived not from vague estimates, but from ho;d
dofo, which are obtained over the first few years of a project and not c‘J'uring the few
months of superfic.iol pre-p.roiect surveying. The information .gornered during the pre-
project period serves well for selectin‘(g project areas and, indeed, gives guidance as
to' the type of ucfivities to be initiated, but does not lend itself to establishing base-
line levels of socio-economic characteristics. ;I'he second conclusion is that the trends
of cho.nge over time must accompany base-line data levéls. A knowledge of the trends
‘ of change in farm size, family size, income, health levels, migration rates and em-

ployment levels is necessary to substantiate the degree of project impact in goal achieve-

ment attributed: to project activities.



B. Impact Evaluation

Impact e\}aluotioni,sc'arried out only when an action érogram has been in 6peraﬁon
for a sfgnificant period of time, in order to allow for the e);i)ectaﬁon that at least partial
goal achievement has been ébtained. The type of evaluation employed Is dependent
upan .the-obiec.ﬁve of the specific evaluation and fﬁe type of goals set for the action
program. _Although it must be realized that net per capit;: income is not an all=
encompassing proxy variable for those items incl‘uded'in the well-being index, an illus-
tration of impact gvaluati.on using this variable as an example will sesve to demonstrate
<.>ne'of the techniques currently .accepted in this field.

Farm income in 1972 was estimated at $645 (Cdn.). The technological potential
developed up to the present could produce a farm ‘income, assuming no change in farm
size, of $400 in corn, $400 in horticultural crops, */ $50 in animal production and
$113 in offffofm labor, totalling $963. Recent projections based on a number of a‘na-
lytical studies currently being prc;cessed, lead one to hypothesize that corn technology
ad(:;ption could be 30% of the recommended package, ;md h?rﬁculfure and animal hus-
bandry technology adoption could be 50% of tl‘ne recommendation over the three years
of project operation. This would yield an income in;:rease‘.~of 20% with farm incomes
of $ﬁ2, assuming that prices remained constant. An evaluation of the achievement
of the godl of substantial income increase in this situation would conclude that the
project has been successful . Nevertheless, several questions emerge‘". Why was the

odopﬁon. rate low for corn and high for horticulture? What happened to the unemploy-

ment rate meanwhile? Why is horticulture income higher than corn income in a pre-

*/ This figure is an estimate of the possible yield for horticultural production, assuming
no substantial substitution of acreage or cropping patterns.
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dbmincmtly corn-producing area? These questions are not answered by impact=type
evaluation methods. Yet it is precisely the answers to these questions which will

. shape and guide pollicy decisions for programming f-l.JfUI;e project 6ctivities. It is to
answer them that analytical evc'alluation hés been_designed. |

C. Analytical Evaluation

The first impact study carried_out in the Caqueza proie.ct was designed to study
the nature of the adoption rate in a supervised credit program for corn. The con-
clusions showed that the\ farmérs who agreed to accept the loan on condition that they
adopt ‘the new technology, adopted éé% of the seeding density .component of the re-
;:ommendotion, but only 22% of the fertilizer recommendation (Escobar, 1972). A
§imi|or study was carried out in the pot.ato zone, and the results showed that the tech-
nological package was adopted almost in'its entirety (Escobar and Swanberg, 1974).
'.In_tAhis cdse, Ho;vever, ‘the recommendation did not call for increased input costs.
Prevailing fertilizer, seed, and pesticide costs were at that time at the same level.
Only their quality and the timing of application had to be changed to fulfill the re-
quitements of the recommendation. These studies did not, however, attempt to iden-
tify tﬁé reasons for the different adoption rates for the two crops. Nevertheless, the
studies did draw attention to .the fact that those portions of the recommendations
which required substantial input cost increases were rejected, whereas those portions
which did not were readily accepted. The project evaluation section therefore con-
cluded ‘that additional studies were required. Seve.ral analytical evaluation studies

have now been elaborated and are currently being processed. They have led to a

number of interesting conclusions, a short review of which will be presented below,
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as will the results of a nutrition study.

. 1) . The Real Cast af Credit

Over the past year; several sources af credit Have been available in the project
area (Villamil and Swanberg, 1974).. - Bank credit was offered, at thé_ most naminal
stipulated interest rate, 13% ann4ua||y; and wc;s utilized by appraximately 30% af
" the farmers interviewed. However,, if .the‘ cﬁsts of laan administratian, time spent in
aquiring the loan, the cast .af haspitality and bribes affered fa bank representatives
ond.ca-debtors are included in_this figure, thé annual interest rate rase to 24%.
Friends and relatives were the source af.59% of the credits, with an annual, interest
rate af about 46%. Cammercial sources of credit, 'Iorge;ly determined by excess
pricing, gdye rise ta interest rates of approximafe|y~\52%.. The'weighfgd average
interest rate for the study was 42%. |

The study also showed that the interest rate was negatively correlated to wealth
and incame levels. It appears that farmers with low capital stock pay substantially
higher éopifol costs than thase with high wealth levels. Wealth levels of $6.000
(Cdn) were found to incur cl:pifol costs of 48% and those of $14.000 (Cdn) appear
to pay 30%."/ The conclusions of this study, if applied to project programs, would
increase praducfion( costs, which would lead ta a reductian af ‘recommended levels of
inputs in fHe-' maximizatian pracess.

2) Incame Altematives

Analysis af traditianal carn and potato praduction practices revealed several

*/ Wealth |ev¢-.:|s. are the total value of the farmers' fixed and liquid assets.



-12 -

iqferesfing characteristics of the econ?mic ,cétivify in the project area (Narvaez, 1973).
It was found that these crops are rarely grown alone but are uchlIy part of the asso-
ciated cropping coméle* referred to earlier. In both the corn and potato complexes,
llegu;ne‘s'pl ay an important role. Cash income generated from corn is minimal whereas

.

over 80% of fJiwe potatoes, .I.egumes and other ;/egetcbles.cre sold for cash.

1972 market prices showed that potato p_ro.du'cﬁon easily o;;f-p’roduced corn as an
incomé;genercfing activity, 'ir_\ the form of cash ‘or income=in=kind. In the following
year, however, the relcﬁvg prices for these two crops were reversed. Hence, this
year's adoption study of the supervised credit program showed a substantially higher
,cdopﬁon.' rate for corn t‘echnoloéy compared to the prevfc;us yéor.

In addition to the ono]ysis of corn and potato production, eight horﬁcu|furql| crops
were onolyzéd. The gssocioted cropp;ing patterns at present employed by the local
fcrmers were obtained th'rough a study on the frequency of lc~d use. From this in-
formofio.n calculations wer'e made as fo the returns to factors for individual crops and
associated cropping potterr;s. Returns to factors and net income were found to be low
for corn, cabbage, potatoes, and legumes, but substantially higher for the other
vegetables.

E Taking all this information into consideration, the following postulates began to
)
emerge. Adoption of new practices depends upon severgl fachrs, which include:

a) The :expecfed' net income of f'he crops, ‘and the variance of the physical pro-

duction schedule.

b) The |e\./e| of cash costs req‘;ired for production,- and the probability of loss

which would prohibit recovering fhes;e costs. |

¢) The relationship between the supply of and demand for farm labor now under
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the farmers' cantral, and the increase rquired for the new practices. |

d) The farmers' p&ception of market possibilities for cash crops.' \

In arder partially to demonstrate the complexity of the decision-making process
which the fq.rmer faces, fhg fé;l:lowing set of co'lculotion; are 'preser'ated ('éee Table 1).
it should be .noted f\haf market price variatians, value; af the expected |§ss functions
and the prob‘lem af labor supply and demqn‘d are n'ot' included in this table, but that
these condi_tion?s'must be considered by the farmer. |

Neverfheléss, as stated ~c:bo;/e; the farmer ;uiti\éafes; }hesg crops in various as-

sociated patterns. The mast cammon af these patterns are listed in Table 2, tagether

with some calculatians of retuns ta factors.



TABLE 1. FACTOR CCSTS AND RETURNS TC FACTORS, PER HECTARE

INDIVIDUAL CRCPS - CAQUEZA, 1973

- T .' i Green  Tomatoes _ Leaf

_ Corn Potato Beans Cabbage Beets beans (chonto) .]_/ Onion lettuce
Cash ($Cdn.) $ 19 $99  $102 $ 80 §$104  § 161 5244 $ 318 $ 56
Cash + Salaried o o ) -
labor (SCdri.) $ 38 $i89 s 146 $129 $ 225 $392 § 4197 $ 456 $ 169
Labor _ N
(man-days) 26 114 6l 89 183 182 221 188 202
Returns
Copital 27 (%) 53% C20%  70% 58% 250% . 241% . 228% 246% - * 289%
LObO.l’ ;// ) . .
($ per man-day) $ 2.58 $ 2.87 § 2.39 § 1.39 $ 3.74 ¢ 6.46% 5.13 § 6.70 ¢ 2.97 .
Net Income $ 85 $ 38 $ 102 $ 75 $ 564 $ 945  § 959 $1120 ¢ 488
Price/Kg: 4/ $ 09 $.03 $ .54 § .04 $ .08 § .15 § .24 $ 17§ .16

!

1/ A Colombian variety similar to Cherry Tomatoes.

2/ Copital includes cash outlay plus salaried labor.

3/ The local wage rate for hired labor is $1.04 per day.

i/ Prices were taken at the harvest season, 1973.



TABLE

2. RETURNS TO FACTORS, ASSOCIATED CROPPING

CAQUEZA, 1973

- Potato-Bean b/

" Type of Asso- Net Returns to Returns to Returns */ Returns to Cash . Observed Fre-

ciated Production Income Copital Capital Per to Labor and Fomily Labor quency of the
System ($Cdn/ha.) (%) Month (%) . ($Cdn.) ~ Per -Month($Cdn/ha) Association (%)
Simultaneous |

Production , .

Corn - Beand/ S 64 70% 9% S 1.07 S 8 21%
Corn-Bean®/-Broad Bean § 81 103% 13% $ 1.33 $ 10 9%
Potato-Pea S 409 84%_ 14% S 2.69 'S 68 4%
Potato-Bean®/ $ 177 42% 8% $ 1.01 $ 35 6%
Tomato-Green Bean $2,184 -« 413% 103% $ 6.60 $ 546 <1%
Simultaneous

"+ Production followed

by Second Crop |
Corn-Bean 9/: Tomato  § 567 1% 9% $ 2.82 > a4 <1%
Corn-Bean 9/; Potato-  $2,3716 335% 26% $ 3.64 $ 178 < 1%

Onion ' s .

Potato-Pea; Cnion . $1,587 167% 15% $ 4.84 $ 308 <1%
Simultaneous Production
with Second Crop Seeded
before First Crop Harvested _ o
Potato-Pea; Corn-Broad $ 521 95% 7%. $ 2.50 $ 37 <1%

Bean .
Interrow Cropping .
Potato-Beant/~Pea; $ 607 69% 6% $ 1.72 $ 55 <1%

*/ The local lobor wage rate is $1.04
a/ Runner Beans

E/ Bush Beans

($Cdn.) per

man-day .
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The two preceding tables clearly show the complexity of the dec-ision-moking
proc;ess which €onfronts the small farmer of Caqpeza. Ob‘vi'ously," increased returns
are.ob'tained as he moves from potato or corn production to horticultural productiqn.
Howeyer, the level of investment required also increoses,'whichl méy become a limit="

ing factor which orohibits him from’ ;ﬁovir_\g in this direéfion, It should also be

noted that the comparison of returns to factors are very sensitive to price changes.

-
3

Nevertheless, given the range of prices the farmers have received over the past two

)
3

years, the returns to horticulture (less cabbage) will “still remain .obove th;a returns to
corn, potatoes and legumes. The major conclusion which has been drawn from these
studies is that the level of cash inputs is the key factor in choosing which crop to
cultivate. High cash inputs can increase fhle value of .fhe loss function and may
therefore increase risks even fhoﬁgh production variances are relatively similar. Hence,
it is not so much the variance of the production fun_ctic;n, bt the portion of the
distribution of that function in which losses occur, and the value of tljese losses, which
bring out r.isk—overs}on characteristics among low ‘wealth-level farmers. The frequency
study supports these conclusions by showing that the staple crops, which have lower
cash costs are those most frequently grown, and that much less acreage is dedicated
to the production of Eorficulfurol crops, which have substantially higher cash costs.
3) Marketing

The preceding section shows that horticulture nroduction gives ’higher returns to
“capital and labor than staple crops. It was also mentioned that the levels of returns’
to factors was highly sen'sifive.fo price changes. At several points in time, farmers

from the Caqueza oroject area complained that the low, prices were the fault of

oligopolistic behavior on behalf of the marketing middlemen serving the region. The
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conclusions, which wgré drawn a pri'ori, ;vere that mark.efing margins were excessive and
'thaf the middlemen would have to be eliminated.:

Before embarking on a.ma_rketing program, however, it was deemed necessary to
investigate the marketing system in order to belin a position to refute or substantiate
these cbncluif»iohs.I The marketing study estimated thc; 'truck. capacity ser;/ing the areq,
the number of midd!emel;a available, the amount of product leaving and entering thg
area, and Il'he gross value of com;rzércgolizofion. Truck capacity was found to be’
subsfcnfio.lly underutilized. Only 60,:’/04 otilization was observed during the major har-

. ) ) : |
vest season. Returns to mafkgting agents averaged $200 per month*/ The data from
this sfudy .complefely. reversed the a priori conclusions drawn before the study. Instead
of large marketing margin; and h?gh returns fo marketing sector inputs, a structure of
"atomistic" competition was encountered, with over-capacity of equipment and labor,
which gives rise to low fetufns t( factors. The action programs T\ marketing required
in order to ,i.mprove farm-door prices in this situation, are quite different to those
capable of modifying oligopolistic market structures. " Vertical and horizontal co-or-
d?potion are required for atc'>misfic market st}uctures in order to reduce marketing costs,

whereas decreasing entry barriers-are the major techniques needed to be employed in order

‘to improve farm-door prices in oligopolistic situations.

¥ College graduates earn $450/month, and bilingual secretaries earn $250/month.
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4) Labor Supply and Demgind

The paper on corn’production by Zandstra showed that the new fechpo|ogy
for torn requires a 70% increos;e in labor. Zulberti has also shown that available
farm labor may be a constrajnt (o.r; ‘the small farmer's opportunity 5ackogé. The
résearch staff of the Caqueza Project found that it is quite diffitl:ulf to hire labor
during‘cerfc;:jn periods. 'T|'1us‘, i;w spite of the géneraI assumption fhof. rural areas‘
in developing c.ounfries are imbued with a high degree of real or disguised unemploy-

»

ment, there may be specific time periods when full employment does exist.

‘The Project's research findings, however, suggest that the economically active
population in the three principal municipalities studied supplfes more than sufficient
.Iabbr. fov perform the work required. Not even a 70% Iqbér increase for corn production
would create full employment. ‘Rough estimates show that uneriployment rises to about
40% during peak periods of labor erployment. Although unemployment is high in spite.
of the fact that people feel that there is full employment duri‘n_g certain periods, the
labor study does show that the supposed pinch on hired labor wou|d. not be felt if the
alternative inco}ne activities (horticultural production) we:e increated. This would have
the effect of spreading the demand for .Iab.c;i' lﬂecouse high labor demand in horticultural
cr::és occurs at a different time than fhe high labor demand period in staple crop pro-
duction . Anofher aspect which surfcc.e.s at this_point is that the impression
"full employment'may be due not to the fact that no laborers are available but that the

opportunity ‘cost for labor felt by the laborers is greater than the existing wage rate, and

substantially higher than the value marginal product of labor..
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In conclusion it should be stressed that this study provides yet another demons-
tration of the need for continued analytical evaluation... The interpretation giver to
farmer. responsés was shown to be erroneous with respect to fl{qjactud labor supply, ond

might have led to errors in programming had the matter not redgived further attention.
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5) - Nufrition

| Troditfbnol programs of nutrition educotioh‘;wiere.._corried out by the/ home economist *
in the Céﬁue'ia. proiéc_t, with very pqor’i'/ésulfs:.l.(. Prc;iect peT;o'nnel assumed that there
existed inadequate consumption of all nutrients. .'Névertheless, the. lack of -enthugiasm
shown by the faref® families” for the’.nufrn'tidn ‘educgtion programs -led us to rézgxamine
t‘heir basic tenets witb a view to formulating an acceptable Autrition: bpligx_-,‘

In August ‘197.-'.%, a 24~hour recall consumption survey was. carried- out on 259 farm
fani_il.ies. The Tindi;;gg-‘shbWed that in the higher .\inc.ome“.potot.o 'productfon Aréo, the
np-tri.ﬁona‘l status 8f the overog‘e family was adequate except in the cate of calcium in-
Aake. . 'The corn zone ~f§mi|i'es, howe(rer, !ocked odgguo_tg- intakes for protein, calories,
.coléjum, vifamjn'A, and riboflavin. For the, subsqmpl_é of preschoolers, colci9m and
vitamin A .were:*‘qcking' in l?pth zones, in bothl of which cases, howeyer, protein and '.
‘calorie intakes for this age group were adequate. Regression gnalyses showed that in-
"comg levelfs..were‘mu.ch more clo;g\y correlated to protein and calqrie consumption than
they were to'other nutrients., From, ‘the policy s‘tondp'oi‘.nt, it.appeqrs that protein and
.c.'olo;'ie‘ intakes ﬁre 6nly'-|'ike|y?to be raised by generating higher iicomes (which is the
;ésponsibility of the ecohomic programs of the project), wh'ereas‘caléi‘um and vitamin A
deficiencies could be delt with threough, nutrition education prcérams. Thu.s,. By_designing'
specific nutrition education programs which deal directl); with real nutrition deficiencies',

the potential farm family response ‘would become much higher than that observed during

earlier stages of the project.
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I, CCNCLUSIONS

The evaluation program of the Caqueza project has been designed to measure
t’he degree of attainment of increased levels of rural Iwell-being resulting from pro-
ject activities. This. objective has required suBstanh‘cl efforts ih the design and
measurement of base-line levels of several well-being variables, among o*hérs, farm
size, family size, and‘per édpita income. The impact eval\)dﬁon carried out to date,
has icienﬁfied several sﬁecific problem areas, which have. created resistance to rapid
‘developme.r'{t. These special cases have been suBiected to ahalyﬁcal evaluation,
which have revealed many of the basic causes of such resistance. The development
of a‘c"ﬁon programs designed to.resolv'e. these problems has been a valuable exercise
for proiecf staff and students, in that it has familiarized them with. the .d);namic

-

nature of rural dévelopment,
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