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Technologv SZvaluation, Fulicv Change and Farmer Adoptior
:n Burkina Faso.

Josephk G. Magy. Linda L. Ames. and Herbert W.

Introduction

Furdue University began farming svstems research in Burkine

Fagnd in 1979 under the Sem:-Arid food Grain Research and
Development proiect (SAFGRAD). a regional research coordinating
program with mejor funding from the United States Agencv for
International Developmenrt (USAID, Amony  various research
themes, the farming systems unit (FBUWU) stressed water
cocneervation and soil fertilx;v. Thigs paper bpresents FSU’s field
triél and socio-economic program relatad to water conservatien
(tied ridges) and soil fertilitv J(sertilization). The paper
tartz with bsckground on Burkina Fa<o. Diagnostic and farming
svstems information are then oresented leading to the
dezcription of the on-farm farmer-managed trials and the socio-
economic program and oresentation of the results. The evaluatior

2t the technoiogy interventicons are then presented followed by

the modifications that were made tc the research nragram from *he

information gained 1n the preceeding field campaign. Linear
programming 1€ usad to analvzes the technologv interventions in =

whole farm contaui.

Background on Burkina Faso 1/
Burkina 1% situated in the zone kpown as the the semi-arid
tronics and the ~limate i =sudanian with the exceotion of the
purkina Faso was formerly Upcer VYolta. The Fackaround informa-

10n on Burkina ie¢ a svnthesiz of several opublications: World
ank. 1982: Jaeger. 1983; United States Department of State, 2434,
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northeast which is sahelian.2/ There are three cigstinct zeasons:
warm and dry +ran November to March, hot and drv during March
through May and not and wet from June to QOctober. Davtime
temceratures during the conler Nevember to March period aversas
about T0 C and drop to (6 C at nmight with very low humidity, The
temoerature starts to climb in March and hv May most devtimg
temperatures reach into the 40 C range. During the rainm-
agricultural season, daviime *temperatures range HYetween 27 ¢ and
a2 C. Once the rain stons in the fall, temperatures again becin
to climb to the 4¢ C range during October until z=ooler wesither
sets in about mid-November. Lorng term average annual rainfali
ranqges from SO0 mm in thevnortheaqtern Sahelian zone to 1400 v
i the'entrame gouthwest. Izonvtes tend to be horizontal erceot
for the southwast where raintail i heavier than in the
zoutheast, é Since the mid-zixtiez. annual rainizll has averaged
120 to 180 mm belaow the long term average within 2anh

isohvete,

The population of Burkina 15 estimated at 7.2 million 1987
with an annual orowth rate of .41, Most of the paoulation lives

ch & plateauw in the central part of the country referred Lo as

3
3
the Mossi or Central Flatrau., Fooulatiaon density ig very hioh .r

area aporoaching 48 per square kilemeter in some locatians

-/ Burkima is a landlocked country in the centzr of West Africa
bordered by Mali on the north 2and west, Ivorv Loast. Ghana and
Toge on the south and Benin and MNigar on the east (Fig 1), The
country is located betweern “"20° and 15°9° latitude north and 2°
20" longitude wast and S°I0° longitude west of the nrimne
maridian. The land area of the countryv ig 274,000 square
“ilometers of which an estimatsed one-half i3z arable. Eightv-five
ver:-ent of the area is plaing witk an altitude of between 200 -~
T80 meters above sea level.
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as compared to 12 per kilometer in the north and east. Burkine
ig the largeset supplier of emmigrant workers in Weet Africa. It
is estimated that 29% of its work force, mainlv better educated
young single men, work in the lvory Coast, 0Ghana, Mali and
Seneqal. This results in an annual net population growth rate of
1.7%. About Q0% of the population live in rural areas with BZ %

of the labor force engaged in agriculture, The literacy rate is

&%,

Food security continues to be an important problem for
Burkina. Although incresses irn food availability (including
imports) have Fkenl pace with population growth allowing per
capite consumption to remain censtant, aggregate caloric intake
i 30% and lipid consumption %04 of nutritionally recommended

levele (Haggblade, 1984, p vii). The World Eank's average inde:

of +food production per capita dropped six percentage points

between 1971 and 1981. Assuming the current increase in
nopulation growth., total food oroduction will have to increase bv
T0U by 1990 to maintain the current consumption levels without

greater reliance on imports (Singh. 1984, p. %).
Diaanostic and Farming Svstems Information

The major cbjectives of the farming system unit (FSU) were
to identify ¢the principal constraints to increased food
productionk and %o identify technologies approoriate for farmers
which can overcome the production constraints (Obm et al, 1983a.
p.). To achieve the objectives, FSU conducted on-farm

researcher-managed and farmer-managed trials and collected base-
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lin2 and socio-economic data in un to five villages, 7/ WVillanesz

were selected to repregent different agro-~climatic zonez with
different agricultural potential, differences in access to land.
and represent, az far as pozsible., a comolete ranue of tillage
practices. The village of Eargazse has very few animal traction
farmers whereas about one-half of the farmerz in Nedoge use
donkey  traction. The Dissankuv and Diapangou =ites havz 3
comolete range of manual. dontey and o« traction formera,
Dissankuy, which 1is just 0ff the Mossi Plateau has the greatezt
agricultural potential followeo bv Diapangou, Medogo and EBangasse
a#ll of which are on the Mossi Flateau. There iz limited accé13

to land 1n Nedogo and Bangasse.

“lamnting of crops begins with the first szionificant rains,
some time between e=arly May and late June. Labor constraints are
most pressing at planting and at first weedinag. Labor iz less
constraining during second weeding and the period that +ollows.
The major staple crops grown are millet. whitz =<orghum and maice,
Small aquantities of rice are grown 1n the bettom 1lands. In
Hedogo, & red sorghum i3 grown for the making of local beer,
Caznh crops include peanuts. bambara nuts, and cowpeas. Lowneasz
are uwsually intercropped with sorghum and millet. Other crops
include okra, peppers and sesamne. Cotton 18 a Mmajor crop arown
in Digsankuy (FSU/SAFGRAD, 1983).

2/ The four villages of concern for this paper are: NedogQo -~
I0km northwest of Ouagadougou. Bangasse - 1I0km northeast of
Ouagadougouw and LS km fram the major center of kava, Diapancgou -~
210 km east of Ouagadougou and (¥ km from the major center of
Fada~nGourma and Dissankuv = 120 km north of bBobo-Dialasso (Fig
1), The ethnic group in DiapamqQou is Gourmantche, a misxture s

NDiowla and Mossi in Digsanluy and predeminartly Mossi 1in  the
cther village=z.
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The soils are classified as alfisols and are red to reddish
hrown 1n color. Spil texture is predominantly sandy-clay with
some sandy-loam so0ilz at Bangasse., Nedogo and Diapangou. Soile

- .

are predominantly sandy-loam at Dissankuy. Sanmd, silt and clavy
content on the Mossi Flateau range from &0-70%, 20-30%, and S-10%
respectively (VMierich an. Stoow. 1984), Table | presents the oH.
tertility, and other characteristics of the s0il by village
locationr. The <oils contain onlv weak aggoregates and after a
rain the soil surface dries and forms a crust which restricts

water infiltration and aeriation and increases raintall runof4

(hawal  and Fassam, 1978). In the drv season the soils harden

making pre-plant rultivation difficult and almost imoossible by

traditional methods until there 1s a major rain. Land qualitv
detgriorates as one moves ur the toposequence. Rainfall is
highlwv wariable and unpredictable and combined with the
sropertiez of the soil leads tc waler retention and soil erosion

arablems.

iand auality, water retention abilitvy and labor availability

are the dominant factors 1nm cropping decizions (Lang et ai.,
1eEsy ., Maize., which is lessétolerant to drought and low soil
tertility than eilther sorghum or millet ie planted near the
vill age compournd. The compound area. ranging from .1 to .2 ha.
used to dump night €oil, arnimal manure. stubble and other
organic materiazl. Thus the amount of land suited to growing

marze is limited., Sorghum i€ nlanted orn the more low lving areas

where there (3 slightly more water accumulation and where the
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soils are more fertile than the poorer soils further uo the
toposequence (Stoop et al,. 1?82, . 3519). The poorer land is
planted to millet., which is the most drought and disease tolerant
crop. Farmers ' sav that white sorghum is preferred bhecause it
stores twice as lona as millet, however sorghum is more
vulnerable to parasites (striga), drought and other diseasez than
is millet, Farmers say that in the worst rainfall vearsz. some
millet can alwavs be harvested. The timing of rains alzo
influences planting decisions, the later the rains, the more
millet farmers plant, Also, farmers would plant more millet i
Ant constrained by the labor supely in the alantinq.\ firzst
w@edlng period., More cash crops such as peanuts would be planted
but oriority is given to the'planti%g and first weeding of staole
crops, A limited labor market exists for agricultural activities,

particularly at planting and first weeding. Most farmers use

their own household labor and little lahoar is hired in or out.

There i3 a distinction between collective fields of the
household that provide the major subsistence crops and personal
fields which individualg cultivate for private profit (Saunders,
1980, p. I). Work on collective fields takes prioritv over worl
on private fizlds especially in peak labor periods. EBoth men and

women have personal fields and plant cash crops.

In general., farmers’ goals on the Mossi Flateau are
subsistence oriented with the most immediate goal being that of
meeting their staple food consumption needs (FSU/SAFGRAﬁ. Lo,
Commercialization is at a low level in all the villages with the

axception of Dizsankuy. . Farmers in Diszanrkuy are more
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commercialized as a result of the cotton inaustry in their area.

Animal traction i1s the only major capital investment made bv
tarmers., It is estimated that 10% of the farms in Burkina use
animal traction. Most animal traction units are acquired under
animal traction programs with built-in credit arrangements. Most
formal credit for purchases of agricultural inputs éuch as
tertilizers is obtained through membership (usually the household
head) in a village credit group. When farmers are asked why they
do not use more tertilizer. their response i3z that it is not
readiiy available (outside the cotton arowing area) and that thev

lack the credit (Ohm et al.. 198%a).

The increased man-land ratio on the Mossi Flateau has caused
a change in the traditional farming systems in many villages.
Traditionally, farmers plant land for five t6 seven yeaars and
then it is fallowed for up to 24 vears to restore the fertility.
In Nedogo and Bangasse however, there is limited access to new
land and wvirtually all land within the boundaries of the two
villages hage been cultivated continuously over the past ten
YEANES, Mény of the fields have been planted without fallowing as
long as the farmer can remember. The shorter fallow period in
combination with the present farm management practice of burning
or the removing of all nlant material for household and animal
feed exhausts the soil. The end result is that as more pressure
igs put on the land for food production, 80i]l deterioration will

increase, resulting in lower yields and lower food production.

3
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On-Farm Trials and Socio-economic Campaign

With regard to the factors of production, land gquality (soil
fertility) and labor requirements at planting and in particular
at first weeding represent the most pressing constraints. The
other most pressing constraint is water. If more water camn be
made available. the expected returnrs to several other factors of
oroduction (land., labor, fertifi:er) will be substantially
increased. A further constraint to exploiting some types of
techinologies 1% the farmers’® present subsistence orientation and
the low level of commercial:ization. Thus to start with farmers
will only be able to use technologies that uwuse a low level cf
cash inputs and exploit non-cash inputs such as labor wherever

possible.

FSU's field trial campaicn focused part of its efforts on

soil fertility and water managemen* (FSU/SAFGRAD, 1983, Lang et
al.. 1984, and Ohm et al.. 1985a). Given the continuing
deterioration of the soil, the limited supply of local Drganid
matter, and the farmers® pregent level of commercialization. low
levels of commercial fertilicers were incorporated into the field
trials. The water management technique of tied ridging was also
incarporated in the trials. 4/

Tied ridges are small depressions made between the crop rows
either by hand tillage or with a combipation of animal traction
and hand tillage. 1f done by hand, depressions 22 cm long i Z4
cm wide ¢ 16 cm deep are made between the rows and spaced 1 1/2
meters apart. If done with animal traction, the cultivator is
equipped with & middle sweap to create a furrow which 1is then

followed by hand tillage to make a 16 cm high ridge perpendicular
to the furrow every one to two meters.
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In 1982, on-farm researcher—-managed trials on sorghum were
conducted using commercial fertilizer and tied ridges constructed
IJ0-75 davs after planting resqylting in average vield increases of
199% over traditional practices (FESU/SAFGRAD. 1987). Eased on
the information of the on—-farm researcher-managed ¢trials, en-
farm <+armer-managed trials were then conducted in 1983 and
1934 with the objective of evaluating the agronomic
characteristice and economic benefits from the construction of
the water conservation technique of tied ridging in association
with minimal amounts of fertilizer. The treatments of the trials
in the four villages were as follows: 3/

1) traditional management practices (flat cultivation, no pre-
plant ploughing, no fertilizer),

congtruction of tied ridges at 4 to & week after seeding
and no fertilizer,

flat cultivation and 100 kg/ha 14-23-15 fertilizer apolied
in a band 10-15 cm from the rows of sorghum two weeks after
seeding plus S0 ka/ha urea, applied in pockets 10-1S cm
from the szeed pockets 4 to 6 weeks after seeding, and

construction of tied ridges 4 to & weekz after seeding plus
fertilization as described above.

In 1987 and 1%8B4 the trials were conducted on medium to aood
sorghum land at kangasse ( 28 farmers with manual tillage). at
NMedogo (&5 farmers with manual tillage and 29 farmers with donkey
traction) and at Diapangou ( 2% farmers each with manual, donkey
and o traztion?, In 1984, the trial was conoucted for the first
time in Dissanbkuy with 25 aox traction farmers. At Bangasse and
Diecsankuy, the euperimental ¢ezign was a randomized complete
biocl: with farmers® fields as replications. At Nedogo and
Diapangou, the enperimental dezigmn was a split plot with whole
plots (types of traction) arranged in a completely randomized
design and treatments were the subplots. Treatments were
assigned *to the same plots in 1984 as in 1987, Each treatment
was randorly assigned to each plot. Flot sizes ranged from .05
to .12 ha with all plots in the same field of equal size.
Locally grown varieties of sorghum were used. Flanting in 1984
took place the week of June 1. May 25, May 15 and June 18 in
Nedogo, BRangasse. Dissankuy .and Diapangou resoectxvely. Harvest
atarted in October and continued into December.
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Rainfall in the villages was 374, 670, 6646 and 668 mm 1in

1987 and 514, 452, 6475, and 458 mm in 1984 in Bangasse, Nedogo,
Dissankuy, and Diapangou respectively. The rainfall pattern in
1984 is presented in Figure 2. Both 1983 and 1984 rainfall are

below the long term averages (Fig 2).

Socio-economic data collection included ccllection of labor
times on farmers’ fields far the pri%cipal agricultural
activities and labor times +for the two technological
interventions of tied ridging and fertilization which are used in
the budget analvsis in Table 2. The mean man—-hour equivalent
labor required above weeding for tied ridging was set at 100, 7%
and 7% houre/ha for manual, donkey, and ox traction. Fertilizer
application reqguired 75 and 20 man-hour equivaient hours/ha for

application in the seed pocket and banding respectively. &/

The ANOVA and economic budqet analysis is presented in Table
2. Table 2 presents the means for effects of animal traction
and/or tied ridges and fertilizer on sorghum vield for the 1384

campaign.

e - ——— - -

&/ The labor data are synthecgized from FSU data for the vears
1983 and 1984, The labor data , which was gathered on a farmer
recall basis, showed a large variance among farmers. Al though
part of the variance ctomes from the problems of a farmer recall
method, there is a large difference between labor times of
farmere as noted by the field staff and time and motion studies
carried out on a select group of farmers. For example, the
additional time above weeding to tie ridges by donkey ranged from
20 to 129 hr/ha. The labor times used for the budget analysis in
Table 2 represent that of a good farmer. For purposee of the
economic budget analysie presented in Table 2, & composite labor
figure was calculated using the following weights: one male hour
( ¢ 13 yre) = 1, one female hour ( 2 15 yrge) = 7% and one child
hour ¢ < 19 yre) = .3,
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A survey of technology adoption by FSU cooperator farmers
was conducted at the end of the 1984 campaign (Ohm et al., 198%a,
p. 105). The objective of the survey was to determine the enxtent
to which FSU cooperator farmers adopted the technologies of tied
ridging, new varieties and fertilizer on their own fields. A
further objective was to identify some of the key variables that
distinguish adoptors of technologies +from non-adoptors. The
re.ults (Tables 4 and S) indicate that adoption rates and the
average hectares of technologv adoption are low. Farmers
commented that the primary reason for not constructing more tied
ridging was lack of sufficient labor, The finmancial conditions
of not having the cash or not being able to obtain credit were
their primary rsason for not using fertilizer. Fertilizer
availability was also cited as & problem. Farmers were generally
hesitant about trving new varieties until thev could give them a
gocd appraisal - either on a demonstration olot or on another

farmer’s field.

The characteristic that consistently showed the strongest
relationship to adoption in all three technology cases was farm
size, Other characteristics of adootors were cash crop area and

qood management skills wnich both #hibited & positive

relationship. Farmers <(households) controlling larger than

average sice land haldings are associated with adopting the
technologies. Ferrin and Winklemann (1976) found similar results
with respect to farm size and the adoption of new varieties in
countries where new variety introductions were recant,

Underlying the size effect are the factors of economies of size

BEST AVAILABLE COPY 11




in transactions costs of evaluating eard acquiring new
technologies, differences in prices for inputs and products and
differences in land productivity (Ferrin and Winklemann, 1976).

Ruttan and Binswanger (1978, F. 7B7) indicate that while there

were differencial rates of adoption by farm size and tenure for

the adoption of HYV's in green revolution countries at the start,
differences in the adoption rates for different farm <cize and
tenure cateqories disappeared after a few years. The data
collected and analyzed in the FSU adoption of techmnology survey
corresponds to the vary early stages of the typical "§" shaped
adoption curve and the results agree with Ferrin and Winklemann
and with Ruttan and Binswanger. The widespread use of new
techknologies in Burkina has not taken place and it is vet to be
determined whether the differences in adoption rates for
different farm size categories will disappear after a few vears

as they did in the green revolution countries.

Technology Evaluation
Evaluation Criteria
The criteria for the evaluation of the technologies of
fertilization and tied ridging were as follows: 1) technical
reasibility, 2 profitability/risk, 3) the "+it" of the
technology within the farming zvstem, and 4) the intra-household

and inter-household relationships,

The first criteria involves answering the auestion of " lIs
the technology agronomically or technically superior to existing

farm practices” ", Simple budgeting analveis 1s used for the
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second criteria and the percentage of farmers who would have lost
cash from any of the treatments is used as an indicator of risk.
With respect to the third criteria of +fit, Aqiven that the
technology 1s technically and economically feasible, it must be
established whether there are cther constraints in the farming
system that hold back the use of the technology i{.e., land
(quality, quantity), labor availability., credit and the like
(B8anders and Roth.198%5). The fourth criteria concerns changes in
intra-household and inter—household relationships from the
technology intervention (Mckee., 1784). Three intra-household
relationshipgs require analysis: 1) changes in the allocation of
family labor, 2) intra-household resource control. and J) the
incentive structure: who benetits from and controls the output
from the new technolugy (whether it be cash, agricultural output
or more free time). Questicns pertaining to inter-household
dynamics involves asking whether or not the technol ogy
intervention is accessible to all households and what are the
possible income distribution consequences +from the adoption of

the technology.

The methodeclogy used in criteria 2 i{e that cof linear

programming (LF) which is a whole-farm modeling technique.

Simple budgeting of costs and returns (criteria 2) is generally

emploved to evaluate the results of field trials. However, these
evalualions are limited in two ways (Roth at al., 1984). First,
the explicit values of land and labor in Burkina are unknown and
are generally included in an ad hoc manner. Secondly, the

budgeting analysas are partial, hence they ignore  the

13
BEST AVAILAELE COFY




substitutibility of inputs on the farm and how they are allocated
based on the fixed endowments and implied prices of rescurces.
New technology needs to be considered in a whole farm conte:rt (asg
in linear programming) to account for the effects of consztraints
on availabilities of land, seasonal labor, purchases of modern

inputs and other interactions.

Evaluation of the Technologiaes

Technical Eggg;g;;;;y; The relative resporses of sorghum vield

to the four treatments were consistent acrose the four locatione
over the two vears (Table 2. Treatments cornsisting of tied
ridges to reduce surface runoff of rainfall, or fertilization tc
ameliorate the 1low fertility resulted in increased levels of
sorghum vield. The analvsis of variance indicated that whan tied
ridges were used in combination with fertilizer, statistically
significant yield increases over the control were recorded at all

locations for both vears. 7/

Yields of sorghum were generally higher with animal traction
than with manual traction., However, at Nedogo the difference was
significant orly for the combination of tied ridging and
faertilization (Table 3). At Diapangou, sorghum yields with ox
- traction were not superior to those with donkey traction. It is
possible that the deeper cultivation during weeding with o
traction, compared to donkey traction, accentuated the severe
drought conditions in both years, especially i sandy so0ils with

Had new varieties been included in the treatments, the

criteria would also include seedling establishment, vield
stability, and yield component analysis (Matlon, 198%5).
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low organic matter,. In sandy so1ls, there exists the problem of .
the ties washing away under heavy rains and thus requiring

extensive repair during the growing season.

The conclusions to be drawn are that the uvse of tied ridaina

alone or fertilization (at the treatment levels) alone can result
in superior yields but that when used in combination, the sorghum
vields are alwavs superior. Tied ridgas mavy not be suitable 1in
the more sandy so0ils and should onlv be recommended in areas with

goils that do not wash away easily. 8/

Frofitability/Fiskh. The partial budget analysis (Table 2) shows
hat for the mean vield increases at all locations over the two

years with the euxception of Nedogo manual in 1983, the return/hr
for labor to construct tied ridges and/or to apply fertilizer was
positive. With the exception of the 1983 Treatment F in
Bangasse, net returns were the largest for the combination of
tied ridging and fertilization at all locations. Net returns
were larger for fertilization alone than for tied ridging alone
at Bangasse and for the three types of traction at Diapgngou in
bothk vyears. In 1984, the return/hr of additional labor for the
combination of tied ridging and fertilization were larger than
the return/hr of additional labor for the other treatments at
Bangasse and for the two types ‘cf animal traction at Diapangou
while in 1983, the return/hr was largest for fertilization at
Bangasse and all Diapangou locations. With respect to the
farmers’ risk of losing their cash outlay, the fertilization
a total cultivated area of 2,005,000 hectares in Burkina

1t is estimated by local agronomists that about 40% is

suitable for tied ridging based on land quality and rainfall
levals, ’
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alone treatment is high at Nedogo and moderately risky at all
other locations and some farmers at each location would have lost
cash. The use of tied ridging in combination with fertilization
substantially reduces the farmers’ risk of losing cash as opposed
to the fertilization alone treatment. Because tied ridging uses
household 1labor, the tied ridging treatment does not carry the
risk of losing a cash outlay. Howaver, this option results in
substantially reduced net returns when compared to the tied
ridqging +fertilization combination and although this practice
controls erosion, it cannot sclve the low soil fertility problem.

The conclusions to be drawn are that tied ridging alone or
fertilization alone can be profitable; however, fertilization
alone carries a high risk of losing the cash ocutlay. Only when
in combination do the two technologies provide substantial net
return and return/hr of additional labor at a level of risk of

losing the cash outlay that may be acceptable to farmers.

Technelogy “FEit'. Linear programming was used to analyze the
technology interventions within a whole farm context. 9/ Three

modele were constructed representing the three types of tillage

practices on the Mossi Flateau: manual only tillage, donkey

©/ Briefly, the linear programming (LF) farm model has the
option of performing tillage operations under one of three types
of tillage practices: manual, donkey and ouen. A farmer
possesses four types of raesourcest land of various quality,
family labor, animal traction, and modern inputs. Land is
divided into four types: high fertility compound land, two types
of sorghum land with one having better fertility and water
retention capability and the fourth, the lower quality millet
1land. Stocke and flows of labor are dissaggregated into waekly
time periods tc capture the critical labor constraints at
planting and first weeding. Information on the technical aspects
of the tied ridging and fertilization technologies from the on-
farm trials and socio~economic surveys are included in the LF
model.
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traction, and ox traction. The technology interventions of tied
ridges and fertilization were incorporated into the models. Tied
ridging was given as an option on maize compound land and tied
ridgaing and fertilization were options on the two  types of
sorghum land and on the millet land. On-farm researcher-managed
trials indicated a significant maice yvield response from tied
ridges alone but little additional response when fertilizer was
added in combination with tied ridges on compound land (Lang et
al., 1984), Thus only the tied ridging option is available

maize on compound land.

Models were run for all three types of tillage. FResults

only shawn for the donkey traction model given the option of

using the twe techrologies in combination and not separately
(Table &), The results of the manual tillage model indicated that
the hectarage devoted to the technologies was very low. The
labor constraint and the lower vields associated with manual
traction precluded a significant area from being devoted to the
technologies. The o traction model showed similar results to
that of the donkev traction model. When the tied ridging alone
alternative is modeled, the lower vields associated with this
technolqu as compared to the vields when used inm combination
with fertilizer precluded a significant hectarage from being
brought into the solution. The alternative of modeling

fertilizer alone was not considered because of the high risk of

loging the cash outlay.

Table 6, column | presents the results of the donkey

traction model under traditional management practices and column

BEST AVAILABLE COFY 17




2 oresents the resulte with the “echnology interventions of %Liec
ridging (ridged with donkeys but tied by hand) and
fertilization. 10/ The results indicate that tied ridges are
constructed on maize on compound land and tied ridge2s and
fertilization are used on all the red sorghum land (high Qqualitywy
sorghum land) and a small portion of the white sorghum |and
(lower quality sorghum land). 7The results also indicate that the
new technologies do not completely displace the total hectarage
under traditional management practices because of the labor
constraint. Total per capita cereal production increases
from 150 kgs to 186 kas and net farm income per worker

increases from J0.8 thousand CFA to 76.2 thousand CFA.

The @odel was run with several tied ridgina labor times to

examine the sensitivity of the results and take into
consideration that labor times verv from farmer to farmer (as was
indicated by the labor data collected in the +field). Scenarios
were also run with the yvields of the new technologies increasad
by 10%4. The results are presented in figure 7 showing net farm
income under a range of tied ridging labor times. The results
indicate that farmers who are able to construct tied ridges with
10/ The basic structure and data of the model is outlined in Foth
et al., 1984, The traditioral management yields in kgs/ha and
those obtained under the technology options in the donkey
traction model are as followst maize on compound land (1090 to
1730), red sorghum on high quality sorghum land (672 to 2&Y,
white sorghum on lower quality sorghum land (472 to 913), and
millet on poorer quality millet land (320 to &&6M. The vields

are based on FSU field trial data (Lang et al, 1987 and Ohm et
alp 198%).
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the leest amount of labeoe fime obtein ¢ sigerificantly Righer net
return, For example, the results from the model indicate that
when 1t takes 125 hrs/ha to construct tied ridges, no white
sorghum land is devoted to the technologies and red sorghum land

technology adoption is decreased tc .3 ha.

The conclusicens to be drawn from the LFP model are that the
two technologies can fit’into the production svstem of animal
traction farmers but that a labor constraint still prevents .the
technologies from being adonted on all the hectarage. The
rezults also indicate that manual tillage farmers would adopt the

technologies to a3 lescser extent tham animal traction farmers.

ntraz

bousehold  «nd [ -haus: Rela Under
traditional cultivation, men, women, and children are involved in
planting, and first and second weeding. The techncleay
interventions of constructing tied ridges and fertilization
regquires additicomal labor. The labor data ceollected during the
field campaign indicated that the gender distribution of labor
for the new tazks generally followed that of the distribution of
labor for the traditional activities of planting, and first and
second weeding. Thus the gender distribution of labor with the
introduction of tied ridges and fertilization doeas not
appreciably change, however the additional labor must be wlled

from other taslkte or leisure and/or therae must be a rearrangement

of taske to +it the labor profiles. The linear programming

results indicate that with traditional donkey tillage the binding
labor constraints are during planting and first weeding. There

is, however, some available labor in the model during second
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weeding and this labor is used for making tied ridges. Thus.
additional labor for tied ridging is pulled from non-production

activities or leisure.

The te:hnplogi:al intervention of fertilization requirez a
cash outlay ané the fertilizer i< often bought through credit.
Credit i usually obtained through village credit groups whose
members are predominantly male household heads (Ohm et al.,
198%a) Admittance to the group requires group approval ard an
entrance fee. This may preclude the use of fertilizer alone or
in combination with tied ridging on both mern’s and women’'s
Dgrsonal fields. 7The degree to which other ecaonamic and s=social
features constitute barriers to entry into village credit groups
requires further study. l.abor is also controlled in the

housahold. The extent to which labor would be taken awavy +rom

other tasks or from work on personal fields by tied ridging and

fertilization of the main fields which has priority on labor
requires further study. |

The main output from the technologvy intervention is
increased agricultural output which may be ussd for consumption
or marketed. The household heads who control the resources of
production on the main fields also control the output,. Other
membere of the household may benefit indirectly through increased
consumption or cash income, but this depénds on the distribution
of the new production. Whether the increased output will be
distributed as in the past according to current goals and
objectives of the household. or will benefit only a sma;l

minority of the family remaing unknown.
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Changes 1n inter-household distribution of income mav occur
from the adoption of the technology interventions. The LF
results indicated that animal traction farmers will be the
adoptors of the technologies to a greater degree than manual
tillage farmers primarily because of the labor constraint.
Manual tillage farmers may however adopt the technologies but on
a smaller_hectarage. Income distribution changes may alsoloccur

i¥ all households do not have access to credit.
Modi fications to the Research Frogram

The LP model results, the guestionnaire on the adoption of
technologies and farmer interviews throughout the three yearse of
field ¢trials clearly indicated that if the 1abor requirement for
tied ridging could be decreased, more hectarage would be devoted
to the technoiogv. This had been communicated to other
researchers within SAFGRAD and in the Fall of 1983, a Feace Corps
volunteer with I1TA/SAFGFAD in Burkina ( Jeff Wright) started
work on a prototype mechanical device to tie the ridges. The
mechanical device is attached to en animal drawn cultivator with
one large middle sweep and e2ither ties the ridges as they are
made or ties the ridges after the field has been ridged by making
a second pass with the mechanical ridge tier attached to the

cultivator, The device is essentially a paddle wheel (45 cm in

diameter) with four paddles, one scraping the ground building up

earth until it is tripped by the operator every { 1/2 to 2 meters
to create the tie in the ridge. When oxen are used, the ridging

and tieing with the mechanical ridge tier can be done in one
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operation, Donkevs can do both operations at one time but only.
if they are managed well, healthy and in good condition and the
s0il is loose or moist. Preliminary cost estimates of the
mechanical ridge tier is between 10,000 and 135,000 CFA (as
compared to a cultivator at & cost of 20,000 to 25.000 CFA).

With FSU collaboration, the mechanical ridge tier is part of
the national farming systems on—t+arm field program of Burkina. A
trial with a similar protoceol to the farmer-managed sorghum with
tied ridges and fertilization e:periment is beinc conducted. The
treatments are as follows: 1) & control (no tied ridges), 2) tied
ridoing with the ridge being tied by hand, 3) tied ridging with
the mechanical ridge tier at second weeding, and 4) tied ridging
with the ridge ¢tier at both first and second weeding. All
treatments are fertilized with 100 kg/ha 14-27-13 and S0 kg/ha
'urea applied at the same times as the farmer managed sorghum
trials., VYield data are not yet available but field observationg
indicate that they will be similar to yields obtained when the
ridges are tied by hand. Labor times have been collected from
the field, Ridging and tieing with the mechanical ridge tier at
the same time (one pass) adds only a minimal amount of time over
that of just ridging. In the model, two hre/ha are given to this
activity. If the donkey cannot do the operation in one pass. the
additional time it takes to make the second pasgs to tie the
ridges takes between 7 to 15 hrs/ha. Two people usually wark
with the donkev, thus the actual labor houre are doubled. In the

model, 20 hre/ha are used for a second pass. In the trials, urea

is banded and covered by the ridger at second weading instead of
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being put into pockets thus derreasing the labor requirement

$rom 7% hr/ha Lo 20 hr/ha.

The LF oodel results using the mechanical ridge tier at
second weeding are presented in Table 6. Column 7 presents the
results when two passes are reguired (ridging first followed bv
tiélnq with the mecnanical ridge tier). All the red sorghum and
white sorghum land are ridged and tied including a small
proportion of millet land. Column 4 presents the results when
only orne pass 1s used to ridge and tie and results in a greater
proportion of mllet land davoted to the technologies. Figure 4
precsents net farm income under a range of labor times using - the
mezchanical ridge tier in two passes along with two vield
scenarios, The one pass option under the two vield scenarios is
also presented. Subetantiai net farm income can be gained if the

donkey 1ig able to do the operation in one pass or if the hrs/ha

1t takes to do two passes can be decreased tao 1) hrs/ha.

The mechanical ridge tier reauires animal traction and thus
similar concerns to those alreadv expressed about thé adoption of
tied ridges and {fertilication bv manual tillage versus ani;al
traction farmaers and the intra-houszsehold and inter-household
questions are relevant. However, the mechanical ridge tier may
make animal traction more profitable thus more practical for
adoeption by present manual tillage farmers. At present, animal
traction is land using allowing farmers to do more weeding and
hence increase the area farmed. But throuaoh the use of the

mechanical ridge tier in combination with fertilizer, animal

traction can be land augmenting in that increased production can
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be obtained from increased yielde/ha. This tvpe of technology
intervention 1is required in those areas where access to land g
limited or in areas where extensification with animal ¢traction

leads farmers to farm more marginal land (Roth and Sanderg. 1984;.

Conclusions and Folicv Recommendations

The water retention and fertility research results 1ndicate
that the combination of tied ridging and fertilizer (14~237-1% and
wrea) is both technically and economically superior to
traditicnal manacgement practices. When only one of £he
technologies is used., vields are constroeined bv the absence of
the other and in the case of fertilizer alone..the risk of losing
the cash outlay is very high as observed by the results in Table
=, When the two technologies are used in combinatien, the next
constraint is labor availabilityv. While manual farmers mav adopt
the two technologies on a small portion of their land, animal
traction farmers area in a better position te bte adontors becauvse
they can construct tied ridges faster and bette- (resulting in
higher vields) than manual tillage farmers, However, labor 1s
still & constraint for animal traction farmers when the ridaes
are tied by hand. The results indicate that the mechanical riage
tier can decrease the labor constraint to the point where most of

the staple crop land is under tied ridges.

Before farmers will adopt the tied ridges and fertilization

package on a large scale and before the technologies are fully

recommended,  several issues must be dealt with, The first izzue
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the technoloqgy pachkage will be adopted to a greater
by animal traction farmers and iihm%e animal traftxoﬁ

tarmerz whg have accéss' to credit for tertilizer
machanical ridge tier, At precent, not all members within a

household or all househelds bhave access to credit or animal

traction. The palicy implications are that credit and animal

tractior progarams are required to make access more readily

available to those involved in agricultural production. Also,
the mechanical tied ridger carn make animal traction more
profitable thus giving the oppertunity to increase thz uvse of
animal tracticn in Burkina. This however would require animal
tractiomn programs 9n & large szale to Yrain apimals and to train
farmers in manzgement and msintenancg and make animal s,
euipment, and credit available, At present, there are alsc
aroblems of fertilizer availability outside of the cotton growing
area  and strateqically placed distribution centers are reauired

before fertilizer use by farmers will 1ncreasze.

The fielzd trial results indicated that tied ridoes do not
work  ag well 1n gandier soils cegpes:allv in the more norihern
areas, Recommendations as to the soil types and areas that
suitanle for tiad ridging &g well as other water retent:on

methods {diguettes) and soil tillage practices need to be made.

The LF results indicate that %ied ridging and fertilication
technologies would have a better- chahce of being adopted 14
vields can be improved through olant breeding. For example, the

shift in the vields by 10% in figures 7 and 4 demonstrate a

significant 1increase in net returne, In the near future, it

.
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canngt  he upectes that farmers will be abls Lo provide oo
lavele of mapagemenlt within which the imbrove:d
do their best. The F&8U ressar=~Yy has show,
intermediate  lwvel of inpute swch ae tied ridztirg and  aarimad

amgants of fertiliver can bte profitable vzing Iocal wvartatiesn,

[~ addifion to seraeening varleties under Righ ecanagem=nt Lol

i within Miw tntermed) ate fnout g 3 TrIv e Onmen®.
ssregning  far  better plant  varieties would have  the

cmadiabz payoff.
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Fig, 2. Rainfall at five villages in Burkina in 1984, Total seasonal raine-
fall at each of the five villages is indicated near the right side of the
figure. Average annual rainfall at data collection sites near the five vil-
lages (Bangasse, Nedogo, Poédogo, Dissankuy, Diapangou) are respectively
(mm), the number of years of data until 1977 are in parentheses: Kaya, 703
(59); Pabre, 809 (24); Manga, 905 (29); Solenzo, 903 (18) and Fada N'Gourma
865 (58) (ICRISAT, In Press). (Source Ohm et al., 1985a)
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Table 1. Soil Characteristics of Five FSU Villages in Burkina Faso.

Cation
Village pH Organic Base Exchange
Location Water Matter Saturation P Ca Mg Capacity

Yo kg/ha
"Diapangou 6.7 1.07 74.6 307 1968 409 5.9

Dissankuy 5.9 1.79 56.7 230 1190 357 8.1

Bangasse 5.9 1.09 61.9 228 988 305 5.8
Poedogo 6.4 0.73 71.3 318 1250 321 4.3

Nedogo 6.3 1,01 - 62.3 12 273 1168 232 4.3

Source: Ohm et al. 1986. Soil nutrient content in Burkina Faso. Purdue
University. Research Bulletin. Forthcoming,

1Soil Samples taken from on-farm farmer-managed control plots in each
village.




Table 2. Econonic anslvais of farser sangged trisls of sorghum with fertilizer and tied ridges, 1984.

“reataents {1/ Nusber
4y §y o
™® F TR.F §.C €V  Farsers

_ Nadogo, Nanusl Tractic
Srain Yield, k§/ma 1% iHé LM 692 4
Yield Gain Mbove Control, ko/ha 2% 3l "
Gain in Net Revenus, CFA 2/ 00 1318 W07
Return/he, of Additional Labor, CFA 3/ 3| 1% 172
I Farsers Who Would Nave Lost Cash 0 2 )

. Nedogo, Donkey Traction
Grain Yield, kg/ha m 25 358 m
Yield Gain Above Control. k¢/ha %2 {1 400
dain in Net Revenue, CFA 2310 ®1 Qw7
Return/hr, of Additional Labor, CFA 309 1 58
X Farasres Who Would Have Lost Cash 0 Y ¢
Bangasse, Nanual Traction
Srain Yisld, kg/ha 9% 45 16 L[]}
Yield Gain Above Control, ko/ha 163 I3 (1]
Gain in Net Revenue, CFA (4996 17783 40939
Return/hr, of Additiona) Labor, CFA 150 187 246
T Farners bho Would Have Lost Cash 0 ] 17
Dissankuy, Ox Traction
Grain Yield, kg/ha W 568 681 [ -]
Yield Gain Above Control, kg/ha 141 ra/] 408
8ain in Net Revenue, CFA 12972 9395 25607
Return/hr. of Additionsl Lasbor, CFA ¥ 10t 191
1 Faraers Who Nould Have Lost Cash 0 8 ¢
Diapangou, Manual Traction
Grain Yield,kg/ha 35 m 129 1004
Yisld Gain Above Control, kg/ha 2% bl 1Y)
Gain {n Nat Revenus, CFA UND UAUT 998
Return/hr. of Additions) Labor, CFA n? %% i)
L Farsers Who Nould Bave Lost Cash 0 2 ¢
Dispangou, Donkey Traction
brain Yield, kg/ha " 688 1L I F 4
Yield Bain Above Control, kg/ha 1% L1 [
gain in Net Revenue, CFA 17480 20359  d®?
Return/hr, of Additional Labor, CFA ‘ AN s m
T Faraers Wha Nould Have Lost Cash ¢ U ¢
Diagangou, Ox Traction
rain Yield, ky/ha 46 704 [M] un
Yield Gain Above Control, kg/ha ] m "
ain In Net Revenus, CFA 89 22383 S0
Return/he, of Additional Labor, CFA pi 7] yAl] ns
1 Farsers iho Would Have Lost Cash 0 ] ¢

1/ € = control (no tied ridges or fertilizer}; TR = tisd ridges constructed one month after seeding:
F o 100 ko/ha 14-23-13 two waeks sfter seeding plus 30 kg/ha ures one month after seading,

2/ Nat revenue © yield gain x grain srice (92 CFA/kg) sinus fertilizer cast) (T8 CFA/kg for 14-23-13, and éé
CFA/kg for ureal, Includes interest charge for six sonths at rate of 133,

3/ Net revenue/additional labor of tied ridging and fertilizer application, Manual, Donkey, and Ox traction
require 100, 75, and 75 hours of sdditional labor/hs for tied ridging respectivaly. Fertilizer application
requires 93 additions] hours/hs,

4/ 8.E, = the standard error of the difference between two tresteent seans. CVX = coeficient of variation,




Table 2 {con't). Econoaic analysis of fareer uhmd trials of sorghun with fertilizer and tisd ridges, 1983,

Treataents 1/ Muaber
4/ 4y
R F R,F 8.k, Cv  Fareers

Nedoge. Manual Traction
Grain Yield, ko/ha 430 il W [ H] 121.9
Yield Gain Above Control, kg/ha ] 1 21
Gain in Net Revenue, CFA 2/ 0 -1y 20799
Return/hr, of Additional Labor, CFA 3/ [ - 137
1 Faraers Who Would Have Lost Cash 0 56 0
Nedogo, Donkey Traction
Grain Yield, kg/ha ' 4 (Y]] 604 982
Yield Gain Above Control, kg/ha 180 160 s1e
Gain {n Net Revenue, CFA 1650 2787 3T}
Return/he, of Additional Lador, CFA 21 2% 210
1 Farsers Who Would Have Lost Cash 0 59 2
Dangasse, Manual Traction
brain Yiald, kg/ha 406 " 703 690
Yield Gain Above Control, kg/ha a pih) 204
Gain in Net Revenve, CFA 8004 15979 14193
Return/hr, of Additional Labor, CFA a0 164 n
% Farsers Who Would Have Lost Cash 0 b3 17
Diapangou, Manual Traction
grain Yield,kg/ha 363 1 ne 788
Yiald Gain Above Control, kg/ha 7 35 390
Gain in Net Revenus, CFA M6 20819 2047
Return/hr, of Additional Labor, CFA n i 123
1 Farsers Who Nould Have Lost Cash 0 ] 8
Diapangou, Donkey Traction
Grain Yield, kg/ha 481 ™ 837 2]
Yield Sain Above Control, kg/he n 3% 390
Gain in Net Revenus, CFA $332 20819 2%9W
Return/hr, of Additional Labor, CFA 9 219 1)}
1 Faroors Who Would Wave Lost Cash 0 12 16
Diapangou, Ox Traction
Gratn Yield, ko/ha 52 s ey’ 991
Yield Gain Above Contral, kg/ha n AA ] 443
Gain in Net Revenue, CFA 4784 10519 0847
Return/hr, of Additional Labor, CFA 64 195 184
% Farsers Mho Nould Have Lost Cash 0 20 12

s & 0 2

1/ C » control (no tiad ridges or fertilizer); TR v tied ridges constructed one aonth after sesding)
F = 100 kg/ha 14-23-13 two wesks after sesding plus SO kg/ha urea one eonth after sesding,

2/ Not revanue @ yiald gain x grain price (92 CFA/kg) elnus fertilizer cost (78 CFA/kg for 14-23+13, and &b
CFA/kg for urea), Includes interest charge for six sonths at rate of 151,

3/ Not revenue/additions! labor of tied ridging and fertilizer application. Manual, Donkey, and Ox traction
require 100, 7%, and 73 hours of additicnal labor/ha for tied ridging respectively. Fertilizer application.
requires 93 additional hours/ha.

4/ 8.E. » the standard error of the differen e between two trestasnt seans. CVY » coeficient of variation,




Table 3. Means for effects of animal traction and/or tied ridges and
fertilization on grain yield of sorghum grown at five
villages in Burkina Faso in 19841,

Mean grain yield

Treatments Nedogo Bangasse Dissankuy Diapangou
kg/ha
Traction
Manual 414,3 660.2
Donkey 497.6 792.1
Ox . 797.0
SE? T39.1 - 72.9
TR3 F4
Control® 185.5 293.1 447,0 433.0
TR 446,1 456.0 587.7 654.5
F 441,2 615.8 680.8 805.6
TR and F 750.9 943.6 855.4 1105.6
SE? 78.1 145.2 35.1 51.7
CV% 56.8 61.6 19.3 36.8
N6 11 12 25 19

1Local varieties of white sorghum at Nedogo, Bangasse and Dissankuy, and

a mixture of local millet (85%) and local white sorghum (15%) at
Diapangou.
2Standard Error of the difference between two treatment means.,
3TR = tied ridges, constructed one month after planting.
4F = fertilization, 100 kg/ha cotton fertilizer, 14-23-15, was applied
in a band at 10 to 15cm from the rows of sorghum two weeks after
planting and 50 kg/ha urea was applied in pockets at 10 to 15¢m from
seed pockets one month after planting. '
5Without tied ridges or fertilization.
6The number of farmers' fields, replications, on which the experiment
was grown,

Source: Ohm et al., 1985a, p. 12.
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Table 4, Percent of farmers adopting tied ridges (TR), fertilizer
and new varieties by village, 1984,

Number Percent of farmers adopting
of
Village 1 Farmers TR Fertilizer Varieties

Nedogo 69 25 10 10
Bangasse 53 23 . 0 0
Poedogo ’ 27 4 33 41
Dissankuy 60 3 972 0

Diapangou 61 25 8 8

1Number' of years FSU in village; 1984 was the first year for farmer-
managed trials at Poedogo and Dissankuy,

2The figures relate only to land sown to cotton., Small amounts of
fertilizers are used on cereals.

Source: Ohm et al, 1985b,

Table 5. Average hectares of technology adoption, 1984.

Village

Technology Nedogo Bangasse Poedogo Dissankuy Diapangou

ha
Tied ridges .11 .03 .18
Fertilizer 3 3 W34
Varieties JA12 0 .04

Source: Ohm et al., 1985b.
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Figure 3. Effect of various yields and labor spent on tied ridging by
hand on net revanue of the farm on the Caentral Plateau.

yl = base yields
y2 = base yields + 10%
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Figure 4, Effect of various yields and labor spent on tied ridging with
machine on net revenue of the farm on the Central Plateau.




Table &6, Effect of Tied Ridoing Technologies with Donkey Traction
. on Area Cultivated, Production and Net Farm Income Estimates,
Central Plateau
Tied-Ridging
Technology a/
Traditional
Managenment
{Donkey) Tied Kith
Variable Tied by Machine
Hand
Two One
Passes Pass
Total Area Cultivated (ha) 3.9 5.6 5.7 9.4
Maize
Traditional .20
With Tied Ridges 20 .15 .13
Red Sorghunm
Traditional .60
With Tied Ridges .60 .68 .60
White Sorghum
Traditional .BO .70
With Tied Ridges .10 .80 A
Millet )
Traditional .18 3.15 3.18 1.88
With Tied Ridges .05 1.27
Feanuts ' .74 .Bé .79 .71
Fertilizer {kgs/farm)
Urea 45 84 149
Cotton Fertilizer 90 168 298
Total Cereals Production (kgs)
Per Household 2103 2604 2970 3354
Per Resident b/ 150 186 212 240
Net Farm Income ('000 FCFA) c/
Per Household 215.3 233.2 273.2 296.4
Per Worker d/ 30.8 J36.2 39.0 42.3

a/ Based on 50 kg/ha Urea and 100 kg/ha Cotton Fertilizer, labor times of 75
hrs/ha ¢or Tying the Ridges by Hand, 20 hrs/ha for Machine--Two Passes,

and 2 hrs/ha for Machine--One FPass.
b/ Based on 14 rasidents/household.

Yield estimates are given in text,

¢/ Annualized cost of 4,400 FCFA for Tied-Ridging Machine subtracted in

columns 3 and 4, »
d/ Based on 7 active workers/household.




