07158

Resource Management Program
Economics Group
Progress Report - 98

Economic Evaluation ot On-station
Operational Scale (OPSCAR)
Trials Conducted at Sadore, Niger

J. Baidu-Forson

¢

ICRISAT

International Crops Research Institute for the
Semi-Arid Tropics
Patancheru PO
Andhra Pradesh 502 324
India

January 1990



PROGRESS REPORTS are informal communications abput ongoing
resecarch, or thoughts of ICRISAT staff members, which are
designed to stimulate thinking and comments of pgofessional
colleagues within and outside the Institute. These reports
are not to be considered as formal publications pearing the
endorsement of the Institute. Progress reports were earlier
referred to as Occasional Papers/Discussion Papers.

| SCRISAT Librarg
| @F u7158




ECONOMIC EVALUATION OF ON-STATION OPERATIONAL SCALE (OPSCAR)
TRIALS CONDUCTED AT SADORE, MIGER

J. Baidu-Forson

HTRODUCTION

Operaional scale trisls (OPSCAR) mmed at evaluation ot Oy pach weie con-
ducted ot he 8 center of the intemational Crops R rch institute for the Seme-And Tropics
(ICPMBAT) from 1986 10 1984. The rationale hr smbarung on OPSCAR @ to sxpenment with technologies
plots sizes ot 1 0rcet 10 a38088 thawt relative SCONOMI PATOMANce
The cbysctive was 10 identtly a packege whose ntributed sgnits 1o fughor and sus-
tainable yieids (Renard of oi.. 1988) The obyectve of this paper is to present an economic evaluation of
the results obtained from these trisis.

Description and justification of trials
The packages in the scale trials compr ol ot

1. Animal traction for ridging and weeding,

application of phosphorus fertikzer at the rate of 13 kg ha'';

improved milist (ITMV 8001) and cowpea (TVX 3238) cultivars; and

millet/cowpea rotations.

The usehuiness and benedicial effects of such components have been shown in previous research
conducted in the West Alrican Semi-Arid Tropics (WASAT)

The beneficial effect of using animal traction for plowing and fidging i the translormation of sol
profiie to increase porosity and reduce soll resistance (Nicou, 1975). This permits better root growth that
can increase drought tolerance and make better use of 30il water reserves (Chopant and Nicou, 1978),
Significant reductions in lsbor use had aiso been observed where sremad traction had been used for ridging
ond weeding (ICRISAT, 1985) instesad of manuai cuitivetion.

The poor fertility status of the sandy 3oits of the WASAT 15 well-do In general, phosph

y be P th ot gen (Pichot and R . 1972; Poulen, 1976). Results
of trisls conducted in the WASAT show that the major millet-producing sreas are low in phosphorus and
thet millet woll to spplication (IRAT, 1975; Bationo ot al., 1988). Such increases have
been achieved with local, improved as well as exotic cultivars. However, though local varieties are wel-
adapied 1o provailng they usually respond less favorably to incraases in fertility
(Fussell ot &l 1587).
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The millet/COwpea intercrop 8 & magor Crop enieniise n the Sehel because of the imponance of

COWDRS &3 & 30UrCE Of fodder for westoch, inCoMe a3 well 28 & form
of cowpaa in the traditional cropping systems are very low Lastly, Henrung ef ol. (1982) inchcate that the
masnisnance of & sukable Crop rotabon sequence gives such beneits as
1 improved nutrient use eficiency.
2. possible reduction in diseeses and pests. and
3. improvement in weed control capability

Tabie 1 px the 13 and thew comp. There were sight rephcations per trest-
ment and the pot size for sach replicate was 500m2. The average levels of inputs and outputs for each
set of eight replications were used in the evaiuation of the lraatments. Average yields per treatment are
reported in appendices 1.2 and 3.

METHODOLOGY

Inputs used and outputs produced in the 13 trestments difered in types and levels across trestments.
With the avasisbility of data on prioss of opportunity Costs, labor time for i farm aperstions as well as input
and output levels, data anslysis could invoive the use of either programming or simple budgeting proce-
dures.

The orale L o i P
Laie 08P by

between expected income and risk. “Target MOTAD" allows for
from a common risk reference point or target income (Watts xm)mammmmn
members of sacond-degree stochastic eficient set (Tauer, 1983). This latter prapesty of “Target MOTAD*

parmits the of the i i o of the nature of tarmer utikty functions.
However, data on minimum household income o food requitements (for use ag income targets) as well
a3 data on ware not available since the trial was conducted on-stabon. Moreovet, &
would be more appropriate to use data on the p of the jes, gt d from on-tarm
trials, to match data on h and target in & realistic prog g app

™ . the simple budg dure was judged 10 be the relevant tool far analysing the available
on-station data.

Returns 1o tactors of production

Thrwe financisl measures caiculated fom budgets and used for analysis are: gross retums to household

labor (sssumed to be 96% of the total farm labor Usage); retums to capital (expenses); and refurms o land.
Returns per hour of labor were by g 8l non-lebor input costs, costs

a330Ciated with the use of animal traction, and hired labor costs from crop vaue and then dividing net

retums by total hours spent by housshold labor on all farm activitias.




Table | Troatsents in uperational srale triais #t Sadore

Yoar

Treatsent 1980 1987 1988
cosponants Rainfall (sa) = - &% 4y 99
1 Traditional e nc nie
2. 13 kg ha'l Phosphorus and

anisal traction® LAY ¥ n/C
3. 13 kg ha'l Phospharus,

anisal traction ard

crop rotation LHN C LV
4. Same am in ). s ne [

13 kg ha'l Phosphorun and

hand cultivation L LY n/c
6. 13 kg ha'! Phosphorus. hand

cultivation and rotation N/C 4 M/C
7. Same as in 6 ¢ M/C C
8. 13 kg ha 1 Phonphorus arvt

anisal traction. " M M
9. 13 kg ha'l Phosphorus, animal

traction and rotation M C M
10. Same as in 9. ¢ L] [
11. 13 kg ha-1 Phosphorus and

hand cultivation M M L}
12. 13 kg ha'! Phosphorus, hand

cultivation and rotation M [N L}
13. Same as in 12. [ L} [

Notes: M = millet; C - cowpaa. N/C = miliet/Covpma intar: mﬁ
Sadore local millset and rowpma varietias were uwed in the
traditional package. In the other trestoants, [THV 8001 for
sillet and TVI ]2!& for cowpea were used

The 13 kg a1 phol{ﬂ\otul was obrained from the application of
65 kg ha“! of tripie superphosphate

8 Animal traction wvas used for ridging and veeding

Dus to diflerances in costs associated with the different techaoiogy packeges, reluns 10 capital
outiey were caiculaled. Retums 1o capdal were Calculated as crop value minus the imputed valve of
housshold labor and then divided by the otal vanabie costs.

Retums 10 land and management were Caiculsted from crop value minus total vanable costs and
minus the value of household labor.




These were used to evahuste the worth of the difterant Wechnolngicsl peck-
ages.

Vsluation of inputs

A Inputs used, INChuding hours apen! 1or Llabor On all Bach tarm actvity, were monaored for eech piot
Trple superphoaphate wes apphed at a rate of 85 kg ha'! (squivetent 10 13 kg ha*! of phosphons) whis
the inseciicide “oymbush” was appied st the rate of between 2.34 and 2.5 stres ha'! (e recommended
tate of 0.75 ires ha! was axceeded because of the lack of Wil of the isborers) Prices over the period
were 75 FCFA kg! for tnple superphosphate snd 1910 FCFA ire*! tor “cymbush®. Seeding was af the
rete of 8 kg ha'! tor sole méllet; 4 kg ha'? for mittet and 4 kg ha'! for cowpes in mileticowpes Mmishures.
and 30 kg ha'? on pure cowpea piots Thare was, Latotot 9 P sarty of millet and
theretore, the achusl quantities of seed vaiued excesded these Mandard seading rates. Table 2 presents
the purchase prices 1or seeds in June. prov 10 the planting penod. used in vaksing e guentities of seed
S0wn in the treatments.

Tabile 2. Cost of seeds in June.

Seed type Cost of seed (FCFA kg'l)
1986 1987 1988

Local mtllet® 120 59 105

laproved aillet 90 65 "

1mproved covpaa 140 125 195

2 Local millet seed prices were the market prices in June.
Where seeds were not purchased. these prices represent the
opportunity costs. Prices for local covpea seed were not
available and hence prices of the improved seed vere assumed
as opportunity costs




1 the Sehelien rone of Burkung Fas0. the verage smount of huwed Bbor wes 4% of the tots! larm
iabor (Mation and F ekchampe. 1908) Based on a sucvey of lshor weges conducted of Diakid near Sadore.
he average hourly taer wage wes about 130 FCFA Thus wchudes the veiud of Jond grven o larm labarers
in Ao 10 dally Deyments The average hourty wage was roughly the same for the phncel farm sctties
for which labor is normally heed: sowing. waeding and harvesting Thes wage s anly shightly lowee than
the hourly wege of 180 FCFA thet ICRISAT pays o 43 haed lsborens rom the neighbonng vilages
Housshold labor was vahsed o two opportunity cost assumphions. 100°% tired tabor wage and S of the
hired lsbor wage. The rationale for thess assumptions on the vakuse of househod labot arw
1. Ris possible that household labor has the option of sarming wied tabor wage. and
2. Ris possitie that only 50% of the total tarmiy Labor coukd ®ern the hered 1abor waga, since labor markets

for chiliren and women may not ewst n the rural moslem social Contert

Asel of animel g of basec trame, plow. ndger. cullivalor with three spring tines,
and three bladed sheres) cost 47,311 FCFA. The estimsted idetvne 13 10 years (Roy van Mulde, personal
COMMUNICAtion). However, farmers al Diskinds who hnanced Ihew purchases of anmals and implaments
with i08ns were requwed to amortize thei debts n four years sher a yesl's grace penod. Therelore, to
simuiate the sllects of the cash fow requirements, the values of implements snd animals less ther saivage
valuss were amortized over & ive-yaar period The saivage vaiue of the traction implements after five years
was conservatively estimated st 15000 FCFA. From a market survey conducted 8t Nismey, two J-year oid
bufiocks cost 140,000 FCFA but can be s0id tor 240,000 FCFA after 5 years Al 3% rate of intereat on
bomowed funds, there & an snnual capital recovery cost of 12,489 FCFA on both animais and implements
Jasger (19886) found thet in Buruna Feso, annual leed and medicwie ¢osts are sbout 16,000 FCFA per

owen. Since there we no known d on feed and med n the Sadore area. the
Same costs wers d E: on teed and are necessary A the animais afe 1o be
strong enough 10 work the fisids wel.

Farmers foliow 2 learning curve in thew usage of ammal traction lechnology Theretors, the size of
Ppiots cultivated with animal traction depx 0n the level of 8xp with t8 usage. The uss of animal
traction is not 8 common practice in the Sadore area snd therefore empw cal data rom a simiar Sahelian
environment in Burkina F aso were used for g a3 to the appropriate number of over which

10 spreed costs associsted with the usage of animal traction usage. Miliet/cowpea intercrop and sole miiet
are the predominant crop enterprises in Niger. The average piot sizes on which Sahelian larmens in Burking
Faso used animal traction were 4.5 on millet/cowp ap felds and 2.8 hectares on sole
miliet piots. These average piot sizes were to spond 10 medium usage of animal traction
and hence the piot sizes for "leamers” could be somewhat less. in the Sahekan region of Buruna Faso,
farmers who cultivated thew plots ged only 2.75 for P op end




1 74 hectares Jor sole mdiet (Mation snd F sichamps. 1988). On the basis of these empincal ewdencs. o
tand srea scenanos of 2.0 and 4.5 hecteres were assumed and used 10 show the necessity of 0OnNOmIes
of sige ¥ animal traction for ridging and g '3 10 be rel, y than manual

Velustion of output

The recorded oulputs for the trisls were millet and cowpea grains as we'! as residues. Cowpes grain prices
raponied by the Niger state purchasing agent (SONARA) ! wers: 80 FCFA kg™! trom 1986 to 1987; 80 FCFA
kg'! trom 1967 to 1988; and 90 FCFA kg™! from 1986 1o 1989. Mislet pnces reported by the stale grain
purchasing agent (OPVN)2 in the *arrondiasement” of Say neer Sadors. st harvest time in November, were:
T0 FCFA kg in 1966, 83 FCFA kg! in 1987, and 31 FCFA kg'! in 1988. Markets exist 3t both Sey and
Niamey lor residuss of cowpes and millet. Cowpes residue prices averaged between 36 FCFA kg! and
4OFCFAKG' ). Howevar, Large price per kilogram ik were d dus primarily to wide varisions
in the weights of bundies s0id for either 100 FCFA or 125 FCFA. The lower ima of 36 FCFA hg'! was
assumed and used for vakiaton of cowpes hay. Average market prices for miliel residue were 4.75 FCFA
kg'! for the proportion of resdue used as ivestock feed, and 8.32 FCFA kg ! tar mitiet stalks sultable for
construchon. I was assumed that farmers harvest about 60% of miltet residue Suitable for ivestock feed
and 70% stover sultable lor construction betore their farms b grazing grounds. Since & is
easier 10 adjust only two prices instead of quantities of millet residue for all the treatments, on the bass of
thees tage harvest the millet residue prices used in valualion were 3 FCFA kg-! tor
fodder matenal and 6 FCFA kg'! for stalks used in In the of price on
Crop residues in 1987 and 1988, the above prices were assumed. Sinca 1988 was generally & better
Cropping year (raintall st Sadore totaled 699mm) than the preceding two years (rgintall totals were 858mm
in 1988 and 448mm in 1987), the sssumed pnces may probably the values of crop resid
Based on the p 0 P o millet obx d i 1986 for milist, the
centage distribution of miflet stover was 31% for leaves used as kvestock feed while the stalk constited
9%

por-

1. SONARA s the scromym for “societe nige de del de”. The prices
Quoted exckude the S000 FCFAtonne pald to jes who purchase the grains. These
SONARA prices may be lower than actual market prices and hence underestimate the market value of
cowpea grains. They are used in veluation in the absence of reliable market price information.

2. OPWN is the acronym for “ofice de prodults vivriers du niger”. OPVN puts out monthly reports on
Surveys ol grain pnces al selectad markets.

3. The exact percentage distribution ol miliet shoot into the leaves, immature panicies and stalk compo-
nents depends on the varety and growing conditions.
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10 1 valuahon of DrOUCHION, (WO 3CENANOS WIKE S33umed Jrant value s v akae O COWPON rasaus.
ond grain vehue phut vahse of resciues from both Cowpes and mael The 1atanain 101 the twa Koo
S35umpion & hat sRhough Markets exist lor Mullet (esiCUBS. Ihe relatve xirengih of OpPOtuNies kr I ade
n tham depend on agro-pastorsl condmions of a LCANoN and the mote o ¢ The

WO sCeNnarios show the chixces that should be made # Crop values 10 larmers resily Corespond K sy
one ol the two situshons.

Due 1o the of 3-yesr mthe Raure valvend ko 1986 and 1987 coats
and returns h aan rate of 5%, beng iteros! (ste that can be sarned
yndvduats on bank The single d X 910 the B nterest

rate were: 1 08 for 1987 and 11664 10 1986 Appendies 4 through 18 prasent dwiaded linancial budgota.

DISCUSSION
Figures 1 and 2 show plots of undt casts ol Production per retum of two asaumecd vahses of housshokd labor
Thess costs per unit returm wers caiculated as ratios of all vansbie costy phus vakoe of housshokd latxx to

crop value where graina and ol both cowpea and miliet wete valusd Thatetore,
lower Costa Pev UNA retum are preferred and values that excead 1 ate undeavable Figure | shows that
when household (abor was assumed (0 eam only half the hired iabor wage, ratios for alf the trestmaents

then 1 while imp il op and 5 and 12) had the lowest
©O8ts per UNt retum. However, when household labor was assumed to earn the tull hired labor wage of
130FCFAhr !, onty ) leasthan 1 C ot

8) had the least cost per unit retum because of labor savings (Figure 2) On the other hand, the traditional
#ystom produced & high ratio due 1o costs associated with the large amount of househokd labor used.
The plots in Figures 1 and 2 show that the actual vaiue of farm househoid Labor 18 Crucial to chaice between
the technologies.

To identity packages that lay on frontiers of production, net benelits wete plotted againat values of
household Lebor under two wage assumphions of 85 FCFA hr-! and 130 FCFA he'! Figure 3 shows that
treatments 8, 11, 12, 5 and 6 are obvious production frontisr candidales. However, when househokd lsbor
was valued al the fuil hired labor wage, only treatments 8. 8. 5 end ) lay on the production trontier (Figure
4). Therelore, only treatments 8 and 5 be on a produchon rontier over the range of household labor values

T 8 invoives millet crop with animal traction while lreatment 5 ivoives

Wy colivated annusl fcowp " gh tese p y ob e
instructive, analysis of partial budgets and returns to lactors of produttion are necessary o provide clesr
choices between ol the packages.

4. Since the analysia is ex-post instead of ex-ante, compounded future vsiues 11 1988 wers calculaled
instead of net present values in 1986.




Unit Cost of Production

Figure 1. Piot of unit cost of production per return *.
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* Household lebor was valued at half the hired labor wage (88 FCFA. ir).




Unit Cost of Production

Figure 2. Plot of unit cost of production per return®.
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Net Benefit (FCFA)

200

Figure 3. Piot of net benefit and value of househoid labor.
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Net Benefit (FCFA)

Figure 4. Piot of net benefit and vaiue of househoid labor.
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Tatse 3 presents partial budgets that show changes = Cost siructures and Crap values over the
Bvee-yoar panod for grams snd residue of both mullet arxt cowpes (MCR) Most of the improved prachioss

L of 'ge i ¢ , when levals of labor
under the radaionsl system. Also. with the escephon of the manusl coninuous Mdlet Cropp=g System,
™he improved p Prod " 3ed crop values. The decling in crop wvalue

accompanied by an inCrease in total vanabie costs make the iMpProved Mmanual CONLNUOUS Muet Byshem
worse than the radiionsl practice

Table 3 Partial budgets for improved cropping systems

hanges i1n costs amd returns
{thousand FOFA)

Hired Total

Crop  houlabor AT iabor wvarpable
Treatmant valued  costa conts  costs costs
Cont'd M/CePeAT 90 0 177 m 7 10 BY 9
[34 8) {ab 5§
M/C,C.M/CAP AT 139 % 14 0 87 04 91.9
{4 8] lag 5}
C.N/C,CePerT 1% 7 4.3 I 013 12 7
Y8} {68 8]
Cont‘d W/CePeliD 1A 12 7 00 07 120
H/C.C . M/CePoHD 92 ) a 00 013 17
C,N/C CaPslD S8 b LAY 00 08 328
Cont'd MePeAT ab ) 89 a2 -3 83 %
[34 8] {40 1)
N.C MePsAT 88 4 10 a 8 2 16 87 0
[3a 8} [43 6}
C,H CePoAT 135 31.8 8 2 0.3 110.4
134 8] [67 0]
Cont'd MeP+liD S100Y 89 0.0 ‘30 59
M. C,MePelD a9 1 1o 00 ‘1.6 9.4
C .M, CePaliD 58 3 2”3 00 0.1 32 4

Notes' ® Crop value for grains and cowpea hay only Nusbers in
brackets are for assused land area of 4 5 hectares while all
the non-bracketed numbers are for 2 0 hectares

P -phosphorus

AT-anisal traction

HD=hand or manual cultivation




A comparon of the trade-offy " Crop value snd i ) fotsl vahatie oMK

for the imp Q SYSTOmMS suQoests that manually cultvated PACHCES usuelly tecuared Amad
InCrementy in costs tut the refurmse 1o those nc sl cosin D v Those smalt
costs per hectare sre 4 atarmer welty one sheep of QOM. However, sithinugh much

higher incrementsl Crop vaiues wers obtasned ko 30me Trosimants on whech animal trachion was used,
heoe were inverisbly 830CIINT with Large COS NCIEMents beyund the Means of MIESOUICR-NON! Tarmens
with N0 acoRss 10 Instutional Credt fecility  However. Chosce between the Peckages cannot be made
without the Denefit of indormation on comparative (hanges in household Lebor Usage

Table & Changes in latuv iiige atd incremental valumfcoar 4t
Viduel  Value) Changns in tota:
ALy FTVC Hounahold [abor
Treatsent tates ratiol 1986 1988 (his/has
Cont 'd M/CePeAT 10 0y 173
{2 ol 11.8])
M/C,C . N/CoP+AT s 1a 5
{2 9} 12 71
C.M/C.CePeAT 17 13 7
{2 0 1211
Cont'd M/CoP+HD 6 0 “d 120
M/C.C.M/CeP+HD S H S 2 6f)
C.M/C.C+P+HD 18 21 ing
Cont’‘d MePeAT 0 03 - 606
i1 21 {0 6l
M.C . M+P4AT 1.0 08 -2%6
{204 {1 6f
C,M,CoPeAT 10 11 103
17 It 8}
Cont'd MsPeHD 18 74 -493
M.C,MeP+HD 52 4.1 247
C .M, CeP+HD [ ] 27 31
8 Changes in crop value tor grainz plus hoth aillet and covpea
residue (MCR)
b Changes tn crop value for grains plus only covpea residue
(@)

All abbreviations are defined in Tablen | and 3.

The negative signa for changes in labor urilization show labor
savings on the traditional systes

Table 4 s e t ) crop values 1o incrementai total varisbie
costs and savings (or " hold isbor Pairwse pari of the wmp:
practicas, using the ade-offs b ratios and ges in lator a3 the crilerig,

produced jour treatments that wers not dominated:

13
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0 which anmal raction was used Howeved, wmp o retuns to e vl U hon
was vead ocoured unde and ared assumplion of 4 § hectares This pavds Lo the need kor econamies of
sizw # spenior periormances e 10 be reakzed rom the use of arwmal racion echnotogy.

Table 8 2 y of the x

ot Qs 1 teturna Gue tu the elfects of speci;
nproved prachce(s) Such &3 rotation and anwmal traction. 23 weil 83 the cominned sitect vl mproved
seads, &p ol ad dl plant d

The sfiects of rOtabON wers SxMMINEd by COMPANNQ S04 Milket 1 1OLALON with COowpea 10 CONINLOUS
sole millst system. The rotation of mullet with cowpea produced o 80 ana) 100N

in retuma 10 lend: 37% and 55% i returms 1o capdal. 80d 17% and 24% m returns 10 household letxt
Financasl benefits Irom rotshon were more evident in the manuaily cultivated syatents than sundar syatems
‘where srumal trecthion was used due 10 the ncreased Cost sssociated with pang animal traction

Table 6 Roturns to land o1 undominated improved practicns
Household Raturna tn land
Cropping entarprise 1abor (Thousand FCFA ha 1)
and treatsent. Asnaspt s on [ MR
Manual annual N/C A bh 0} 9/ 9
(ITMV 8001, TVX 3236, P, and
high plant density) L] BTN 173
Mancal M, C, M rotation A 59 0 LTI
(1TMVBOO1, TVX 3236. P, and
high plant density) fn 1 1l
Continuous N + antmal traction A 46 6.8
(ITMVBOOL, TVX 3236, P. and (RLET] (a0 )
high plant density) [ 44 .4 80
1- %91 135 4)
M, C, M rotation + animal traction A 134 911
C(ITMVBOO1. TVX 3236, P, and {% &) 194 9]
high plant denasty) ] -55.8 -18.1
(1291 2% 4

Numbers in brackets are returns to land vhen land aren wan
assused to be 4.5 hectares while those not 1o Lrackets ace
returns vhen land arca was assused 1o be 2.0 hectares

CR - value of grains and cowpea residue

MCR = value of grains. cowpes and millet residun
P = application of phoaphorus




Table /. Returns to housshold labor for uidosinated improved

practices

Returns to household
Cropping enterpsise Labor (FCFA hr-l)
and Lreatment &R MCR

Honusl annual M/C

(ITHV 8001, TVX 3236, P, and

high plant density) 111 199
Manual M, C, M rotation

(ITMVAOOL, TVX 3236, P. and

high plant densiry) 130 160
Continuous M + anisal traction

(1TMVB001, TVK 3236, P. and 63 129
high plant density) (132} {197)
M. C. M rotation + antmal traction

(ITMVBO01, TVI 3236, P, and 84 122
high plant density) {128} {166}

Numbers in brackets are returns to labor vhen (and area vas assumed
to be 4.5 hectares wvhile those not in brackets are returns vhen
land sres vas assumed to be 2.0 heclares

(R = value of grains and cowpea residue

MCR - value of grains, cowpes and millet residue
P « application of phosphorus

P 0 Qes i tand, v id labor, and capital for manugl versus animal traction
in itk P 0ps in rotation with relative its from the use of animal traction
could be realized only on larger farms. Retums to land and labor where animal traction was used as
compared (o retums where land was manuaily cultiveted, were infenor (indicated by the negative per-
centage changes) when assumad land ares was only 2.0 hectares but supenor when land arsa was
#33umed to be 4.5 hactares. i returns to capital wers to be the choice crterion, then even when the land
arsawas tobe 4.5 h # might be 1o forego the use of anima! traction

Althe 4 sstem in the Sadore area s n ized as milk
¢! PPINg sy y P

imercrops, the cowpea plant populations are generally 50 low thal in eflect the larms are not very different
from sole mitiet systems. Th ison of the manual sole millet cropping system with the

traditional system gives an indication of the kinancial benefits from using improved seed, phosphorus and




Table 8. Percentage changes it raturns due Lo iBproved pravticeis)

Changes in returns due to effect V)

Cropping Land® Labor Capttal®
Effect of systes R MR ROMH CR MR
1. Rotation
a) Manual MCH v MMM 170 sQ " 1 9% 1
b) Traction HCM vs MMM w n N 10 H
fanl 1081 0 3] [Ied L) ol
2. Traction M/C.CM/C S1a 11 A 1 " 5%
(RAIRE RN PN TN PRI IR R I AT
3. Nev seed.
P, and density
increases
[)] M/C vs
Trad 489 210 6 66 94 [N
b) MMM v
Trad 129 b 30 a3 1% 1

Notes: ® Household labor upportunity cost of 65FCFA pai hout was
assumed.

Numbers in brackets are changes in refurns wvhen land areq vas
assused to be 4.5 hectaran vhila thoss not in brackets nre returng
whan land area was assumed to ba 2 ) hectaros

CR =« value of grains and cowvpea tesidue
MCR « value of grains. cowpma und miiict remidue

increased plant density. The P Shows Imp: s of 55% 10 130% in returna to land, 15% to
25% in retums to capital; and 30% to 43% in retuns to household 1abor. Even greater improveinents
returms wers realized when wmp! and trad! annual P S Were COMP
CONCLUSIONS

The fancial ralesiats ggestihatihe 1 n y cultvated rotat
of millet with cowpea o annual Gop may be the packages 10 rec d 10 farmen.
Such lons are ialty relevant or farmers who have Mitle of o esparience in the usage

of animal traction tachnology, cultivate only two hectarss of less of cannot afford lazge cash expanses from

thelr own resources or have no access to instdutiona! credd. Choice the annus
intercrop and the rotabon of millet with cowpea depends on the abilety of ad household Isbor




and cash as well a8 the true OppOTtunity Costs of these TesouroRs. For manmum benefll from nNiogen
fuaion by COwPed, tarmers would have 10 rotste planting sias 1or miflet and Cowpes in the Contnuous

> op Thes could prove & Bille more comphcated 10 farmens than the mi-

rotation. e dates of planing snd plant densities have 1o be managed
carehdly if nethar milist nor COWpPes i 10 b unduly diadvantaged. On the other hand, R is inconcsivabie
thet & farmer who has only one larm will agree to forego the cultivation of milet and plant pure cowpes
overy other yeur. Tharslore, in practical terma, # may be necessary for such & tarmer to partiton his plot

nd s 8 pure milet caskt ™ o 10 efther crop
on housshold food security and income goals.

The analysis showed that of sze are y for retative pr y of using animal
tracion.

Low post-harvest product prices were used 10 calculate the budgets, therstors, the use of marketing
virstegies that take advantage of pesk prices for grans and fodder could permd substantial improverents
upon the celculsted retums. On the other hand, technologies that show 3uperior on-station performance
typically experience substantial yield gaps under tarmer management (Mation, 1885) and hence the actusl
s of incremental retuma would be lower in on-4arm situations.

Finally, the anslysis oould only identily ges that sigr y imp retums over the
three-your No relable b rrade the relat sinabibtios of th o
Oiven the short dusation of the trials and the of ik on land che Good com-
parutive inferences on susiainsbilty would require deta from at leest three rotatignai cycles, the definition
ole ch i Criterion and at least dala on changes in soil physicel and

chemicel characteristics over the trial penods.
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Appandia 1. GCrain and residus yields recorded 1in 1986

Average yields (kg ha ' 1)*
Treatsent # Millet

& components Crain Residue Crain Residue
1 Traditional M/C sach year N0 114% 261 273
2. 13 kg ha-l Phalghorul and

anisal traction 750 2217 308 412
3 13 kg ha'} Phosphorus.

animal traction and

crop rotation 981 2922 206 500
o Same as in 3 ‘- . al4 628
s 13 ha-} Phosphorus and

h-ndks(:ultlv.t ton 616 3068 185 537
6. 13 k? ha‘! Phosphorus, hand

cultivation and rotation. 664 2078 209 443
7 Same as in 6. - . 602 482
8. 13 kg ha ! Phoaphorus and

animal traction. 886 3265
9 13 kg hal Phosphorus. animal

traction and rotation. 956 3087 .-
10 Same as in 9. -- - 784 532
11. 13 kg ha-1 Phosphorus, hand

cultivation. 638 1918 -- -
12 13 kg ha'! Phosphorus, hand

cultivation and rotation. 727 2113 - .-
13. Same as (n 12 .- .- 705 482

* Yialds were rounded up to whole figures

Denotes a crop that wa: not grown in the treatsent




Appandix 2 Crain and restius vie.ds tec o o 10 TOR?T

Averige y.oity iy ha e
Treatsent & Miller [T
& coaponents Srain Res.t - Cravn Reandae

1. Traditional M/C eacth yesr R LN 153 199
2 13 kg ha-} Phasphorus an

animal traction (I3 R AN (ALY
3 13 kg ha-} Phosphorus

anisal traction and

crop rotation nr ABA
A Same as in 1} e T o AR
5 13 kg ha-l Phosphorun ans

hand cultivation i W 1V pLY)
6. 13 kg ha'l Phosphorus. hana

cultivation and rotating S 13%))
7 Same as in 6 Sad 1o (I8 190
8. 13 kg ha-l Phospharus and

anisal traction 511 (RN

9 13 kg ha ! Phospharus. anima!

traction and rotatiorn 01 ant
10 Same as in 9 5n IARN
11. 13 kg ha-} Phoaphorus, hand

cultivation, 187 Wt
12. 13 kg ha-l Phosphorua, hand

cultivation and roration aly LI
13. Same as 1n 12 518 VRN

* Yields were rounded up to whole figares

-- Denotes a crop that was not grown ifn ohe freatzant




Appendix 3 Crain and residue yiaids recorded in 1988

Average yields (k ha by

Troateaent & Miller -
& componesnts Crain Rasidus Cratn Residue
I Traditional M/C esch year 268 1a10 4% 332
2 13 kg ta-l Phos rus and

aninal t.ru:uongho 597 1780 57 464
3 13 kg ha'l Phosphorus.

anisal traction and

crop rotation. 1126 3972 43 460
4 Sase a3 in 3. 857 1218
5 13 kg ha'! Phosphorus and

hand cultivation 4«82 1587 53 477
6 13 kg ha'! Phosphorus. hand

cultivation and rotstion 927 2745 A8 362
7 Sasn as in 6. - 42% 714
8 13 kg ha-l Phosphorus and

anisal traction 696 2912 . -
9 13 kg ha-1 Phosphorus. animal

traction and rotation. 962 3838 .-
10 Same ss in 9 .- 768 1052
11. 13 kg ha-! Phosphorus. hand

cultivation 498 1480 . -
12 13 ha ! Phosphorus. hand

cultivation and rotation 937 3277 .- .-
13 Same as 1in 12 .- 479 687

* Yialds wers rounded up to whole figures

- Denotes a crop that was not grown in the treatsent




Appendix & Financial budgen far T . 00 i M eaeh

yoat

Finencial costs and returns

1 0 Crop Value (FCFA ha ! \’Yﬁ‘ff

2.0 Variable costs (FCFA ha'l;

ey

2 1 Non-labor inpur con's ISR 1ido2
(seeds)
2 2 Animal traction costs
i spread over I 0 ha U 0
1 spread over 4 95 ha e i@
2 3 Hired labor costs Ta29 2a
2 4 Total variable costs
102, Bs3uBP 100 1A 79l 18791
141 4 5 ha aswsueption 18191 18791
3.0 Household labor coats (FCFA ha !
A- 508 hired labor wage gl B9}
B 1008 hired labor wage 18308 7800
4 0 Returns to
4.1 Capital (FCFA FCFA 1)
A e il b 26 12 06]
B: Py 2i 22122
4 2 Household labor (FCFA hr 1) 81 {81} w6 {96]
4.3 Land (FCFA ha-1)
A: 11208 29624
to11208) [ 29624)
B: 7794% 59529
i 7r94n) 1-59%29])

Note: bers in brackals correspond to returns upder b,
land assusption vhile the other nuatmrs rorregpond to 2
assuaption.

5 hectares
O hectaras




Appendix 5 Financial budget for Annual M/C s P + traction

Financial costs and returns

R . - -
1 0 Crop Value (FCFA ha-l 202393 229642
2 0 Variable costs (FCFA ha'l)
2.1 Non-labor inpu! rosts 28074 24074
(seeds)
2.2 Antmal traction costs
1 spread over 7.0 ha 78245 7824%
(¥ spread aver 4 % ha 3477% 3775
2.3 Hired labor costs 6353 63%)
24 Tutal var table coatx
2.0 ha assuaption 108672 108672
II 4.5 ha assusption 65202 65207
3 0 Household labor costs (FCFA ha 1
A’ 508 hired labor wage 76240 76240
. 1008 hired labor wage 132481 152481
4 0 Returna to-
4.1 Capital (FCFA FCFA-1)
A 12 (1.91 1.6 {2.4)
8 05 {08 0.7 1(1.2]
4.2 Household labor(FCFA hr 1) 88 [129] 114 (154)
4.3 Land (FCFA ha 1)
A 17481 A4730
| 60951} { 88200}
8: -58760 -il&ll
1-15290]) 119591

Note. Nusbers in brackets correspond to returns under 4. 5 hectares
land asausption while the other numbers correspond to 2.0 hectares
assuaption




Appendix & Financial budget f.ar M0 0 ®T e P trartion

Financial costs and returns

. W .- -
1.0 Crop Value (FCFA ha'l! 25100% 211024
2.0 variable costs (FCFA ha 1)
2.1 Non-labor input costa 25au? %447
(aseds)
2.2 Animal traction costs
1 spread over 2.0 ha 18245 7824%
i1. spread over 4.% ha alrs Jarrs
2.3 Hired labor costs 34 1034
2.4 Total variable costa
1 2.0 ha assumption 1721 110721
11. 4.3 ha assumption 67251 67251
3.0 Household labor costs (FCFA ha'l)
A 508 hired labor wage Banl0 84410
B: 1008 hired labor wage 108821 168821
4.0 Returns to
4.1 Capital (FCFA FCFA'l)
A 1.9 12 9] 1.7129)
B: o7 {121 10 (1.6]
4.2 Housshold labor(FCFA hr-1) 118 [19%}) 1640 {127]
4.3 Land (FCFA ha-l)
A 56074 81893
{ 99544} 1129363
B: -28337 2518
{15133} (60952}

Note: Nusbers 1n brackets correspond to raturns undar 4 5 hectares
land assumption vhile the other nusbers correspond to 2.0 hectares

assusption.




Appendix 7 Financisl budget for C, B/C. C ¢ P 4 traction

Financisl costs and returns

R R
1 0 Crop Valwe (PCFA ha'l) 264519 275313
2.0 variable costs (FCFA ha'l)
2 1 Mon-labor 1aput costs 45692 45692
(meods )
2.2 Anlmal traction costs
1 wproad over 2 O hs 78245 78245
1. spread over 4.5 ha 3677% s
2.3 Hired labor costa 20%2 720%2
2 &4 Total variable costs’
1. 2.0 ha. assusption 130989 130989
i1, 4.9 ha. assuvaption 87519 87519
3.0 Household labor costs (FCFA ha-1)
A: s 308 hired labor wage 84673 84623
B 1008 hired labor wage 169246 169246
4.0 Returns to
4.1 Capital (FCFA FCFA'l)
A 1.4 {2.1) 1% 1(2.2)
8. 07 (1.1} 08 {1.2]
4.2 Household labor(FCFA hr-1) 110 [145] 118 11541
4.3 Land (PCFA ha'l)
A 48907 39701
{ 923771 (03171}
B: -35716 -28922
[ 7754] [ 18548)

Note: Nusbers in brackets correspond to returns under &4 3 hectares
land assuaption while the other numbers correspond to 2 0 hectares
assusption




Appendix 8 Financial budget for

antual sanual MG e P

Financial costs and returns

1.0
2.0

3.0

4.0

AR
Crop Valus (FCFA ha-l) 17729%
Variable costs (FCFA ha' 1)
2.1 ?on l-hor input costsy 2a061
seed
2.2 Anisal traction costs
i spread over 2 O ha 0
ii spread over 4 5 ha 0
2 3 Hired labor costs 6713
2.4 Tot-l variable costs
2.0 ha. assusption 30774
11 4.%5 ha. assumption 30774
Household labor costa (FCFA ha'l)
A S0% hired labor wage BOS3S5
B: 1008 hired labor wvage 161109
Returns to:
4.1 Capital (FCFA FCFA-l)
A 3.1 (3 1)
B: 0.5 [0.%]

4.2 Household labor(FCFA he-l) 131 (131)
4.3 Land (FCFA ha'l)

A: 65966
[ 65966]
B -14588
{ . 1a%88]}

MR
209194

24061

(3]
0

P20}

30774
302714

80535
161109

4?2 (4 2]
1.6 [1.6)
199 (199}

9786%
9786%]

17311
17311}

Note: Nuabers in brackets correspond to returns under 4.5 hectares
land asasumption vhile the othar nusbers correspond to 2.0 hoctares
assumption

27



Appendixn 9 Financiel budget for aacnusal N/C, C. N/C « P

Financial costs and returns

J > . S MR
1.0 Crop Valwe (FCFA ha-l) 190606 216808
2.0 Variable costs (FCFA ha'l)
2 1 Non-labor input costa 24788 24788
(sends)
2 2 Animsl traction costs
1. spread over 2.0 ha o] [}
11. spread over 4.5 ha 0 0
2 3 Hired labor comts 7736 7736
2.4 Total variable costs
1. 2.0 ha. assumption 32524 32524
11. 4.5 ha. assumption 32524 32524
3.0 Household labor costs (FCFA ha-l)
A 308 hired labor wage 92831 92831
B @ 1008 hired labor wage 185662 185662
4.0 Returns to:
4.1 Capital (FCFA FCFA-1)
A 3.0 {3.0} 3.8 (3.8
B: 0.2 {0.2]) 1.0 {1.0]
4.2 Household labor(FCFA hr-1) 122 (122} 142 (142]
4.3 Land (FCFA ha-l)
A: 65251 91 33
| 65251] | 91453}
B: -27580 -1378
[-27580) I -137 Bl
Note: Nuab n brack d to returns under 4.5 hectares

land .l-u-pl:xon while th- ot.h‘r numbers corraspond to 2.0 hectares
assuaption.




Appendiz 10. Financial budge: tor ewnual C. MAC, C o P
Financial costs and returns
. LR
1.0 Crop Value (FCFA ha'l) 188119 196169
2.0 Variable costs (FCFA ha'l)
2.1 Non-labor input costs 44997 A4997
(seeds)
2.2 Animal traction costs
1. spread over 2.0 ha 0 [¢]
11. spread over 4.5 ha 0 0
2.3 Hired labor costs 6582 0582
2.4 Total variable costs
1. 2.0 ha. assumption 91579 515719
ti. 4.5 ha. assusption 515719 51979
3.0 Household labor costs (FCFA ha'l)
A: S 508 hired labor wage /8983 18983
B: 1008 hired labor wage 157965 157965
4.0 Returns to:
4.1 Capital (FCFA FCFA"l)
A: 21121) 2.3 2.3}
B: 0.6 0.6} 0.7 10.7]
4.2 Household labor(FCFA hr-!) 121 [121) 128 (128)
6.3 Land (FCFA ha-l)
A: 575%) 65607
{ 579%7] { 65607]
B: -21425 -1337%
{-21479) [-13375]

Note: Nuasbers {n brackets correspond to returns under 4.5 hectares
land assusption while the other nusbers correspond to 2.0 hectares

assusption.




Appendix 11 Financial budget for Continuous milint ¢ P & traction.

Financial coste and returns

—R_ R

1.0 Crop Value (FCFA ha'l) 142564 183932
2.0 Variable costs (FCFA ha-l)

2.1 ;J::;‘l’:l;or 1nput costs 20299 20299

2.2 Animal traction costs
i spresd ovar 2.0 ha 7824% 7824%
14 spresd over 4 5 ha 3875 34775

2.3 Hired labor custs 3737 3737
2.4 TcL;l variable costn
1 .

assumption 102281 102281
{1. 6.5 ha. assumsption seell 58811

3.0 Housahold labor costas (FCFA ha-l)

A 8 %08 hired labor vage 4hBAL 44841
B 1008 hired labor wvage 89682 89682

4.0 Returns to

4.1 Capital (FCFA FCFA-1l)

A 1.0 (1.7} 1.4 [2.4)
-] 05 [0.9) 0.9 [1.6])
4.2 Household labor(FCFA hr-l) 63 {132} 129 1197]

4.3 Land (FCFA ha-l)

A -4558 36810
{ 38912) | 80280}

B -49399 - 8031
{-59291 [ 35439}

Note: Nuabers in brackets correspond to returns under 4.5 hectaras
land assusption while the other numbers correspond to 2.0 hectares
assuaption




Appendix 12 Financial budget for M, . M e £ ¢ traction

Financial costs and returns

AR R
1 0 Crop Value (FCFA ha 1) 188307 226018
2.0 Variable costs (FCFA ha-l)
2.1 Non-labor input costs 21785 21785
seods )
2.2 Animal traction costs
1. spread over 2.0 ha R4S 7824%
11 spread over 4.% ha ALY RAY darrs
2 3 Hired labar costs 5763 S/01
2.4 Toul variable cousra
. 2.0 ha. assusption 109793 109793
u. 4.5 ha. asausption 62323 52323
3.0 Household labor costs (FCFA ha-!
A: 508 hired labor wage 69198 69158
B: 100% hired labor vage 138317 138317
4.0 Returns to
4.1 Capital (FCFA FCFA-l)
A 1141 9] 15 12.5)
8: 05 (0 8] 0.8 (1.4])
4.2 Household labor(FCFA he'l) 84 {1278) 122 (166}
4.3 Land (FCFA ha'l)
A: 131356 51067
| 56826] [ 94537]
B: -95803 -18092
[-12333] | 25378)

Note: Numbers in brackets correspond Lo roturns under 4.5 hectares
land assumption vhile the other nusbers corraspond to 2.0 hectares
assusption.

n



Appendix 13 Financial budget for C. M, C + P ¢+ traction.

Financial conts and returns

R . - S—
1.0 Crop Value (FCFA ha-l) 241731 251084
2.0 Varisble costs (FCFA ha ' l)
2.1 Non-labor input costs 43208 43208
(seads) -
2.2 Animal traction costa.
. spread over 2.Q ha 7824% 78245
ii. spreed over 4 5 ha 34775 34775
2.3 Hired labor costs 7738 7738
2.4 Total variable costs:
1. 2.0 ha. assumption 129191} 129191
ii. 4.9 ha. sssumption 85721 85721
3.0 Household labor costs (FCFA ha'l)
A: @ 508 hired labor wvage 92860 : 92860
8: 1008 hired labor wage 185721 185721
4.0 Returns to:
4.1 Capital (FCFA FCFA-l)
A: 1.2 [1.7) 1.2 (1.9]
8: 0.4 [0.7]) 0.5 {0.8]
4.2 Household labor (FCFA hr-1) 84 [116]) 91 (123])
4.3 Land (FCFA ha"l)
A: 19680 29033
[ 63150} { 72503}
B: -73181 -631828
[-29711) {-20358]

Note: Numbers in brackets correspond to returns under 4.5 hectares
land assumption while the other numbers correspond to 2.0 hectares
assumption.



Appendix 14. Financial budget fur contiruous asnual asller o #

Financial costs and returns

1.0
2.0

4.0

R
Crop Value (FCFA ha'l) 103942
Variable costs (FCFA ha'l)
2.1 Non-labor input costs 201307
(seods)
2.2 Animal traction costs
i. spread ovar 2.0 ha 0
i1. spread over 4 % ha [$]
2.3 Hired labor costs 243
2.4 Total variable costa-
1. 2.0 ha. assumption 24738
ii. 4.5 ha. assusption 24738
Household labor costs (FCFA ha'l)
A: 500 hired labor wage 53176
B: 1008 hired labor wage 106353
Returns to:
4.1 Capital (FCFA FCFA-l)
A: 2.0 (2.0]
8: 01 [-01)

4.2 Household labor(FCFA hr-l) 10% [109]
4.3 Land (FCFA ha-l)

A: 75628
| 2%628)
B: -27%49
| -275%49)

MR
127078

20107

53176
106953

3.0 13.0})
0.8 [0.8]
137 (1371

49164
49164}

4013
[- 4013}

Note: Numbers in brackets correspond to returns under 4.5 hectaras
land assumption vhile the other numbera rorraspond to 2 0 hoctares
assumption.



Appendix 1% Financial budget for manuel M, C. M « P

Finencial costs and returns

R — B
1 0 Crop Value (FCFA ha'l) 157394 186702
2 0 Variable costs (FCFA ha'l)
2.) Non.labor input coats 2237% 2237%
(sweds)
2 2 Anisal traction costs
1 apread over 2 O ha o] 0
iy, spread over 4 5 ha 0 0
2 3 Hired labor costs 3849 5849
2 4 Total variable costs
1. 2.0 ha assumption 728224 282246
11 6.9 ha. assusption 28224 28224
3.0 Household labor costs (FCFA ha'l)
A 508 hired labor wage 70182 70182
B: @ 1008 hired labor waga 140364 140364
4.0 Returns to
4.1 Capital (FCFA FCFA-1)
A: 11 (3.1} 4.1 (4 1)
B 0.6 [0 6] 1.6 [1.6]
4.2 Housaehald labor(FCFA hr-1) 130 [130] 160 (160}
4.3 Land (FCFA ha'1)
A 58988 88296
{ 58988} [ 88296}
B -11194 18114
[-11194) [ 18114}

Note: Numbers in brackets correspond to raturns under 4.5 hectares
land assumption vhile the other nuabers correspond to 2.0 hectares
assumption.



Appendix 16. Financial budget for manual C. N, C + P

Financial costs and returns

1.0 Crop Value (FCFA ha-l)
2.0 Variable costs (FCFA ha 1)

2.1 Non-labor input costs
(seeds)

2.2 Anisal traction costs
1 spread over 2.0 ha
i spread over 4 5 ha

2.3 Hired labar costs
2.4 Total variable costas
1.2

ha assumption
14. 4.5 ha. assumption

3.0 Household labor costs (FCFA ha-1l)

A 508 hired labor wage
B: @ 1008 hired labor wage

4.0 Returns to.
4.1 Capital (FCFA FCFA-1)
A:
B:

4.2 Household labor (FCFA hr-1)

4.3 Land (FCFA ha-l)
A:

- - MR
188932 193895

63247 43747

(4] 0

o] (V]

7452 1452
%1199 51199
51199 51199
89419 89419
178838 178838
1.9 (1.9} 2.1 (2.1}
0.2 ]0.2) 03 ({0.3)
108 (108} 114 [114]
48314 $%277

[ 4B34) [ 95277)
-4110% -34142
{-41105} {-341642)

Note: Numbers in brackets correspond to returns under 4.5 hectares
land assumption while the other nusbers correspond to 2.0 hectares

assusption.
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