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Farm productiVIty m Rwanda: effects of farm SIZe, erosion, and soil
conservatIon mvestments

Abstract

TIns paper exammes the effects of farm SiZe, soll erOSIOn, and soll conservation mvestments on
farm land and labor prOdUetlVIty 10 Rwanda There were four key results (1) There IS a strong mverse
relatIonshIp between farm SiZe and land productIVIty, and the opposIte for labor productiVIty For smaller
farms, the margmal value product of land IS far below the rental pnce of land, Implymg factor use
mefficiency and constramts to land market access, by contrast, for larger farms the value product and
rental pnce are nearly equal The findmgs for labor were the mverse the margmal value product of labor
for smaller farms was well below the market wage, thIS ImplIes that there are constramts to access to
labor market opportumties for the smaller farm households (2) Land productIvIty on very eroded farms
IS 21 percent lower than on farms WIth lIttle erOSIOn, the most extreme case IS for farms WIth a low share
of hIgh value cash crops (bananas and coffee) and a low share of cultivated area to WhICh fertuiZer or
orgamc matter has been applIed the loss of productIvIty IS 36 percent (3) On average, farms WIth a
relatIvely hIgh level of soil conservatIon mvestments have 25 percent greater land productIVIty than those
WIth few of these mvestments The bIggest gamers from such mvestments are farms WIth a hIgh share
of low value crops (food crops, annuals) and hIgh eroSIOn, they gam 33 percent (relatIve to the average)
Those that gam the least are those With a hIgh share of perenmal cash crops and low eroSIOn (4) A
substantIal mcrease m the share of farm output from hIgh value cash crops strongly benefits mcomes of
smallholders and land productIVIty mcreases by 50 percent The yIeld gams to shrftmg to cash crops are
clearly hIghest for those WIth better farm COndItiOns - WIth low erOSIon and high use of fertIliZer and
orgamc matter The ImplIcatIOns are (1) GettIng a strong farm yIeld and mcome effect from cash
croppmg requITes that land be less eroded to begm With, and that farmers be able to use substantIal
quantitIes of Improved mputs (fertIliZer and orgamc matter) (2) Program and polIcy effort to encourage
and enable farmers to make soIl conservatIon lDvestments on farm wIll have bIg payoffs 10 productIvIty
(3) Small farmIng m Rwanda IS hobbled, however, by constramt to use of land rental markets, but tend
to use land more effiCIently than larger farms ThIS ImplIes that attention to reform of land markets IS
needed even 10 SItuatIOns where the land SiZe dIstrIbUtion IS qUite unequal but the absolute farm SiZe IS
still small
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Farm productiVity m Rwanda: effects of farm SIZe, erOSIOn, and soIl
conservation mvestments

The farm-level research on patterns and determmants of productIVIty m the 1960's and 1970's

m Afnca focused prmcipally on sample stratIfication based on farm charactenstIcs - generally, by one

or more of the followmg farm. SIZe, use of anImal tractIon, access to credIt, use of new seed varIeties,

land tenure status, and mcome (EIcher and Baker, 1982)

Smce the 19608, solls have degraded and erosIOn has become a major envrronmental problem m

many developmg countnes, access to land has become mcreasmgly constramed m areas formerly thought

land abundant, factor and credIt markets have structurally changed and land markets have developed
.

Now most countnes have tmportant ISSUes related to land degradatIon and land productIVIty and there IS

the mcreasmg specter of land constramts ThIS ISsue IS partIcularly under-researched yet Important m

areas of Afnca where land constramts and land degradatIon have been growmg rapIdly, such as m

Rwanda

This paper explores the determmants of agrIcultural productiVIty m a cross-sectIOn of farms m

Rwanda, usmg data from the 1991 agricultural year We contrIbute to productiVity determmants research

m Afnca by combImng an enqUIry mto how farm SIZe affects productIvIty With enqurry as to what

magmtude of produeuvlty redueuon IS caused by erOSIon and conversely, what productiVity benefits are

generated by soll conservation mvestments

The above strategic research ISSUes gIve rIse to two related hypotheses for Rwanda

(1) HypothesIS Average and margmalland products Will rIse as sIZe of farm decreases

Empmcal prodUCtlVlty research m developmg countries m general has focused on the farm SIZe -

productiVIty relationship Most of the work has been m ASia, and very little In Africa

Research m ASIa has often mdicated an mverse relatIOnship For example, work In India (Bardhan
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1973, Deolahkar 1981, Rao and Chotlgeat 1981) shows that small farms have higher land productivity

but lower labor produettvlty (they use more labor mtenslVe techrnques) This eVidence has been Important

m land reform debate m developmg countries, supportmg the smallholder whose techrnque's factor bias

uses shnnlang land resources more productively

Research m AfrIca on productivity has often been crop specific, and has often focused on larger

commercial farmers Relatively few have analyzed the farm SIZe - prodUetlVIty relationship m the

smallholder sector (Elhs 1993 reviews these StudIes) Recent StudIes mclude Blarel et al (1989), Carter

and Wiebe (1990) m Kenya, Barrett (1994) m Madagascar, and Adesma et al (1994) m Cote d'IvOire

The Kenya and Madagascar studies confirm the Asian findmgs (an mverse relatIOnship) Blarel et al

show that the margmal product of capItal m matze-beans cultivation m Kenya falls as farm SIZe lDcreases

while the margmal product of labor starts low, due to mtensive labor apphcatIon on small farms, and rIses

WIth farm SIZe Carter and WIebe find sImI1ar patterns for wheat m Kenya, and attribute them to

constramts faced by smallholders lD access to capItal, and constramts faced by largeholders lD access to

labor Barrett found an mverse relatIOnshIp lD Madagascar, and noted that differences 10 households'

marketable surplus lD an enVIronment of pnee uneertamty explam the lDverse relatIOnship between farm

SIZe and productiVIty If small farms are pnce nsk averse He did not assume labor market ImperfectIOns

or dIfferences m the quality of land, croppmg patterns, or village-level effects

Empmcal research has found that the relationship depends, however, on how much non-labor

mputs are used by large farmers as a substitute for labor Adesma et al m Northern Cote d'!vOlre find

that large nee farms have greater land produettvity than small nee farms The difference IS attnbuted to

differentlal technology between small and large farms as a consequence of publIc policy Large farms

were given a preferential access to mputs, credit, and research Asian work finds a SImIlar qualification

Rao and Chotigeat (1981) show m India that land and labor have a negative effect on the elastiCity of

gross value of output per urnt of land while capital has a pOSItive effect The net effect depends on which

;; J



3

of the two IS greatest Farms employmg more hrred labor and more fenlllZer, hIgh-yIeldmg varIeties,

Improved ploughs and tractors, larger holdmgs have greater land productIvity

ElliS (1993) and Barrett (1994) reVIew four mam explanations for the Inverse relatIOnship (A)

There IS a dual labor market, largebolders face the market wage, smallholders face a Virtual wage or

opportumty cost of labor that IS lower than the market wage Small farms apply labor until Its margmal

value product becomes a fraction of the market wage, the greater labor to land ratio means higher Yields

(Feder 1984) (B) There may be decreasmg returns to scale, although most production studies m

developmg countnes show constant returns to scale (C) Smallholders may crop avadable land more

mtenslvely, whereas large farmers may underuse land, leavmg more fallow or plantmg less densely (0)

Zone-specIfic charactenstlcs such as solI quality or pnce fisk can affect the Yield-sIZe relationship

<

perceived m an aggregate sample (covermg more than one zone) For example, a zone With better sods

nnght attract more people, gIvmg nse to smaller farms With better yields than m other zones

We expect that one or more of explanations above apply to rural Rwanda, and thus expect the

mverse relationship to hold

Usmg margmal productIVity analysIS based on production functIOns we descnptlvely test (C),

and show that smaller farms crop more mtenslvely, and analytically test explanation (A), that margmal

value products differ from market factor pnces, mdlcatmg constramts to access to mputs and hence

econonnc mefficlency Tests of thiS propoSItion have been rare m Africa, the exceptIOn IS Carter and

Wiebe (1990), other recent examples of tests of economic effiCiency are Adesma et al (1994) for Cote

d'!vorre and Bravo-Ureta and Evenson (1994) for Paraguay

(2) HypothesiS Land degradatIon unportantly reduces land productiVity, conversely, sod

conservation mvestments raISe land prodUCtIVity substantially

The directIon of the effect IS common sense, but the emplflcal Importance of the effect has rarely

been exammed m developmg countries outside of expenmental Situations, particularly 10 Africa For
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IndIa, Bhalla and Roy (1988) and Bhalla (1988) mcorporated the effect of land qUalIty m their analysIs

of the mverse relatiOnshIp between farm SIZe and productIvIty Land qUalIty was proxled by soIl type,

soIl color and soIl depth m absence of data on sod fertIlIty

An addItiOnal ISsue, however, IS whether one should expect thIS effect to dIffer between small and

large farms That depends on whether small farms have more degraded soIls than large farms If the sods

of smaller farms are more degraded, thIS would offset the potentIal mverse relationshIp of farm SIZe and

prodUctIVIty

Our prehmmary assumptIon was that smaller farms mdeed have more degraded sods m Rwanda,

as one observes that WIth mcreasmg land constramts (asSOCIated WIth a secular tendency to smaller farms)

farmers are mcreasmgly pushmg onto the fragde "extensIve margms", the hIllSIdes (von Braun et al

1991, Clay 1993) We then analyzed erOSiOn per hectare (measured by methods descnbed m sectIon 2)

over farm SIZe tercdes (reported m Table I), and found that erOSIOn does not dIffer sIgmficantly over

farm SIZe strata ThIS IS at first surpnsmg, but then one notICes m Table I that smaller farms have also

been farmed less tIme, are much more fragmented mto small plots, and have twIce as many meters per

hectare of sod conservatIon mfrastrueture Thus, as these smaller farms age and there IS lIttle opportumty

to ShIft cultIvatIon to fallow areas and let cropped areas rest, the short to medIum term strategIes of sod

conservatIon mvestment wdl slow degradatIon but not fully offset It, and m the longer term one would

expect degradatIon to be more severe on smaller farms (thus mItigatmg the mverse relatIOnshIp of farm

SIZe and land prOdUctIVIty)

In sum, 10 the short-medIUm term, we expect that degradation wIll not have a dIfferentIal

prodUCtIVIty effect on smaller farms, and the land qualIty effect will not offset the expected mverse

relationshIp between farm SIZe and land productiVIty
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1 Model

We start with a production function relatlOg output to lOputs (labor, land, fertlhzer) and other

"conditIoners" such as land quality

Value of Output = f(Land, Labor, Capital, ConditIoners) (1)

From the levels of the vanables and the estunated coefficients, we compute margmal (value)

products (of mputs), the MVP - the change 10 output asSOCiated With an lOcremental change m the use

of an mput, itself a funetlon which represents the rate of change m the ongmal production functiOn as

the use of the factor is vaned The MVP m turn is conditIoned by the level of use of the lOput, and the

levels of other Inputs and conditIoners The MVP IS used m sectIon 4 for three purposes related to testlOg

our two hypotheses (A) to show how the margmal productIVIty of land changes over landhold109 strata,

(B) to show how land produettvlty IS condluoned by the degree of degradation of the farm's soIl, (C) to

examme whether MVP IS equal to marglOal factor cost (mput pnce) to determme whether use of that

mput IS effiCient, or whether there IS a constramt Its use

2. Data

The data used here denve pnnclpally from a natIonWide stratIfied-random sample of 1,240 farm

households (operatmg 6,464 plots) mtervlewed 10 1991 by the Agncultural Statistics DIVISion (DSA) of

Rwanda's MIOlStry of Agnculture Two surveys were conducted (1) the basehne survey, which

enumerated productton and other actIVities of the sample every week over the year, (2) the Agroforestry

survey, WhICh enumerated soIl conservation measures taken by households, the survey was one-shot
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retrospectIve and plot level, admInistered m June 1991

The baselIne survey provIdes Information on outputs and Inputs Mlssmg, however, are the

followmg categorIes of mformatlon (1) allocatIon of own and hIred labor to specIfic crops, and total

household labor between croppmg and other actIvIties, (2) allocatIon of purchased mputs (fertlllZer,

pestICIdes, hme) to fields or crops The Agroforestry survey provIded data on solI characterIstics and solI

conservation mvestments, mISsmg however are drrect estunates of solI erOSIOn

3 RegressIOn SpeCIficatIOn

The regressIOn specIficatIOn IS as follows

OUTPUT = f( (LABOR, LAND, FERTSHARE, FRAGMENT, AGEFARM, EROSION,

DISTANCE, SHAREHVC, TENURE, NORTHWEST, SOUTHWEST, NORTH-CENTRAL,

~l

1

J'

EAST) (2)

OUTPUT IS the aggregate value of productIon of a farm WhIle our data show allocatIOn of land

to specIfic crops, we lack household observatIOns on labor and fertIlIZer allocatIOn per crop Moreover,

most Rwandan farms allocate an Important share of therr land to lDlXed croppmg Thus, we specIfied

output as an aggregate (over crops) In cash value terms (the sum of each crop's phySical output weIghted

by the market pnce prevaIlmg at harvest 1990)

Bardhan (1973) notes, however, that such aggregatIon overlooks the effect of crop-eompositlon

of output and the margmal value product gives more weight than does the margmal phySical product to

farmers producmg crops WhICh have higher prIces We address thiS problem by controlling for crop mix

(dISCUSSed below)



7

Vanable mputs are LABOR, LAND, and FERTSHARE LABOR IS expressed In person-days per

hectare, and IS an aggregate of hIred versus own labor It IS consIdered predetermIned because It IS

mamly own labor WhICh was proxled by household sIZe In adult eqUIvalents

LAND IS expressed m hectares (of cultIvated land) It IS also treated as exogenous because It

COnsISts almost entIrely of owned land (see sectIon 6) and landholdIngs are set by tradItIOnal land nghts

and Rwanda lacks a competItIve land market for transfer of land

All farms use the hoe and the machete and none use anImal tractIon There IS extremely httle use

of chemIcal fertIlIZer, hme, and pestIcides (see sectIOn 6) SoIl fertIlIty IS mamtaIned prIncipalIy by fallow

and use of manure Our data set lacks mformatlon on quantitIes of manure used As a rough alternatIve

and With the assumptIon that parcels are homogeneously fertIlIZed, a proxy variable, FERTSHARE' IS

used the share of cultIvated area on whIch any of the followmg are used organIC matter, chemical

fertIlIZer, hme, or pestIcides

There are several variables that control for farm charactenstIcs FRAGMENT reflects

fragmentatIon - the number of plots The more plots, the more tIme the farm spends mOVIng around the

farm, and the more mefficlent the operation DISTANCE reflects the average (over farm plots) tIme the

farmer travels from the household to the plots, the more dIstance, the more IneffiCIent the operatIOn

Two vanables reflect soIl quality (or degradatIon) AGEFARM IS the average (welghtea by plot

SIZe) of the number of years smce cultIvation began on currently-farmed plots, older plots are expected

to be less fertIle

EROSION IS the average annual soIl loss In tonslha per farm It IS calculated USIng the Umversal

SOlI Loss Equation, the USLE (Morgan (1986), Hudson (1981» The USLE prOVIdes an estimate of the

long-term average annual soIl loss from parcels of arable land under varIOUS croppIng conditions (Hudson

1993) and IS specified thus

ErOSIOn (observation per plot) = R x K x L x S x C x p (3)
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where R IS the mdex of ramfall and runoff, K IS the sOlI erodibIlity mdex reflectmg the

susceptIbIlIty of a soIl type to erOSion, L IS the length of the plot (compared to a standard field of 226

meters), S IS the slope of the plot relatIve to a standard (9 percent), C IS the C-value, the ratIO of soIl loss

on a plot under a standard treatment of cultivated bare fallow compared to the soIl loss expected from

the crop mIX and croppmg practIce used on the current plot, P IS the sou conservation practIce factor

whIch IS a ratIo comparmg the soIl loss of the plot (gIVen sou conservatIon measures used thereon) WIth

that from a field WIth no conservatIon praetlce

The followmg data from the baselme dataset plus secondary data were used to measure the above

USLE vanables (a) for R, we used ramfall data for the 78 secteurs m whIch our sample households

resIded, (b) for S, we used plot slope data, (c) for the C value we used baselme data on crop mIX, (d)

for L (plot length) we used the square root of the plot area (WIth the sImphfymg assumption that the plots

are square), (e) for K we used secondary data on the soIl types for the 12 zones m WhICh our sample

resIdes, (t) for P (conservatIon practICes) we used DSA Agroforestry data on meters per hectare of soIl

conservatIon mfrastrueture used (grass strips, antI-eroslOn ditches, hedgerows, and radical terraces)

Land TENURE IS the percentage of cultivated area rented per household It reflects effort

dlSmcentIve because we expect that farmers mvest less effort m Improvmg rented plots

Our proxy for crop mIX (the need for which IS dISCUSSed above) IS the share of high value crops

(SHAREHVC), bananas and coffee, m the gross value of output

Dummy vanables are used to capture effects of agroclImatic zone The five zones are

NORTHWEST, SOUTHWEST, CENTER-NORTH, CENTER-SOUTH, and EAST, they differ by

ramfaII, alutude, soIl qUalIty, and crop IDlX and vegetal cover In general, the western wnes are rainIer

and higher altItude, With soIls that have been farmed much longer than to the east
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4 Functional Form and EstimatIon Methods

Most production studies m Africa have used Imear or log-hnear functional forms (EIcher and

Baker, 1982), few have used more complex forms Lmear and log-lmear forms are cntlclZed for bemg

too restrIctive as they do not allow analystS of mteractIons among varIables We favor the translog

(transcendentailogarIthIDIc), a fleXIble functIOnal form Lau (1975) recommends the translog when there

tS relatively hIgh substItutabIlIty among mputs, Antle and Capalbo (1988) and Nakamura (1984)

recommend Its use because It tS general and fleXIble, and enables use of few parameters to model

behaVIOr WIthout Imposmg restrIctIons on the functIon The general form of the translog productIOn

functIon IS

.
I

I
:1

II
I

I
I
I

I
i
I

In y = Po + l;.P,l~ + E-j1;z.J + l:.EPiilnX,lnX,

+ I:.Ej1ijlnX.Z., + PJ)k (4)

where f3s are coeffiCIents, 1 mputs, J condItIOnIng factors, and k dummy varIables ApplIed to our

vanables thIS becomes

+ f3sEROSION + f3J<ERTSHARE + P7DISTANCE + PaSHAREHVC

+ f39TENURE + PtJnLABOR*lnland + f3ulnLABOR*EAST

+ ,s14InLAND*AGEFARM + ,sulnLAND*EROSION +f31JnLAND*FERTSHARE

+ f317NORTHWEST + 131aSOUTHWEST + 1319CENTER-N + ,s~AST + u (5)

In an lDltlal speCIficatIon of the model, we had mcluded sotl conservation mvestments as a
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regressor, but found they are hIghly correlated With EROSION, and thus dropped mvestments, we bnng

them back mto the analysIs below by relatmg MVP of land and labor to levels of soIl conservation

mvestments on the farm m sectIOn 7

The retamed regressors successfully passed the test for exogenelty I

5 Patterns

Table 1 shows patterns m output, mputs, condltlonmg factors, and other household charactenstlcs,

compared across tercI1es of farms grouped accordmg to farm SIZe smallest, averagmg 34 ha , mIddle,

83 ha , largest, 2 38 ha The latter IS stIll far below the Sub-Saharan African average Note the seven-

fold dIfference m landboldmg between tercIle averages, 68 percent of the land IS held by the largest

tercIle, only 10 percent by the smallest The Gml coeffiCient IS 4

Output mcreases and yield declmes as one goes from smallest to largest tercI1es The overall yield

(m value terms) of the average farm m the largest tercIle IS a thIrd of that of the smallest-farm tercIle

The Yield advantage IS mamly due to greater labor use per hectare the smallest apply four times more

labor per hectare than the largest tercIle

Compared to largest-tercIle farms, smallest-tercIle farms (A) are four tImes as fragmented

(mdleated by number of plots per hectare), (B) have been farmed fewer years, (C) have plots clustered

closer to the dOmIcIle, (0) have a higher share of land rented (10 percent compared to 6 percent for the

largest), WIth the average sample share of 8 5 percent farrly low, (E) have only shghtly less eroded soIls,

(F) have twice as much soIl conservatlon mvestment per hectare (measured m meters of own-bUilt

mfrastructureper hectare), (G) use the same (tmy) amount ofchemIcal fertilizer, (Ii) have about the same

share m value of output of high valued crops (also crops With low erosive Impact), coffee and bananas,

1 We used the procedure set out m RIvers and Vuong (1988)



· . .:' . ..... . ' . ' . : . . ~'

11

6 Results and DIscussion

Table 2 shows productIOn functIon regressIOn results Labor and land have positive, slgmficant

effects, therr full effect can be ascertaIned, however, only by assesSIng these sole effects together With

the mteractIon terms, which IS done below m our diSCUSSion of margInal value products Farm age has

a slgmficant negative effect as expected FragmentatIon has the expected Sign but IS mslgmficant Share

of rented land IS not slgmficant EroSIOn's dIrect effect IS unexpectedly pOSItIve and barely Significant

The share of coffee and bananas (hIgh-value crops) have, as expected, a strong effect on the value of

aggregate output

Table 3 shows average and margmal value products of land and labor (calculated takIng mto

account dIrect effects and mteractlon effects) The average and margmal value products (respectively,

AVP, or Yield, and MVP) of land decrease as farm sIZe mcreases, as hypothesIZed AVP and MVP of

labor mcrease With farm SIZe, agam as expected

Nevertheless, ElliS (1993) and Bhalla (1988) note that an observed mverse relatIOnship between

land MVP or AVP and farm sIZe can depend on the partition of farms mto different strata (I e the

definItIon of stratum cut-off pomts) To test the robustness of our findmg, we specified the tollowmg

function quadratiC m land

I

I

I

II
I I

+ P4FERTSHARE + PsSHAREHVC + P~ORTHWEST + u (6)

Table 4 shows regressIon results for (5) They confirm strongly the mverse relatIonship between

farm sIZe (LAND) and the MVP of land, and the pOSitIve relatIOnship for the MVP of labor The

relatIons are U-shaped EROSION has a strong negatIve effect especially on land but also on labor
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productIVIty ApplIcatIon of fertIliZer and orgaruc matter Improves land productivity but not labor's

Table 4 shows MVPs of land and labor, and compares them With factor prIces - the market wage

rate and the land rental rate Observe that the smallest farms apply labor untIl the labor MVP IS only a

fraction of the market wage - gomg from about a thIrd of the wage (for smallest farms) to about two-

thIrds for the largest farms ThIs Imphes lower opporturnty cost of labor on smallholder farms than that

reflected m the agncu1tural wage probably because of constramts to access to that labor market as well

as to nonagncultural employment OPPOrtunities

By contrast, the land MVP IS much hIgher for the smaller farms than land rental rates (proxy for

market pnce of land), mdleatmg constramts on access to land The land MVP and the rental rate come

near equality These results are sundar to those found by Carter et WIebe (1990) for labor and capital

on wheat farms m Kenya

We then controlled for farm SiZe and varIed each of several key COnditlOnmg varIables (holdmg

the others fixed) to see how margmal Impacts change The mam results are shown m Table 5 part a,

varIous combmatIons of changes and stratifications are shown m 5 parts b-e

FIrst, when erOSIOn mcreases from 1 to 8 tonslha (the average IS 4 55 tonslha), Table 5 a shows

the MVP oflabor decreases 14 percent The land MVP decreases 21 percent, 5 b shows that as the share

of hIgh value crops and FERTSHARE mcreases from the average, the erOSIOn Impact on the land MVP

can fall to as low as 19 percent loss, and when there IS both a low share of high value crops and low

FERTSHARE, the loss from erOSIOn can be as high as 36 percent, these types of farmers have the

greatest combmatIon of mcentIves to mvest m erosIOn control mfrastruCblre As smaller farms do not

have more eroded soils on average than larger farms, the eroSIOn effect does not offset the mverse

relation between yIeld and farm SiZe, as hypothesIZed ,, ;

Second, mcreasmg soIl conservation mvestment on-farm (here, meters per hectare of SOil

conservation mfrastruCblre used) from 345 to 673 meterslheetare (the average IS 477 meters/ha ) mcreases
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the land MVP by 25 percent and the labor MVP by 4 percent Table 5 e shows that when companng

over farms USIng the cntena of eroSion and FERTSHARE (holdmg all else constant), the farms that

benefit most (and logically so) are those With high erosion and low FERTSHARE (With a 26 percent

mcrease m land MVP), those that benefit least are those With low erosiOn and high FERTSHARE (only

18 percent)

Also In Table 5 e , and comparmg by the cntena of share of high value crop m output and

FERTSHARE, we find that those With the lowest share of high value crops but low FERTSHARE stand

to gam the most - 30 percent, two forces are at play here, lower value crops provide a lower payoff per

extra Ialogram produced than do high value crops, but the latter tend to be crops With low C values,

hence already protect the sod Hence the lowest payoff IS to those With a high share of coffee and bananas

and that have already a high FERTSHARE (17 percent) At the bottom of 5 e we find a Similar findmg

that the farms WIth the greatest Impact on land productiVity of any farms are those With high erosion and

low share of high value crops - 33 percent

ThIrd, Table 5 a shows that mcreasmg the share of land on which fertilIzer or organic matter IS

applIed from 40 percent to 90 percent (the average IS 67 percent), the labor MVP mcreases by 4 percent

and the land MVP by 15 percent Table 5 c shows that WIth hIgh erosion and a high share of high-value

crops, the gam to land MVP can be as hIgh as 33 percent - and thus these types of farmers have the

greatest combmanon of mcentlves to use fertIlIZer and orgamc matter, With low erosIon and low share

of high value crops, the gam can be as httle as 11 percent

Fourth, mcreasmg the share of farm output from high value cash crops (bananas or coffee) from

15 percent to 54 percent (the average IS 34 percent), the labor MVP Increases by 30 percent and the land

MVP by 50 percent These cash crops unprove smallholder mcomes Table 5 d shows that the gam to

shlftmg to cash crops IS clearly highest for those With better farm conditions -- With low erosion and a

high FERTSHARE Those gammg least have hlgWy eroded soIls and use few Improved mputs
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7. ConclusIOns

This paper tested the hypotheses that (1) small farms have better land productIVity than larger

farms, (2) soll erosion strongly reduces land productivity, and (3) sod conservation mvestments strongly

lIDProve land produetlvlty If smaller farms had more eroded soIls than larger farms, (2) would mltlgate

(1), whereas we find that smaller farms do not have more eroded solls (m the short-mediUm run at least)

than larger farms, because they use more soll conservation measures We found four sets of key results

FlfSt, we found a strong mverse relationship between farm SIZe and average and margmal land

productivity, and the opposite for labor produetlvlty For smaller farms, the margmal value product of

land 18 far below the rental pnce of land, lIDplymg factor use mefficlency and constramts to land market

access, by contrast, for larger farms the value product and rental pnce are nearly equal The fmdmgs for

labor were the mverse the margmal value product of labor for smaller farms was well below the market

wage, whlle they are nearly equal for larger farms This lIDphes that there are constramts to access to

labor market OPPOrtumtles for the smaller farm households

Second, land prodUetlVlty on very eroded farms 18 21 percent lower than on farms With httle

erOSion, the most extreme case IS for farms With a low share of hIgh value cash crops (bananas and

coffee) and a low share of cultivated area to which fertilIzer or orgamc matter has been applIed the loss

of prodUetlVlty IS 36 percent

ThIrd, on average, farms With a relatively high level of sod conservation mvestments have 25

percent greater land prodUctIVIty than those With few of these mvestments The biggest gamers from such

mvestments are farms With a high share of low value crops (food crops, annuals) and high erOSion, they

gam 33 percent (relative to the average) Those that gam the least are those With a hIgh share of perennial

cash crops and low erOSIon

Fourth, mcreasmg the share of farm output from high value cash crops (bananas or coffee) from
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low to hIgh strongly benefits Incomes of smallholders and land productivity Increases by 50 percent The

yIeld gams to shiftIng to cash crops are clearly highest for those With better farm conditions - With low

erosIOn and hIgh use of fertIlIzer and organIC matter

There appears to be a certam substItutabilIty between perennial cash croppIng and soIl

conservatIon Investment But the catch IS that getttng a strong farm yIeld and Income effect from cash

croppIng requIres that land be less eroded to begm With, and that farmers be able to use substantIal

quantItIes of Improved Inputs (fertIlIZer and organIc matter)

Many small farms already have qUite eroded soIls, and thiS erosIOn has a very harmful effect on

land productIVity, reducIng yields up to a thIrd Thus, general program and polIcy effort to encourage

and enable farmers to make soli conservatIon Investments on farm wIll have bIg payoffs In productiVity

Small farmmg In Rwanda IS hobbled, however, by constraInt to use of land rental markets, but

tend to use land more effiCiently than larger farms This Imphes that attention to reform of land markets

IS needed even In sItuatIons where the land sIZe distrIbution IS qUIte unequal but the absolute farm sIZe

IS stIll small
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Table 1 Farm Charactenstlcs

Farm SIZe Stratal> Smallest Middle Largest Overall CV

Output (RWP) 216 343 526 363- 09

Yield (RWF/ha) 744 42 1 261 474- 1 1

Labor (days/ha) 12510 5570 2710 6890- 10

Land (ha) 034 083 238 119- 08

Plots (#/ha) 130 70 30 80- 08

Farm age 179 184 208 191- 07

ErOSion (T/ha) 43 47 46 45 1 1

Soil Cons (mIha) 672 8 414 1 3446 477 2- 1 5

Share land 681 662 68 1 675 04
under mputs

Fert expend (kglha) 008 007 008 008" 14

Distance (mm) 825 908 1165 970- 1 1

Rented land (percent) 99 100 560 850" 1 9

Share high value crops 034 032 036 034" 07

Stratum's share land 010 022 068 100

GOO CoefficIent land 03827

Table 1 Notes.

a 71 RWF = US$ 1 m 1990
b DefinItIons

Strata Bottom Terctle s; 58 Ha, MIddle Terctle between 58 and 1 45. Top Terclle > 1 45
Ha. No of cases (households) per terctle 373. 374. 376 for first. second and third
terctle

CV CoeffiCient of VariatIOn
Output Value of gross agncultural production m thousands RWF
YIeld Value of gross agrIcultural production per hectare (m thousands of RWF)
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farm

Labor

FertJ.1IZer
DIstance
Rented
Share HVC

AvaJ.1able labor for the household In person-days per hectare (total famIly labor
+ labor hIred - labor sold) Labor IS standardIZed Into adult eqUIvalents (AE)
1 for adults (aged between 16 and 60) and 25 for chIldren (between 6 and 15)
and semors (above 60)

Land Total cultIvable land In hectares
Plots (FRAGMENT m regressiOns) Number of plots
Farm age Average number of years of cultIvatIon of plots
ErOSiOn Average annual soJ.1loss m Tonslhectare
SoJ.1 cons Total length of antI-erOSIon deVICes for the
Share land under mputs FERTSHARE m regressiOns)

Share of farm area on WhICh orgamc or chemIcal mputs are applIed
Amount of chemIcal fertJ.1IZers purchased (kglha)

Average dIstance from residence to plot m mmutes
Percentage of area that IS rented

Share of hIgh valued crops (banana and coffee)
m total agrIcultural output value

ProportIon of Land per Stratum
Percentage of cumulated land per stratum

C Strata means are sIgmficantly dIfferent at () 10 percent, (j 5 percent
and () 1 percent



Table 2 Translog Production Function Fstamates

Vanable Coeff Vanable Coeff

(1) LABOR 054- (1)*(8) ~ 0 31
(0 13) (015)

(2) LAND 036- (1)*NORTH 031
(0 19) WEST (009)

(3) FRAGMENT - 0 002 (2)*(5) - 0 01
(0002) (0007)

(4) AGEFARM - 0 003- (2)*(6) - 0 001-
(0001) (0001)

(5) EROSION 004- (2)*(8) 007
(007) (0 1)

(6)FERTSHARE 0007 NORTHWEST - 1 22-
(0006) (053)

(7)DISTANCE 0003 SOUTHWEST - 007
(0002) (006)

(8)SHAREHVC 273- CENTER-N 018-
(091) (005)

(9) RENTED 0001 EAST 042-
(0001) (006)

(1)*(2) 002 Constant 656-
(003) (076)

(1)*(5) - 0 01 Ad] R2 053
(001)

(1)*(6) 0001
(0001)
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Table 2 Notes

The dependent variable IS the logarithm of gross value of output In 1990 agricultural production In RWF

a Standard errors are In parentheses

b ... SIgnIficant at 1 percent, .. SIgnIficant at 5 percent, • SIgnIficant at 10 percent

c DefinItions of variables as In Table 1



Table 3 MarglOal and Average Factor Products

Farm Labor Land
Strata (tercl1es)

MVP AVP MVP AVP

Smallest 383 642 252 744

Middle 468 768 206 42 1

Largest 675 957 90 261

Overall 525 816 175 474

Factor Pnce 1000 75

Table 3 notes:

Farm SIZe terclles are defined as m earlIer tables

The MargmaI Value Product (MVP) and the Average Value Product (AVP) of labor are expressed m RWF/person
days

Factor pnces (wage of labor and rental pnce of land) were denved from the data The wage rate IS for one day of
labor They are median values Land products and land rental pnce are l000's of RWFs
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'able 4 Regression of Margmal Value Products of Land and Labor on Farm Size and Farm Characteristics

Variables MVP of LAND MVP of LABOR

Constant 192252- 1486
(21289) (IS 62)

LAND -10423 1- 1971-
(9695) (7 11)

LAND2 9054- (1332) - 1 98"'
(098)

EROSION - 746 5- - 1 23
(1225) (090)

FERTSHARE 542- 004
(194) (0 14)

,

SHAREHVC 220860- 41 76"'
(2901 1) (21 28)

NORTHWEST 1108255- 3788-
(17309) (1270)

Ad] R2 023 002

Table 4 notes:

Standard errors are m parentheses

- SIgnIficant at 1 percent, - sIgnIficant at 5 percent, .. signIficant at 10 percent
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Table 5 Percentage change of MargInal Value Product of Land and Labor

N.B. The ranges (low to lugh) are defined in the text

5 a Variation of one condatlonmg factor wlule holdmg other vanables constant

Movmgfrom MVP of Labor MVP of Land

Small Farms to Large Farms 38 percent - 36 percent

Low EroSIOn to High EroSion - 14 percent - 21 percent

Low to High FERTSHARE 4 percent 15 percent

Low to High Share of High Value 34 percent 49 percent
Crops

Low sou conservation mvestment 4 percent 25 percent
to high

Table 5 b Impact of change from low to lugh erOSlOn for various farm categones

Movmg from Low to High EroSIOn MVP of Labor MVP of Land

Low SHAREHVC - 20 percent - 36 percent
Small FERTSHARE

Low SHAREHVC - 22 percent - 32 percent
High FERTSHARE

High SHAREHVC - 15 percent - 22 percent
Low FERTSHARE

High SHAREHVC - 14 percent - 19 percent
High FERTSHARE
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Table 5 c Impact of change from low to high FERTSHARE for various farm categories

Movmg from Low to High FERTSHARE MVP of Labor MVP of Land

Low EROSION 3 percent 11 percent
Low SHAREHVC

Low EROSION 11 percent 27 percent
High SHAREHVC

High EROSION 4 percent 16 percent
Low SHAREHVC

High EROSION 9 percent 33 percent
High SHAREHVC

Table 5 d Impact of change from low to lugh share of high value crops (bananas/coffee) for variOUS farm
categories

Movmg from Low to High Share MVP of Labor MVP of Land

Low EROSION 39 percent 58 percent
Low FERTSHARE

Low EROSION 49 percent 92 percent
High FERTSHARE

High EROSION 29 percent 39 percent
Low FERTSHARE

High EROSION 42 percent 67 percent
High FERTSHARE

25
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Table 5 e Impact of change from low to high sod conservatIOn Investment for various farm categories

Movmg from low to high soli cons MVP of Labor MVP of Land
Investment

Low EROSION + 13 percent + 20 percent
Low FERTSHARE

Low EROSION + 1 2 percent + 18 percent
HIgh FERTSHARE

HIgh EROSION + 1 5 percent + 26 percent
Low FERTSHARE

High EROSION + 1 4 percent + 23 percent
High FERTSHARE

MOVIng from low to hIgh soli cons
Investment

Low SHAREHVC + 1 6 percent + 30 percent
High FERTSHARE

Low SHAREHVC + 1 6 percent + 26 percent
High FERTSHARE

High SHAREHVC + 1 2 percent + 19 percent
Low FERTSHARE

HIgh SHAREHVC + 1 2 percent + 17 percent
High FERTSHARE

MOVIng from low to hIgh sod cons
Investment

Low EROSION + 1 5 percent + 24 percent
Low SHAREHVC

Low EROSION + 1 1 percent + 16 percent
High SHAREHVC

High EROSION + 1 8 percent + 33 percent
Low SHAREHVC

High EROSION + 1 3 percent + 20 percent
HIgh SHAREHVC




