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1 INTRODUCTION 

1.1 Report Objectives and Approach 

RIce sector reforms represent one of the central pIllars of changes whIch the Senegalese 
government has undertaken m agnculture m the past decade m an effort to remvlgorate Its 
economy The objectIve of the research activItIes which this report summarizes has been to 
assess the Impact of these reforms on nce producers Four Issues have framed the research mto 
this Impact FIrst how have reforms affected the performance of the nce produczng sector? 
This questIOn seeks to establIsh the direct effect of reforms on productIOn and productIvity m the 
sector The second and third questIOns attempts to examme reasons behmd changes m 
performance The second questIOn exammes how reforms have affected the enVlronment of 
nce producflon ? ThIS questIOn seeks to understand changes m the markets for nce paddy as 
well as of commercIal mputs and serVIces, and domestIc resources that farmers use m nce 
productIon Understandmg these changes then allow a response to the thIrd questIon whIch IS 
how reforms have changed zncenflves to produce nee and the resultant behaVlOr of nce 
producers This questIOn focuses on changes m level and vanabIlIty of net fmanclal returns to 
nce productIOn It then exammes changes m productIOn behaVIOr that has been brought about by 
these new mcentIves Lastly, the analYSIS then poses the larger questIOn of what are the long
term consequences of reforms for nce producflon ThIS questIOn seeks to assess changes m the 
longer-run VIabilIty of the nce productIOn economy as a result of reforms It does thIS by 
mvestIgatmg the underlymg economIC value of nce productIon and consequences for producer 
welfare 

1 2 ReVIew of PolIcy Reforms and Expected Impacts on the RIce Sector 

A reVIew of nce sector polIcy actIOns whIch occurred m Senegal over the decade between 
1987 and the present demonstrate the dramatIC changes WhICh has taken place m the economIC 
enVIronment of nce productIon Table 1 1 summanzes these changes, and presents hypotheses of 
the expected Impact of each reform on (a) farmer mcentlves to produce nce, (b) the nce farmers' 
overall welfare, and (c) the economIC effiCIency of nce production The reforms and the 
hypotheses attached to them are explamed below These hypotheses underlIe the analyses of 
questIOns posed above, WhICh are evaluated m the remamder of the report 

1 3 Factor and Input Market Reforms 

InItIal reforms m the nce sector dealt WIth the Withdrawal of SAED from factor and mput 
markets Factor market reforms mcluded the cedmg managmg control of "pIOneer" lands (WhICh 
mcluded most new areas SUItable for lITIgatIOn development) to communIty organIzatIOns A 
second reform m thIS area was the WIthdrawal of SAED from extendIng Input credIt for 
agnculture Its role was replaced by the CNCA, WhICh establIshed an office m St LoUIS to 
proVIde seasonal and eqUIpment credIt to farmers In the Senegal River Valley These two reforms 
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occurred together and were coordmated such that new 1Ovestors 10 land or nee process1Og 
receIved preferentIal consIderatIOn for credIt 

Concurrent wIth these reforms, SAED also phased out Its role 10 the dIstnbutIOn of 10puts 
to agnculture ThIS role had mcluded supply of Imported mputs, productIon of Improved seed, 
and m some cases, SUbSIdIzatIOn of these mputs for lITIgated crops These actIvIties were ceded 
to the pnvate sector, WIth SAED only servmg as an adVIsor to producers m the chOIce and use of 
mputs 

Each of these reforms was expected to Improve access to, and facIhtate effiCIent 
allocatIOn of capItal, land and agncultural mputs to nce and other agncultural actIvItIes They 
were therefore expected to Improve prOductIOn effICIency Effects on nce productIOn and -
producer mcomes where also expected to be POSItIve because the reforms were expected to 
attract more land and capItal to agncultural mvests m the valley, and partIcularly m nce 
productIOn, and raIse productIOn through more effectIve use of mputs 

1 4 Rice Market Reforms 

Reforms m the nce market began later and resulted fIrst m a WIthdrawal of SAED from 
marketmg domestic productIOn, and subsequently m a WIthdrawal of the government from the 
role of dIrect Importer of nce SImultaneous WIth the WIthdrawal of SAED from role of 
productIOn wholesaler and processor, the apparatus for determm10g the domestIc pnce was 
lIberalIzed In the fIrst phase, the domestIc pnce was allowed to reach an 10ternal pnce 
eqUIlIbnum subject to managed Imports and admmlstered border pnces WIth the lIberalIzatIOn 
of mternatlonal trade, the pnce was allowed to seek ItS own level WIth respect to the mternatIOnal 
market as well, subject only to the effects of border tanffs 

Expectations of the results of these reforms are, fIrst, that marketmg effIcIency would nse 
WIth the transfer of responsIbIlIty for collectIon and processmg at the producer end, and the 
transfer of Importmg and wholesalmg to pnvate actors Regard10g pnce levels, the expectatIOn 
IS less ObVIOUS, because even as the reforms were Implemented, wranglmg contmued about the 
levels of protectIOn WhICh would be mamtamed for the domestIc market The tanff regImes 
adopted by the government ostensIbly mamtamed protectIOn levels at near theIr hlstoncallevels 
However, as the analyses WhICh follow wIll demonstrate, these reforms were only partIally 
Implemented, and so reduced nce protectIOn and therefore mcentIves to producers Lastly, the 
reductIOn m protectIOn IS expected to raIse effICIency m nce produc1Og and prOVIde a net POSItIve 
contnbutIOn to overall economIC welfare 
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Table 1 1 Policy Reforms Affecting Rice Producers 

Impact on 
Impact Impact on 

Date Reforma nce on farmer production production 
welfareb 

efflclenc/ Incentlvesb 

Factor and Input Market Reforms + + + 
1987 Transfer of "pioneer" lands from SAED 

management to Communaute Rural 
management 

1987/ CNCA takes over Input and eqUipment credit 
1988 operations from SAED 
1989 LiqUidation of last SAED Input stocks 
1989 PriVatization of agricultural eqUipment services 
1990 Privatization of Irrigation Infrastructure 

construction and maintenance services 
1990 Transfer of seed farms and sorting center to 

producer organizations 
Rice Market Reforms - +/- + 

1994 Pnvatlzatlon of SAED nce mills 
1994 Abandonment of administered paddy pnce 
1994 Llberahzatlon of local nce sales by the CPSP 
1995 Llberahzatlon of nce Import trade 
1995 RevIsion of border protection to Include 

Variable Levy 
1996 Reform of operational procedures for vanable 

levv 
Macroeconomic Reforms 

1994 Devaluation of the currenC}L- + +/- + 

Note a Denved from Jean Franc;:OIs BELIERES Dlfflculfes de mIse en place dune alternatIVe Ilberale a un 
modele de developpement de type revolutIon vene admlnlstree et modeme Le cas de la nZlculture 
Imguee dans Ie Delta du fleuve Senegal (CIRAD SAR Montpelher Ie 6 septembre 1995) 

b + = positive Impact - = negative Impact +/- = substantial positive and negative Impacts ? = 
unknown Impact 

1 5 MacroeconomIc Reforms 

It IS Important to mentIOn other broader structural reforms to the Senegalese economy 
which occurred concurrently with these reforms because they have also contnbuted to the 
Impacts whIch have occurred on producers Most notably the currency devaluatIOn In 1994 
occurred roughly Simultaneously with the lIberalIzatIOn of the nce market The devaluatIOn 
resulted In a substantial Improvement In the profItabIlIty of nce productIOn gIven the full tradable 
nature of the product, In companson to a substanttal contnbutlOn of nontradables In productton 
costs To a large extent, thIS Improvement offset the loss of protectIOn resultmg from market 
reforms, and thereby cushIOned the ImmedIate Impact of these reforms On the other hand, to the 
extent that the effects of the devaluatIOn are beIng gradually eroded by domestic mflatIon, thIS 
effect may be transitory 
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Other macroeconomIC reforms, IncludIng reVISIOns of Investment, bankIng and trade 
polIcIes to stImulate pnvate Investment and growth may be expected to contnbute to the 
agncultural sector, IncludIng nce producers AgaIn however, the anemIC response of Investment 
to reforms In general suggests that eIther these reforms remam to be Implemented or that they 
have not been suffIcIent to Induce these responses 
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2 HOW HAVE REFORMS AFFECTED PERFORMANCE OF THE 
RICE PRODUCING SECTOR IN SENEGAL 

21 Trends Over the Period of PolIcy Reform 

Smce the begmnmg of nce sector reforms, nce productIon m Senegal has shown, fIrst a 
rapId growth m productIon, and then a declme These trends are plotted m FIgure 2 1 Both the 
growth and the subsequent declme have been due pnmanly to changes m productIOn m the 
Senegal RIver Valley, as suggested by the relatIve stabIlIty of productIOn m the other pnnclpal 
producmg area of the country, the Casamance As the FIgure Illustrates, total natIOnal productIon 
m 1997/1998 returned to levels roughly eqUIvalent to levels achIeved ten years ago, although the 
share contnbuted by the Senegal RIver Valley (SRV) has mcreased margmally m comparIson to 
the Casamance 

FIGURE 21 
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WIthin both regIons, FIgure 2 2 and FIgure 2 3 (on the following page) Illustrate the 
contnbutIOn of area and YIeld changes to these trends over the same tIme penod From these 
figures It IS clear that the pnnclpal source of productIOn expansIon and then contractIOn In the 
Senegal RIver Valley has been changes In cropped area WhICh has followed the same expansIOn 
and contractIOn trend that IS shown by productIOn (These trends are roughly the same for both 
raInY and dry season areas, although rainY season area IS consIstently an order of ten tImes more 
than dry season area) YIeld trends In the SRV show almost no change over the penod, despIte a 
very strong YIeld peak 10 1994 

In the Casamance, agncultural mimstry data suggest that cropped area actually contracted 
dunng the early 1990s, 10 the same IOterval that It was groWIng In the SRV As In the SRV, YIelds 
show very lIttle trend In the Casamance 

The observed dIvergence In performance of the two regIOns over the last twelve years 
suggests a dIStInCtly dIfferent reactIon to the polIcy enVIronment for nee reforms over the penod 
of the past 15 years ThIS report WIll argue that the substantIal growth and then stagnatIon over 
the penod In the Senegal RIver Valley has been In response to changes In productIOn InCentIves, 
whIle relatIvely unchanged nce productIOn In the Casamance reflects the economIC IsolatIOn of 
It'S nce economy 

The relatIve stagnatIOn of 
YIelds over the past decade 
Ignores a more Important trend 
that occurred In the prevIOUS 
decade when Irngated nee 
productIOn In the Senegal RIver 
Valley was fIrst Installed 
IrngatIOn created the opportumty 
to produce nce under controlled 
condItIOns, whIch allowed 
techmcal IntensIfIcatIOn USIng 
high Yielding vanet1es and ~ -
fertIlIzers ThIS "IntensIve" nce 
technology resulted In the 
dramatic Improvement 10 nce 
YIelds, WhICh IS Illustrated In 
FIgure 2 4 ThiS change In nee 
YIeld explaInS the dIvergence of 

FIGURE 2 4 
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SInce the mId-eIghtIes, however, trend growth In YIelds has not occurred However, the dramatIc 
spIke In YIelds m 1993/1994 does suggest potentIal YIelds In the regIOn wIth eXIstIng 
technologIes IS substantIally hIgher than current performance The reversal of this Yield spIke 
occurred sImultaneous WIth the currency devaluation m 1994 One hypotheSIS exammed 10 thIS 
report IS that thIS YIeld reductIOn occurred because tradable mputs used m nce productIOn 
doubled m pnce followmg the devaluatIOn, and resulted m a reductIOn m mput dose levels and 
hence a return to lower Yields 

2 2 Current Production Performance 

In the last year, the performance of the nce sector m Senegal has contmued to stagnate, 
reflectmg two pnnclpal problems m the productlon economy (I) A contmumg weakness m 
finanCial mcentIves to produce 10 the Senegal River Valley, and (11) A severe credit constramt 
Given the current polIcy enVIronment It IS not lIkely that this sItuatIOn WIll change dramatically 
next year In the Casamance, secunty dIsturbances may adversely affect nce productIve In that 
regIOn, although there IS lIttle eVidence of this to date Each of these Issues IS explored m 
sectIOns below 

2 2 1 Senegal River Valley 

Ramy season tlends 

Planted area for the 1997 ramy season (hlVernage) exceeded the 1996 ramy season 
planted area as of the end of September but by only a small amount (2%) The 1996 hzvemage 
harvested area represented 90 6% of planted area This exceeded the prevIOUS year's harvested 
area by slIghtly more than 100 hectares despite the fact that nearly 300 hectares less area were 
planted Thus the croppmg effiCiency of harvested area to cropped area rose substantIally last 
year 

SAED expectatIons are that YIelds WIll agam achieve the 4 5 tonlba I that were attamed 
last year (However, new data from SAED based upon a different measure of productIOn give a 
more detaIled pIcture of YIeld performance m the nver valley These suggest that last year's YIeld 
assessments may have overstated productIOn m general) 

If the higher harvestIng percentage attaIned last year can also be sustaIned thiS year, and If 
Yields also hold at last year's levels, productIon Will grow very slIghtly thIS year In lIght of 
lower publIc seasonal credIt dIsbursements thIS year, thIS result IS espeCially welcome m 
suggestmg that the nce sector has not contmued the drop m productIOn that was expenenced m 
1995/1996 

I 1997 data are based upon estImates made In SAED's SUlVI Hebdomadalle de fa Campagne Agnco/e 1997 1998 
SituatIOn 30/9/97 

ProductIOn Impact RepOi t 8 

I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Dry season trends 

Although exact data are not yet avaIlable, SAED estImates based upon area planted show 
an mcrease of nearly 30% m nce productIon m the last dry season These data contradIct 
expectatIons of a vanety of knowledgeable observers who predIcted that the dry season harvest 
had fallen off m 1997 from 1996 ThIS was expected fIrst as a contmuatIOn of the trend m whIch 
the contre Salson (dry season) crop has declInmg smce 1991 In 1996, contre salson productIon 
fell to levels lower than any smce 1987 ExpectatIOns of contmued declme m 1997 were also due 
to the lack of CNCA credIt for the contre salson nce crop (ThIs Issue IS dIscussed below under 
constramts ) 

YIeld vanablhty 

YIeld vanabIlIty remams hIgh m the Senegal RIver Valley and thus there are both very 
hIgh and very low performers m all zones m the Senegal RIver Valley Table 2 1 presents YIelds 
by penmeter type and season between 1993 and 1996 for the Delta only based on SAED parcel 
data Penmeter types used here correspond to dIstmCtIons made by SAED These are 

• RehabIlItated SAED penmeters, 
• ExtensIOns of SAED penmeters, 
• VIllage penmeters, and 
• Pnvate penmeters 

The fIrst two categones dlstmgUIsh respectIvely SAED pen meters, whIch have been 
rehablhtated and turned over to farmer group management although typically WIth substantial 
SAED support, and those, WhICh are pnvately, constructed extenSIOns of SAED penmeters 
undertaken by farmers WIth land m SAED penmeters VIllage penmeters represent collective 
efforts by farmer groups typIcally With less duect mtervention by SAED, although SAED has 
often proVIded some technIcal adVIce and support to these groups Pnvate penmeters are 
constructed by mdIvlduals typIcally WIth no formal assistance of SAED 

Tests of SIgnIfICanCe show that dIfferences both by pen meter type and season are hIghly 
SIgnIficant but If seasonal averages are aggregated to yearly averages no SIgnIfIcant dIfference m 
time IS found These results confirm the vahdIty of usmg season and pen meter type as category 
dIstmctIons m analyses, which follow 
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Table 2 1 Average Yields In the Senegal River Valley Delta by Pen meter Type and Season 

SAED Rehabilitated SAED Extension 
Small Communal Small Private 

Perimeter Perimeter 
Mean Coeff Var Mean Coeff Var Mean Coeff Var Mean Coeff Var 

CSC93 5346 027 4863 065 3763 
--- ---
HIV93_94 4562 096 4652 037 3430 033 3291 

CSC94 4369 036 5549 033 4163 016 7234 
- r------ ---- - - -

HIV94_95 3745 046 4062 039 2916 053 3311 
---- ---- ---- ----------- ------ 03s CSC95 3617 2387 

------- ------ ----- -----
HIV95_96 4733 028 3339 058 3512 042 2908 

Average 4551 047 4401 042 3750 041 3816 

Source SAED Farm Survey 1993 1996 
Note USing the French acronyms throughout PIV = small communal (village) Irrigated perimeter, PIP = small 
private perimeter 

056 

059 

043 

038 

049 

Results m the table Illustrate that SAED rehabIlItatIOns and extensIOns have had 
substantIally hIgher average YIelds than eIther VIllage or prIvate perImeters m the Delta The 
paIrWISe YIeld dIstmctIOn between the two SAED classIficatIOns are not sIgnIfIcant m the sample, 
but are hIghly sIgnIfIcant for all other paIrs Also noteworthy IS the fact that coefficIents of 
VarIatIOn are generally hIgh m all cases, and espeCIally so for prIvate pen meters ThIS reflects the 
perceptIOn of profeSSIOnals that the expertIse of managers of prIvate pen meters vanes greatly 
Surpnsmgly, however, YIeld vanatIOn m SAED rehabIlItated pen meters IS also hIgh m 
companson to extenSIOns or VIllage pen meters The explanatIOn for thIS IS unclear, but appears 
to reflect the very low performance m one season (HIvernage 199411995) No tIme trend can be 
dIscerned m the data based upon a regreSSIOn of YIeld over tIme WIth dummIes for penmeter type 

SAED data also shows that YIelds also vary conSIderably by regIOn of the SRV 
DelegatIon dIfferences range between 1 3 tonlha m Bakel to 4 3 ton/ha m Podor However, the 
extremely low YIeld levels m Bakel are misleadmg because they mclude ramfed basjond 
(flooded lowland) nce YIelds Other reasons for low YIelds are that farmers m Bakel also use 
lower seed qualIty, perhaps due to IsolatIOn, and practIce more dIrect seedmg and less 
transplantmg than m the Matam Department Lower labor use m nce productIon, despIte the 
prOXImIty of the two regIOns IS lIkely due to much hIgher male labor out-mIgratIOn patterns 
around Bakel 

2 2 2 The Casamance 

DespIte pohtIcal msecunty m the Casamance dunng the past few years, nce productIOn 
appears to have sustamed past levels ThIS lack of Impact IS a testament to the fact that nee 
productIOn IS largely for on-farm consumptIOn and rarely enters the larger market Moreover It 
does not depend on the market for mputs smce commerCIal mputs are rarely used 
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Table 2 2 Rice Area and Yield In the Casamance 1995/1996 and 1996/1997 

1995/1996 1996/1997 
Region Departments Area Yield Area Yield 

(ha) (paddy, kg/hal (ha) (paddy, kglha) 
Ziguinchor Bignona 14076 838 9951 1547 

Oussouye 4970 1251 5250 748 
Ziguinchor 3765 759 3543 871 

Tot / Moy regIOn 22811 9493 18744 10553 
--- ----- -

Kolda Kolda 2943 902 4872 824 
Sedhlou 19192 1087 18057 941 

Vehngara 2424 1087 2131 955 
Tot Moy region 24559 10253 25060 9066 
Prolet SODAGRI 610 3300 1127 4000 

Source DISNDA, provided by PROGES Project 

Data from the PROGES project penmeters also confIrms the apparent lack of Impact of 
secunty Issues on nce productIon WhIle area fell by 9% In project valleys In the SedhIOu 
department, It rose by 8% In the Bignona department Moreover, In SedhIOu, YIelds more than 
compensated for area loss, wIth a 77% Increase It IS unclear what contnbuted to thIS large 
Increase Project InterventIOns IncludIng better water control structures, and Improved seed may 
have contnbuted In part, but favorable weather may also have played a part YIelds were 
relatIvely unchanged In the BIgnona valleys 

Overall, the current sItuatIon In both the Senegal RIver Valley and In the Casamance 
suggests that nce productIOn has sustaIned levels of the recent past In both regIOns DespIte great 
polItIcal turbulence In the regIOn, the Casamance nce sector appears to be stable, largely due to 
the IsolatIon of nce from the larger markets In the SRV, on the other hand, where market actors 
have taken over the product and Input markets, recent stabIlIty reflects IncreasIng matunty of 
these markets for producers, although the polIcy enVIronment In WhICh these markets operate 
remaInS In flux 
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3 HOW HAVE REFORMS CHANGED THE RICE FARMING 
ENVIRONMENT 

3 1 Product Markets 

Paddy pnces paId to producers rose In nommal terms between 1993 and the present, but 
In real terms they have remaIned stagnant and even declmed shghtIy, as IS Illustrated by FIgure 
3 1 The nommal mcrease has been fueled by the 1994 devaluatIOn, but despIte the fact that nce 
IS a traded commodIty m Senegal, the nommal nse dId not match the level of the devaluatIOn (or 
even domestIc mflatIOn) The devaluatIOn dId not translate mto a correspondmg pnce mcrease 
because comcIdent WIth the devaluatIOn, the government lIberalIzed nce trade and reduced 
border protectIOn for Imported nce 
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FIGURE 31 

Trends In Real Paddy Rice Price In the 

Senegal River Valley, Senegal 
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Presents a companson of pnces receIved by producers by pen meter type m the Senegal 
Delta between 1993 dry season harvest and the harvest of 1995/96 ramy season Both SAED 
penmeter types receIved the same pnce ThIS IS to be expected smce farmers m both pen meters 
are m fact the same farmers VIllage pen meters appeared to receIve hIgher average pnces but 
thIS hIgher pnce IS due entIrely to hIgher pnces that VIllage pen meters received m the 1995 dry 
season, when SAED pen meters dId not cultivate nce Pnvate farmers, on the other hand 
receIved lower pnces than others overall, perhaps reflectmg theIr weaker bargammg power with 
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respect to buyers and mIlls, than other farmers who are typIcally obtam bargammg power through 
VIllage or pen meter aSSOCiatIOns 

Table 3 1 Average Paddy Price by Season and Pen meter Type 
(CFAlkg, SRV Delta) 

SAED SAED PIV PIP 
Rehabilitated Extension 

CSC93 7752 8200 8732 
--------- --------- ------- -------- --------

HIV93_94 8848 9157 9319 7995 
------- --------- --------------- -------

CSC94 10392 10518 9799 10588 
------... -- ------------------- ----

HIV94_ 95 10247 9945 9424 9177 
------- -- ------- --------- - ---
CSC95 12503 10182 

---------- -- --- -- --- --- ------- ------
HIV95 96 12002 11940 11776 11732 ------- - - --- ---------- ---- - ----- ---------- ----------
Group Total 101 57 10208 10535 9319 

Source SAED Farm Survey 1993 1996 

Group Total 

8060 
---
8864 

10394 
--

10036 
------

121 71 
-------

11940 
--------

101 31 

The market for paddy m the valley has undergone a transformatIOn In the past decade 
from one largely controlled by a few mIlls to one m WhICh most paddy IS now hulled by small 
Village level dehullers These small "decoruques" have gamed populanty because operatIng 
costs per kIlogram of product are lower, they are more accessible to farmers, and allow the 
farmer to mIcromanage sales of productIOn 

In competItIOn With these small dehullers are a large number of nce mIlls Two of the 
nce mIlls are large pnvatIzed mIlls from SAED, whIle the rest are pnvate mills, mostly "mml
nzene" WhICh were estabhshed In the early 1990s when the domestic market was pnvatized At 
that tIme the CNCA made a large credit envelope aVailable for mvestments III nce marketmg 
Due to low mterest rates, and rapid productIOn growth m the penod, there was a rush to construct 
mIlls More than 30 were constructed Of these, however, only 15 ever opened, and today only 6 
remam m operatIOn The disastrous performance of thiS sectors may be attnbuted m part to very 
lax analYSIS of mIllmg needs by credit agents for the sector, and III part to the reversal of fortunes 
of the nce sector m the valley m the mid 1990s 

Less IS known of pnce trends m the Casamance Wholesale markets eXist In the urban 
centers of Zigumchor and Kolda for nce, but Virtually all nce m these markets IS Imported UntIl 
recently, local nce was VIrtually unaVailable through markets ThiS phenomenon IS explaIned 
both by strong cultural averSIOns to sellIng nce and by economic conditIOns Cultural averSIOns 
are aSSOCiated WIth the fact that nce has been tradItIonally produced by women for the 
household's consumptIOn It was conSidered ungenerous to sell It to others Moreover, SInce 
less than 5% of households are thought to be net surplus producers of nce, the volume of nce 
aVailable for market has been nearly noneXIstent 
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Recently, however, an effort has been made by vIllage and mter-village water user groups 
(COmite VillageOls et Inter-vdlageOls de Gestlon de l'Eau) to promote local sales of paddy m 
penodlc vIllage markets In these markets, paddy has sold for an average of around 100 FCFA m 
1997 

A companson of retail pnces of Imported nce m Senegal presented m FIgure 3 2 suggest 
that for the Casamance regIOn, the pnce of nce IS closely lmked to the pnce m Dakar and that the 
pnce IS only shghtly above the Dakar pnce, and usually less that the pnce m St LoUIS Another 
observatIOn, WhICh further supports the pnce bnk to external markets IS the fact that The 
vanablbty of the Kolda pnces also closely reflects Dakar pnces, further Illustratmg the close 
aSSOCiatIon of wholesale markets to world pnces As an Importable to the VIllage level, the 
VIllage pnce can be assumed to fallow these pnces closely and even If local paddy IS not 
commonly sold, these pnces may also be assumed to reflect the opportumty cost of local paddy 

FIGURE 3 2 

Comparison of Rice Prices 
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3.2 Input Markets 

3 2 1 The polIcy enVIronment for mputs 

Current polIcy m Senegal IS to create an enVIronment condUCIve to mput use m 
agnculture In accordance WIth thIS polIcy, some Importable agrIcultural mputs, partIcularly 
fertIlIzer, benefIt from reduced or zero tarnfflcatIOn A second polIcy, which has encouraged 
mput use for the first half of the past decade, has been the general overvaluatIOn of the exchange 
rate To offset thIS ImplICIt tax on local productIOn of mputs, a thIrd polIcy has been the 
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protectIOn of domestIc mvestments m agncultural mputs ThIS polIcy has applIed to phosphate 
fertIlIzers, several phyto-samtary products and some farm eqUIpment, whIch are produced locally 
ThIS protectIOn has been applIed, however, not m the form of tanff protection, but rather through 
hcensIllg of productIOn and trade m commodItIes produced m Senegal to those who produce 
them 

LIberalIzatIOn of mput markets III the Senegal RIver Valley occurred III 1988 when SAED 
wIthdrew from fertIlIzer and crop protectIOn chemIcal delIvery WIth the lIberalIzatIOn of the 
mput market, a penod of rapid prolIferation of mput supplIers occurred III the valley These 
supplIers rapidly filled the vacuum created by the withdrawal of SAED serVices, particularly m 
the Delta where there was a concentratIOn of users These supplIers rely however on very few 
sources of supply The largest suppher IS SenChlm, which IS the dlstnbutIOn afflhate of 
Industne Chlmle du Senegal (lCS), the only phosphate producer m Senegal SenChlm IS JOIlltly 
owned by ICS and a European agrochemlcal firm This posItIOn gIves It sole nghts to sell ICS 
productIOn m Senegal Its European partners also msure ItS abIlIty to proVide other mputs to the 
Senegalese market at attractIve pnces The second largest player III the mput market IS SPIA, a 
pnvate Illdustry based III Louga whIch both Imports and fabncates plant protectIOn chemIcals 
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Table 3 2 AnalysIs of Nommal Protection for Fertlhzer Inputs to Rice Production (CFAltn) 

DAP Level Mill Port Wholesale Retail Retail 

Price Structure 

Market price (sales) 

Cost price 

Reference price 

Cost of Tradables 

Market pnce (sales) 

Cost pnce 

Reference pnce 
-----------
Nominal Subsidies 

OffiCial 

Market 

Nominal Protection CoeffiCient 

OffiCial 

Market 

UREA 

Pnce Structure 

Market pnce (sales) 

Cost pnce 

Reference pnce 
--,--,-- - --- - -- - -

Cost of Tradables 

Market pnce (sales) 

Cost pnce 

Reference pnce 

Nominal SubSidles-- ----

OffiCial 

Market 

Location 

a 

b 

c 

d 

e 

(b/c) 

(alc) 

(elf) 

(d/f) 

Level 

Location 

a 

b 

c 

d 

e 

f 

(b/c) 

(ale) 

Dakar Dakar Dakar 

120000 120000 142000 

110456 132772 128250 

98039 126032 134282 

101141 109274 136800 

91597 

86240 

1 13 

122 

122045 

118181 

105 

095 

123050 

119066 

096 

106 

Ross 
Bethlo 

154000 

151487 

143740 

131409 

128896 

124151 

105 

107 

Zigumchor 

232500 

170247 

160492 

198674 

136421 

130564 

106 

145 
,------- -------------- ---

106 

1 17 

Mill 

Dakar 

103 

092 

140000 

125433 

119684 

130507 

115941 

112812 

1 05 

1 17 

103 

1 15 

104 

106 

104 

152 

Wholesale Retail Retail 

Dakar 

140000 

134758 

129009 

122295 

117053 

113795 

104 

109 

Zigumchor Ross Bethlo 

240000 

170761 

150600 

199237 

129998 

125005 

113 

159 

160000 

157018 

140274 

117084 

114102 

112060 

1 12 

1 14 
-Nominal Protection Coefficient --- - -- -- ---- - --- -- - - ------------ -------- - -- --- ----

OffiCial (elf) 1 03 1 03 1 04 1 02 

Market (d/f) 1 16 1 07 1 59 1 04 

Source SENAGROSOL 1997 
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In mterviews wIth producer groups, several ratsed the problem of pnce gougmg by 
wholesale supplIers These clatms were corroborated by a small mput supplIer which claImed 
that one large supplIer undermmed Its efforts to Import and sell urea m 1994 by offenng to buy 
Its stocks of Imports at cost, and when It refused, by slashmg theIr own pnce of urea to force It 
out of busmess 

To test the efficIency of the mternal market m provIdmg these products to farmers In the 
Senegal Valley, SENAGROSOL carrIed out a rapid study to assess costs and marketmg margms 
In nnportatIOn or local production of the most Important mputs to nce productlOn OAP and urea, 
the pnnclpal fertIlIzers, and Propaml, Weedon and Furadan ( the pnncipal crop protectlOn 
chemIcals) Of these only OAP and Propaml are produced m Senegal, whIle the others are 
Imported 

Results of then analysIs presented m Table 3 2 show that m the Senegal RIver Valley 
market pnces for these products closely reflect costs of productIon or Importmg plus transactlOn 
margms m movmg these productIOns to pomts of sale DIfferentIals between cost pnces and 
market pnces are less than 10% m all cases m the Senegal RIver Valley Compansons between 
market pnces and Import-based pnces suggest only slIght margms that are not explamed by 
officIal taxatlOn m the Senegal RIver Valley Market pnce based nommal protectIOn coeffIcIents 
report the ratlO of market pnces to economIC costs of delIvery to pomts of sale In the Senegal 
RIver Valley these are typIcally less than 5% for fertIlIzers and less than 15% for crop protectIOn 
chemIcals The tax margms reflect mdIrect taxatlOn of transactlOns cost m the case of fertIlIzers, 
smce no dIrect border tax applIed on fertIlIzers The higher tax on crop protectlOn chemicals IS 
due to the TVA applIed on these products 

On the other hand, m the Casamance, differentIals between actual market pnces and 
estimated costs of Importmg are over 50% Pnces m 1997 confirmed the contmuatIOn of these 
hIgh pnces, wIth retatl pnces reachmg 260 CFAlkg for Urea, 240 CFAlkg for DAP and 5000 
CFAlkg for Propaml These high pnces suggest that markets are operatmg Imperfectly m the 
south ThIS poor performance IS not surpnsmg gIven the presence of only one dIstnbutor of 
fertIlIzers m ZIgumchor The lack of competItors IS explamed by the very low volume of 
commercIal mputs used m the regIOn 

These results suggest that despIte stones of Irregular behaVIOr by mput supplIers, there IS 
lIttle eVIdence that thIS IS an Important problem In the Senegal RIver Valley ThIS IS not to say 
that mdlvIdual suppbers do not resort to unscrupulous means, nor that pnces don't vary 
substantially Pnces for mputs as WIth nce now reflect vanatlOn m world market condItlOns 
These vanatIOns are Important and are lIable to contmue to IllICit complamt from farmers On the 
other hand, m Casamance, there appear to be very large rents m the market, due pnmanly to the 
smal1 slze Of t'1e market 

322 Seed 

Smce, responSIbilIty for nce seed productlOn In the SRV has been transferred to a seed 
producers assocIatlOn DespIte several subsequent supply shortages, thIS transfer of 
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responsibility appears to have been successfully accomplIshed and to have resulted m an 
Improvement m the aVaIlabIlIty and qualIty of certified seed m the SRV EVIdence of Improved 
seed quality IS provIded by tests conducted by the regIOnal agncultural office, whIch found hIgher 
germmatlOn rates, and lower levels of heterogeneIty, and of foreIgn matter m seed subsequent to 
these changes 2 

Table 3 3 Share of Seed Purchased from Alternative Sources In SRV Delta 

CSC93 HIV93_94 CSC94 HIV94_95 CSC95 HIV95_96 

Own Seed 485% 375% 569% 491% 500% 212% 
-- --- - -

Farmer 30% 219% 362% 172% 300% 432% Organization ----- --------
Merchants 242% 172% 52% 267% 100% 153% 

-- ------- ----- ---i----.---- --- --------
Other - 242% 234% .., ""7nl - 69% 100% 203% Orqanlzatlons I 170 

Source SAED Farm Survey 1993 1996 

Changes In the market for nce seed m the SRV are also suggested m Table 3 3, whIch 
gIves eVIdence of a reductIOn m farmer rehance on theIr own seed It shows farmer use of own 
productIOn for seed droppIng from 48 % to 21 % between 1993 and 1996 whIle sourcmg from 
farmer orgamzatlOns rose from 3% to 43% ThIS change In thought reflects farmers bUYIng 
Improved seed from seed producer aSSOCIatIOns 

FluctuatIOns In seed sourcmg are also eVIdent In the table, however These have been 
blamed on ruptures In aVaIlabIlIty of Improved seed In the last few years, partIcularly In 
1995/1996 From the seed producers' umon's perspectIve these have been caused by theIr 
mability to obtaIn credIt to produce to levels suffICIent to meet demand In 1997, however, 
reflectIng theIr Interest In the seed market, the seed producers' umon reported plans to expand 
productIOn agaIn even If It dId not get the credIt that It had requested of the CNCA As of June 
1997, more than the total productIOn of the preVIOUS year had already been financed out of 
aSSOCIatIOn members' own resources ThIS enthUSIasm to produce was due to the strong sales of 
the preVIOUS year's seed productIOn 

RIce seed costs to farmers have nsen SInce 1993 m response to the devaluatIOn 
DIfferences In seed cost appear to be sIgmficant, WIth PIP show the hIghest average costs 
DIfferences In costs between pen meter types are thought to reflect dIfferences m use rates of 
certIfIed seed rather than dIfferences In seed pnce 

As Table 3 4 Illustrates, the pace of Increase has not kept up WIth Inflation despIte the fact 
that both the pnce and the share of hIgher cost certIfIed seed In use has Increased The 
remarkable weakness of the cost Increase suggests that lIberalIzatIOn of the seed market has 
Improved productIVIty among seed producers and so countered InflatIOnary pressures 

2 InterVIew WIth Departmental Agncultural Officer In St LOUIS 
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Table 3 4 Rice Seed Price Comparisons by Season and Perimeter Type In the SRV 

(CFAlkg) 
SAED SAED PIV PIP Group Total 

Rehabilitated Extension 

CSC93 123 204 187 147 
-------------- --- - --- -------
HIV93_94 156 130 152 172 154 
--------------- ------ --------

CSC94 112 114 147 90 114 
----- --

HIV94_ 95 158 144 109 181 154 
----------- --------------------- ------- -------

CSC95 133 100 130 
--------- ------ ---- ---- -------- - --- ---- ---- ----------

HIV95 96 197 167 178 182 190 ------------ --------- ---- ---.-- ------
Group Total 158 139 153 176 157 

Source SAED Farm Survey 19931996, Dagana Department data only 

In the Casamance, efforts by the W1Orock /ISARA project and by PROGES to promote 
Improved seed vanetIes have also begun to show results A 1996 PROGES survey found 
between 20% and 30% of households wIth Irngated land now use Improved nce seed A 
cont1Ou1Og problem, however, IS the slow rate at which farmers renew their seed stock A 
pnncipal constramt 10 thIS regard IS the lack of a suffiCIent Improved seed multiplIcatIOn 
structure 

3 2 3 Other 10puts 

UnlIke nce seed, other 10put pnces have nsen much more rapidly, reflect10g their tradable 
charactenstlcs For other 1Oputs, pnces have nsen by between 60 and 90 percent The two that 
rose the least, DAP and Propanyl are the two which are produced domestically, while, Weedon 
and Urea, which rose 90% and 75% respectIvely, are both Imported Moreover, as Illustrates, 
nearly the entIre 10crease 10 each case occurred 10 the first season after the devaluatIOn for each 
of these commodIties, unlIke seed These charactenstIcs reflect the 1Ocreas1Og tradable nature of 
these commodItIes 

Table 3 5 Evolution of Input Price Indices 

(GSC 1993 = 100) 

Season Inflation Rice Seed Urea DAP Weedon Propanyl 

CSC93 1 00 100 1 00 1 00 100 1 00 
----- -- -- - - - -- ----- ---- -- - -- --- ---- - -- - --

HIV93_94 1 02* 105 092 099 105 092 
- - --- ------ - - -- --- -- - - - - - - - - - - --

CSC94 1 32 078 1 71 1 69 187 170 
-- - --- - - - - - -- - - - - -- -- ---- - - - --- -
HIV94_ 95 1 52* 105 175 1 61 1 93 1 56 

--- .- ---- - - -- --- -- - - - - - - - - - -- -
CSC95 1 61 088 1 70 1 80 220 176 

- - ----- -- -- - - - - - - - - - --- - --
HIV95_96 1 68* 1 29 1 75 162 1 90 1 58 

Note * indicates Interpolated estimate by author 
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3 2 4 Machme services 

UnIt cost mcreases per hectare for machme services are presented m Table 3 6 Changes 
m UnIt costs reflect both changes m UnIt pnce and use levels The numbers show highly vanable 
mcreases m costs per hectare, With plowmg and canal repair showmg the highest mcreases (58% 
and 66% respectively) Offset plowmg, the most popular type of mechanIcal SOlI preparatIOn has 
only mcreased by 24%, whIle mechanIcal threshmg costs have only mcreased by 4% 
ExplanatIOns for the very low mcrease m threshmg costs are not clear, however, Table 3 7 shows 
SignIficant differences m machme service UnIt costs between pen meter types, which are 
disgUIsed m the time senes Most obvIous are plowmg and canal repalr/resurfacmg which show 
high costs respectively for SAED rehabilItatIOn's and extensIOns These suggest that occaSIOnal 
costs may explam some of the vanatIons m average UnIt costs over time 

Table 3 6 Evolution of Umt Costs of Machme Services m the Senegal River Valley 

(CFAlkg) 

Season Plowing 
Offset Canal/dike Threshing 

PlowlnQ resurfaclnQ 

CSC93 14250 14974 11751 20333 
- --- -- --- - --- ---------- ----- ----- -------- ------ --

HIV93_94 21155 15436 11860 18980 
--------- --- --- ---- - ------- ------- --

CSC94 17612 28861 15753 
--- ---- -- --- --- ------- - --- - - ---- ------- ---------
HIV94_95 10068 16860 24986 11240 

--------------------- --- ----- -
CSC95 10000 18000 10179 20033 

-- ---- -------- -------- ------ ----------
HIV95_ 96 33434 18542 19539 21215 

---------- - --- - ------ r------ - - --- - ------- -----
% Increase 58% 24% 66% 4% 
'93 to '96 

Table 3 7 Comparison of Machme Service Costs Per Hectare by Perimeter Type m the SRV Delta 

(CFAlha) 

Perimeter Type Plowing Dlsklng Canal Repair Threshing 

SAED Rehabilitated 33541 16758 11124 15002 

SAED ExtenSion 16614 44670 17148 

PIV 10588 16725 11146 20271 

PIP 15464 18286 15807 26400 

Total 25543 16877 16665 17491 

Source SAED Farm Survey 1993-1996 Dagana Delegation data only 

Overall, pnces for machme services m the Senegal RIver Valley have mcreased at the 
pace of mflatlOn but do not yet reflect the full mcrease pnce that would be expected as a result of 
the devaluatIOn of 1994 ThIs IS so because the capItal cost of the current machme stock was 
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mcurred before the devaluatIOn ThIS fact ImplIes that machme costs should contmue to rIse as 
machmery IS replaced, and that these mcreases wIll outstrIp general prIce mcreases m the 
economy UntIl thIS relatIve cost mcrease IS complete, the process of labor substItutIOn for 
machme serVIces that IS noted m SectIOn 4 below IS lIkely to contmue 

3 3 Factor Markets 

331 Labor 

InformatIOn on labor markets suggests that these have been only weakly Impacted by the 
reforms of the past decade Opportumty costs of labor quoted by farmers obtamed by evaluatmg 
SAED survey data appear unrelIable because of the wIde VarIatIOn and very low absolute levels 
of these estImates ThIS appears to be because Ulllts for meaSUrIng quantItIes of labor are not 
conSIstent, nor IS the qualIty (male or female, adult or chIld) RapId reconnaIssance data 
collected dunng the perIod suggests however, that labor wages remamed relatIvely stable 
between 1993 and 1995 WIth adult males paId about 700 CFA m non- harvest perIods of the ramy 
season dunng thIS penod Only m the last year (1997/98) dId wages appear to rIse substantIally 
to around 1000 CFNday for the same penod ThIS rIse appears to reflect the Impact of general 
mflatIOnary pressure resultmg from the devaluatIOn three years earlIer 

Over all, It IS estImated that wages m the valley have rIsen about 30% smce the 
devaluatIOn ThIS suggests that m comparIson to machme serVIces manual labor has become less 
expenSIve and therefore use of manual labor m production should have mcreased Data on labor 
use patterns presented m the next sectIOn of thIS report corroborates thIS expectatIon, showmg 
greater use of labor overall m rIce productIOn, of WhICh a greater share IS famIly labor 

In the Casamance, the labor market IS much less developed, WIth most labor prOVIded by 
famIly or shared labor withm the commulllty Only for transplantmg and harvestmg IS external 
labor used, although ItS use has been noted to be rIsmg Current rates for rural wages are 
estImated to be around 800 CFA per day m areas where the market IS more developed These 
areas seem to be correlated WIth zones where alllmal tractIOn IS more developed, Implymg that 
labor IS a severe constramt m these areas 

332 CredIt 

The wIder context for rural credIt m Senegal has not changed substantIally over the perIod 
of reforms of the rIce sector because over the penod prIvate banks have remamed outSIde the 
market, and publIc mstItutIOns have contmued to be the sole formal source of credIt However, 
there has been substantIal vanatIOn m the nommal cost of credIt through these formal mstItutIOns 
m step WIth mflatIonary pressures over the perIod In the Senegal RIver Valley, there also has 
been major changes m the mstitutIOnal apparatus for dIstrIbutIon and collectIOn of credIt whIch 
has perturbed farmer access 

ThIS perturbatIOn occurred WIth the transfer of admInIstratIOn of farmer credIt from 
SAED to the CNCAS, and the subsequent delmkmg of farmer and paddy marketmg credIt Under 
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the SAED system seasonal credIt was extended to farmers under agreements WhICh allowed the 
collectmg agency to deduct reImbursements from mIll payments to farmers at the end of the 
harvest However, the lIberalIzatIon of the paddy market m the valley broke the ImplIcIt 
guarantee that the bankmg agency had of collectmg on seasonal credIt loans VIa Its claIm on nce 
mIll payments Because lIberalIzatIOn meant farmers could sell to any mIller at any pnce the 
bankmg agencIes lost control of reImbursements The ImmedIate effect was a sharp declIne m 
reImbursement rates m 1994 of 1993 credIts 

Respondmg to thIS loss of control, the CNCA applIed much stncter performance cntena 
for new lendmg WhICh resulted m a severe reductIOn m credIt avaIlabIlIty ThIS reductIOn IS 
Illustrated m the declme m credIt per hectare of over two thIrds between 1991 and 1997 (Table 
3 8) These trends are roughly conSIstent WIth trends collected from farmer surveys presented m 
Table 3 9, although the latter table Illustrates other observatIOns concemmg the market FIrst, 
SAED farmers conSIstently obtam greater loans per hectare than eIther pnvate or VIllage 
penmeters ThIS findmg IS not surpnsmg to the extent that these farmers are better momtored 
and lIkely to be better connected wIth the credIt mstItutions Moreover, at least for VIllage 
penmeters, lower credIt aVaIlablhty levels IS understandable gIven much hIgher levels of 
outstandmg debt 

Table 3 8 Credit Availability In the SRV 

Oagana I Rest Ofl Total Credit per Repayment 
valley Credit hectare Rate 

(Current value (1011() CFA) (1996 CFA) 
1987/1988 149 0 149 12928 100% 
1988/1989 742 61 802 64857 98% 
1989/1990 1765 292 2057 132417 96% 
1990/1991 4744 847 5591 267419 86% 
1991/1992 4061 907 4967 233765 80% 
199211993 3063 613 3676 180626 63% 
1993/1994 2237 708 2945 170025 76% 
1994/1995 2045 551 2596 111138 67% 
1995/1996 1222 400 1623 72869 60% 
199611997 1257 571 1828 78890 70% 

Source CNCAS 
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Table 3 9 Credit Use Patterns In Rice Production an the SRV Delta 

(CFAlha) 

Penmeter Type Season Debt In Arrears Current Debt Total Outstanding 
Debt 

SAED CSC94 37,934 163,147 201,081 
RehabIlitated HIV94_95 49,904 94,219 144,123 

HIV95_96 38,078 146,925 185,003 

Total 42,684 129,834 172,518 

SAED Extension CSC94 13,845 159,573 173,418 

HIV94_95 3,290 145,753 149,044 

HIV95_96 64,484 156,669 221,153 

Total 25,237 152,738 177,974 

PIV CSC94 ° ° ° HIV94_95 17,400 64,899 82,299 
CSC95 ° ° ° HIV95_96 890,585 38,658 929,243 

Total 416,954 33,744 450,698 

PIP CSC94 ° ° ° HIV94_95 68,232 108,389 176,621 
CSC95 ° ° ° HIV95_96 ° 39,264 39,264 

Total 34,116 70,257 104,373 

Total CSC94 31,580 151,341 182,921 
HIV94_95 42813 99,699 142,512 

CSC95 ° ° ° HIV95_96 174,904 122,189 297,093 

Total 90,849 115,103 205,953 

Source SAED Farm Survey Date 1993 1996 

Table 3 9 also Illustrates that m 1995/1996 credIt was only aVailable m the ramy season 
for all pen meters The breakdown m credIt disbursement m the dry season apparently resulted 
from very low reImbursement rates m the ramy season of that year ThIs was due to the 
substantIal fall m the paddy pnce and subsequent delays m farm sales The system was 
reestabhshed the followmg ramy season, but agam m the 199611997 and m 1997/1998 dry 
seasons SImIlar dIsruptIOns occurred 

In 1997 the government baIled out producer groups and nce mIlls that had been holdmg 
stocks SInce 199511996 These stocks had gone unsold because purchases were made by these 
entItIes with the mtent of sellmg at a hIgher pnce The government ultImately contnbuted a 
SUbSIdy of 25 FCFAlkg to cover the losses that these entItles would have Incurred ThIS gesture 
allowed these entitIes to surVIve but has only underlmed the fundamentally polItical nature of the 
credIt system Not surpnsmgly, recovery rates are sttlilow In the SRV for seasonal productIOn 
credIt (estImates of around 80 % m 199611997) 

These trends Illustrate a fundamental problem In the credIt allocatIOn system, particularly 
for the dry season Each year the pace of ramy season paddy marketmg, and consequently the 
pace of ramy season loan reImbursements IS slow ThIS results m most farmers failIng mto 
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arrears at the pomt when the CNCA assesses farmer requests for dry season loans As a result, 
the CNCA has allocated very lIttle productIOn credIt for dry season crops To counter thIS 
problem, SAED has suggested that the CNCA move to an annual financmg of seasonal credIt to 
farmers 

333 Land 

Land markets are not formally establIshed In the SRV However, certaIn transactlOns have 
Increases smce the government granted responsIbIlItIes to local level councIls for land use 
allocatlOn In the early 1990s these counclls allocated a large share of land to entrepreneurs, 
partIcularly In the delta regIOn However, a senes of factors slowed down thIS process FIrst 
local communes became concerned that too much land was bemg gIven to outsIders, secondly a 
concern that the dIStrIbutIOn of land between persons withm the commumty was meqUItable, and 
finally because of poor performance of many of these mvestors, credIt for land Investments dned 
up As a result, large areas of land that were allocated have never been developed and much of 
what was developed has been abandoned 

DespIte the excesses that accompamed the Imtial land grab of thIS penod, however, there 
contmues to be mterest by some mvestors m acqumng and developmg land In the SRV In 
addItIon, wIthm penmeters there are also mformal short term exchanges of land on a rental or 
sharecroppmg baSIS although these arrangements are typIcally wIthm extended famIlIes or among 
fnends, and therefore not accessIble to outsIde mvestors 
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4 HOW HAVE FARMERS' INCENTIVES TO PRODUCE AND 
PRODUCTION BEHAVIOR CHANGED AS A RESULT OF 
REFORMS? 

The prevIous sectIOn has Identified a number of changes In markets for paddy as well as 
for Inputs and factors In productIOn of nce whIch have transformed the envIronment of nce 
productIOn In Senegal ThIS chapter examInes how these changes have affected farmer Incentives 
to produce nce and how theIr productIOn methods have changed In response to these Incentives 

41 Measurmg the BaSIS of Changes m Farmer BehavIor 

4 1 1 F1OanCIal1Ocentives 

An analYSIS of financIal returns to nce farmers based upon SAED farmer data IS presented 
10 Table 4 1 by penmeter type The table Illustrates fIrst that, both 10 absolute terms and as a 
share of costs, labor costs were hIghest for SAED rehabIlItated penmeters Labor costs were 
lowest 10 absolute terms for VIllage penmeters, but as a share of costs they were lower for pnvate 
penmeters Input and servIce costs where hIgher for SAED extenSIon than for rehabIlItatIOns and 
hIghest of all for pnvately owned pen meters, suggest10g a substitutIOn of serVIces for labor 10 
these pen meters Total f10ancIal costs (not presented) are eqUIvalent to labor costs plus 10put and 
serVIce costs Former SAED penmeters and pnvate pen meters have total costs of between 225 
and 228 thousand CFAlha, whIle VIllage pen meter costs are moderately lower at 210 thousand 
CFAlha Gross revenues are hIghest for both SAED pen meter types, pnmanly because of better 
YIelds WhIle pnvate pen meters receIve the lowest gross revenues due both to low YIelds and 
low pnces Nommal profItS are hIghest for farmers 10 former SAED penmeters, but VIllage 
pen meter farmers also show SImIlar rates of profIt (above 80%) Due to costs nearly as hIgh as 
the SAED penmeters, but the lowest gross return, pnvate pen meter farmers' profItS are the 
lowest, representmg less than 50% of costs 

A second analYSIS present10g the evolutIOn In f10ancial returns to nce productIOn 10 the 
SRV IS presented 10 Table 4 2 It Illustrates that net financIal returns per hectare 10creased 10 
nommal terms between 199311994 and 199511996 by 54%, after an 10ItIal declme of 22% 10 

1994/95 As the table Illustrates, thIS net 10crease 10 fInancIal benefIts occurred because revenues 
rose by about 36% whIle labor costs only rose by 15% and 10put costs rose by only 26% The 
results also demonstrate that the profit rose on fmanclal costs also fell and then mcreased over 
the tIme penod WhIle these numbers suggest that f10ancIal 10centIves to farmers rose by 1996 
over 1993 levels they are not reassunng 10 three respects FIrst, the hIgh varIabIlIty 10 marg10s 
suggests that no clear conclUSIOn can be drawn from thIS bnef senes (The Issue of 1Ocome 
vanabIhty IS exammed 10 the next subsectIOn) Secondly, cost 10creases for some costs such as 
machme serVIces had probably not been fully passed through by 1996 Lastly, these costs reflect 
only fmanctal costs to farmers, but not changes 10 factor opportumty costs Thus, whIle cost 
mcreases 10 factors are thought not to have been great, they necessanly dlm10Ished overall 
Imphclt profit levels, and perhaps reduced relatIve 10creases as well 
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Table 4 1 Comparison of FinanCial Returns to Paddy by Perimeter Type, SRV 

Labor Costs/ha Input and Service Average Paddy 
Gross Revenue/ha Costs/ha Price 

Penmeter Type 
CFAlha % Total CFAlha % Total CFAlkg CFAlha % Total 

Cost Cost Cost 
SAED Extension 61155 27% 166581 73% 1021 425923 187% 
SAED 

74602 33% 151360 67% 101 6 425894 188% Rehabilitated 
PIV 55838 27% 153188 73% 1053 371022 178% 
PIP 58307 26% 168881 74% 932 330711 146% 
Average 62475 28% 160002 72% 101 388387 175% 

Table 4 2 Evolution of Financial Returns to Paddy In the SRV 
N 
c:c 

Cropping 
Year 

1993/94 
1994/95 
1995/96 
Average 

Labor Costs/ha 

CFAlha 

62646 
73312 
72198 
69365 

%of 
1993/94 

100% 
117% 
115% 

Input and Service Average Paddy 
Costs/ha Pnce 

CFAlha 

135992 
160295 
171914 
154852 

%of 
CFAlkg 1993/94 

100% 870 100% 
118% 1015 117% 
126% 119 5 137% 

101 3 

-------

Gross Revenue/ha 

CFAlha 

367505 
386899 
501444 
411194 

%of 
1993/94 

100% 
105% 
136% 

Net Revenue/ha 

CFAlha 

203063 

200821 

174522 
108447 
171713 

Net Revenue/ha 

CFAlha 
--

172324 
153472 
266153 
190204 

Profit Margin 

% Total Cost 

89% 89% 

89% 89% 

83% 83% 
48% 48% 
77% 77% 

Profit Margin 

% of 1993194 

100% 87% 
89% 66% 

154% 109% 
85% 
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4 1 2 Income vanabllity for nce producers 

Van abIlIty of nce producer mcomes IS thought to have mcreased m recent years 
wIth lIberalIzatIon of the sector Clearly pnce shocks mduced by the currency 
devaluatIOn of 1994 temporanly mcreased mcome vanabilIty as unadmimstered pnces of 
all tradables rose commensurately, and eventually mflatIOn raised other pnces as well 

A more fundamental structural cause of mcreased pnce nsk, however, has been 
the hberahzation of nce productIOn and marketmg, most notably the removal of 
admmistered pnces for paddy, the hberalIzatIOn of nce Import trade and the wIthdrawal 
of the CPSP from settmg consumer pnces These three steps have resulted m a direct 
lInkage of paddy pnces to world nce pnces 

Recogmzmg, thIS eventuality, the protectIOn pohcy for nce was deSIgned to 
substantially buffers the mternal market from world pnce movements wlthm a relatIvely 
Wide range (120-160 CFAJkg CAF) However, m 1996 and 1997, the vanable levy dId 
not serve thIS buffenng functIOn because of problems m It'S ImplementatIOn Thus 
between September 1995 and December 1997, paddy pnces vaned from above 125 to 
below 100 CFAJkg, whIle consumer pnces vaned from over 260 CFA to as low as 190 
CFAJkg 

In addItion to product pnce nsk, producer mcomes are also subject to pnce 
vanatIOns for mputs, and productIOn nsks due to YIeld vanabilIty Tradable mput pnces 
are subject to the same sources of vanabIhty as paddy (world pnces and exchange rates) 
RIce YIeld vanabIhty may also be a functIOn of pohcy to the extent that management 
practices, mput doses or the level of effort on the part of farmers are mfluenced by the 
pnces of products, mputs, or factor costs However, other factors, whIch are largely 
exogenous to pohcy may also affect Yields, mcludmg most notably weather, and pest 
attacks 

Usmg the PAM analysIs as a baSIS, a combmed analYSIS of the mfluence of these 
vanous factors on net returns to nce produces was estImated usmg a Monte Carlo 
SImulatIOn techmque In thIS approach the mdependent probabIhty dlstnbutIOns for all 
exogenous vanables (world pnces of nce and Important tradable mputs, (DAP and Urea), 
the exchange rate and, paddy YIeld vanatIOns) were accessed through repetitIve 
simulatIOns to examme theIr SImultaneous Impact on net mcome to nce production The 
analysIs was carned out under three scenanos fIrst, assummg probabIlity dIstnbutIOns 
pnor to 1994, secondly assummg dIstnbutIOn m the current context, but WIthout the 
vanable levy protectIon, as was the case m the past two years, and finally assummg that 
thIS polIcy IS correctly Implemented 
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Table 43 Net Financial Returns to Paddy Production under Alternative Policy Scenanos 
(CFAlton) 

Large 
Large 

Pnvate Small 
Traditional, Traditional, Autonom 

Pnvate, Autonom Mld- Village 
System mangrove, bas-fond, 

Delta, 
Delta, Mld- Valley Mld-

Casamance Casamance SRV SRV Valley, 
SRV Valley 

SRV SRV 

Pre liberalization 
Mean na na 34652 -16139 -3656 -30477 20663 
SrD na na 24133 28133 16271 16405 18559 

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

With Vanable levy 
Mean -41085 42657 48152 -1271 -1187 -28777 24129 
STD 72752 72752 48583 48271 53869 52320 56030 
------- - ------ ---- ------ ---- --- ----- -------------

Without Variable 
levy 
Mean -72464 13510 27727 -23097 -16528 -43325 5869 
STO 86751 79659 52293 55519 52782 52161 61359 

The summary results presented In Table 4 3 show for all productIOn systems, that 
probabIlItIes gettIng hIgher net Incomes where hIgher pnor to lIberalIzatIOn than IS the 
case under lIberalIzatIOn but WIthout the vanable levy However, mean net Incomes are 
hIgher WIth the vanable levy than for the case pnor to lIberalIzatIOn for all farm types 
Both IIberahzatIOn scenanos show much hIgher vanabIlIty In Incomes, however, than was 
the case pnor to lIberalIzatIOn 

Graphs In FIgure 4 1 gIve a better sense of the change In Income vanabIlIty WIth 
each polIcy regIme for three types of farmers They present the cumulatIve probabIlItIes 
of faIlIng below each Income level The zero lIne In each model IdentIfIes for each 
scenano where the producer begInS to lose money In productIon ProbabIlItIes for falhng 
below zero are clearly hIghest for pnvate farmers In the Senegal RIver Valley because of 
the relatIvely low YIelds obtaIned by these productIOn systems In all cases, admInIstered 
pnces pnor to lIberalIzatIOn were better at assunng that Incomes dId not fall to very low 
(or negatIve) levels than under lIberalIzatIOn WIth or WIthout the vanable levy On the 
other hand, lIberalIzatIOn WIth or WIthout the vanable levy Increases the probabIlIty of 
occasIOnally obtaInIng very hIgh Incomes as well Thus, Incomes show a much greater 
range of vanabIlIty than was the case pnor to lIberalIzatIOn ComparIsons of 
lIberalIzatIOn WIth or WIthout the varIable levy show that the levy serves to raIse Income 
probabIlIty curves at low Income levels, but Income probabIlIties converge at high Income 
levels 
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FIGURE41 

Probability Dlstnbutlons of Farm Income for Different Rice Policy Environments 
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In an overall context, the results of this analysIs suggest that SInce reform, 
Incomes to producers have probably been more vanable than before reform The 
eVidence of the prevIOus subsectIOn also suggests that net benefits have nsen m nommal 
terms, although m real terms the change IS less obvIOus to date However assummg the 
vanable protectIOn IS part m place and IS made to functlOnmg correctly, average net 
profItabIlIty WIll be hIgher than was the case pnor to lIberalizatIOn Moreover, fmancial 
profitabilIty should Improve substantially If the qualIty of nce can be raised so that 
productIOn IS assumed to compete wIth, and therefore command the pnce of better qualIty 
nce 

4 2 Changmg Technologies 

4 2 1 Seed quality and vanety 

Improvements m the quality of nce seed used by farmers IS only weakly eVident 
from farmer declaratIOns of use of Improved seed between 1993 and 1996 Farmer 
responses reported m Table 4 4 show that use of seed which farmers classified as 
Improved seed fluctuated from season to season and year to year In the last year, 
however, Improved seed use dId reached 45% after dlppmg In 1994 These fluctuatIOns 
are explamed by the seed producers associatIOns as bemg due to shortages In Improved 
seed created by the transItIon m responsibIlitIes that occurred at that tIme, and a related 
cnsls m obtammg acces~ to credit to fmance seed production dunng the 199411995 
seasons which resulted m a cut m productIOn by seed producers 

Table 4 4 Share of Certified Seed Use In the SRV, 1993-1996 

CSC93 HIV93_94 CSC94 HIV94_95 CSC95 HIV95_96 

Non Certified 697% 677% 897% 776% 1000% 542% 
- - - - - - - -- - - -- -- --- -------

Certified 303% 323% 103% 224% 

DeclaratIOns of vaneties used also Illustrates lIttle trend dunng the same penod 
(Table 45) although the predommance throughout the penod of the Jaya vanety IS clear 
The populanty of other vanetles IS not ObVIOUS from thiS data 
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JAYA 
IKP 
AIWU 
IR1529 
IR8 
IR13240/S108 
SIPI 
DJIBELORE 
IR 18 
OTHER 
MIXTURES 

Table 4 5 Varieties Used In Rice Production In the SRV 
(Share of respondents, 1993-1996) 

CSC93 HIV93_94 CSC94 HIV94_95 CSC95 
Varieties Varieties Varieties Varieties Varieties 
625% 683% 103% 655% 900% 

71% 224% 138% 100% 
313% 79% 259% 69% 

111% 172% 52% 
31% 32% 172% 26% 
31% 8% 

8% 
8% 17% 9% 

525 52% 

HIV95_96 
Vanetles 
585% 
76% 

110% 
127% 
25% 

17% 
17% 
42% 

SInce these data were collected, however, there appears to have been substantial 
progress In ImproVIng nce vaneties In the last two years In the Senegal RIver Valley WIth 
the rapId Increase In populanty of Sahel 108 Sahel 108 IS a short cycle vanety that IS not 
photosenSItIve It has phYSIOlogIcal features that are partIcularly reSIstant to bIrd attack 
and has hIgh YIelds (above 5 tons In farmers fIelds under good management) and good 
qualIty charactenstics Although It was developed pnmanly for the dry season It has 
become a popular vanety for the ramy season as well It has nsen 10 populanty at the 
expense of I Kong Pao Table 4 5 appears to show the begmnmg of thIS trend with Sahel 
108 Increased from 3% to 7% of area between 1995 and 1996 plantIngs, whIle IKP feII 
from 7% to 2% 10 the same years, suggestmg that one has dIsplaced the other 

4 2 2 Status of mput use 

Table 4 6 presents the progressIOn of dose rates by year between 1993 and 1996 
by penmeter type In the SRV delta It Illustrates clearly that overall, for all commerCIal 
Inputs, dose rates have fallen substantIally over the penod 3 The same trends are 
observed by pen meter type, In most cases, although former SAED extensIOn pen meters 
do not show a reductIOn 10 fertIlIzer doses 4 ThIS suggests that margmal returns to 
fertIhzer applIcatIOn has remamed POSItIve for these farmers despIte cost mcreases 
Nonetheless, overall, the reductIOn In commerCIal mput use IS as would be expected gIven 
the dIrect Impact of the devaluatIOn on pnces for these mputs see dISCUSSIon In prevIOUS 
sectIOn 

3 DIfferences m mput doses between the three years of the survey were slgmficant at least the 95% level for 
all mputs except Weedon for whIch slgmficance was at the 90% percentIle These results suggest that the 
trends m dose rates were not random but m fact reflected changes m behavIOr over ttme 

4 DIfferences by pen meter type were sIgmficant at the 99% percentIle for all mputs except Furadan The 
mSlgmficance of the relatIOnshIp for Furadan appears to be because It IS appbed only when necessary as IS 
mdicated by the absence of any appbcatron m some years 
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Table 4 6 Input Use Rates In Rice Production 

(Umtlha, SRV Delta) 
Quantity of 

Quantity Quantity of Quantity of Quantity of 
Penmeter Type Crop Year Urea 

(kg) DAP (kg) Furadan Propanyl Weedon 

SAED 1993/94 3037 1564 5 64 1 5 
Rehabilitated 

1994/95 2915 1263 2 40 1 3 

1995/96 2877 745 0 50 1 5 

Total 2947 1235 2 51 1 4 

SAED 1993/94 2490 1161 5 32 1 1 
Extension 

1994/95 2657 1010 0 24 8 

1995/96 2545 1227 0 57 12 

Total 2579 1105 2 34 1 0 

PIV 1993/94 6038 2353 0 101 38 

1994/95 1500 500 0 40 8 

1995/96 2267 493 0 33 8 

Total 3151 1017 0 54 1 6 

PIP 1993/94 19438 7980 1 5 365 204 

1994/95 10484 371 3 0 283 170 

1995/96 11633 2296 0 189 52 

Total 15124 5467 7 301 158 

Total 1993/94 5417 2437 6 103 41 

1994/95 3296 1340 1 54 22 

1995/96 3399 853 0 58 1 6 

Total 4062 1587 2 72 27 

Source SAED Farmer Survey 1993 1996 Dagana department only 

4 2 3 Labor use 

Trends In the quantity of labor used per hectare of nce are IndIcated In Table 4 7 
One apparent trend IS the general Increase In labor use In nce productIon In all pen meters 
over the penod of the analysIs ThIS trend IS confIrmed statIstIcally through regressIOn 
analysIs WhIch Illustrates that thIS Increase IS almost entIrely due to Increases In famIly 
labor use In all penmeter categones Levels of hIred labor remaIn at roughly constant 
levels over the same penod These trends suggest the displacement of machIne services 
by manual labor and are explaIned by the relatIve reductIOn In umt costs for labor In 
companson to machIne serVIces 
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Table 4 7 Labor Use In Rice Production In the SRV Delta 

(Average person days per hectare) 

Penmeter Type Crop Year 
QuantIty of Quantity of 
family labor hired labor 

SAED 1993/94 431 208 
Rehabilitated 

1994/95 582 246 

1995/96 590 273 

Total 532 240 

SAED Extension 1993/94 334 340 

1994/95 350 305 

1995/96 447 335 

Total 366 322 

PIV 1993/94 452 332 

1994/95 389 182 

1995/96 648 183 

Total 536 226 

PIP 1993/94 689 585 

1994/95 1205 630 

1995/96 958 192 

Total 888 503 

Total 1993/94 457 284 

1994/95 576 275 

1995/96 619 253 

Total 547 272 

424 CultIvatIOn techmques 

Seedmg 

In the valley nce IS seeded either by direct broadcast or by transplantmg Through 
the early eightIes, a strong emphasIs was placed on promotmg transplantmg as a means of 
ralsmg yields, and shortenmg land occupatIOn to mcrease the capacity to plant two crops 
The disadvantage of transplantmg, however, was the high labor reqUirements reqUired 
These tImes exceeded 200 person/days per hectare m some pen meters, but rates as low as 
60 person days per hectare were achIeved m others In the Delta, labor was too scarce to 
adopt transplantmg but It became popular m the mIddle valley where labor was more 
abundant, Currently, transplantmg remams a fIxture, partIcularly m penmeters of Matam 
and Podor department however, with as much as (83% of area under transplantmg m the 
Matam regIOn) 
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Cunously, In the Bakel department the reverse has occurred as farmers have 
shIfted to the least labor-usmg technique of plantmg, WhICh conSIsts of seedmg on 
dryland pnor to lITIgatIOn ThIS technique IS practiced on most (83%) of the cropped area 
and appears to be due to a number of factors (a) lack of labor due to seasonal and long 
term out-mIgratIOn of labor from the upper valley, (b) hIgh pumpmg costs due to small 
scale pumps and sandy sOlIs, (c) hIgher ram fall 

SOlt preparatIOn 

No dIrect eVIdence of changes m soIl preparatIOn techniques IS avaIlable, although 
data from Table 3 6 show that overall expendItures per hectare for machme serVIces have 
mcreased by more than 50% for plOWIng but by only half that for offset plowmg These 
numbers are dIfficult to Interpret because they mclude both pnce mcreases and changes In 
use rates In dISCUSSIOns m the delta, farmers stressed theIr contmued relIance on 
machme serVIces for soIl preparatIOn because of the dIffICUlty of the task and the need to 
prepare soIls In a tImely fashIon ThIS ImpreSSIOn appears InCOnSIstent WIth eVIdence of 
IncreasIng labor dIsplacement of machIne servIces, noted m Table 4 7 above, but probably 
reflects a ShIft to use of labor In actIVItIes other than soIl preparatIOn, such as weedmg 
and harvestIng 

Harvestmg 

Combme harvestIng techniques remam popular despite fears that WIth 
devaluatIon, demand for such mechanical operatIOns would fall Between 1995 and 1996 
ramy season harvests, SAED data shows an overall Increase In use of combInes from 41 % 
to 44% of nce area The rate of use of combIne harvesters IS concentrated m the Dagana 
department and declInes as one moves up the valley ThIS trend appears to be aSSOCiated 
WIth the decrease In farm SIze and the greater aVaIlabIlIty of farm labor per area of nce 
productIOn In the mIddle valley SurpnsIngly, however, the greatest comparative Increase 
In combIne harvester In recent years has been In the mIddle valley CombIne harvester 
use rates rose from 51 to 55 % In the Dagana department, whIle In Podor the rate of use 
Increased from 25% to 35% of harvested area These results suggest that rural labor 
markets are becomIng more constraIned In the mIddle valley as well 

4 3 Changes m Rice Farmer ActiVIties 

The realIzatIOn that nce farmers are too dependent on nce productIOn for Income 
appears to be a present concern of both research, extenSIOn, and credIt InstItutIOns as weII 
as farmers ThIS realIzatIOn has been a part of many recent assessments of the SItuatIOn, 
but what may have dnven It home to actors In the valley has been the dramatIC 
OSCIllatIOns In the fortunes of nce productIOn SInce lIberalIzatIOn measures have been 
Introduced (see section 4 1) 
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Efforts to dIversIfy productIon are not new to the flver valley Smce the early 
seventIes, plans for lITIgatIOn have mcluded strategIes to raIse other grams (pflmarIly 
maIze, and sorghum) as well as a vaflety of vegetables, fruItS, legumes, forages and cash 
crops Nonetheless, large efforts to promote other crops have been largely lImIted to 
tomatoes (based around two tomato cannenes m delta), and sugar (for whIch all 
productIOn IS by a smgle sugar company at RIchard Toll) Of these, tomato productIOn 
reached a maXImum of 8000 tons m 1990, but smce has fallen off It reached a loss of 
2,400 tons m 199611997 although low levels also reflected a very poor harvest caused by 
a dIsease problem 

"Other" vegetable productIOn (mcludmg omons, gumbo, peppers and potatoes) IS 
the only crop category WhICh has grown rapIdly m recent years ProductIOn mcreased by 
more than 60% last year surpassmg tomato productIon for the first tIme ThIS productIOn 
appears to have come entIrely from pnvate mvestments m the area Om on productIOn IS 
the most Important actIVIty and has grown rapIdly smce the Import of a vanety from 
NIger called VIolet de GalmI, WhICh grows well m the regIOn and preserves well The 
market for these vegetables IS currently pnnclpally the large urban centers m Senegal 
WhICh suggests that unless more dIstant markets can be developed, demand may become 
saturated easIly 

The expenence of Agrt-Nord, a large pnvate hortIcultural farm WhICh produces 
hortIculture for local productIOn and export Illustrates thIS problem Its ImtIal attempts to 
grow potatoes and omons for the natIOnal market met WIth Imtlal success m 1995 but then 
had dIsastrous results m 1996 because of the strong competItIon from Imports and 
mcreasmg productIOn by other domestIc fIrms On the other hand, the farm contmues to 
produce tomatoes for canmng and green beans for export under contract to the local 
tomato cannmg fIrm, SONACOS ThIS actIVIty has proven suffICIently lucratIve to keep 
the farm operatmg despIte losses m other crops ThIS expenence suggests that expanSIOn 
of hortIculture m the valley reqUires the development of addihonallarge buyers who can 
guarantee markets for produce for either fresh export or processmg The competitiveness 
of Imports apparently was due to dumpmg strategies of Europe m ItS export markets, and 
a faIlure of Senegal's tanff structure to prOVIde any protection agamst these Imports 

SAED and the ISRA research stations have also conduced substantIal research on 
maIze and sorghum, and some vegetables and extenSIOn efforts have been successful m 
mtroducmg these crops m the middle and upper valley However, YIelds for these crops 
have not Improved notIceably over thIS penod, and there has been very lIttle expanSIOn of 
these crops Nonetheless, research for diverSIfication has become a pnnclpal theme of 
ISRA St LoUIS program, and IS also the focus of a FED project housed m SAED Fmally 
there IS an IsraelI pilot project at Lac de Guere which IS also concentratmg on developmg 
hortIculture productIOn 

Several new crops are only now bemg tned m the valley under lITIgation 
SODIFITEX has begun to test cotton production under lITIgatIOn, With the mtentton of 
Imttally developmg productIOn of cotton seed Because of lITIgatIOn and the abilIty to 
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produce two crops per year, the ratIOnal IS that productIon m the valley would allow much 
faster rephcatIOn of cottonseed, and much better control of seed quahty In 1996/1997, 
SODIFITEX created an expenmental cotton productIOn penmeter wIth a producer group 
m Donaye near Podor The fIrst year's results were deemed hIghly successful, wIth 
average harvest YIelds exceedmg 3 tons per hectare, and some farmers obtaInIng as hIgh 
as 3 5 tons Moreover, the producer's group wIth whIch they worked has asked to 
contInue the crop thIS year, and even opted to expand partIcIpatIOn In the tnals Noted 
advantages of the crop was the capacIty to dIversIfy mcome growth, the greater certamty 
wIth respect to the prIce of Inputs and outputs, and the easy access to fInanCIng for the 
crop 

On the other hand m conversatIons WIth the farmers, they vOIced several problems 
wIth the scheme, notably the very hIgh productIOn costs, the hIgh labor requIrements, and, 
most Importantly, the conflIct between cotton and nce m competIng for labor for plantmg 
at the begmnIng of the ramy season ThIS IS a partIcular problem because farmers chose 
to transplant nce In the penmeter 

From the perspectIve of SODIFITEX, the expenence was very encouragmg, and, 
as a result, the project WIll agaIn expand productIOn next year The same problems that 
were IdentIfIed, by farmers, were also noted by the project, however In partIcular, the 
labor confhct dunng plantmg, and the need to coordmate plantIng wIth lITIgatIOn water 
avaIlabIlIty posed a problem for expandIng area under cotton To resolve thIS problem, 
the project reached an agreement wIth the productIOn aSSOCIatIOn WhIch sets a calendar 
for both nce and cotton plantIng InterestIngly, m the agreement, nce was deSIgnated to 
be planted fIrst because of the pnonty placed on It by farmers as a food crop, and the 
YIeld losses that It faces If planted late SODIFITEX accepted thIS solutIOn because of ItS 
expectatIOn that both can be accommodated In the calendar ThIS drama POInts to one 
area where agronomIC and farm systems research mIght focus to facIhtate crop 
dIverSIfIcatIOn 

4 4 ModelIng Changes III Farm Systems 

To further explore how nce sector reforms could affect farm management 
behaVIOr of nce producers m the long run, a Imear program model was developed for 
three farms selected as prototypes of tYPICal nce farms m the delta of the Senegal RIver 
Valley 5 These farms were selected based upon cluster analYSIS of van abies IndIcatIng 
patterns of farm evolutIOn, Famdy charactenstIcs, farm SIze, and phYSIcal and SOCial 
capital The selectIOn was based on an mltlal sample of 1577 farms usmg the 1993-1995 
SAED farm survey data set ThIS analysIs IdentIfied three farm types based upon 
technIcal, economIC and SOCial charactenstlcs whIch determIned ItS fundamental 
onentatIOn These farm types where 

5 ThIS analysIs was conducted by Youssou Dlagne as part of hIS dIssertatIon research at the UnIversIty of 
DIJon HIS theSIS entItled AdJustement Structurel et Impacts sur les systemes de productIOn Cas du 
Delta du Fleuve Senegal Dec 17 1997 reports the full results of hIS research 
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• A small tradItional noncommercIal farm orIented towards provIdmg food 
securIty to the famIly, 

• A farm m transItIOn from a noncommercIal to becomIng a commercIal farm, 
and 

• A large modern commercIal farm 

Summary charactenstIcs of these farm prototypes where 

Table 4 8 Characterlsttcs of Prototype Farm Types 

Farm Type Noncommercial Food Transformation to 
Commercial Profit Security Commercial 

Farm Evolution Old and stagnant 
Old with moderate New with rapid growth 
_g~o~ _____ ------- -- --- --- - --------- ---- - --- -- -------- - ---

Family situation Maturity Dissolution Expansion 
---- -- -- ----- --- ----- - - -- - - - --- ----- ----- ---- - -------- ------ --

Labor force Family Family + hired Hired 
----- -- -- -- - - -- -- - -- --- ------- - --- --- - ---- ---- ---- - ---

Farmed Land area 4 ha 8 ha 140 ha 
----- -- --- --- - - - - - - - ---- - ----- --- -- - - - ------- -- -- ------

Share Irrigated 80% 100% 100% 
----- - - - - - - - - - - -- - - - -- - - -- -~ ---- -

Tractor Mechanization None little Full 
------ - - - - -- --- --- - - - - -- ------ - --- -

Capitalization Weak Strong Strong 

For each of these farm types, a lInear programmIng model of farm behaVIOr was 
bUIlt, mcludmg alI croppIng actIVItIes of each farm, subject to constraInts on land 
categones, labor (by fortmght), water, capItal, and consumptIOn Alternative crops, and 
alternatIve productIOn techmques for current crops were also mtroduced m each model 

- -

The models were used to attempt to examme how nee sector reforms would affect 
reallocatIOn of resources and dIverSIfIcatIOn of productIOn In farm systems The modelmg 
analYSIS fIrst sought to SImulate current productIon condItIons and Table 4 9 presents 
some of the results of thIS SImulatIOn It shows that whIle the model predIcted less 
dIverSIfIcatIOn that m actual fact, the commercIal model suggested more dIverSIfIcatIOn 
than was actually the case The tranSItIOnal farm was very closely captured by the model 
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Table 4 9 Comparison of Simulation Results to Actual Farm Behavior 

Farm Type 
Non Commercial Transitional Commercial 

Actual Simulated Actual Simulated Actual Simulated 
Income 890 460 2333 3096 11000 51387 
Area used 4 4 8 8 140 140 
RainY season Rice 3 3 6 6 140 140 
Tomato 1 0 1 1 0 0 
Sorghum 1 1 0 0 0 0 
Omons 0 0 05 05 0 0 
Okra 0 0 05 05 0 0 
Oft.§.~~son peanuts -~ 0 0 0 0 140 -------------
HIred Labor (hours) 

Before harvest 0 0 0 0 496 1310 
Durrng harvest 170 345 2255 1591 250 390 

These models were then used to examme changes m farm comportment to 
changes m mput and product pnces between 1990 and 1995 as a result e)f nce sector 
reforms These analyses suggest that for neIther non-commercIal nor transItIonal farmers 
have productIOn actIvIties changed However, nommal farm mcomes fell slIghtly m each 
case, reflectmg the detenoratIOn m product pnces relative to mputs In real terms these 
changes represent a much greater change because of strong mfiatIOn over the penod of 
reform 

The solutIon for commerCial farms changes substantially for dry season 
productIOn The model suggests that farmers would have given up a small amount of 
productIOn of dry season nce, whIle assummg a much larger productIOn of peanuts The 
predicted reductIOn m dry season productIOn has occurred however, the predIcted large 
mcrease m peanut productIOn has not 

Table 410 Comparison of Simulation Results Before and After Reform 

Farm Type 
Non CommerCial Transitional CommerCial 
Before After Before After Before After 

Income 481 460 3197 3096 13300 51387 
Area used 4 4 8 8 140 140 
Rainy season Rice 3 3 6 6 140 140 
Dry season Rice 7 0 
Tomato 0 0 1 1 0 0 
Sorghum 1 1 0 0 0 0 
Omons 0 0 05 05 0 0 
Okra 0 0 05 05 0 0 

_9f( seaso~l2eanuts ___ 0 0 0 0 35 140 --- ----- ------- ----- - -----"- - --- --- ------
Hired Labor (hours) 

Before harvest 0 0 0 0 1310 1310 
DUring harvest 345 345 2255 1591 390 390 
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To further explore the opportumtIes for dIverSIfIcation m the commercial model a 
sensItIvIty analyses was conducted to mvestIgate at what pnce new crops would enter the 
model Dry season nce enters If pnces nse by 20 cfalkg, tomatoes by 38 CFAlkg omons 
by 55 CFAlkg and cotton by 56 CFAlkg (Alternatively, YIeld mcreases of the same 
proportIon at the same costs would provIde the same results) Varymg the nce pnce 
shows that at low nce pnces, productlOn of tomatoes dIsplaces nce m the model because 
the two crops compete for land and labor resources As the nce pnce nses, however, nce 
dIsplaces tomatoes m the ramy season and permIts other crops, (peanuts, omons and 
cotton) to enter the model as well m the dry season, presumably because tomatoes mtrude 
on productlOn m both seasons 6 

The model results are simpilstic m a number of respects The models do an 
madequate task of reflectmg changes m production techmques to ralse economIC 
prodUCtiVIty m a partIcular crop by changmg factor and mput mIxes It also provIdes only 
a few of the diversIflcatlOn opportumtIes which eXist for lITIgated productlOn m the SRV 
Thus response functions are extremely rudimentary Nonetheless they do provide an 
IllustratlOn of both the opportumty to produce other crops m these productlOn systems, 
and the constramts that are hkely to anse m pursumg diversIficatIOn Most Importantly, 
the results suggest that diverSification IS not hkely to occur to crops other than tomatoes 
unless either YIelds are raised, or pnces are Improved through eIther better marketmg 
opportumtIes, or reductions m transactlOn margms between valley producers and fmal 
markets 

4 5 Evaluatmg Productivity Changes 

A more lIberal productlOn enVIronment whIch reforms m the nce sector where to 
have mtroduced, may be expected to ralse farmer productIVIty m nce productlOn by 
Improvmg the allocatlOn for farm resources m response to market pnces, and by reducmg 
techmcal mefficiency assocIated wIth suboptimal techmcal chOIces Imposed by poorly 
performmg markets Analyses reported m thIS sectlOn sought to mvestlgate thIS 
expectatlOn usmg econometnc tests of fIeld survey data of farm parcels m the SRV Delta 

The concept of prodUCtIvIty IS meant to capture the effiCIency of productlOn ThIS 
concept may be dIvIded Into two components Techmcal effIcIency evaluates the physIcal 
relatlOnship of productlOn obtaIned per umt of Input It IS thus a functlOn of the 
technology employed In productlOn and of the producer's mastery of thIS technology A 
second aspect of effiCIency IS allocattve effICIency ThIS has to do with the producer's 
capacIty to use each Input to that level at whIch the margmal cost of Its use equate to Its 
margInal return In productIon 

To measure techmcal productIVIty the study sought to construct a productlOn 
functIOn to measure the reiattonship between quantIties of factors used In productlOn and 

6 DetaIls of these values are proVIded m Diagne s theSIS but are not presented here because they are not 
thought to be hIghly reahsttc 
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output ThIS functIOn was then used to test for changes smce the reform by exammmg 
changes 10 the coefficients WhICh reveal the techmcal effIcIency of use of each factor of 
productIOn before and after reform 

As a first step 10 creatmg a productIOn functIOn, a separate analysIs was conducted 
to construct a predictIve model to explam YIelds ThIS analysIs sought to IdentIfy 
predIctIve varIables WhICh could Improve YIeld projectIOns It also contrIbuted to the 
productIOn functIOn analysIs, however, by IdentIfy structural and managenal vanables 10 

the aVailable data set WhICh could be used to assess dIfferences m technology or 
enVIronment that affect productIOn These vanables where then Introduced In the 
productIOn functIOn analysIs as proXIes for technologIcal dIfferences The YIeld 
predICtIve model IS therefore presented below followed by the productIon functIOn 
analYSIS 

An analYSIS of economIC effICIency was also attempted usmg a profIt functIon 
approach ProfIt functIOns seek to examme the economIC effiCIency of productIOn by 
exammmg the response of productIOn profItS to pnces of factors and mputs The results 
of thIS exerCIse were unsuccessful, however, because no slgmficant correlatIOns could be 
establIshed between mput or factor pnces and profits ThIS faIlure appeared to be because 
mput and factor pnce data 10 the sample were hIghly suspect Both were Imputed from 
total declared costs for each mput or factor by dlvldmg these costs by declared quantItIes 
used However, the resultant ImplICIt pnces vaned WIdely 10 any gIven season Imply10g 
eIther market fatlures 10 the 10put delIvery or poor data The latter explanatIOn appeared 
to be true both because defImtIons appeared to be mconslstent 10 the data 7 

45 1 Structural predIctors of YIeld 

Econometnc models to explam nce YIelds were constructed usmg structural, 
management, and market parameters as mdependent vanables Van abIes were chosen 
based upon the prospects that they could be known at the begmnmg of a productIon 
season 10 order that the models mIght be used as short-run predIctIve tools to project YIeld 
performance based upon mformatIOn known at the begmnmg of a crop season Separate 
models were bUllt for ramy and dry season nce 

Table 4 11 presents the vanables exammed 10 these models and results of OLS 
regressIOns usmg stepwIse entry of a varIety of alternatIve vanables mto equatIOns 10 
WhICh YIelds were the dependent vanable The results presented there for are of 
regressIOns only of the retmned vanables CoefficIents for excluded vanables represent 
the parameters at WhICh these vanables would have entered the equatIOn If they had been 
sIgmfIcant 

7 In particular declared costs of Inputs do not always have corresponded to the same quantIties used In 
productIOn, thus denved ImplICit pnces are erroneous 
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Penmeter management and structural vanables 

Dummy vanables were mtroduced to dIstmgmsh four types of pen meters based 
upon SAED defimtIOns (see descnptIOn 10 sectIOn 2) These are 

1 RehabIlItated SAED penmeters 
2 ExtensIOns of SAED penmeters 
3 Pnvate pen meters 
4 VIllage penmeters 

The fIrst two categones dIstmgUlsh respectively SAED pen meters whIch have 
been rehabIlItated and turned over to farmer group management although typIcally WIth 
substantial SAED support, and those which are pnvately constructed extensIOns of SAED 
penmeters undertaken by fanners wIth land 10 SAED pen meters WhIle both of these 
classificatIOns mclude fanners who are or had been under SAED supervIsion, It was 
expected that the degree of SAED control decreased between categones 1 and 2 and that 
thIS would be reflected m YIeld perfonnance In the econometnc analysIs, however, these 
two dIfferent subcategones of SAED pen meters proved to be mdIstmgUlshable m 
predIctmg YIelds and so were not mcluded m the fmal model 

On the other hand, the VIllage penmeter dummy proved hIghly sIgmficant m 
predIctmg YIelds m both ramy and dry seasons, wIth these pen meters showmg reductIOns 
m YIeld of a ton m the dry season and 614 kg m the ramy season, holdmg other vanables 
constant Pnvate pen meters showed a SImIlar and hIghly sIgmflcant reductIOn m YIelds 
(-1 45 tonlha) m the ramy season but no difference m YIelds from all SAED penmeters m 
the dry season 

In both cases, thiS reductIOn IS thought to reflect the relatively modern 
mfrastructure and hIgh level of management expertIse m SAED or fonner SAED 
penmeters, 10 companson to VIllage and pnvate pen meters m the Delta ThiS dIstmctIon 
IS partIcularly true smce the arnval of relatively mexpenenced fanners m the delta after 
the "land grab" of the early 1990s These conclUSIOns are conSIstent WIth straightforward 
compansons of Yields m the delta by Penmeter type It should be noted however that 
these conclUSIons are reversed m the MIddle valley, where pnvate and VIllage pen meters 
have hIgher YIelds than the Targe pen meters 

In the ramy season, these dIfferences are explamed m large part by the type of 
pen meter dram age system In partIcular those perImeters whIch had pump dram age 
systems showed 691 kilogram lower YIelds than those that did not Because nearly 92% 
of SAED pen meters but only 4% of prIvate penmeters and 15 % of Village pen meters 
had these facIhtIes, thIS factor alone explams a large component m the overall YIeld 
dIscrepanCIes between these two penmeter types The apparent perverse effect of 
sophIstIcated dram age systems on YIelds, IS thought to reflect the underlymg problem of 
water loggmg and sahmzatIOn m pen meters WhICh have these systems Thus It suggests 
that, while dramage systems have been put mto systems that have these problems, the 
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systems are madequate m correctmg the problem, eIther by desIgn or because they are not 
correctly managed 

Dramage mfrastructure was not a SIgnIfIcant contnbutor to YIelds m the dry 
season ThIS IS not surpnsmg because there IS lIttle need for dram age m the dry season 
when low water tables and hIgh evaporatIOn rates reduce the need for dram age 

Farm management vanables 

Use of a motor dnven pump (groupe moto-pompe) to dehver lrngatton water, 
mstead of water delIvered through large centrally managed pumpmg statton was found 
not to have a SIgnIfIcant effect on YIelds m eIther season ThIs fmdmg ImplIes that these 
technologIes are equally relIable In water delIvery This fIndIng suggests that GMP 
technology has been mastered to a degree that breakdowns or other problems WIth these 
pumps are no longer an Important constramt on productIOn On the other hand, It also 
suggests that the potentIal Increase In lITIgatIOn fleXIbIlIty that these pumps might 
provIde, IS not a factor In ImproVIng productIVIty 

Of the management vanables only past debt on farm loans IS SIgnIficant m 
predlctmg YIelds m both ramy and dry season models In both cases, thIS vanable IS 
highly SIgnIfIcant statistIcally, resultIng In a 4 3 kIlogram and 200 gram reductIOns m 
YIelds per thousand CFA of debt In the dry season and ramy seasons respectIvely Because 
debts averaged 29 thousand CFA In the dry season but 169 thousand m the ramy season, 
these results Imply an average YIeld losses of 124 and 34 kglhectare respectIvely due to 
debt The reason for thiS relatIOnshIp may be surmIsed to reflect the Increased constraInt 
on credIt and therefore on Input use In current years due to past debt 

In the dry season, the only other management van able that IS Important m 
determmIng farmer Yields IS the number of parcels that the farmer cultIvates and farmer 
debt Although the vast maJonty of farmers only cultIvate one dry season fIeld, each 
addItIOnal field results m a 3 8 ton reductIOn In YIeld per parcel ThIS drastIc reductIOn 
suggests that management dIfficultIes assocIated With a large number of parcels are 
dIffIcult In the In the dry season 

The type of management of parcels has a strong Impact on YIelds In the raInY 
season, WIth fields cultIvated by the head of household prodUCIng 681 kg more than 
others ThIS IS to be expected and hkely reflects the greater expenence of these 
mdlvIduals and theIr greater access to Inputs and other resources 

The use of certIfIed seed In productIOn IS hIghly SIgnIfIcant In the ramy season but 
does not appear Important for dry season productIon 

ReflectIng the qualIty value of Improved seed, the use of certIfied seed adds 1208 
kglhectare to YIelds IrOnIcally, thiS vanable does not appear SIgnIfIcant for the dry 
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season, YIeldmg only a 15kg Improvement m YIelds wIth low sIgmficance (13% 
probabIlIty of no relatIOnshIp) 

The date of fIrst seedmg IS also sIgmfIcant m the ramy season only, wIth each 
week of delay m seedmg resultmg m a YIeld reductIOn of 125 kglha ThIS result confirms 
agronomIc testmg WhIch has found thIS loss m YIelds due to the Impact of cooler shorter 
days on pamcle sterIlIty, thIS effect begms partIcularly If plantmg IS delayed past mId
August As would be expected, thIS varIable was not sIgmfIcant m the dry season, 
because delays m plantmg only mcrease the crop's exposure to heat and lIght 

Market vanables 

PrIces of mputs (urea, DAP, Weedon, and Propaml, the prIncIpal mputs) were 
mtroduced to reflect the cost of mputs at the begmmng of the crop season, WIth the 
expectatIon that these prIces would mfluence mput use rates and therefore YIelds 
However, none of these prIces proved sIgmfIcant m eIther ramy or dry season models 
These results seem to suggest eIther that farmer use of mputs IS not responsIve to prIce 
changes, or that mput use IS not Important m determmmg YIeld behavIOr Another 
explanatIOn IS sImply that the prIce data used was poor ThIS may be because there was 
lIttle VarIatIon m mput prIces m the cross-sectIOnal sample m any gIven year On the 
other hand prIces dId rIse substantIally after the devaluatIOn PrIces derIved from total 
mput costs and use levels also appeared to be based on mconsIstent assumptIOns (see 
footnote 7) 
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Table 4 11 Rice Yield Predictive Models Dry and Ramy Season In the Senegal River Valley Delta 

DRY SEASON RAINY SEASON 

R squared 017 0265 
Adjusted R squared 0138 0241 
F Statistic 5207 10882 

Dependent Variable Yield 

Variables Beta Sig Beta t Sig 

1 Constant INCL 863977 5393 0000 INCL 1226003 6108 0000 

Perimeter Management/Structural Variables 
2 Communal penmeter (dummy) INCL -106615 -2173 0033 INCL -61462 -1837 0068 

3 Rehabilitated SAED perimeter (dummy) EXCL -0049 -0377 0707 EXCL 0047 0452 0652 

4 Private perimeter (dummy) EXCL -0001 -0009 0993 INCL -1451 85 -3851 0000 

.j::>. 
5 Extension to SAED perimeter (dummy) EXCL 0043 0401 0690 EXCL -003 -0452 0652 

0\ 6 Drainage Infrastructure EXCL 0016 0114 0909 INCL -69125 -2765 0006 

7 Motor-driven pump EXCL 0026 0127 0899 EXCL 0097 0893 0373 
- -- - - - ~ --- - ---- ----- -- -------- --

Farm Management Variables 

8 Management by owner (dummy) EXCL 0115 1069 0288 INCL 68110 2382 0018 

9 Owner-operated (dummy) EXCL 002 0107 0915 EXCL 0034 0494 0622 

10 Number of fields INCL -381989 -2442 0017 EXCL -0005 -0083 0934 

11 CNCAS (past debt on farm loans) INCL - 0043 -2684 0009 INCL -000021 -2498 0013 

12 Seed type EXCL 0015 0133 0894 INCL 120815 5862 0000 

13- Mechanized sOil preparation (dummy) EXCL o 111 1 062 0292 EXCL 002 032 0749 

13 Week of first sowing EXCL 0155 1 391 0168 INCL -125147 -3253 0001 

- - - --
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Results of the YIeld predIctive model are mterestmg m demonstratmg the Impact 
of a number of pen meter and farm level vanables on YIeld FIrst, they suggest the 
Importance of certam pen meter charactenstIcs m YIelds The presence of dramage pumps 
appears to be a proxy for dramage problems and therefore IS correlated wIth reduced 
YIelds In thIS regard, a better YIeld predIctor would be a dIrect assessment of sahmty and 
waterloggmg problems m penmeters 

The negative Impact of VIllage and pnvate pen meters m the lower valley appears 
to gIve eVIdence of the value of SAED assIstance to penmeters m then management 
ThIs suggests the contmued need for a SAED-hke mstitutlOn to provIde management and 
techmcal assIstance advIce to penmeter managers 

The sIgmficance of credIt arrears as a negative predIctor of YIelds, suggests both 
that the CNCA does reduce credIt avatlabIhty to past debtors, and that thIS constramt does 
have repercussIons on performance 

The value of Improved seed IS clear for ramy season productIon, but not for the 
dry season suggestmg that vanetIes developed for the dry season were not effective at the 
tIme of the research However, smce then the extensIon of Sahel 108 may have changed 
thIS conclusIon 

WhIle these result could help to predIct YIelds If the data on each were collected m 
a tImely fashIon at the begmnmg of each croppmg cycle, the overall value of the exerCIse 
m explammg YIelds IS weak 

Much more Important are lIkely to be van abies such as the dosage of vanous 
mputs dunng the croppmg season, and the amount and type of machmes serVIces and 
labor used These vanables are mtroduced and explored below m the analysIs of 
productIOn functIons 

4 5 2 ProductIon effIcIency 

A productIon functIOn model was constructed from the SAED data to examme the 
techmcal effIcIency of productIOn, and the Impact of devaluatIOn on It The analysIs 
mcorporates the structural factors IdentifIed m the predIctIve model to represent the 
technology employed Use rates of factors of productIOn were mtroduced to IdentIfy the 
contnbutIon of each of these to productIOn In addItIon, shIft and slope dummIes were 
mtroduced mto the model as well to test for dIfferences m techmcal effICIency before and 
after the devaluatIOn and paddy pnce hberalIzatIOn m 1994, and for dIfferences between 
ramy and dry seasons The devaluatIOn and paddy pnce hberahzatIOn are assumed to 
have occurred concurrently m January 1994 The dry season IS assumed to cover all crops 
seeded before June, thIS would also mclude the "mterseason" crop planted late m the dry 
season or early m the ramy season 
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Table 412 Cobb Douglas Rice Production Function 

Baseline Coefficient Devaluation Effect Seasonal Effect 
Coefficient Std Error Sig Coefficient Std Error Sig Coefficient Std Error Sig 

Factor Elasticities 
CapItal 0430 0107 0000 0534 0143 0000 0225 0167 0178 
Labor -0034 0047 0461 0139 0059 0018 -0189 0070 0007 
Land 0459 0112 0000 -0529 0152 0001 -0075 0169 0658 

Shift dummIes 
Constant 3079 1289 0017 
DevaluatIOn -7330 1756 0000 
Dry season I -2012 2046 0326 

Management 0129 0059 0028 
Seed 0059 0049 0227 

.j:::> VII/age P -0019 0072 0791 
co 

Private P -0085 0084 0312 

Note 

Cobb Douglas form dependent Variable IS RIce ProductIon (In), All factors are Introduced as natural logs In regressIon 

Adjusted R2 0769, Durban Watson 1 885 

ANOVA Fstat 9845 SIgnIfIcance at a 000 

-------
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The Cobb Douglas form provIdes ImmedIate InterpretatIOn of coefficIents as 
elaStiCIties 8 Thus the results Imply a capItal elastiCIty of productIOn of 0 43, a labor 
elastIcIty of -0 03 and a land elasticIty of 0 45 WhIle capItal and land are each 
sIgmficant at the 1 % level, the labor coeffIcIent IS entIrely Inslgmficant The 
InsIgmficance of the labor results, may be In part due to the extreme dIffIculty of 
measunng labor use, gIven dIfferences In labor qualIty, and effort For reasons that are 
unclear, the data for the 1994 and 1995 seasons appears to be much more complete and 
consIstent In thIS regard USIng only thIS sample, the results for labor become sIgmficant 
at the 5% level and suggest an elaStiCIty of 0 1 CapItal and land elasticIties remaIn 
hIghly sIgnIficant and at approxImately the same level AssumIng these numbers, the 
results concord wIth expectatIOns They Imply that for lITIgated nce productIon, land and 
capItal are the most constraInIng varIables, whIle labor IS more abundant, and therefore 
much less Instrumental In obtaInIng productlon 

The Impact of the polIcy vanable on techmcal produCtiVIty IS surpnsIngly 
pronounced In the SAED data sample, partIcularly gIven the short tIme senes mcluded m 
the sample All factor elasticItIes are Impacted sIgnIfIcantly If one assumes unchanged 
returns to scale, It IS mherent m the functIOnal form that one factor's elastIcIty should fall 
If another mcreases In thIS case, the contnbutIOn of land falls whIle labor and especIally 
capItal contnbutIOns Increase after reform ThIS IS logIcal smce of the three factors, 
capItal costs where most affected by the devaluatIon due to the large tradable component 
of these costs The negatIve and hIghly sIgmficant coeffIcIent for the devaluatIOn ShIft 
vanable suggests that the overall effect on nce productIon was negatIve ThIS too IS not 
sUrpnsmg, partIcularly In the ImmedIate aftermath of the devaluatIOn because of the 
adverse Impact that the change had on farmer's abIlIty to obtaIn mputs and to completely 
explOit theIr land 

The effect of the productIOn season on technIcal effiCIency was SIgnIfIcant only m 
the case of labor, suggestmg that m the dry season the labor elastICIty of productIOn IS 
reduced by 19 The ShIft dummy for the dry season IS also entIrely InSIgnIfIcant These 
results suggest that WIth the exceptIOn of labor, techmcal effiCIency IS not affected by 
season It IS plaUSIble that labor IS negatIvely affected by the much more dIffIcult 
workmg enVIronment m the dry season due largely to the much greater heat 

All van abIes representmg dIfferences m technology or management behaved as 
was found m the YIeld predIctor model, but only the management vanable, (whether the 
farmer was the head of household) appears hIghly sIgmficant Parcel management by the 
head of household contnbutes 13% to productIOn Seed quality and whether the 
penmeters where VIllage, pnvate or SAED are not slgmflcant In the analYSIS 
InterestIngly, given the fact that many new pnvate penmeters have failed, thiS analYSIS 
suggests that thIS has not been because pnvate pen meters are Inherently less effICIent but 
rather that they are more often managed by mdiVIduals other than the head of household 

8 ElastiCItIes are defined as the percent change m the dependent vanable (m thiS case nce productIOn) With 
respect to a percent change m the use of the mdependent vanable (m thiS case land labor or capital) 
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Differences between the two types of SAED penmeters were mtroduced but as In 
the predictive model, where found to be entirely InsignIficant SimIlarly the presence of 
dram age, the crop season, and the number of parcels In the farm each proved entirely 
Insufficient Credit arrears where also mtroduced, but where highly correlated with 
capital needs and therefore was discarded Overall, with the exception of the 
management vanable, none of the other charactenstics Identified In the predictive model 
were useful m the productIOn function ThIs suggests that those vanables which were 
Included In the predictive model, serve largely as proxIes for predlctmg factor use dunng 
the productIon season, rather than mdependent mdIcators of the technology employed 

4 6 ConclusIOns 

It should be noted that the results of the analyses presented m thiS chapter are 
largely drawn for a subset of farmers In the Senegal nver delta only, and the data on 
which the analysIs IS based concerns only three years dunng the penod In thiS context, 
the negattve Impact of the reform dummy vanable In the productIOn function may be 
Interpreted to reflect a loss of technIcal effiCiency m the penod Just after the devaluatIOn 
as farmers began to shift their allocatIOn of factors and Inputs In productIOn m response to 
pnce changes ThiS transitIOnal drop In technIcal effiCiency IS not surpnsIng smce thiS 
would entaIl adoptmg new technIques of productIOn Moreover, thIS loss IS lIkely to 
have been offset by Improvements m economic effiCiency smce eVidence of allocattve 
deCISIOns to mcrease use of labor, and to mmlmlze use of commercial mputs suggest that 
these deCISIOns have caused the readjustment of factor use reflected m the productIon 
functIOn The Improvement m profit margms detected m the analYSIS of net fmancial 
returns also substantiates thiS mterpretatIOn 

Thus overall, the analysIs of changes m farmer behaVIOr m response to reforms 
remams IS mconcluslve Profit margms appear to have mcreased, but the real absolute 
value of profits have remamed roughly constant In the Immediate aftermath of reform, 
tests of techmcal effiCiency suggest an mltIal declIne subsequent to the devaluatIOn, 
apparently reflectmg adjustment problems as farmers adapted theIr productIOn methods to 
new relative pnces of factors and mputs ThIS adjustment appears to have mcluded a 
substitutIOn of labor for other factors and a general reductIOn m commerCial mput use, 
partIcularly for crop protectIOn chemicals 
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5 WHAT ARE THE LONG TERM CONSEQUENCES OF 
REFORMS FOR RICE PRODUCERS? 

The consequences of reform for the long run vIabilIty of nce productlOn are 
reflected m analyses of the underlymg economIC comparative advantage of productIOn 
msofar as a movement to freer markets and away from publIc support for the sector 
ImplIes that the sector WIll be forced to stand or fall on Its own economIC value ThIS 
perspectIve IS exammed m the sectIOn below It IS followed by broader concluslOns for 
the prospects of nce producers drawn from the prevIOus sectIOns 

5 1 Economic Comparative Advantage 

Vanous prevlOus studIes have exammed the economIC comparative advantage of 
nce productIOn m Senegal 9 All of these studIes have demonstrated a range of 
comparatIve advantage for nce productIOn m the Senegal, but overall, conclusIOns have 
conSIstently found that most productIon systems, and m partIcular, lITIgatIon systems are 
not economIcally attractIve 

The project reevaluated economIC comparatIve advantage for Senegalese nce 
productIOn usmg models developed by Tom Randolph ReVISIons mcorporated SAED 
productIOn coeffICIent data and pnces for the 1996/1997 croppmg season These data 
reflect changes m use of mputs and productlOn factors smce reforms of the nce sector and 
the devaluatIon The base case analysIs also uses current world pnces for broken nce 
($216/ton) All nce produced m the Senegal RIver Valley IS assumed to be consumed m 
St LOUIS, whIle nce produced m the Casamance IS consumed m the productIOn regIOn 
Results are reported m Table 5 1 The table reports DomestIc Resource Cost (DRC) 
ratlOs for each system 10 The results suggest that m competItIOn WIth brokens, no nce 
productIOn systems except production on tradItional lowland or mangrove systems m the 
Casamance and usmg hand poundmg or nce hullers to process the nce are economically 
competitIve at current pnces These concluslOns are not surpnsmg gIven that these 
systems use practIcally no tradables m productIOn, while all other systems are more mput 
mtenslve and based on hIgher lITIgatIon development costs, such as IS the case WIth large 
scale penmeters m the Senegal RIver Valley 

9 These mclude Scott Pearson Dlrck Stryker Rice m West Africa Abdoul Barry and Tom Randolph 

\0 Note that DRCs are a ratio of the value of domestic resources In productIOn to the tradable value added 
In productIOn Thus a DRC ratio below one mdlcates that the tradable value added In productIOn exceeds 
the resource costs used m productIOn and thus confirms an economic surplus and so a 'comparative 
advantage In productIOn A DRC greater than one indicates the opposite and therefore Implies that 
economic value IS negative 
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Table 5 1 Comparative Advantage of Rice Production In Senegal 

(Domestic Resource Cost Coettlclentst 
Small de- Small- Industrial 

huller scale Mill Mill Subsystems 

Production system 

TradltlonaJ mangrove, South - 0 78 

Traditional flooded lowland, South 035 -113" 
----
Traditional ralnted, South 1 06 
----------------:---:----------- --_._-----
Irrigated semi-Intensive, South (SODAGRI) 2 64 3 48 3 52 

Large Independent perrmeters, Delta -- --- ---119 ----123 ---127 
-------------- ------ - ---- --- -------
Prrvate perrmeters, Delta 1 30 1 35 1 42 

Large rndependentpeinmeters;-MldCifevalley - 1 25 -- ----1 85 
------ ----- ----- ---
Private operations, Middle Valley 1 19 1 34 
----------------------- ------- -- -- ----- - -------
Irngated communal penmeters 1 53 

One reason for this lack of comparative advantage for all Senegal RIver 
productIOn systems Include, first, the hIgh cost of IrrIgatIOn Infrastructure and the 
recurrent costs of Its maIntenance This IS particularly the case where IrrIgatIon entails 
pumpIng as In most of the Senegal RIver Valley 

The hIgh cost of Infrastructure In the valley IS compounded by the failure of nearly 
all valley productIOn systems to produce two crops Thus Investment costs must be 
amortIzed over one crop per year although most were deSigned to produce two crops 

A second reason for the poor performance of economIC returns to nce productIon 
In Senegal IS the low assumed reference pnce of nce, due partIcularly to ItS sale In 
competItion wIth broken nce This problem IS peculIar to Senegal because of the 
preference of the local nce consumer for broken nce ThIS preference results In locally 
produced whole gram nce bemg sold 10 competItIOn wIth heavIly dIscounted broken nce, 
thereby lowenng the economIC value of productIOn 

ill Table 5 2, the senSItIVIty of the results to both of these problems IS exammed 
FIrst of all, regardIng the high cost of Infrastructure, for systems which have already been 
bUIlt, one can pose the questIOn of the margmal comparative advantage of productIOn In 
thIS analYSIS, the amortizatIOn costs of bUIldmg penmeters IS deleted Costs stIlI Include 
amortizatIon of pumpIng Infrastructure and eqUIpment, and recurrent costs of 
Infrastructure mamtenance, as well as all productIOn costs ThIS analYSIS (reported In 
column B) shows that In companson to the base case (column A), the assumptIOn that 
pen meter constructIOn costs are sunk costs results In all large scale former SAED 
penmeters become economIcally competItIve These results Imply that current SAED 
pen meter productIOn IS economICally competItIVe, assumIng that no new pen meters are 
constructed 
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Table 5 2 Comparison of DRC for Assumptions of Infrastructure Amortization 
and Rice auahty 

Quahty hypothesIs 
100% Brokens 35% Brokens 

(216 $Iton) (262 $Iton) 
Infrastructu re amortization with without with without 
hYP9thesis A B C D 
Delta 

Large perimeter 155 065 126 053 
Private penmeter 143 133 113 103 

----
Middle Valley 

Large perimeter 1 59 075 132 062 

Private perimeter 130 120 107 097 
Irrigated communal penmeter 190 1 11 1 56 091 

Note All scenarios assume rice milled by hulhng machines 

Columns C and D of the same table exammes the Issue of nce quahty They 
assume that mstead of 100 % broken nce, the market for domestIc nce productIon IS 
Improved to compete wIth 35% broken nce from world markets ThIS represents the 
approxImate quahty of nce that IS produced m the valley usmg dehullers The basIS of 
thIS analYSIS IS that eIther regIOnal export markets can be found that prefer at least thIS 
qualIty of nce mstead of brokens, or that the valley can begm to supply a segment of the 
domestIC market that prefers whole gram nce Neither of these assumptIOns are farfetched 
gIven recent exports of Senegalese whole gram nce to MalI and Gumea BIssau, and 
eVIdence that orders for thIS nce are mcreasmg m the domestIC market as well Moreover, 
WIth eXlstmg mIllmg mfrastructure even higher qualIty nce IS already bemg obtamed 
from some mIlls m the valley, although thiS scenano assumes the lowest qualIty (hulled) 
output 

Under thIS hypothesIs, the scenano m Column C presents the competItIveness of 
Senegal RIver Valley nce production systems assummg mfrastructure costs are mcluded 
m productIOn costs ThIS analYSIS suggests that whIle large former SAED penmeters 
remam largely uncompetltlve, pnvate pen meters m both the Delta and mIddle valley 
become nearly competItive ThiS ImplIes that there may be an economIC argument for 
mvestmg m new pnvate pen meters If they can target hIgher valued nce markets 

Fmally the scenano m column D represents the case m which both a higher 
quahty market IS found for nce and sunk mfrastructure costs are Ignored Under thiS 
most optimistic scenano, the results Imply that all productIOn m these systems becomes 
economIcally VIable (or nearly so for Delta pnvate pen meters) 

ThiS scenarIO proVides JuStIfIcatIOn for mamtammg productIOn m eXIstmg 
penmeters m combmatIOn WIth a strategy to fmd hIgher qualIty markets for nce It 
suggests that eXlstmg Senegal RIver Valley farmers can compete With world markets for 

ProductIOn Impact Report 53 



nce If they can fmd regIOnal markets for theIr nce In competItIOn wIth at least low qualIty 
(35% broken) nce from world markets However, It also suggests that there IS httle 
prospects that expanSIOn of penmeter Infrastructure IS JustifIed under these condItIOnS 
Only If even hIgher pnced markets can be found or If other parameters of productIOn such 
as YIelds can be raIsed, WIll the prospects for new mvestments be attractIve 

5 2 The Legacy of Reform on the Rice Sector 

Reforms m the nce sector have mcluded hberahzatlOn of mput markets and 
domestic product markets, reductions m protectIOn from outsIde markets, and a 
Withdrawal of publIc SUbSIdies for a vanety of serVIces rangmg from machme serVIces, 
credIt and extenSIOn Lastly, a strong devaluatIOn In 1994, occurred cOIncIdent WIth 
lIberalIzatIOn of mternatIOnal nce trade These changes have strongly affected productlOn 
levels and patterns m the Senegal RIver Valley due to the hIghly commercIal nature of 
nce productIOn there, but It has left the Casamance relatIvely untouched because of Its 
state of relatIve IsolatIOn from rIce markets 

WIth respect to paddy pnces, the resultant Impact has been a stagnatIOn m real 
pnces due to the offsettIng effects of devaluatIOn, whIch raised domestIC prIce eqUIvalents 
and market lIberalIzatIOn whIch has served to lower these pnces In addItIon to real pnce 
stagnatIOn, the hberalIzatIOn has Increased the vanabIlIty of paddy pnces to the Internal 
market ThIS has occurred despIte a proposed protectIon scheme whIch would have 
dampened InternatIOnal pnce fluctuatIOns In the domestIc market, because of problems In 
the practIcal applIcatIOn of the scheme and also due to an apparent lack of WIll by some 
segments of government to Implement the scheme 

At the same time Input markets have also felt the full Impact of the devaluatIOn on 
real pnce Increases However, a narrowmg of margIns for IntermediarIes In the market 
due to Increased competItlOn, and an mcrease In the quahty and relIabIlIty of delIvery of 
these products has somewhat mItIgated the nse m pnces and has dampened the adverse 
Impact on demand for these mputs Markets for mach me serVIces have also been 
mfluenced by reforms as all machme serVIces have been fully taken over by the pnvate 
sector The availabIhty and relIabIlIty of service dehvery has Improved, and despIte 
devaluatIOn-dnven nommal mcreases m pnce, these pnces mcreased but not kept pace 
WIth mfiatIOn As a result use of some machme serVIces has actually mcreased m some 
areas The mcrease In machme serVIce pnce IS still contmumg, however, due to the 
gradual renewal of capItal stock 

Factor markets have been only mdlrectly or partially mfluenced by reforms Labor 
markets appear to have tightened due to ShIftS to more labor-mtenslve techmques m 
productIOn subsequent to mcreasmg pnces of servIces and a ShIft towards use of family 
labor 
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The strategy of Input and factor market hberahzatlOn created a bnef rush by 
Investors to Invest In the valley, both to bnng land under ImgatIon and to open busInesses 
to provIde Inputs and serVIces to producers and to process nce A rapId expansIOn of 
Imgated areas occurred between 1988 and 1991, nearly all of WhICh was devoted to nce 
productIOn The Immedtate Impact of new land Investments on production and farmer 
welfare where clearly posItive 

However, dIffIculties In establIshmg a vIable credIt market for farmers have had 
severe negatIve effects on nce producers EVIdence of these negatIve Impacts IS most 
clear m the reductIOn of dry season productIOn In addItIOn, credIt shortages translated 
mto shortages of certIfied seed m one year, and have also been blamed for a slIght declIne 
m YIelds due to a clear declme m commercIal mput use AnalysIs of nce productIOn 
functIOns m the valley also shows the very hIgh capItal elaStICIty of productIOn, and 
suggests the pnonty of mcreasIng credIt avaIlabIlIty to farmers 

The aggregate Impact of reforms on net profItabIlIty to produces has also been 
mIxed Whereas real profits per hectare have only kept pace wIth InflatIOn, the profIt 
margm In companson to fInanCIal expenses has Improved, suggestIng an Improvement In 
economIC effICiency In nce productIOn A second trend that has been detected has been 
an IncreaSIng stratifIcatIOn of producers Expenence with nce farmIng, bUSIness 
management, new technologIes, and access to capital have begun to differentIate the 
performance of producers Thus some producers have become hIghly profeSSIOnal 
commerCIal farmers who consistently obtaIn high profits In nce productIOn, whIle others 
have much lower productiVity but contInue to grow nce pnmanly for self sufficIency, but 
not as a commerCIal crop Reforms of the nce sector have resulted In a gradual 
suppressIOn of the latter type In the Senegal River Valley, whIle the IsolatIOn of the 
Casamance has allowed thIS type of farmer to contInue to operate largely unaffected by 
reforms 

DespIte the expectatIOn that reforms would bnng about an Increase In pnvate 
Investment In the nce prodUCIng areas and a dIverSIficatIon of productIOn to other hIgher 
valued crops, there has been lIttle development along these hnes to date In the Senegal 
RIver Valley A few tentatIve Investments have been made by agnbusIness but theIr 
expenences POInt to techmcal and polIcy problems whIch constraIn Investment and 
dIverSIfIcatIOn of agnculture These Include dIfficulty In obtaInIng credIt from local 
bankmg mstItutIons, hIgh rIsks m marketmg domestIcally due to strong competItIon from 
dumped Imports, mablhty to enter export markets due to phyto-samtary problems, poor 
commumcatlOn and unresolved procedural obstacles Nonetheless, because of the 
manageable nature of these problems and because productlOn of alternatIve crops such as 
cotton, peanuts and a WIde range of hortIculture has been a techmcal success, there IS 
substantIal optImIsm that these types of mvestments offer a long run strategy for flce 
farmers to dIverSIfy and raIse Incomes 

ASIde from these prospects for new productIOn, economIC analyses suggest that 
nce farmers USIng eXIstmg SAED bUIlt Infrastructure m the valley, have developed vtable 
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productIon systems m competitton even wIth very low qualIty world Imports Moreover, 
the prospects that a hIgher quahty market for nee wIll grow m the regIOn could Improve 
returns to these farmers However, there IS little prospect that pnvate Investors would 
fmd Investments In new nce productIOn wIthout heavy proteCtion, whICh wIll be costly to 
the state Moreover, as the state wIthdraws from dIrect support to nce production only 
productIve commercIal farmers are likely to survIve 
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