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An African fertilizer crisis
 

In 1985, fertilizer did not arrive In the 
Gambia in time for the cropping sea-
son, since a fertilizer grant was notbeing properly managed and coordin-
ated. The costs of such policy failure 
are high. Fertilizer use was down by 
64%. In this situation of scarcity, fertilizer use was even more skewed than 
before toviards rich farmers. Output
lost was about 10% of agriculture's 
GDP. Even in normal years in the Gambia, fertilizer use iII millet and ground-
nuts is found far below optimal levels. 

Joachim vonandBraunoftheresarcis a research fellowcordiato ara.ture. Such a crisis o~ccur red in the ( ;arabia in 198,5.and a coordinator of the research area,'poverty alleviation': and Detlev Puetz isa 
research assistant, both at the Internation-
at Food Policy Reseath Institute, 1776Massachusetts Avenue, NW, Washington, 
DC, 20036, USA. 
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Origin and economic effects
 
inthe Gambia
 

Joachim von Braun and Detlev Puetz 

The stippil ofl agricultural production illpts in small African countries
depeInds hcMivik on assistance from donors. "Ibisis especially truc in the 

CIse of fertili/Cr supplies. Fluctuations in donor-assisted fertilizer supply
ma' Ierfore have a significait Cffect on fluctuations in the availability
of fcrlilizCr. These f1luCLtions arc substantial. Between 1980 and 1984 

hilater,l and nuil lateral assisi'ace for fertilizer sipplies to Africa
fluctuated bretween I%!0 million and $328 million pc- an1num1.Smll coullt ries in Africa may depend on a small number of 
doror-assisted supply sourcCs for fertilizer. If there are disruptions in
tile Supply chllllcl \vitl jLst one such iniportant donor, tile consequ
ences are detr irental for tarners and lhe recipient countrv's agricul-

The focus of th is article is tile inicro+-leCVl product ionii aid dislributiorlal effects of the frtiiier crisis and its costs. Policy conclusons are 
i rawnl fo ai idettificatio ,f tle iistituional and policy cianges
w,.hich triggercd tdie crisis."1he fertilizecr cri,. , Ilso provides a in iqute basis to: assess the ,'t'f'ects on 

ouLpul aind iicoi, of varying levels of fertilizer in this \Ve., Africn
setting. Primar- filrrii su rvev dat a collected during he years around the
crisis forml a basis for addressing tlie broader issue of the potc.ntials and 
effects of nmiteased f'ertilizCr use in a complex production s\stem, with 
conini n1a1 arid, indidvidual farming carried olt separately Iv men and 
woien 'ariner- who ie hoth engaged in staple food and export crop 
production. 

The 1985 fertilizer crisis in the Gambia 
Since the early 1970 s fertilizer has been used ill sizeable quaitities in the 
Gambia, especially for the groulndnlt Crop.II the early 198t0s the 
fertilizer marketing system \,oi ked as follows: 

* The p1arstatal company, tlie Ga ibian Produce Marketing Board 
(GPM B), imported fertilizer and organized domestic handling; 

• The Gambian Cooperative Union (GCU) organized the retailing of 
fertilizer and gave credit to finance fertilizer purchases through its
cooperative societies. 
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Loan repayments were aIersistent problen. For instance ill1985/86, 35 
out of 82 sodit cs Were not qua!liftied to receive new loans uLnder Inewlv 
introdtced 75 rep:ivient eligibility criterion. Fertilizcr was available 
for cash onill to farmers in manyii of these societies. Average loan 
rcCo'rve ra l
nCd bCl\CCII 17" and 61% in the years 1980-1986. 

In I984/85 the em clancd. tinder the umbrella ofa mfuLiltui-donor
stoilsoreCd ;It.gricuIlttIral dCX'Cloplmcit ipograiiiilc, a single doilor had 
takenlvcr the fertilizer Corml the programme for 1985.ponllcnt of 
Bel'orc this piloglaini c,the grant c01lponlt oflillported fertilizer had 
been siliall (css 10",,).tll;il Intrnally, tinder the n1C\ Frogramn C il 
1985, the wholcsale imlrtation anld hlidling oftfertilizer was Iransler
red from (lI13 to (;('1), so ;asto ha'e only one orfalization in charge.

Becutsc o ,iaagCrial problelms, the first fertilizer shipment of 
19 ))()1t1, UInder the IprogtNmneC. StippOi'dlv covering the total 
demand of the countr for ti1e yCr., did 10t arrive intime for the 1985 
cultivation seas]on. ()nly existing stocks and some ot the fctilizcr that 
;arri\k.'l latle e used for thle crop.could As a ICsult, fCrtili/tr ulSC wIs 
do\i Ihi 0.4',, Comparcd to the Ire ions \'eCr's level. This was 
parkticularlV u1nfo0rtunate, as I;5 was the first year when there were
reasonablc rains aftcn an CxtCnLd drought period in the Gatmbia. '[le
fertilizer crisis flit the Count ',when it \v:s also grap-pling with an
adjustment of major distortions illtile econom111. This 'All;plV disruption 
lpoint, to the riskincss ol donor dependence for strategic input supplies.

Aturanecnrcnts, ftor imp7orts and domestic distrihution of 'crtilizer are 
to be scei as closely ted. The 1985 supply disruption resulted in a 
large carryover stock (see 'able I ). Sizeahle carryover stocks add to the 
cost (if'produc llorgoe iInduced by the lack of' supply in the crisis 
year. Tlhe time series of the fertilior stock figures also reveals that ill 
19'84 - the car Ihetere ilie crisis stocks were at a level below' averace. 
Apparentl\ the (IPIM l.which used to handle the import business, had 
rut11down its stocks bcCusC of tie impelCnding trallsfer of fcrtilizer 
import rights to ((' I- a chaitlgeovcr that was tied to tle fertiJizer grant
inl tile pro"g ra lnte. The conscqteceCCs (if t lie stiply disrutltion were 
herefore aggra ated yhthe change in institutional responsibilities in the 

recipient countlr.
 
'Government of the Gambia, Fertilizer 
 Ii lih fltuctut tioils inl fc rtilri/er sales are not in iqie to the crisis yearSub-Sector Paper: Marketing and Price 1985. )uring the fiv,,:-Vc.r feriud from 1 S1to 1985 sales had setbackPolicy Analysis, Paper 11, Planning, Prog- e 1 " ramming and Monitoring Unit for the Agri- i n two years, 1982 and 1)85. Sales in 1982 were 31 '"/0 lower than in 1981:cultural Sector, Banjul, 1986, pp 13 -14. sales in 1985 \ere 64% lower than in 1984. in1 both 1982 and 1985,
 
Table 1.Volume of fertilizer sale and its total supply in the Gambia from 1981 
 to 1985 (in tons of fertilizer materials). 

Import in
respective Stocks from previous year Total Totalyear GPMB" 

Year (1) (2) 
GCU" Total' suppiy sale
(3) (4) (5) (6) 

1980 11 493 NA NA NA NA1981 11563 NA5 147 3032 
 8 179 19742 12135
1982 12875 
 1 204
6333 7539 20414 8357
1983 2854 
 11335 
 587 
 11922 14776 9582
1934 13027 
 3580 
 354 
 3934 16961 
 12066
22 466" 
 2935 

1986 NA 


1985 1240 4 175 26641 
 4338

NA 
 NA 22303 
 NA 
 NA
 

'At wholesale level,
GPMB isthe Gambia Produce Marketing Board,
"At retail level, GCU is the Gambia Cooperative Uiion.cThe reported carryover stocks (Col 4) in year I + 1 are usually very close to ,'editterence in total supply (Col 5)and total sale (Col 6). The biggest

difference is in 1983/84, with actual stock reported 3 934 while imputed carryover equals 5 124 tons (14 
 776 -9 582). Although path of the discrepancies
may be storage losses, the differences cannot be fully explained by these.dDue tolatearrival, most of this shipment ended up in stock. 
Source: Government ofthe Gambia,Fertilizer Sub-Sector Paper: Markering and Price Policy Analysis, Paper 11,PPMU, Banjul, 1986,pp 25,53. 
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3lbid, pp 28-31. 
4 PPMU is the Planning, Programming and
Monitoring Unit for the agricultural sector inthe Gambia. 
"The survey was part of a research project 
on the effects of increased commerci'liza-
tion of traditional agriculture, funded by theInternational Fund forAgricultural De-
velopment (IFAD), Rome. 
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imports were higher than in the preceding years and considerably higher
than sales; the quantity of imports cannot explain the reduction in sales. 
Also in 1982. imports were not effectively transferred on time
farmers, thus leading to high carryover stocks. It is also worth noting

to 

that, in hoth 1982 and 1985, stocks from previous years accounted for
90'/,, 
to 95'%, of sales, which suggests that whatever was in the 
distributiol pipelines at the outset was sold. l)isruptions in the supply
systei appear to diilnatC th, fliIetinat ions inthe final use of fertilizer. 

'he institutional setting before the 1985 fertilizer grant, with GPMB 
as the sole irportCr and wholesaler of fertilizer, entailed substantial 
fertilizer subsidies and high wholesaling costs. The subsidy amounted to
about 51", of CIF pricc; wholesaling costs pilus storage and handling
losses aiontrItcd to ahout 45% to 55% of tile CIF-import price of
fertilizer in 1982 and 1983.' Yet rapid displacement of this fertilizer 
marketing systerm without appropiate consideration of external and 
domestic constrainis triggered the 1985 crisis that left the country, 
particularly its farrmers, worse off in flie short run. It remains to be seenat this stage to vhat exteiit these 'adjustmcnt costs', which occurred in
changing the system, will pay off in the long run. 

Effects of the crisis at the farm level 
How did the reduced availability of fertilizer affect the use of fertilizer
for the various crops, and how did the scarcity affect different types of 
farmers? A dctaiCd farm-household survey conducted by thewas 
Internationall Food Policy Research Institute (IFPRI) in collaboration 
with PPMU4l in the Gambia covering the 1984/85 and 1985/86 growing 
seasons. The survey wic s not designed to address the fertilizer issue 
specifically, hut it yields inrcresting insights into the effects of the crisis. 5 

The survey is a structured random drawing from 10 villages located on
the south bank of river Gambia, about 300 kilometres east of the capital
city, Banjul. Since the survey was mainly designed to address issues

related to commercialization and technological change in the context of
 
a rice production project. 
 the results are presented separately for the

total sample -with and withIout that project. 
While the latter is a more

appropriate basis to atdress generalizable effects of the crisis, the
 
former addresses the issues of how a specific high-input project coped

with the crisis.
 

In 1985, 66%,of fertilizer 
sold in the Gambia was NPK-compound
15-15-15; 27% was single super phosphate (SSP) used mostly for
groundnut; and 6%,was urea. While sales of NPK-compound were 
approximately at the 1984 level, SSP and urea supplies were down 
markedly. 

The survey area, located in the middle of the Gambia in MacCarthy
Island Division, was affected by (iefertilizer shortage in a similar 
pattern to the country as a whole. Excluding the local rice productionscheme, fertilizer use was down by 61% in the sample farms (see Table 
2), while it was down by 64% for the country as a whole. Farmers in thelocal rice projctbenefited from (heability of the project management 

to secure fertilizer even during the scarcity. Fertilizer use in the project'srice fields increased by 14% (Table 2). The crops most adverselyaffected by the reduction in fertilizer activity were millet and sorghum 
(-73%), followed by groundndts (-66%; see Table 2).For other crops (maize and cotton), fcrtilizer use was relatively less 
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Table 2. Change in fertilizer use, by crops, from 1984 to 19853. 

Percantage change in total fertilizer 
Crops use in sample farms 

Groundnuts 65 5
 
"This refers to an irrigated rice project in the Millet, so.ghum 73 1
 
survey area Rice outside project 44 4
 

Rice in project" 14 2
 
Source: IFPRIPPMU survey, 1985 86, and Gov- Other crops (maize and cotton) 19 7
 
ernment of the Gambia Fertlizher Sub-Secto Total average 
 44 6
 
Pner: MrAeting and Prico Polcy Anilysis, Total average without project 61 1

Paper 11, Planning, Programming 'rod Moitor- Country average 
 61 0
 
ing Unit for the Agricultural SectOr, Banjiul. 1986
 

rcducid diringe th shrtut1l"C, \hich call bec ;tt ibuled to Ihu pioilotion
of' specIIl t i/C :[iltI ctttou prIdIettlti rtlp I inllllt in the area iii 198'5.

These lh;tngc,, ItaS llo alffcCtCd the sIlrlutrc of fertilizer use bw 

crop. The hfhre tertilizer for 01ermnudulS out of oCall frc-tilizCr use 
wet doMt to4 50).0".. (excltidinC tle rice. prtei.c), whille l,+ss tUan 
otiC-fif'tb of the ttilitCr elnded tip otttt tihet .i sOrght (see abhle 3). 

1ertilizCr use in lhe (;inim iai is fail, idleS.prlead b\ Sub-SALharan 
Al'licaln statl;u +d. Ill t);4. 7',, t til' roiIdtutit area.1, ald 53 of 
millet arca rccel\ et, "(tfie mtine.ral fertlizcr. It the crjis,,iyar of* ],,55, 
olyV1 of the rotildnltlt arCa ltd 21",- o millet aiea was fCrtilizcl. 

There is cons;idCrable chtanC :1111oi:. the groups of jarmers who 
obtained fertilizlr it otne \cal or the next. ( )f those 33',, of larmics who 
obtinited 11to feliz/erft lot otol(lndls ill 1984. 106out of01l'ti farmers 
reccivc some in the erisis \eal if 1)5. ()f those 67,,, wlo obtained 
somec lertilizer itn l114, 27 out of 1)( fillincrs iLot SoelC ill l,85. ()nly
26'!1, ot All t1touniditit arlcas did not reeeie fertitizer in both \,cars. 

An v;llIAtiiOIt of the disti ibutilinal cflects of the fertilizer shottaoc 
has to take fill) aeotiitl the spcclic Situation of the organization of 
productiot ill the (1;tlibia. This is clharactclizCd by' a highI proportion of 
collmlunailtl flliti nig in the contcxt of the CxtendCd famuily (the "coi
pound'l) whihl par-,lcl individual faruintz by nien and 1onfarmers. 
We therefore assess tie clh:noe in fertilizer use during the crisis 
separately by: 

* in1comC levels o1 tihe housCholds ('compounds'): 
* C0u1nitlla.ll (ntun'l.o) aind individual (knititoi'ngo) production; 
* mn'lll and wollell faell rs. 

Fertilizer use mor' skewed towae'l1d. higt-inc'onetgroups 

Table 4 shows the use of fertilizer by per capita incorc group (lowest 
25% to highest 25 )1, and by crop. Income from agriculturc. non
agricultire aud tranfecrs is a.cotutcd for by forming the incone 
quartiles. It clcarly shows that fertilizr lst is generally skewed towards 
the higher-income grou ps. This is more tie case for millet/sorghum and 

Table 3. Use of fertilizer shares, by crops, in 1984 and 1985 (in percentages). 

1984 1985 
Total without Total without 

Crops Total rice project Total rice project 

Groundnuts 44.6 57.1 27.7 50.6 
Millet, sorghum 20.8 26.7 10. i 18.5 
Rice (outside project) 3.1 4,0 3.2 5.8 
Rice (in project) 220 - 45.3 -
Other crops' 9.5 12.2 1j.7 25.1'Includes maize and cottc, as major crops. Total 100.0 100.0 -
Total without rice project -- 100.0 - 100.0Source: IFPRI/PPMU survey, 1985/86. 
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Source. IFPRIiPPMU survey. 1985,86 

'Percentage changes are inparentheses 
'inthe local project and for other rice production 

Source: IFPRI/PPMU survey, 1985i86 
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Table 4. FErtilizer tase by crop and per capita income quartiles, 1984 and 1985 (in percentage of
total fertilizer use by crop and year). 

Lowest Lower Upper Highest
income middle middle income 

Crops Year quartile quartile quartile quartile 

Rice (including 1984 17.3 	 30326 5 	 259
rice project) i285 126 266 31 8 28,9 

Millet, 1984 102 273 237 387 
sorghum 1985 61 	 304142 	 493 

Groundnuls 1984 163 23,2 226 379 
1985 9 1 252 2? 1 43 7 

grotlll(lnltl li;ll for lice, which is dOlh11iled by tie local sinallhoider 
rice project which a.'WLtts for 8S"/, of fertilizer used in rice by sample 
farmers. \ViII the supply crisis in I985., fertilizer use becamloe even more 
ske.ved Iowrards tile ulpC-i ucoilc groups than i n tile normal year 
(I1984). and this is p;I hiculhirlI true in the cas. of uplanld cereals, millet 
and sorghuni. Ncirly 5() of the lertilizer used ill millet and sorghum is 
in tile lighc,t-iInconic quartile (lable 4). 

This distributiontpiiterl of fertiliCr lV :.lcol e groups is not only the 
result of dilfrence,, il land ueS.Or land availahility. Upland fields are 
not rca li scarce ill the rcoliO1. The amlle pattern of skewness by Inconie 
groups also showms up ill the use of fertilizer per hectare (see Table 5). 
The pattern illfcrtili/er application is 111ost equal inl the case of rice, 
while it is most skCVCd il the case of coarse grains. In all the three 
m11ajor crops, the poor used the least aniount of fertilizer per unit of land 
atnd the\' tCided to reduce fertilizer use in the crisis year relatively more 
than the richer tarni housCholds. The fertilizer crisis apparently had a 
regressive impact on the income distributiol. 

7w roleof li' lili-rcredit 
The more equal distribution and more stable use of fertilizer in rice 
groving provides some interesting insights. This pattern is due to the 
influenit ial rice project, which assured availability of fertilizer and the 
functioning Of aii inpLit credit scheme. About 92'%,, of the fertilizer for 
rice was acquired throulgh loans in 1985 but only 29% of that for coarse 
grains and 41" of that for groundniuts (see Table 6). As the share of 
fertilizer acquisition tlirough loans is reduced, the use of fertilizer 
becomes morc skewed towards the richer farmers who are less 
constrai neld cash aiabiabity in tile liddle of the 'hungry season', 
when inptI purchases have to be made. In 1985, only 9% of farmers in 
tle bottol inCone (1uartile Obtained fertilizer for groundtluts through 
fertilizer cr.dit, clmpared with 37% in 1984. In the top income quartile, 

Table 5. Fertilizer use per hectare, by income quartiles, 1984 and 1985 (in kg per hectare).' 

Lowest Lower Upper Highest
income middle middle income 

Crops Year quartile quartile quartile qu mille 
' 


Rice	 1984 159 193 176 17z
 
1985 92 123 131 170
 

(-42) ( 36) (-26) (-1) 
Millel, 1984 32 66 68 84 
sorghum 1985 8 11 24 26 

(-75) (-73) (-65) (-69)
Groundnuts 1984 64 82 91 102 

1985 22 34 32 41 

(-66) (-60) (-65) (-60) 
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Source: IFPRI/PPMU survey, 1985,86. 


Source: IFPRI/PPMU survey, 1985/86. 

Table 6. Acquisition of fertilizer through loans or cash purchases, 1984 and 1985 (in percentage
of total acquisition for each year). 

Other (barter,Acquisition on loans Cash purchases gifts, etc)
1984 1985 
 1984 1985 
 1984 1985
 

Rice (including local project) 89 4 92 2 86 3 6 20 4 3Millet, sorghum 38.6 288 60 4 65 6 0 9 56
Groundnuts 385 50841 3 493 107 94 

48'% obtained Icililizcr thrltgh credit ill l985, Compa red with 36% in
1984. Thus access io fertilizer credit beccame mo e skewed to the 
ligher-inconic grop-,s in the crisis ll.
,\nA' elfective input financing
schec il the (mbia. thereforc,' would ha'e lot only f'avo rable 
cft'ficic
ncv clitects h\, increasing t puetput per uitii of lanld and labour,
but also positivC Ctluity ef'ects. 

Rehwivelv I or '/rtii:'r./uJr c'i/COMUna!/ i
 
As nICntionCd ablo\'e, crop production inl 
 the (ambia is oralized ill
coninll ( rtiitillo) fields tLIiler the leadership of tlie compounld head.
arnd in fields mnaeilgld inldividhlally by mcn and women farmers 
(kwnamyango). Ii 1984.4, of fertilizer was usedtlin 1Ur1o crops and
 
51'% in kaiyalvatwo fields. Iltihe crisis ,ea r of lt)8S, however, tihe share
 
of fertilizer for the communal l'iClds increased to 00/,. 
 \%hilc the share

for ilie inldividual fields dropl)cd corrcsplndiugl\ to 34'% (see Table 7).

Since the m/imto fields are prirmarily lfi theft'r the provision food f,.er 

extetided faiiily, most of then-, are rice and coarse grain fields and only 
t
 
s51all shareC of gro'uttidlntlI fields for hole consullption. The data suggest

that, v,'hen fertilizer becamtie to
so scarce, it was applied relatively more 

the crops in tile coin inttiInrttu fields atlll disproportionately reduced
nal 

in tile individual ficILds ','i llln tle extenlded 1)roduct itn-coisi Illttion

uraits (CollipollltidS). 
 This is tprobalbly the result of file dccision-making
 
power of ilie Corl-outId 
 hcads, aininrg for ioIuseholoi-level food

security. The situation is different only ill
tile case of grontidtilltS. Which
 
are seldom grown asI inlattiO crop.
 

Women fair/'Trs lmlilaitlt'dfiCil l'rtilizer shar 
How were vonicn 'armers affected by these changes? Table 8 shows
 
that on 
 total sample average, woiieli farmers maintaitied their share of
about 20%, in fertilizer in the crisis year of 19185. Their share in fertilizer 
lor utpland crops (coarse grains, grotundntt) increased slightly, while it 
was reduccd in rice. lhe' fertilizer crisis appears to have been nore or
 
less neutral for relative access to fertilizer by gender.


These average distribution effects, of' course. cvcr 
 numrierous 
coiplex constellat ions of losers ill differen, degrees due1 to tlC fertilizer 

Table 7. Fertilizer use, by type of fields, 1984 and 1985 (%). 

Maruo Kamanyango
Crops 
 Year (communal) (individual) 

All crops (including 1984 494 50.6other crops not 1985 66.1 34.0
 
listed below) 

Rice 1984 91 5 85 
1985 96.3 37 

Millet, sorghum 1984 65 9 341 I 
1985 81.4 185 

Groundnuts 1984 17.1 82.9 
i98!1985 18.7 81.318.7 
 81.3
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Source: IFPRI/PPMU survey, 1985/86 

6While the fertilizer/coarse grain price ratio 
is dominated by the compound-fertili7er
price, it is the SSP price that is nlore 
relevant in the case of groundnut. 
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Table 8. Share of fertil .zr use by men and women farmers, in 1984 and 1985 (%). 

Crops Men 
1984 

Women Men 
1985 

Women 

Groundnuls 
Millet, sorghum 
Rice 

78 
97 
64 

22 
3 

36 

72 
94 
81 

28 
6 

19 

Total average 81 19 80 20 

crisis. Most hard flit were poor households who had no accss to 
tertilizer through credit and had no fields in the local rice project. Their 
output was consclUent lv redued: those who ended utp as net purchasers 
at the end of the season were also affected by the relative increase in the 
prices of' cereals because of the fertilizer shortage. 
The output price effects of the crisis are difficutlt to nies;Iurc since the 

cereal trade pattern in the absence of' the crisis can only be guessed at. 
Fertilizer prices as obscrvcd at the farm level increased by 27'%, for cash 
purchases from 198-I to 1985 anid by 69% for loan purchases. The 
pattern of' fertilizer/crop price ratios for cereals and gronundluts 
changed. U sing the cash purclase prices of tile crop-specific fe rtil izer
and the actual sales prices of crons, the following ratios can be 
calculated: in 1984 the tertilier/coarsc grain price ratio was 0.51,
coipared to the fert ilizer/grounidn Lit price ratio of t0.68." In 1985 these 
price ralos increased soiewhat for coarse grains to 0.68, but wentdown for groundniuts to t0.38. This is largely due to isubstantial increase 
in grotundlll iiLrt iremenlt prices bitllmore or less stable niiilet prices.

One im1aV woider w'hlert li/cr prices did [lot IdjuLIst more flexibly 
with tile sharpl' reduced supply situation. The complex reasotis for the 
rigidity are related to the marketing syst-m. Release prices are fixed al 
the cooperative outlets. The villagc-level iiiarkct is not impersonal.
Although there is reselling of fertilizer within the village and even within 
the extended family unit, the original purchase price is knoVn and resale 
in the contiitulluity iS freq utetitlV iore like passing ol the conimodity at 
its original price than actually trading. 

Production effects of the fertilizer crisis 
The sharply reduced availability of fertilizer in the 1985 cropping season 
became evident to f'arnie rs only at short notice. Until the last moment, 
even after lile rairis had startCl, it was assutned by many that fertilizer 
from the atitionicCd shipnents would be available. This situation left 
little room for farmers to tiake adjusttetilts through switching crops or 
adjusting area. The fertilizer crisis is therefore largely expressed in the 
effects on yield per hectare resulting from reduced fertilizer use. To 
quantify these effects, we estimated yield fIunctiotis for the two crops 
mostly affected: groundiult and millet. The parameter estimates were 
then used t0 extrapolate the output losses at the sector level. 

YieldJfitictions 
The yield fIunictions take cropping practices, level of labour use and 
other input use into accoutt. The dependent variable in the models is 
production per hectare inkilograms as reported by the farmers, based
oti total outputs reported in local volume measures and plot sizes; 610groundnut fields and 20(0 millet fields are included inthe samples. 

The main inputs are labour (in person days), fertilizer (in kilograms),
and, iti case of groundnuts, seed quantity (in kilograms) which is 
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illortatit to indicatc plullt density. or bou r ad f'rlili ,r, the 
squared terms o1' input qutaltities are included inIhtle nmodel to .lCollilt 
I'or ipolcltiahl\, decre, hing tuargittl produchtivity. In addition, lelevant 
variables are ilIchd,.,d whIch rcpre11.'setIII certain ten 1_oh usedn iCs 
(dral't-lo0\Ve'v,-lrd multilrposel !,ool for fiheld prell-atiol and \veeding).
characteristics ol the.' leSpo(sih.eI, tklri,.er (SCx anod ,ta,. ). 1\'ve 01 ield 
(co11111,11 or indiMidul), itd clIMr;ctCtisliis (if the field. 

Table 9. Yield functions for groundnuts and millet, 1985. 

A. Grourrdnrils 

Variable Parameters T-values Sig T 
HALAB 446013 6518 .0000 
HALABSO 
HAGNFERT 
HAGNFESO 

4 30752E-03 
2 55301 
2 37936E-03 

3.419 
2.524 
0485 

.0007 
0119 
6273 

HAGNSEED 
DISTANCE 

1 98383 
1 59735 

6 727 
2077 

0000 
0382 

SINEUSE 
TYPE 
AGEREC 

207.26560 
2928679 
77.60419 

4.157 
0.411 
1 315 

0000 
6812 
.1891 

GN3YEARS 
GNTRAD 
SEX 

159 15290 
338 73676 
22593810 

2.831 
6.380 
4.321 

0048 
0000 
0000 

(Conslant) 264.45385 1 657 0980 

R" 0363 
F 29.9 
DF 597 

Variable names 
HALAB labour input per hectare in person days
HALABSQ labour input per hectare squared 
HAGNFERT fertilizer per hectare in kilogram of material
HAGNFESQ fertilizer per hectare squared in kilogram of material 
HAGNSEED gioundnul seeds per hectare in kilogram
DISTANCE distance of field frorn village (mInUrles walking) 
SINEUSE duinmy 1 if sinehoe was used (multi-purpose tool) 
TYPE "rrio 1, kamanyingo 2 
AGEREC durmmy 1 1 it person responsible for field 

is above 20 and below 60 years of age 
GN3YEARS dummy 1 if groundnuls have been cultivated last 3 

years consecutively
GNTRAD dummy 1 if village has a traditionally high share of 

groundnul production 
SEY 1 male, 2 female 

B Millet 

Variable Parameters T-values Sig T 
HALAB 15.67903 6.521 .0000
 
HALABSO 0.03900 4.821 0000
H;.MIFERT" 2.71559 2.885 .0044

DISTANCE 5.04688 1.544 .1241 
SINEUSE 225.99372 2251 .0255
TYPE 220.0 1684 2.280 .0238 
AGEREC 321.75314 3.057 .0026
MITRAD 587.82658 5530 .0000 
SEX 336.443?5 2.366 0190 

(Constant) 

W 0.420 
F 16.94 
DF 189 

Variable names 
HALAB - total labour input per hectare in person days
HALABSO total labour input per hectare squared
HAMIFERT fertilizer per hectare in kilogram of matenal 
DISTANCE distance of field from village (nin/tes walking)
SINELISE dummy .' 1 it sinehoe was used (mulli-purpose tool) 
TYPE martuo 1, kamanyango 2 
AGEREC dummy I 1 ifperson responsible for field

is above 20 and below 60 years of age'The square term of fertizer use was excluded MITRAD dummy / I if village has a traditionally highfrom this model because the estnmated para- share ot millet production among crops
meter was insignificant with the implausible SEX 1 male, 2 : female 
positive sign. 
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"Expressed in kg of material (rather than nut
rents) In groundnuts, mainly SSP, In millet, 
mainly NPK-cornound, 15-15-158. Ustd 

Source Calculated orn the basis of yield tune-
lions separately estlmii ,,ii for the Iwo years For 
results of the 1985 miii, Ierable 9 

The param ieters for 114 i lhe y lJ futiiclioii
for groundnut wire 
3 738 HIAGNF t1 0 30558 1IA(GNI F.q 

(5 4,20) , 96) 
for miliet 

3 273 HAMIF I [H I t 0010)5 PAMIFES0 
(1 89) 1(I 1) 
(t-values ,ipiI-Ilh,-. Ii varlible iiinles stte 
Tablegl9i 

"Government of the Gambia. op cit, Ref 2, 
p62 
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Table 10. Yield response of fertilizer in groundnuts and millet, 1984 and 1985 (in kg of output,
calculated at mean values). 

Kg of output per hectare yielded by one 

Crops 
additional kg of fertilizer" 
1984 1985 

Gtoundluts 2 65 239 
Millet 252 272 

The estitlatted \'icld ftulctions show sensihle results (and, given thel)Output and input data, 1-C IMse'd Oil CAlIl inflormation) and the 
explaied vitlarlCe of 30",t ill t e mnOlllldnlt Iodel aIld 42% in the 
Iillenit IlltdOI, tC'pecl iV.lV, ,iplM,, q(w ilt stfisf'acorv (see Table 9).

Al the m;lt.n itU ldteivity of ItboLrt is estitnalel t be higher in 
illhl than Itt eirurdtl-,ls. , , allI fldio cvervthilt else Conslalt 

addiliontlI .esolt i'\ ihl, grntitdlntts. equivalent to 3.65'5& 3.3 kg Of 
l)alasi (;tbout !S S0)). ' iiclh \',as clolC to fih pre\ ilile rural \\agc 
rate in 1985 (.4.00 5,0)0)l laltN). ,Nlritntil Lhtour produCli'vitv in millet is 
estimalted Io he 7.3S lialksi ('-.S h mayk -, wilch he higher than ill 
Clti1111t1,, ill tHlM Ve; btsC;IC Of ]ll Ii;i-sesonal raillflll distribution 
Pattl'rll.s. \,,t%'1tge 1l1bOtu pirhuCtiilv it ctips wa, cet:' "tdv,_-rsel,,al 
affected I IC,,iI',tbilitv of fertilizer itt IQ85. The effect ofhe reced 
this is the focus, oIlt' folo\tine discnssiot. 

()utput r 's/pon.se t1(I'rti/iz'r 

)Iutt r-espollso to l'rtilizer is aalliiently high and stable ill tile 
6athiMln ,rlictltUre at currentl levels of fertilizer use. One additional 
kilograt of Iertili,'er mnateriial \'ields ahout 2.A kg of grOtIldIlutS an1d 2.7 
kg of tnillet at currelnt iacn values of fertilizer use. This refers to SSP ill 
file case of rontndilut. aind CotlltIotld NPK (15-15-15) ill tile case of 
millet, ill tertlls of otlne ralher llal in tertis of nutrient quantities.
With file fertilizer/outplut price ratios ofl).38 for grounmliuts atd 0.68 for 
millet, the nilrgillal prodtC:ivity of fctilizer for both crops indicates 
that Iertilizer use is far below optimal levels. This remains true if the 
ulsubsidized price of fertilizer is taken into account, rather than the 
actual price ratios at larngate which were distorted by the fertilizer 
subsidy. Fertili:''r st bsidies per(iunit \wce 64". for Col1111(l d 15-15-15 
'Ind 5(1% for 5,)in 1,)84. 7 

It is interestiung to note that the nmarginal otput e.'l cts of fertilizer in 
1984 were hardly different from those in 1985 (see 'able Il). This is 
particularly Iloteworlh1 Is tile clilatic pattern was renlarkably differelm 
in the two years; 1984 was affectcd I, a drought While 1985 was a year
with reasonalble levels aLd distribution of rainfall. While in the 1985 
yield I'ulictiOS the effects fertilizer notottutt of do significantly 
decrease at the ma rgin, this was cleariv the case for groulndnlut in 1984, 
as Indicated hy\ a negative significant parameter of tile squared fertilizer 
input in the 1984 VielI fun ctioll (Table 10). Yet tile negative effect at tile 
inargin is small in (lhe range of current fertilizer use for groundntut aind 
millet. Most farnters who apply fertilizer apparently operate ill tile 
nearly lineatr segment ot the for'ilizer-yield function even ill a year of 
normial fertilizer supplies sucI as 1984 (Table 9), a1d the fertilizer 
response was ilrdly affected by the 1984 drouight condition. This 
indicates substantial scope for expansion beyond these 'nornial' levels of 
fertilizer u,:e, for both grouldnuts and millet. 
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Cost of the crisis 
The cost to the Galbia of* the fertilizer crisis was substantial. Even 
taking into ICcoUtin that tihe 'ertilizer was a grant that did not arrive on 
time, and thus the naterial was not i)irchasCd at foreign-exchainge cost 
by tile Garabia, the country incurred losses because domCstic resources 
were underutilized. The marketing system and the fllarmers' productlive
resoulrc,-s coulId havC beeon uSed mo10re efficiently. The illtrCturlls to 
fertilizer. i' it had COltinllCd to be imp1l!orld comnlmecrcially, would 
certainly have been positiv'. 

The calculation of'losses due to fhe crisis shown in Table II takes a 
diffrCnlt point of refCrcncC for the Cvaluilion: the gloss Output forgone
is caiculatCd il)plxing the yield funlilonlS ani by contrasting the 1985 
actual fertilizer use with the 1984 ictlual u C. aSSlinilig that 1984 levels 
would have beCil achicVCd had the f'rtilizCr shilpinis arrivd Oiltile 
in 19,.6. This is a rather collservative Scenarilo as evell higher 'erlilizer 
use levels have beell achieved ill e'rs plast (see 'l'able 1). 

For '1coiplee accounting the crisis firolil grossof' the cost of thcse 
losses die to )roillClitin folrgollc, the costs Saved at themariil iidue tol

the late arrival of fertilizer, such as variablC costs Sa'eCL for inland 
transportation of fcrt~li.er aid outlpul IrttdUcc. i reduced laboir input 
for harvesting, aId sO Oilwould hav to be lCductCd. 'lo these would 
have to be added the cost du Ieo lsses infeIr li/c r VahiC beceaiCSC Of its 
late arrival id relactd delCrioratiloll in storagc. 'his latter itel 
probably exceeds ti l foriller (CSlCCiIllV in (he casC of't lCa fe rt iliter in
Storage),. No atteni pt is m1ale to geLIss the net cflfect of these two groups
of benefil and cost itells which partly offsct each other: it wol not 
sibstaltially lfTct the gross value of loss. 

Ihe gross viic of pr[liCtioll fo0rgonC amun[ItS to ;aboLtt I(', of 
agriculturC's ( il)lP in 1985 (see Table I I). While farnmerS lost aboul I) 
illionlDalasi duC 1o towCr outpul, they also Spent about 4 milliol 

Dalasi less for f'ertili/er. This Ict loss in farm iluconi of 15 nillioni 
Dalasi corr.espouids to about 375 l)alasi per Irm family (or $50 at the 
1986 exchailge r tc). 

The lack of' fertilizer has substanltially aflected the agricullural lradlC 
balance in a yearwhe thle (iambI was Severeinla l'orcign-exclhallge 
crisis. The unavailabililt\ of' fertilizer had reduced gIo undntl exports, 
the counltry's maini export coinlilodilv' b ' Ibotl I0", aitadincreased 
cereal import rCquiremClts w abotil 150,' thus wideniig the trade and 
foreign exchange problems oin0botlh sides o!fthe accout1. 

A hidden cost also resulls frol lisrupItlion.s in frtilizer supply which 
'These figures are based on preliminary prevent the dceelopncnt of an effective fertilizer distribulion systeln.estimates of groundnut export aqd cereal Hie Gambia'sexper ence illthe early 198is suggests that growtlh illimport figures for 1985-8C. f'ertilizer uSC is I ft1ction f f, tr' ecffctive icnanrd for fertilizer atnd 

Table 11. Production lost due to fertilizer crisis, 1985. 

Value of output lost 
at 1985 prices"


Output lost per hectare

(in % of 1985 yield Approximate output lostCrops (In %of agriculturalin sample survey) at country level" (tons) (1000 Dalasi) GDP, estimated) 

Groundnuts 104 7883 8 829 4.6Millet 13.2 12 276 10226 5.3 
Total 19055 

'The 1985 preliminary production estimates were used as basis.
"The 1985/86 after-harvest prices were used as basis. 
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the timely availability of adequate fertilizer of the right type at a 
growing ntumbcr of geographically dispersed locations. This, in turn,
depends en the development of adequate and efficient supply and 
distribution systems. 

Policy conclusions 

Use of chemical fertilizer per hectare of cropland in the West African 
scmiarid tropics is below that in any other area of the developing world. 
Peter Mallon identifies the following major factors that explain the low 
use rates: (I) costs of foreign exchange, (2) hlighl transport costs, (3) low 
and variable rCsponsC rates to local cereal varietics, (4) poorly 
dCvClopcd cxtCnsion and distribution sysIci s, and (5) inadequate 
farmnI-levCl liluidity." While fertilizCr use rates in the (;ainbia are far 
above West Alt iciI averages, the 19)85 supply crisis and its effects at the 
iniicro-flillIc\l \%Cic clearly shiped Ib'soei of these factors,. The shift 
tow,ards dLor dcpe ndence in fertilizer su ppliCS 1)louglit about by
forcqi t-Cxchaigc coSitits inadequate lirni-levl liluidi:v aid Mal
funCtini inIg distriblutionl systC[1,i rCsulted in use patterns skewed towards 
richer fariiers in eCneral, especially il a year of acute shortage. suchl as 
1985.
 

The llotciitial of fcrtiliCr use is far from being exploited in this area of 
West \frica, as indicated by stablc and high margial ullltlput response 
to fertilizer, in both traditiomal cereals (millet) a1d gronundnuts, which 
by far exceed mnargiml cost. Ihowevcr. to tap tle potential short-term 
increase in ;igricLiltural oLtput retiires fulfihnCii of somC simple
conditioIs Which il rcalit' turn ollut to bC CoplelCx: fertilizer of the right 
type needs to be available at time right tlie if it is to be profitable.i This 
rCquircs ftinctionilli listribultin sstem\'SICs and welllainCd imlport and 
distributilon policic. Appropriate interaction betwcen governient and 

ri'ate sector is ca1llted for to cope with the prolfenn. The t)1985Gaibia
fcrtili er ciisi shows that tihle probleim is increased ini sriaiill Countries 
Ibcause 111iaiai,Ciiit irolCI iin a single public-scctolr organization or 
il a sinle donolr itlitltion 'nayconipletcly disrupt t lie s'stelm. Such 
insecirities effectivCl pr icludc a significantl o lmlrtutnmity for the private
Sectoir to devclop. A le"sIn leaICd inl this case is that aidjustlent costs
 
ft'rapid fertilizer policy changes with dhonor Support ma1;y be high. The
 

limolvc to abolish existing inefficient systellis iav easily lead to
 
shotl-lcrn cisis. 
 wxlhich appears avoidable. More careful prograinnie
 
planiiig and risk-averse strategies to policy relorm should avoid total

dependence on single prograiiics for strategic inputs.
 

lii a supply crisis in this West African setting, ieIiiIrOulIs institiutioinal 
flctols dterinc. Ol which ciops ind oil \whosc fiCldS tle Scarce 
fertilizer iactually' cils ip. /'shas bceii shown, local power of projects,
hoiuschold-level influece oft lie heads of cxtended fainili es, arid incolme
(or status) level of households are i-,h)ortant factors. When fertilizer 

availability was reduced by 64", in 1985 over the previous year,
relatively more of the remaining fertilizer ended up oii coriniunal fields
of the extended families than on the individual fields. Food security 
objectives of households who are driven by a desire to have ligi levels 
ot self-sufficiency in an environment of vulnerable markets are
important for final use patterns of fertilizer. 

Ali ill-designed credit schemie increases the uniqual distribution
effects of a fertilizer crisis as exenplified by the case study. An effective 
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credit scheme reaching the poor who have seasonal cash constraints, 
especial!y before the cultivation season, is essential to reduce Ihe 
regressive effect of fertilizer for rural inCome distribution. Women 
farmers in the Gambia use significant ,quantitiesof fertilizer aid need to 
be inclUdd in such schemes to assure their efficiency. 
The price effects of a fertilizer supply disruption call be small Iin a 

situation with pu!ilic-sector marketing and markets' at the local level 
which are persona!. Trading and price adju ,tments duringithe crisis did 
not apparently play any significant rol. in redirecting the increasingly 
scarce commoditly to its most profitlable use. 
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