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Preface
 

Food security, one of the basic human rights, seems to be ever eluding the 
people of sub-Saharan Africa. With each occurrence of crop failure,
agricul turalists around the world reawaken to the challenge of ensuring sta
hlc. adcqtia te food production in tile tropical African en\ironments. 

'I h1CI niteational Fertilizer )evelopment ('enter (IFI)(). \ilh its nandate 
()I allcviating 10od shortages through judicial use Of' fcrtili/crs, loriulated a 
pr(linral to stud\ If'rtilizcr use stratcgics for sub-S."ahar;an Afica. \V111h gencr
tiS Iina.nc.ii assistance frol the Intcrllational FLund lfr .\iriclltural l)cvel

opmllt (I1AI)). If DC, in collaboratlion with the Interlational (lop RC
search lnstitutc for the Semi-Arid Troplics (l(RISAT) and the Intcrnitional 

Ifilttc 10r Tropical Agriculture lIlT..A), initiated a resCarch projeIct aimed 
at asssing mcans to iclledy soil Inutlrienlt deiciencies thI conilairl Food 
producLion in Ithe humid. subhum id, a.ind scmiarid trolp.ics o1 .'\frica. Thc 
rcsults of, this project were suinimareIZd iduring i worksholp held in Togo,
March 25-28, 1t985 tihe proceedings of' that ncelings are( fotid in this vol-

I c pro.ject established collaboration with 1iolmrou , ntill1 progralnls
that w\crc responsible for much Of' tihe da.1ta collection. TIe data presenlcd in 
(hIaptcrs ( and 9 inclide Much of this information. We wish -, ackiowledge
the c lntribuioll of ihe individual scientists. J.' A'bc. IF.( ianr\. NI. Gaoh,
NI. Issaka, .1. Kia/olu, .1.Kikafundc-Twine, K. Kponiblekou. F. Lonlpo. 1-I. 
Midulakor. (). Mandiringana. 1. Nlle)ou. K. Munyinda. If. MNwaidCecerc,
I. Nnadi. F. Nwckc. (). ()inamC, A.. l'into-Lovi, I.R. Rhodes. M. Scdogo,
I1. Ssalli. and S.(). Taal. Thcir dedicatlion to the research has plhicd an essen
ial 	 role in lilt succcss o' this prjtI .
 

I"r od prolilnls in tropical Africa will not le solved easi l 
 n.Introduction of 
fertililer in those regions whicc it has a chance to profiltably increase food 
IrO<ductlion will lie paIirt of the solution to this lrobleil. While we recognize

lhat a single. short-ternil project Io study the use of' fertilizers may not sub

http:Iina.nc.ii


stant ial', a lect the pace of' ftertilicr adoption, we hope that this research wi 
ind its place alongside that o'lotilr resarC h groups and NVill he the cause fe 

contin uation and escalation of this efTfort. 11 )(, is committed to its rescarc 
involkement nitI,rica and will continuie to Sul)port this program. 

Deccmber 1985 

Paul L.G. Vlek A. Uzo Mo!:wunye 
Director Soil Scientist 
Agro-Economic Division Agro-Econom ic Division 
IFDC IFDC 
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Fertilizer problems and policies in sub-Saharan 
Africa 

Mohinder S. Mudahar 

Introduction 

Sub-Saharan Africa consists of over 40 low-income tropical countries. Many
of these countries arC facing serious food, hunger, and nutrition problems.
The food problem in sub-Saharan Africa is as serious today as it was in Asia 
inthe 196)s, at least in the relative sense. Although tile food crisis in sub-
Saharan Africa is not irreversible, tile potential long-term agricultural devel
opmen t strategy to solve this food problem is m1orC difhicult to formulate and 
llore expensive to implement. 

Agriculture (10111nates the national economics in 111ost of tle countries ill 
sub-Salhara n Africa. Ilowver, the pertbrmance of the agriculIt nral sector has 
been very poor, a:., has been reflected by declining crop yields and low per
capita food production. T[he agricultural sector needs to become more pro
ductive and dyiamic ifit is to significantly contribute to economic develop
merliL in sub-Saharan Africa. 

Fertilizer use, along with other complementary agricultural inputs, is ex
pected to play a vital role in transforming traditional agriculture and acceler
ating agricultural growth. Hlowever, the present level of and growth in fertil
izer use are extremely low and fluctuating. In many cases the growth in 
fertilizer use is even negative. Accelerating the economic use of fertilizer 
would re(luire approplriate technology and major policy reforms. 

Most conutries in sUb-Saharan Africa depend oin fertilizer imports to meet 
part or all of their domestic requirements. Countries with negative growth ill 
fertili/cr use are generally those that depend exclusively on imports. Foreign 
exchange allocation to import fertilizer does not seem to receive a priority 
('0111enCSulralC with its conlribution to agricultural growlh. 
The raw materials for nitrogen, potash, and sulfur fertilizers are limited 

and unevenly (listributed. However, many countries in sub-Saharan Africa 
are known to have phosphate resources. Consequently, most of these coun
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Ihiiu'i'( . Sub-Saharan Africa. 

tries would prefer to make economic use of their indigenous phosphate re
sources in thle form of modified phosphate fertilizers. 

The purpose of this paper is to analyze the fertilizer problems and policies
in sub-Sahar'n Africa. More specifically, the objectives are: 
I.To assess th iole of agriculture in economic development. 
2. 1o determine the r)le of fertilizer in agricultural development. 
3. To analyze the growth and patterns in fertilizer consumption.
4. To identify and analyze the policies needed to expand fertilizer demand. 
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5. 	To evaluate the implications of an import subsitution policy for phos
phate Ferilicr. 

Agmricuiturn econolik d uelolxnnt 

'olll oll ,/ agl li t ['1o 

.Accordin io the \\'orld Bank [371, 20 of 34 low-income Countries (with per
€,,,c oita mIatinal pl-oduct 1(6NPJ less than $4 1()/ear) are in sub-Saharan 

Africa. I hc tr calpita (Nl varies from a lo\\ of $8l,/,ear in ('had to a high 
it-C\,1f)- \C- l tlOling ( IhOn (laflC I). \gicIultItrC contributes 1o 

the Lecoll mlk' ( l I .e cou triesC ld \elpclt o ()llll[iC in u\ \\ :-,. 
lirt. ipVi) tef, 7s' of tli population (38) million in 19,,2) of sub

Saldl'Ill 'la t in ill ' iral arCaS and depends ou agriculturc for its livCli
]l'l. Sc id. \il] tie exceptiOll of oil- and minCral-producing CountriCs. 

'triI co'.1tribit",, from one-third to one-half of the gross domestic prod-
MtI (( l)'). I iId. ile agricultural sector provides wage goods and raw mate
l! lt. r1nC indusLftrial Scctor. [aurth. with the exception of oil- and 
minc.a-c\p rting count ries. agricultur'i exports account for the major share 
of folcin xehange earnings. Fifth, the direct and indirect agricultural taxa
tion alo contributes a large share of government ,evenuc. 

. If,'1' I'II ''-C1/cd loll li' ,'rolvl'ih 

[le cross-country experience of high-income countries indicates that the rel
ati e contribution of lhe agricultural sector declines as per capita GNP in
creases. t lowever. in sub-Saharan Africa, the agricultu ral sector still doni
nates national ccononics. As shown in I, the overallFable economic 
lCrlornia ncc (growth in (iDl)) of a particular country is deterained by th 
pW:m an cc of the agricultural sector (growth il agricultui-c). 'hose couIt
trio, that hac nkoeglectd tic agricultirat sector are experiencing negative or 
loss\ urotlh ill ( ;I)P. In other wvords. linlalure emfphasis on the industr'ial 
scctor at the ctpcnse of the agricultural sector has resulted in stagnant agri
cultrtl growth. This is m/ore evident in sub-,. 1,aran .\ftica than anywhere 

Nlo"t sub-alhaltarall encontriCS arC amon10lg tile %ord'spoorest COLn\fi'.ll 
tries. Withinl each of thesc countriCs the poorest segmllcllt f the population
is in the Rulal areas and depends on agriculture for its livelihood. The average 
per capita income differential between the rural and Urban areas 'aries from 
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I'lhht I Indicators for economic anld ;igricLIuI ial gIo\, LI)ill .b-S,'iiail.\frica 

(ountr\ (NI per (iiovWIll ((,Il LributIIII (iro\,Ih ( hrowth in 
capita (iNI' pci 0) agricuLturc in ( i )I'. agriculture. 
(1982) Cai)I1. id. (I )1' 19S2) 1970-S2 1970-82 

Benin 311) 0,i 44 3.3 
IBotswa na 900 6.8 12 
!urkina Faso 210 1.1 41 3.4c 1.4 c 

Blurundi 280 2.5 56 3.5 2.3 
Cameroon 890 2.6 27 7.0 3.4 
('Cemral African 

RCf)blic 310 0.6 35 1.4 2.3c 

('bad 80 -2.8 641 -2.6c 1.0c 

(iorwo 1,180 2.7 6 6.8 1.9 
1	liiopia 140 1.4 49 2.2 0.9 

Jabort 4.000 4.4 - - 
jambia 360 2.5 26 - 
i(bana 360 -1.3 51 -0.5 -0.2 

(;iinca 310 1.5 41 3.8 
(tilnt'a-lliSMt 170 -1.7 - - 
I\r\ (Coast 950 2.1 26 5.7 4.5 
Ken a 390 2.8 33 5.5 4.1 
l.cotlho 510 6.5 23 6.6 0.3c 
liberia 	 490 0.9 36 0.0 3.5 

41 bMadagascar 321) -0.5 0.2 0.3 
,1ala i 210 2.6 - 5.1 4.1 

Mali 180 1.6 43 4.3 3.8 
Nlauritania 470 1.4 29 2.0 3.4 
MNarituHs 1,240 2.1 14 - -
Niger 310 -1.5 31 3.4 -2.4 
Nigeria 860 3.3 22 3.8 -0.6 
R\%anda 260 1.7 46) 5.3 -
Senegal 490 0.0 22 2.9 2.3 
Sierra Lcone 39(1 0.9 32 2.0 2.5 
Somalia 290 -(1.1 - 3.8 -
Sudan 4,40 --0.4 36 6.3 4.1 
S\wa/iland 940 4.2 - - -
Tanzania 28(1 1.9 52 4.0 2.8 
Togo 340 2.3 23 3.0 1.7 
Uganda 	 230 - 1.1 82") -1.5 -0.6 

32bZaire 191 0.3 -0.2c 1.5c 

Zambia 64(1 --(. 1 14 0.9 1.9 
Zimbabwc 850 ' .5 15 2.2 1.8 

-= Not available. 
I)erived fron the World Bank [37]. Information was not available for those sub-Saharan 
countries that are not included. 

h Refers to 1981. 
Refers to 1970-81. 



1:4 to 1:9 in mest African countries compared with ratios of 1:2 and 1:2.5 in 
Asian countries 1171. ( cark. an CdI rt nt red cC po vertV and accelerate 
economicCstgro,,vth m1 gi agri cLIItLrc the high est priori t, iI)resource alloca
tion. technolog\ generation, and policy reeforms. 

/'!Iod pIr ./cni and I'H)Al'CA' 

Sub-Saharan -\frica is facing a serious food crisis.' According to the World 
Food C'ouncil. 25 ol'the 43 food-priority countries are in sub-Saharan Africa. 
Some oif the clearly emerging trends in food-related indicators are as follows: 

oI)Iod consum pt ion is rising, (2) per capita food production is declining, 
(3)food deficits are growing, (4) food exports are declining. (5) food imports 
are increasing. (6) consumption of wheat and rice is increasing and partly 
replaci ug consUIlption of coarse grains, and (7) average per capita daily calo
ric intake is belov 1iinmum nutritional standards. 

The projected gross food deficits during 1990 in sub-Saharan Africa are 
estimated to be between 27 million tonnes and 34 million tonnes [14].' These 
f(ood deficits are approximately 26%-30% of projected food demand during 
I990. According to FAC) [51, the estimated net cereal deficits are expected to 
increase from 24 million tonnes in 1990 to 44 million tonnes in year 2000 
based on a trend-growth scenario and forn 16 to 28 million tonnes in the 
respective years based on a best-growth scenario. 

There are several reasons for the present food crisis in sUb-Saharan Africa, 
inl urd iring drought, outbreaks of pests and diseases, and other natural and 
environmental disasters. However, the present food crisis has been develop
ing for several years. First. food consuLption requirements have been in
creasing rapidly in the last decade inresponse to high population growth. 
Second. fLod consuIn ption requirements in the urban areas have been in
creasing even faster in response to rapid growth in urban population, which 
in many cases was twice the growth in population (Table 2). Third, and the 
most important, per capita food production has been declining. As reported 
in Table 3. growth in per capita food production frorM 1971-73 to 1981-83 
was negative in 31 of 40 sub-Saharan countries. 

The long-termn solution to the food problem is neither food aid nor food 
imports. Food aid does not generally go to the needy population. In addition, 
it depresses crop prices, decreases incentives for expanding domestic produc
tion, and discourages governments from making commitments to developing 
the agricultural sector. Food imlports, the other hand,on are expensive and 
reqLuire scarce foreign exchange which many countries in sub-Saharan Africa 
cannot afford. Food imports also provide disincentives to farmers by de
pressing crop prices. Furthermore, very expensive imported food requires 



--

6 

/lab/ 2 Poptlalion growth and urbanuation n sub-Saharan .Africa a 

Cou ntry Population 
Mid-1982 
(Millions) 

Angola 8.0 
Benin 3.7 
Botswana 0.9 
Burkina Faso 6.5 
Biurundi 4.3 
(ameroon 9.3 
Central African 

Republic 2.4 
(had 4.6 
(ongo 1.7 
Eq. tuinea 0.4 
EIthiopia 32.9 
(jabon 0.7 
(Gambia 0.7 
(hana 12.2 
(uinca 5.7 
(ihinea-Bissau 0.8 
Ivory ('oast 8.9 
Kenya 18.1 
Lcsotho 1.4 
Liberia 2.0 
Madagascar 9.2 
Malawi 6.5 
Mali 7.1 
Mauritania 1.6 
Mauritius 0.9 
Mozambique 12.9 
Niger 5.9 
Nigeria 90.6 
R, anda 5.5 
Senegal 6.0 
Sierra Leone 3.2 
Somalia 4.5 
Sudan 20.2 
Swaziland 0.7 
Tan/ania 19.8 
Togo 2.8 
1Jganda 13.5 
Zaire 30.7 
Zambia 6.0 
Zimbabwe 7.5 

= Not available. 

Total 

I)Ol)Lt tiol n 
gro\slh rate, 

1970-82 

2.5 
2.7 

-

2.0 
2.2 
3.0 

2.1 
2.0 
3.0 

-

2.0 
-
-
3.0 
2.0 
-
4.9 
4.0 

2.4 
3.5 
2.6 
3.0 
2.7 
2.3 
-
4.3 
3.3 
2.6 
3.4 
2.7 
2.0 
2.8 
3.2 
-
3.4 
2.6 

2.7 
3.0 
3.1 
3.2 

I Irba n Populition 
population in urban 
growth rate. sector, 1982 

1970-82 

(%) 

5.8 22 
4.4 15 

6.0 II 
2.5 2 
8.0 37 

3.5 37 
6.4 19 
4.4 46 
- -
5.6 15 
-
 -

- _
 
5.0 37 
5.2 20 
-
 -

8.2 42 
7.3 15 

15.4 13 
5.7 34 
5.2 20 
6.4 10 
4.7 19 
8.1 26
 
-
 -
8.1 9 
7.2 14 
4.9 21 
6.4 5 
3.7 34 
3.9 23 
5.4 32 
5.8 23 
-
 -

8.5 13 
6.6 21 
3.4 9 
7.6 38 
6.5 45 
6.0 24 

Derivcd from World Bank [371. 



I a/v 3 Growth in total and per capita food production in sub-Saharan -\fricaa 

(ountry Population 

gro ,rh. 

1970-82 

Angola 2.5 
Ihcnin 2.7 

tI{itswana 
 2.7 


tu kina I'aso 
 2.0 
BUtiLindi 2.2 

amcroon 3.0 
( cnil -African 

Rlublic 2.1 
'had 2.0 

(ongo 3.0 

It. ( iuinca 2.3 


Ltliiopiai 
 2.0 
(-ihoin 1.0 


ainibia 
 2.9 
( ihana 3.0 

( mmIica 
 2.0 
(jillinea-Bissau 1.7 

,lr\ Coast 
 4.9 

Kclna 4.0 
Lesotlio 2.4 

l ibCria 
 3.5 
Madagascar 2.6 

Mlala i 
 3.0 
Mali 2.7 
Mauritania 2.3 
MaIIriius 1.5 
NloiarihiqiL. 4.3 
Nainihia 2.8 
Niger 3.3 
Nigeria 2.6 

Rwanda 
 3.4 
Senegal 2.7 
Sierra Leone 2.0 
Somalia 2.8 
Sudan 3.2 
S a,'iland 2.7 
[an/ania 3.4 
logo 2.6 
I Iganda 2.7 
Zaire 3.0 
Zambia 3.1 
Zimbabwe 3.2 

= Not available. 

Growth in 
food production indices, 
1971-73 to 1981-831 

Total Per capita 

(%b)
 

0.5 -2.0 
2.2 -0.9
 

-1.6 -4.4
 
2.3 -0.2 
1.6 -0.5 
1.5 -0.8 

1.7 -0.5 
2.2 0.2 
2.2 -0.4 
- _ 
2.3 0.1 
0.8 -0.2 
0.1 -2.7 

-1.6 -4.6 
1.4 -1.2 
0.8 -0.9 
5.5 1.6 
2.2 -1.8 
0.0 -2.4 
2.8 -0.7 
1.8 -0.7 
2.4 -0.8 
2.7 0.0 
1.6 -1.4 

0.1 -1.5 
-1.7 -4.2 
0.5 -2.4 
3.9 1.0 
2.9 -0.3 
4.4 1.3 
2.2 -0.5 
1.7 -1.0 
1.1 -4.4 
3.2 0.4 
4.5 1.6 
3.1 0.0 
1.8 -1.0 
2.1 -0.9 
2.2 -0.6 
0.8 -2.3 
1.0 -2.2 

I)erived from data reported in FAO [71, FAO [91, and World Bank [37].
Base years for indices are 1974-76 = 100. 



food subsidies for the coiisumers, which not only drain scarce financial re-
SOLIrCCS but transfer income to tile urban consumers. Tile only long-term 
solution to tile food problcmI in sub-Saharan Africa is through an increase in 
domestic ood production, along with a decrease in population growth and 
urban i/ation rate. This will not only provide a solution to tile tood problem
but will also raise income levels of he rural poor and, hence, may reduceihe 

povert . 

Fertilizer in agricultural dehelopnlent 

Needed gro\\lth in food production to meet the 1990 projected consumption
talrget in sub-Saharan -\Ica is between 4.0 and 4.4%/annum, depending
upoln the income gromh scenario [141. This is 0.4% to 0.5%/annt himIiigher
1han what is iC-CdCd to CCt -\sia's food consumllption targct du ring 1990. 
[hC historical ipeforIa-inice of growth in fo6od produclion, even though it 
a romiCio':ries r'gionl 1 a otlhcr anid lfrom 0oe counlr\ to alother, has Ilot 
eenC r\iIn l)ressiC\ in Slb-Sahiar. inAfrica. 

he CstiimatCd annual g(wth in food productioi in sub-Saharan Africa 
\\as 1.91o dtlurini I92-72. and I.,8! during 1972-82 1201. I)urilng the 
I 9)0s, all Of' tile gIoh in Iood )rIdutioll was rnl area expansion, and 
Crop \ icls CitihCr rCumainld colsanlt or declined. I IoevCcr. (liring the 19 70s 
oni\ 571' of thc growth in 1ood ProIduclti s attributed to area eXpansioin. 
and the reiiailiig 43o to aill in\ras du incrCasC crop yields. These results 
idicalC that1 thcrC has CCn i slo' do\\i in alea expansiO'l as a lotential 
,otUlc' Of igricultura rI t I. 
The Cstimatcd aniIl trenld growth producLior Iin cereal in Sub-Saliarall 

Africa is projiccld to Iorn 2. 1()'!f) I )69/7 I-1 979/180 todclinC diirg 1.70% 
duIring 1979/ ()-2(t [3 11. The contribution of' area expansion in cereal 
growth is projected to horn i i lhe I970s to 411% in thedcn9 56 1980)s 
anid 19 90s. 
\ccordiIng to [A( ) 151. tile rclati ' e contribuItion of area expansion to add* 
Itonal cr01) piroductio in de\clopiing riraket economy (DgME)Africa is esti
inated to be only 27% dui rigI 198(0-2000. 

LuIsd-VI/ThISmman 

In the common man's concept of' sub-Saliaran Africa there is abundant land 



so itablC for crOp production and wvailing to be brought under cut i va ion. Ill 
relation to Asia. there is some truth in this perception. Sub-Saharan -\frica is 
VaS and Spa.SCIx popuL.ed. I lo Cvcr, a major share of land Illass is not 
rcallx suitable for crop production. Mos of, what is suitablC and Casil\ accCs

elehas aread, been brought under cultivation. 
There arC significant differences of opinion among experts kithl respect t 

the potcntiall> arable land in sub-Saharan Africa. -The availablC estimates 
indicate that tile potentially arablc land in subl-Saharan Africa is Iecltwen 304 
and 733 million ha 127J. l)ccding upon which of these est imates is most 
appropriate, actual arablc land is bet ven 250 and fl)) ol the potentially 
arablc land. 

The concept that all the land is potcntiall arable. without any considera
tions for cost. crops, and agrclimatic Ictors. is at hest dubious. The sois ill 
Africa are hight> weathered. fragile. low in organic matter. highly leached, 
and lowv in stil frtility they experience widesprcad deficiencies in essential 
plant nutrients. ('onscquently. soils in Africa are quite different from soils in 
Asia with respect to their suilahility for Cro)p prodtLCOion, and the nutrient 
needs for tropical agriculture are quite different fron the needs for agricul
ture in the tem perate /one I ), I,6341. 

\ccording to F.A( ) 141. only 16% of soil resources in Africa have no serious 
limitation for crop production. The remaining 84% of the soils experience 
scrious limitations for production. including (a) excess water. 9%: (h) shallow 
depth, 13?: (c) mineral stress, 18 %: and (d) drought stress, 44%. It is ex
trcncl expensive to develop these soiIs and make them productikc for crop 
Cultivation. FltirthrCior'e. llready rodocti' ,esoilsare beirig lost thl'oulgh rllis

nragclt.i ertesion. desertificatiorn, arid deforestation. 
Ilov gotod are the soils for crop production without adequate soil moisture 

and water sLppl\'? Most of the crop production iii Africa is rainfed, based on 
uincertain inadequate, or tot) muIch rainfall. Sometimes there is )lerty of' 
rainffall but riot at tile time that crops need it. Approxirnalely 4 million ha is 
tnder irrigation. which is about 2% of the arable land. The development of 
rrigat ion systems is expensive and slow, and tie prospects for irrigation 

dcvClolpmlct in sub-Saharan Africa are limited. 

Tihe dwarf and fertilizer-responsive modern varieties developed at the Inter
national Maize and Wheat Improvement Center for wheat and at the Inter
national Rice Resoarch Institute for rice have made it possible for Asia to 
make spectacular strides in agricultural and food production. It is often 
asked, Why can't the African farmers increase their crop yields and food 

http:popuL.ed
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product ion, as has been clone by th,: Asian farmers? The siniple fact is that 

wheat and rice, the two Green Revolution crops, are not major crops in 
sub-Saharan Africa. The food staples in the semiarid tropical region of sub-
Saharan Africa are millet and sorghum, whereas in humid and subhunlid 
tropical regions of' sub-Saharan Africa the food crops are maize. cassava, and 
yans. Somc rice is g-OVl on river deltas and in coaStal counLtries where an 
adCquaLt water supply is assured. 

None of the food crops grown in sub-Saharan Africa has experienced tile 
kind of technological breakthroughs that wheat and rice have in other areas. 
('onsequcnltly. sub-Saharan Africa has not been bypassed by the (reen Revo
lItior: there has never been a (;ren Revolution in this area. There is little 
or no iimp LIroved crop tCchnology on the shelf wa ii ng to be trans ferred. Most 
of the technological changes arc marginal. Both the International (rops Re
search InstitLutc for tile Scmi-.Arid Tropics (IRISAT) iand the Inlernational 
Institute of,Tropical AgriculnLrc are making gains indeveloping crop tech
nohogy sUiL iblc fo0r suib-SaIaraii Africa. Ilowever there are eioriioLs eco
nom ic. p0olicy. irist itit onal, intf'rastructural. and environmental barriers to 
the transfer and dissemination of the available improved crop technology 
and niariagement practices. 
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/igitre 3. lstimated annual growth in cereal yields and area in sub-Saharan Africa from 1966-68 
to 19O-82. 

The cereal yields in most of the sub-Saharan African countries are very low 
(Figure 2). During 1980-82, the average cereal yield was less than I tonne/ha
in 26 of 39 countries in sub-Saharan Africa. Furthermore, in 22 of 39 sub-
Saharan countries the average cereal yields declined from 1966-68 to 1980
82. A large number of countries with negative growth in cereal yields also 
had low cereal yield levels. As reported in Figure 3, the source of growth in 
cercal production varied from one country to another. Of1 39 sub-Saharan 
African countries (a) 7 countries experienced positive growth in cereal yields
and area. (b) 10 countries experienced positive growth in cereal yields but 
negative growth in area tinder cereals, and (c) 22 countries experienced posi
ti C growth in area but negative growth in cereal yields. Lack of appropriate
and economical agricultural technology appears to be a major constraint for 
increasing crop yields and accelerating agricultural growth. 

( 'ontriblJionofft'rIili'zer 

Crops cannot experience healthy growth in the absence of proper plant nutri
tion. Higher crop yields, multiple cropping, and an increase in productivity 



of marginal lands xvill not be possible without an increase in fertilizer use. 
()rgan ic manuTres and plant resiCues are important sources of' nutrients, but 
Oiey cannot suppl.y all the nuIt rients needed to grow food in order to feed the 
eXpanding population. The hiological fixation of' nitrogen is possil)le but only 
for legu me crops. (onseq uent llythere is no substIittle for chemical Certilizers 
In order to meet the expanding requirements fr phIlnt nutrition. We must 
also remember that the modern crop varieties cannot achieve their genetic 
potential yields in the absence of 1'ertilizer. The interaction effect between 
llodern crop NarieiCS. watler supply, and fertilizer ise is not only positivet 
hUt \cr,, large.
 
The contribution o1f fertilizcr to incremental cereal and
pModluction to 

aCIlds in I )gl .\frica has hCCn Csimated to lhe about 20% and 36%. resl:ec
tirol\, t'ron I )48/52 to I972/73 129)i. This contrihution is expected to in
crease oCr time. its Miexeopingit has in other and dCveloped culintries of the 
xworld. Fertili/er is at itall CoMI)On-nt of al improved crop teChnology pack
age (m dcrn arieti\,. water. insecticides, and I'rtilizCr). ItnproVCd and ap
propritle arm t'chnoo. is ncCssar\ and is cx pCCtCd to play a domnillitn 
role in ;n1\ Strate.\ of" agricultural tleelopent inI sub-Salhla'in Af'rica. 

Flertiliz, r ctmisti tinm growlh and palterns 

*,-, *. /0)11/1-' 011A 111) 11)1101l 

I li historical glotlh in aggrtgate f'ertilizer (N. P 0,. K.O) consumptio 

coot icital Africa during a 3(I-year period from 1950/51 to 1982/83 is re
pottLI in FiLure 4. [he total nutrient consuLlMption has increased from 0.25 
million toln ii 19SO/51 to 3.5 million to1nes luring 1982/83, iplying a 
I-140d increase ovCr 30 \tars. 

lhC sources of' nutrients ha\c ecn shifting from loxx-ana1lvsis to high
aail\ Sis single or Itintrient fertilizers. Although the sources 0f nItrients 
\i ro\ one tile in a patIliculaiZr COLintl'y. thet'l'oll to allothel inId ove' 
Most populr ltl'rilizerAS Itp'SClt iniclutde urel. aiiion1itini. silfate (AS). 
calciumn ainiotMlm nitrate (CAN). single superphosplhate (S.SP). triple 
StIlCrl Ilt0SI)lhiltc ( I SP). 1urii 1'I)ot;ISlII CM(1W ).and S(I CleselecCtdt specialiiC 

tN or otllil)t(lt01l ferlizers. In addition to NIPK. a lilrgt' amlOLUnt of' S,,ttlftlr 
(ofeIn Ilior,' than 1K(I) is SHi)ploiet tlhrough ..\ anid SS . IIoxvx'er. the surllu
t'Oitaiiiing flrlilizers arigratall being rteplacetL h%, sulir-free Ihigh-analy'sis 
fertiliz/er,. and this is r'suling in sulfur teficiencies I 161. 
The pattern of gromx tl in ferlilizer ,MStLnsmptiinIn suh-Saharan Africa is 

not iutich different from that in Continental Africa. H1oxwever, the anmoun t of' 

ii 
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aggregate fertilizer consumption in sub-Saharan Africa is very small, about I
million tonnes (3-year average, 1980/81 to 1982/83) which is about 30% of
the corresponding consuLption in continental Africa and 70% of that in
I)gME Africa. The share of sub-Saharan Africa in world fertilizer consump
tion is 0.9%, whereas its share in world population is about 8%. India, with
twice the population of sub-Saharan Africa, consunes six times more fertiliz
er. According to FA() [5], the nutrient requirements in DgME Africa are
estimated to be 2.3 million tonnes during 1990 and 5.3 million tonnes during
the year 2000, implying .n annual growth rate of 8.9%. 

The aggregate consumptiont in sub-Saharan Africa varies from one country
to another (Table 4). Nigeria, Zambia, and Zimbabwe account for 50% of the
total consuLptiol in su.b-Saharan Africa. In most of these countries fertilizer 
consultion is very small. For example, 20 of' 40 sub-Saharan African coun
tries consuIIe less than 5,000 tonnes of' nutrients annually. The growth in
Ifirtitizcr consumption varied from one country to another, and one-third of
sub-Saharan African countries experienced negative growth in the I970s. 
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abl'1 4 Average level of and growth in fertilizer consumption in sub-Saharan Africa' 

Country Fertilizer use Fertilizer consumption 

1979-81 average (rowh 1 ' 1980/8 1-1982/83 Growth ' 

(kg/ha) (%) ('000 onne) (%) 

Angola 4.1 -0.9 11.3 -3.1 
Bcnini 1.3 -8.9 2.2 -7.2
 
Bolbi%ania 0.9 -4.3 1.4 -3.2 
Iuorkina Faso 2.9 25.5 8.4 21.3 
Btlrundi 0.8 4.8 1.2 1.7 
'anicroon 5.3 6.6 38.6 7.7 

(cntral African 
Rcpuhlic 0.4 -9.6 1.1 -5.3 

('had 0.5 -3.3 3.6 5.5 
Congo 0.6 -25.4 0.8 -17.9 
S l. (uinea 0.2 -29.8 0.03 -31.7 
Et hi pia 3.3 23.5 41.6 21.2 
( iahon 1.6 a 0.7 ( 
(iambia 15.2 27.9 2.0 d 
(ihana 7.4 23.5 22.7 24.7 
(itinca 1.1 -4.8 1.9 -4.1 
( iti inca-Bissau 2.1 d 0.9 d 
Iv ory Coast 13.3 6.5 45.3 7.7 
Kenya 25.8 1.4 71.1 4.0 
Lesotho 15.0 24.3 4.5 14.7 
Liberia 11.1 7.3 3.2 4.4 
Madagascar 2.6 -7.4 10.5 -1.9 
Malawi 11.9 8.6 33.2 10.6 
Mali 5.7 7.0 11.2 7.6 
Mauritania 7.2 28.2 0.5 it 

Mlau ritius 238.1 1.4 24.9 1.1 
Mozambique 9.5 13.4 36.3 14.7 
Niger 0.8 23.1 3.7 d 
N igeria 5.4 33.5 195.4 32.3 
Rwanda 0.2 -4.0 0.5 it 
Senegal 4.6 8.7 20.7 6.8 
Sierra lonc 1.5 1.4 2.1 0.4 
Somalia 1.2 -9.1 1.2 -8.0 
Sudan 5.1 5.1 70.4 6.0 
Swaziland 72.1 5.8 16.9 9.9 
Tan/ania 6.1 7.4 29.1 6.9 
logo 2.5 23.6 2.5 d 

I Ig.nLla ).1 -22.6 0.5 -21.3 
Zaire 1.2 4.1 6.8 4.9 
Zamhia 14.5 7.4 92.4 9.2 
Zimhahwe 59.3 2.4 165.0 3.7 

I)crivcd foIm (ata reported in FA() [7,8,91.

A cOmpound'l gross Ihrate from 1969-71 to 1979-8 I.
Annua 


Annual compound growth rate from 19'69/7(0- 1971/72 avcra, to 1980/81-1982/83 average. 
1969-71 average = 0 or not available. 
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'ertilizer consumplion per unit o0ld 

Average ferteiflier consumption per unit of' land (in kilograms per hectare of' 
,'rble land and land under permanent crops) is extremely low. Duinng 1979
81, the average Iintrienit consu II fption in sub-Saharan Africa was 6.4 kg/ha,
which was 7 1% of I)gM Af.\trica, 36% of' continental Africa, 20% of develop
ing market economies. 14% of developing countries, 6% of developed Coun
tries, and 8 of' x\orl( average. ()ne inust he careful in interpreting these 
results. In most so b-Saharan Africa n acount ries, only small percentage of' 
cropped arca is actually fertilized. As a result the actual [ertilizer use on
flertilied land is much higher than indicated Ly the average use levels. 

SiniicC the average ['erltil i ICr Sll-aharaln Africa is so low, one wouldrise in 
expect rather high growth rate. H-owever, tile annual growth in [fert ilizer use 
f'roni 196 9-71 to 1979-81 was about 7%,which is approximately two-thirds 
of the grolth in deCXCloping countries. Both f'ertilIiIr use levels and growth
Val\ [t'ln one COUn tir'to another in sub-Saharan -\f[rica. For example, in 20 
of 40 count riCs, the a lVerage nutrien i cisuLpt ion was less than 5 kg/ha.

:\ iin uaI a verage growth in fert iflieIr uIse from1 1969-71 to 1979-8 1 varied 
from 34% in Nigeria to 30)% in ELqualorial (Guinea. Ilowever, i1r counLries 
with feriifi/cr use less than I kgl/ha. \cry high positive or negativC growth 
rates ma11e in isleadinlg and mia\ simiplv ieflect changes in suppl\' situation. 
However, it is i lnportant to note that countries with local product ion facili
ties (no matter how small) had positive growth in frltifi,.='r use, and all the 
countries with negative growth rate Met their requiremenlts through fertilizer 
imports. 

l'c','i/i:eruset)' crops 

The estimated share of fertilizer consumption by crops illselected countries 
of sub-Saharan Africa is reported in Table 5. The information is not the most 
recent, but it broadly reflects the pattern of fertilizer use among different 
crops. The results indicate that, with the exception of' Niger and Nigeria,
one-half to two-thirds of' [ertilizer is used on export crops. This is partly a 
reflection of' tile fact that f'ertilizer use is relati xclv profitable on exportmore 
crops than oi food crops. 

\s far as individual crops are concernel, f'ertilier use varies from one food 
or export crop to aiilotlhei.Dring 1983, for example, 49% and 19% of all the 
f'ertilizer consuimed in Niger was used on inillet and rice. respectively. Sor
gh umI, Millet, and Iaizc accounted for 24%, 16%, and I2% of the total fertil
izer consumed in Nigeria. The situation also varies across dif'f'erent nutrients. 
For example, Millet accounltcd for 50% of' the N, 51% of' the 11,05, and 54% 



Table 5 Estimated share of fertilizer consumption by crops in selected countries of sub-Saharan Africaa 

Country Year Percent share of NPK consumption for 

Coffee/ 
Millet Sorghum Maize Rice ('otton ;roundnuvs Sugarcane tea/cocoa Others Total 

Burkina Faso 1975 - 28 - 7 40 7 IS - 100 
Cameroon 1977 - - 4  - 41 3 52 10 
Chad 1978 - - - 2 97 -  - 1 100 
Gambia 1976 6 4 20 4 - 66 - -  100 
Ivor Coast 1973  - 2 3 24 - 23 1 47t 100 
Malawi 1976 - - 11 7 2 - 8 19 53c 100 
Mali 1976 - - 6 15 51 6 -  22 100 
Niger 1983 49 5 - 19 2 13 - - 12 100 
Nigeria 1979 16 24 12 11 7 2 6 3 19d 100 
Senegal 1975 36 - - 20 13 31 -  - 100 
Sudan 1975 - - - 2 46 - 6 - 46c 100 
Tanzania 1975 - - 21 - 19 - 5 27 28f 100
 

a 
Deri'ed from FAO [6]. IFDC [11]. Martinez and Diamond [18], Ministere du Developpment Rural i2l]. and 'an Dierendonck. Krishnaswami and 

Verghese [33]. 
b 310o for banana pineapple and 16% for rubber/oil palm/coconut. 

33% for tobacco. 
d 13% for %ams.cassava. and potatoes. 

27% for wheat. 
f 24% for tobacco. 
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of the S: rice accounted for 30% of the N. 8"%of the P,)(), 55% of' the K,(),
an( 1l of the S: ad glrotIIlt LI CCOLInICd f)r 22/i%of' tie pj ) and 34% of
the S in all the indiidnal nutrients con,SnLcd in Niger during 1983. 

Policies needed to expanlfd f rtilizer demand 

IerIz'r (lh'fall-l/-ar'/(lII('(d pro/emS 

The specific fertilizer problems faced by farmers, dealers, importers, produc
er's, and gosm mcnlllet vals fr'o one country to another. However. the general 
principles in identifying the problems and in finding appropriate solutions
through poliC' Ieneasnres are essentially the same. Tile flert li/er problems can
hC (1i idcd iInto tm\o broad categories: (I) fertilizer dlmn(L at both tlhe frm 
'an1d )atinlall Iccls, is low and fltCluating even when fertilizer is available at 
the Iilt timc a1nd place and (2) fertilizer is not available at the right time
anid l lacc, and lllinv colnltries are unal Io Meet CvCn low fertili er deia.ind 
anrrd redunce ntuat ions in sippliy over time. 

NIost countries in .sub-SaharanAfrica are facing both demand- and supply
rIC!tcd l)roblelms [24, 39J. Since in many of' hese countries the level of' iidt
growih in ferti li/er [Ise are extrenely low. it is irnportant to identil\y and 
ailalvie fcrtilizer denand-relatcd l)roblems and policy leasules, which is the 
fb(crrs of' this pilper. Tle tlCtOrs contInibuting to low fert li/er hlllaild inCltrdc
 
I ) lo\ fertilizer response. (2) high fertilizer cost, (3) 
 low crop prices. (4) high


risk of losing imIoney aS a result of' the variability in lertilizer response and
 
prices, (5) lack of' cash 
or credit, (6) lack of' knowledge, and (7) lack of' corn
pcnlent'ar lrml inputs such as fertilizer-responsive crop varieties, water,

and insecticides.
 

l CrUilizcr UsC (COfllolics 

The farmer is the ultimate decisionmaker with respect to fertilizer use and 
the target of, most fertilizer policies. Consequently, iZ is important to under-
Stand tL.he f;rirnlers" decisionmaking process regarding fertilizer use and to 
cvaluate the economic implications of alternative fertilizer policies. The 
knowlcde ahout fertilizer response forms the basis for the economic analysis
of, fCrtrilfr Ise which. in turn, forms the basis tor fertilizer policy formula
ill. (ii en the ferti li/er response function, the optimum level of' fertilizer 

use is determined by economic factors, including constraints and risk associ
ated with fertili/er use. 



Parnme'rs in solb-Saharan :Ahrica areie no dill'erent i rm farners anywhere ClsC 
inthe world. excej)t that they more frCqluently lace Serious elVironelC'ntal 
consirainIs. lorihrIhnlorC, thC desire to me1Ct household lood consuLption 
needs and to inin in ie the risk of"losing money is extremely important. Most 
African firmsu also tend i) face a serious labor consirainh cspecially during 
the peak season. (iicilthese considerations marmrni will use fertrii izer onl if 
its Usk! is coCInoImical. 

I lie prof -laxi ilii ilg evCl Ot' f'ertilizCr use is deterri ined by tlhe 
hCha iolral rule imnplied b the equality between marginal value of tihe prod
tic!aild illarginal cosi of' fCrtili/cr. Iilother words, piofit will be miaxinlun 

hcsi the fertiii/er price line is tangent to the response curve or when the 
mariilOil )roLiCof' If'rtiiliCr use is Cqlual to the price ratio of Fertilizer and 
crop outpiit (Figure 5). Ilhe nagnituode ofIall tlhhese variables, hence the co
nt onics of fertili/Cr use. can be mianil)ulatcdl Ihrough tTrtilizer policy [23]. 

I ( irt.i: 'if' anM'~Jld i db'reV'st wc('li ohf 

i:cltili/ ie response is CeteiuninCd by ilLI1e1-roLoS factOr-S such as crop, crop 

aiety!, irrigation. raillall. Soil Moisture, soil Cluality', fCertilizer soLrc'c, feCrtil
i/cr ill nagemcit. croppli ig pat terlm antd various agroClimatic iactors. FA( 
hlas conduLictd a laie niilbcr oft rials ainl demonstrations in alflll'countries 

Ssub-S0aharail Africa as 1)at1 (i1the FreedoC(mi1l flomi Itlunger ( alnpaign. 
I hC sClcted ftCrtili/C I'ie 1(nsc f'roil IFA( ) demonstrations a i coCficients 

Slinililai-iC ill lale 0. 1 ie aCrag'e fert ili/er response based onlselected 
lriili/e'r res"pollse slici s ill Nigeria are reported in Table 7. These results 
indicate that ild lesponse lo aplied felrtiii/cu is positive andi significant, 
and it \arics froi one onecroi to alotllher and fi loIation to another. The 
fcrihi/icr respons isgc ii hihig Ir root t hoseancualler export crop,:, crops, and 
using iimil aii for rice) androvcd practices than fbr cereals (except possiblly 
OCier crops tusing tlraditional farml l)ractices. 

As frtilii/e'r isC gOeS tip, the addit ional yield f'rolmn additional flertilizer use 
dclics according to tile law (if diiiniihing returns. AS a result, it is illll)or
tant 1(1coiltilLOiUisl\ iInciCas and Sustaiii tile response to ipplied feCrtilizCr 
ilrrigh iStrCall oftllIlOgical iIllpivCCitS that would shilt thie 1ertiliZ
e r re poiiseInC leC OilI UpWard.This \wnd(id reqLiir i ilproved fertilizer tech nol
ogy. Ce rtili/cr-iesponSiveCcrop vaieies, irri ation, anid ijroved larm nan
acenennI praeices. Iladdition, it is cxtrcicly impotant to prexe soil imaps 
ihat inidicatC tile natuire and nagnitode of nutrient deMciences in relation to 
difTer ent crol) and lailing systemlls. 

T'he results fiom tile joint Iiteriiational Fertilizcr 1)evelopmntent Center and 
l('IRISAT research trials in Niger indicate that soils are generally deficient in 
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phosphorus. The average response to applied phosphate was much higher
than to applied ni trogen or potash for millet and sorghu in. One should keep
in 11n111d, however, that most of the fertilizer trials and demonstrations dealt
with sole cropping systems, whe-eas mixed cropping systems dominate the
agriCUtUral sector in most sub-Saharanl countries. Finally, the variability in 
t1'rtili/cr response fbr a particular crop is extremely high from one location 
to another and from one year to another on the same location. There is a
need to reduce this variability, and hence the risk factor, through appropriate
fertili/er technology and management practices. 

Fcriz-e'rprofitaili, and price policy' 

Farmers will not use fertilizer if it is not profitable. The profitability of fertil
i/ers use can be determined by evaluating value/cost ratios. According to
FA . farmers will not use firtilizer if the average value/cost ratios are lower 
than 2. For sub-Saharan Africa the minimum 	acceptable value/cost ratios 
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have to be even higher. In addition to the fertill/er response coefficient, 
val LIe/cost ratios are determined bv three important variables: fertilizer price 
paid by the farmer, crop price received by the farmer. and associated fertiliz
er costs (such as labor cost and credit cost) borne by the f'armer. 
The average value/cost ratios based on selected fert ilizer response studies 

in sub-Satharai Afica arc reported inlables 8 and 9. The results indicate 
that tile average valIe/cos ratios vary fronm one iiLIrinC I to another, from 
one crop t,)another. anid from one location to Mother but are generally 
h1igher than 2. The \alLIC/Cost ratios are higher for export crops than for food 
crops, higher for improved farm practices than for traditional practices, and 
h1igher for subidi/ed fert ili/er prices than for linslbsidiled tertili/Cr prices. 

The estimated \alLie/cost ratios indicate that ferti liter use is profitable. 
I lowcer. one in List keep in mind that tile val Lie/cost iat ios are generally 
based on fert illier response coellficients from experiment stations and official 
fertili/cr and crop prices: the\ do not incorporate associated fertilizer cost. 
Fcr1 illic/r response on farmers' fields is lower than that oin experiment sta
tions,. Ihe Iltillier price paid b\ tile firmer is generally higher thari tile 
official price, and the crop price iee iv\ed by the firler is generally lower 
than the official price. In addition. the limer also bears other costs associat
ed %iAi1 fertili/cr LiW. ( 'onSCtlLcitly.under Imler circLiIIstances the average 
\aluie/Cost iatios may not be as allracti\e as tiley a ppea r. 

Fhe possibilities for improin\ Ig fertil Ii/er LISC incentives through price poli
cv Lb io0 appear \ C'\ goo. Fertilizer sLibsidies are very common in most 

i 	 i LI cO 'it) 1, based on demonstriions/ a/AI' F l 1 . uI1iciC 1'krtiliier illsub-Salharal 

Ontirl" 	 Kilogram of crop id per kilogram of applied nutrients forl' 

Sorghum Maiwc Rice Wheai Yams (iroundnuts 

I lotl\k.a. 3.8 	 - a 	 4.9 

(	'alllroolI - 9.8 - 49.4 9.1 
lihiopia 10.3 15.1 - 7.3 - 

(iamlia - - 6.6 - - 14.7 
( iana 7.9 11.9 9.4 - 69.0 7.5 
Ix lu (Coasi - 1(.3 6.2 - 26.4 -

Kvna - 14.6 - - - 5.0 
N ilr - 9.5 7.1 - 6.8 15.5 
senegal - - 3.7 - - 6.3 
Sicrra eolle - - 10.3  - 7.9 
logo 	 7.0 6.5 15.2 - 26.8 4.6 

Mudaliar 1241. TlIe cofficinils are based on da1a reporld in FA() 121.
 
The fcriilimcr produciisity is based on average hesi NPK treatments between 1961 and 1971.
 



1 u;,!c - EsnntmatCd axerac rcsponse fased on sclectd fcrt iicr reon,, studies In Nieria 

rop arn Arca "Car Nutricn Treatment Additional A', crage response
praC ICC sourcC N:P,( ),:K,( ) yield (kg/ha) over control 

(k,'kg of nutrient) 

Millet Improved Sokoto 1976 (AN. SS I-I 2- 338 11.7
Sorghum Farmer Sokoto and 1976 (AN. SSP 35-24-0 299 5.1 

Niger

Improved Sokoto and 1976 
 CAN. SSIP 70-48-0 700 5.9 

Niger
Maize NA K'\ara 1970/72 AS. SSP 73-40-0 1.288 11.4 

NA Bendel 1976 AS. SSP. 75-14-34 836 5.8 
MOP
 

Rice Farmer Niger 
 1976 AS. SSP 84-36-0 591 4.9 
Improved Niger 1976 AS. SSP 126-36-0 1,234 7.6
NA ligeria 1961/71 AS. SSP. 22-22-22 470 7.1 

MOPWheat Indus Kano 1973/75 AS. SSP 80-40-0 1,442 12.0 
variety

Yams NA Nigeria 1961/71 AS. SSP. 22.4-22.4-22.4 2,232 33.4 

Cassava NA Nigeria 1961/71 
MOP 

AS. SSP. 34-28-34 4.300 44.8 

Groundnuts Farmer Niger and 1976 SSP 
MOP 

0-18-0 269 14.9 
Sokoto 

Improved Niger and 1976 SSP 0-36-0 602 16.7 
Sokoto 

Cotton Improved Niger and 1976 CAN. SSP 35-24-0 460 7.8 
Sokoto 

NA = Not Available
 
a Derived from Joly [15]. Poulson [30]. NAF!? [26]. FAO [30]. and Pandey [28].
 



sub-Saharan African countries. The stated primary purpose is to lower the 
fertilizer price paid by the farmer. However, the financial burden of fertilizer 
subsidies is rather high and increasing over time. Most governments are inI 
the JArocCss o reducing ftrilieCr subsidies by increasing fertilizer prices (Fig
ure 6). In the absence of any significant improvements in fertilizer produc
t1on. procurement. and marketing efliciences. the prices paid by the farmers 
arC \x)ctcd tI. increase. 

)espite temporary sh wdown. the energy prices will continue to pLt an1 
tip\ a rd )rcssure on fertilIizer prices through an increase in production, mnar
keting, and freight costs 1251. The crop prices, on the other hand, are not 
c\peCtcd to incrcasC as rapidly as the fertiizi/er prices. This is due to infCi
cient crop marketing systems and the continuous desire of national govern
mcnts to kccp a lid on1food prices through so-called cheap food pricing poli-

IC net of these stopC h. result priciIg policies will be to or reverse the 
declinirIng trend in fertili/er/cro)p price ratios (F-igure 6). This will lower incen
ti.C, t(expa nd fert liIcr use and nla\ daleri ferti li/er demand. 

In additioM, rlarv countries in sub-Sahiaran Africa (Niger. for example) are 
reducing or Cliiinating provision of f'riilizcr credit because of the high cost 
Of sobsidi/ed and poor,, implemented credit policies. There is a need for 
fcrt ifi/cr credit, but it should be given at a market rate of"interest to reduce 
its inefllcient use. Alternatively, fertilizer sales could be linked with crop 
marketing. 

I dIh S Ave.rage value cost ratios based on fertilizer trials in sub-Saharan Africa' 

( LIllIs U ro p Average val lecost ratio:, orb' 

N 111S KMO NPK 

acroon Maie.2 0.9 2.6 1.9 
hana Maie 2.1 2.3 5.8 3.4 

1,.ors, Maim 1.2 1.2 1.3(oat 1.6 
NI,,.' Maie 0.8 2.2 1.3la 0.9 

(ihana Rice 5.t 4.8 9.2 6.4 
,or. ( oast Rice 1.8 1.4 2.5 1.9 
N igeria Rice 2.5 3.1 3.8 3.1 
ScnCgal Rice 2.8 1.6 5.5 3.3 

Midahar [241. "lie aluc/cost ratios are derived from summary results reported in FA0) 121
 
slich ale based on average best NI'K reatmetrs betcen 1961 and 1971.
 
t he avelage value/cost ratios arc based on the official tertilizer and crop prices.
 



la!/c Y ACraee .aluc cost tt os based on ,elected ftcrihzcr rcsponsc st dies in Nigeria 

Crop Farmer (osi of fertilizer Value of Value/cost ratio 
practice incremental 

Subsidized" I *nsubsidized output, Subsidized Unsubsidized 

Millet Improved 4.8 18.3 57.9 12.1 3.2
Sorghum Farner 9.8 37.3 51.8 5.3 1.4

Improved 19.7 74.5 121.3 6.2 1.6

Maize 
 NA 20.5 75.6 219.6 10.7 2.9 

NA 21.7 80.5 142.5 6.6 1.8
Rice Farmer 21.6 80.2 106.1 4.9 1.3 

lmpro\ed 28.8 108.2 221.6 7.7 2.0 
N 9.5 34.6 84.4 8.9 2.4 

Wheat Indus
 
varietv 21.7 
 80.2 403.8 18.6 5.0Yams NA 9.7 35.2 626.5 64.6 17.8Cassava NA 13.5 49.4 684.5 50.7 13.9 

Groundnuts Farmer 3.6 12.1 78.0 21.7 6.4 
Improved 7.2 24.2 174.6 24.3 7.2
Cotton Improved 9.8 
 37.3 151.8 15.5 4.1 

NA = not available. 
The fertilizer response coefficients used in estimating a\ erage value/cost ratios \ere obtained from Table 7.19 7 

b Based on 9'80 subsidized prices which were 0.171. 0.144. 0200. and 0.060# (kg of N from AS. N from CAN. PO 5 from SSP. and K,O from MOP. 
respecti\ ely.

Based on 197), 80 unsubsidized prices which %ere 0.667. 0.604. 0.672. and 0.233 :P-kg of N from AS. N from CAN. 
P.O. from SSP. and K,O from 
MOP. respecliselN.d Based on 1978/79 average farm-gate prices. 

iJ 
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Ferlilizerr('CO)l /lh'faliols inId pronoion polic)' 

The productivity of fertilizer use is heavily influenced by fertilizer manage
ment. Many countries iII sub-Saharan Africa do have agricultural extension 
agencies of some sort that are assigned the job of' fiertilizer promotion and its 
efficient use. InI many co untries. the total expenditure on agricultural exten
sion is larger than tlie expendi turc on agricultural research, clearly indicating 
misplaced priorities. There is a need not to reduce tile expenditure on agri
cultural extension but rather to substant iall increase the expenditure on 
agricullutral research. 

The fat in sub-Saharan A frica of the potentialrmers are most likely aware 
contribution of' fertilizer to crop production: however, they may not have 
sufficient knowledge ab[.1out fertili/er recommendations and improved man
agement practices. In many cases, although such information does exist, it is 
not made available to the farmers: consequently, it is of little use to the 
farmer and even to the nation. On the other hand, fertilizer recommenda
tions for specific agroclimatic conditions, crops, crop technology, and soil 
conditions just do not exist. The blanket recommendations for tie whole 
country are not only inappropriate but could in "act be counterproductive. 



lFCrtililer promotion must be based on scientific information developed
through fert ilizer-related agronomic and soil l.rtility research and sound eco
noniic and policy analyses. The fertilizer promotion policy should include 
development of soil frertility maps, establishment of soil testing laboratories, 
formIulation of Soili ind crl j-:mecific fertilii/er reconmendations, and initia
tion of \Cll-designed fertiii,,er dnCioitsitrations iuder farmhers' 1eIld coldi
lions. 
tI
lwever, it is important to keep in mind that a vigolPiis ferlili/ler Promotioll 
policx will improve the knowledge base of the farners but will not achieve 
the desired oucome in the absence of fertilizer availability at the farm level. 

(iul'114 'tarT iipml.s alld ill''stll'n po/icy 

)ne of the major problems facing sub-Saharan Africa is the pursuit of eco
noniic policies that discriminate against the agricultural sector. This includes
 
agriculi ural price polcy, taxation policy, trade policy, tech nology policy,

markcti n policx, and policic designed to proside basic amenities to tile 
rural lonI)lation. \\ith the Cxccption ofoil- aid lincral-expolting countries.
 
ie agricurlatual sctor contributCs 
a major share to the (i)P. Yet tile share 
(df iaiiorial )liC eXperidituire allocated to the agricultural sctor is CxtlrCle
l\small (Table IM). Sich a siratcg reflctls government'S lack of comlitnent 
tod l p the agriculltural scCtlor and raise the iicomC levels of the rural 

Inaddition to dc\chqpng the necessir infrastructure and institutions that
 
sers c the agricultural sector, there is a need 
 to inlcrCaSe r'Csotir'Cs fbir agiricul-

Itural CsCalrch aid lcvClopiicnt of irrigation systels. The experience around
 
the \orld indlicatCs 
 that riLurns to ill\CSslnlCt ill agricultural research are 
cr high. :\gricultrial rCsCarch illsub-Salharall Africa needs to be directed
 

tossaid crop imprlmcillent in the contex of both existing alnd 
 improved 
fariiing sxstcls. The objCct i\C of' crop iminprov emen t r'esearch mlst be to 
des elop crop sarictics that are high eielding. fertili/er resplonsive, disease 
resistant. pest rcsislant, druliglt resistant, and suitable for local ernviron
mental conditions. In this context. very limited progress has been nade in 
sub-Saharaiil Africa. 

Modcerln crop arictics in the absence of fertili/er lse may riot yield any 
ii'e than do the existing c-opl varietJiCs. ( )l the other hand. frtili/er calllot 
bC allpliCd in the absCncC Of' a1t assnr'd Water' supplyII(frol rainfall or irriga
tion) es en if fertili/er-reslposive crop varieties are available. An assured 
supply )fwater through irrigation is CssCntial fr 1te use 0if IModer'n farin1 
tcC'hnito rgx Cqu.allx i inpor0tant, irrigation is essential for the use of modern 
faii ,echnlogv: equally important. irrigation facilitates multiple cropping 
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and reduces yield risk with or without modern farm technology. 
Many countries in sub-Saharan .\frica have no irrigation systems or only 

poorly developed ones. For example, in 20 of' 34 sub-Saharan African coun
tries less than 2% of tle arable land is equipped for irrigation, regardless of 
thle quality. The levelopIen t of an irrigation system is very expensive and 
req IIIrCs a long time. ('onseq luiCrnly, the prospects of alrapid expaiSiOl in 
irriated area in the ne.\t decade are +atherlimited in sulb-Saharan .Africa. 

The long-terll solutioi to the f0od and poverty problem'nI in is the transf or
mlationr of' the agricul tu ral sector through de'Clopmtent, tralsfer, and use of 
appro) riatC agrien(ltiiral tech nology . 'Ihis will not01011 increase rural income 

/ a,]/ Ii0' Si cii'ol1apI'ictilitri ili;iltl+l W c\ lilC Icxp) lldltll'V Ill SIl lh-Salllall A'liCt' 

miunit (Ctntvititi +iotl of . lJt a gLiIttl luII in 
a1grictlttiit I0 (;i)i' 1)82)" total CXpellditurc (ItR) h 

-llal k).Ie at+xt I t j7d 

BIIu kimla ]" 41 3.t9"
 
ulu id 50 12.01
 

Salnic loll 27 2.2 d 

had (4 20.99 

Im~p 6 3.2h 

lthlopla 49 8.5' 
''  lauritia 261 22.1' 

ialnm 51 122 

I'\ (f uoaq 2061.1 
l l\n l 33 11.2 

I " toI, 23 18.5 
11t Ila 36 4.6 
Matll 43 7.6 
Maul lrit al 2) 7.1 
Mlauritius 14"c 6.2 
Nig " 31 6 .8d3 

Nicri Iu 22 2.61' Ral't'a di 4(6, 13.0 d 

Scnrcgal 22 5.2 
Sierra lcoic 32 4.Ic 
Sudall 36 9.411 

laniania 52 7.01 
Ilogo 23 U.c 
Zanllbia 14 23.1 

criv'd fom Ihc Wdd hank 1371. '* If't't to 19)77.
 ,I)CriCd fllt IhC \Vrld Hank 1361. Ic e i trt)1976.
 
Rcl'r,, to 1) 1 Refers tr 19701.d R'Ir', to 1)8(0. R tcrs to 1978. 
I~'frs io 1979). stcns.S I nIt 1975. 
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and employment but will also stimulate industrial growth through growth 
linkages and multiplier effects. 

Phosphate resources and import substitution 

Indigeniots lha/V)hah' resoiircts 

Only about 10 countries in sub-Saharan Africa have facilities to produce 
limited quantities of nitrogen and/or phosphate fertilizers. Almost all of the 
fertilizer requirements are met through imports. With the exception of a few 
countries, sub-Saharan Africa has limited or no known resources to produce 
nitrogen and potassium fertilizers. However, most of these countries are 
known to have phosphate rock. Togo and Senegal are among the current 
exporters of phosphate rock. 

A propriatepho.Vp/ale lechnolog', 

The known reserves of phosphate rock (at current prices and technology) in 
most sub-Saharan countries are small by world standards. However, these 
reserves are large enough to meet their own phosphate fertilizer requirements 
for decades. The phosphate resources vary in chemical composition, and 
many are known to have impurities. As a result, the small quantity along 
with poor quality precludes the use of many of these phosphate resources for 
manufltcturing known commercial phosphate fertilizers. However, many of 
these resources have been found suitable either For direct application or for 
mLanufacturing modified phosphate fertilizers such as partially acidulated 
phosphate rock (PA PR). 

It is relatively cheaper to produce PAPR since it uses much less sulfuric 
acid than is needed for producing SSP. Furthermore, the available evidence 
based on fertilizer trials For millet and other crops in Niger and Nigeria 
indicates that 50% PAPR (50% of the sulfuric acid used for SSlP) is as eco
nomical a source of phosphorus as is SSP [12,10,221]. Furthermore, PAPR, 
like SSP but unlike TSP, also contains sulfur, the supply of which is essential 
for increasing crop yields and improving its quality for human nutrition [161. 



lcotomic C'IN(lS'(llCnh'N of a P.lI'IR phin 

The economic consequLIenCes of a PAPR Plant were estimated for Niger, as 
part ofa leasibilily stldy 13. Niger is a land-locked coutntry. Since transpor
tation costs are rather high. fertilizers imported fron the international mar
ket are very cxpensive. Scveral sceCes to prodIce. PAIR in Niger were 
evaluated in comparison witlh ilpotrtCd SSP. The internal rate of return 
(IRR) homgh it varied fron one scheme to another. was always positive and 
rCasonahl high. assumning plant cdpacitv was fully utiliZed. 

Since I .\ I R is cmsidered 1o he a sttbsi tittC for .SSP. domestic prodCetion
of P.'\lq is \ie\\Cd as a polio\ of iiliport substitiltion. (+oiseqtiCntlv. the 
lP:\lPR plant has, mmn' other potential econtomic beneIlfits fbir the countryIas 
COlllarCd x,ith illtiOrtCd SSlP. c',C areIh CC0lOlllic benefits estimated for a 
rin-of-pile ).\PR plant ( IM)) ntpd of prodUCt) based ()t rock from Parc-W 
pho'phate deposit and a snlfllric acid plallt basCd on imptCd SLlfu1r.

hirst. ccn at 15" IRR. the t1iStbSidi/.d retail piice lPAR is almosto 

13''O hoxCr thall the unsuhsidi/ed retail price of illipotcd SSP.
 

'Scc nud. t+ antnual Iinancial saxine, throuch PAPR production (at 11mi
inum aiiccplibl IRR of 12.5') oxver SlIM imlplrts could bc $tj million in 
the lirst xwear 130)' 'aptN ti tili/ationtland $1.6 million in the third year
t)(,", capacit\ itili/atlm of plait operation. 

IhIrd. lfr a cm'tmntiv like Niger. ex.n a small PAPR plant could be a great
asset no toill, thuiomul annual additions t,) national incomc hLt also tlhroLuglh 
a fa\oiahlic iilI OtHhaontlancC-o1f-trad . 

I[oul th. tImle fi'c!,mI exchangec cOiml)OVCet of 1)-\IPR production is about 
one-hl tihe, co' ICrreClstiodim erCigmn e\'.ell/geC COnI)lOnet of SSP illlOrtS. 

iilh. the l\IR pln Is eslilated to CeateI 151 jobs (a total of 4.10) 
tIersons x crc Cnll,,Cd in Nici in the ilanliaCturing iiidustrx dLrill l9t81)
mith al initial aitmnial xa!e bill ol apporxlmllatcl, $0t.5 million. \dditional 
indirmet ,nll'Olo nit.lihroulmh groxth lhnkags aid inultiplicr effects could be 
at least tw to three,, tieics that o[fdirctl cntlo\ mit.llt At the P.APR plant.

S.ixth. aind \or\ ilnmprtit ora laud-lo'ked ctmItr\ like Niger. indigenous
P.\lPR produCtion can proxidC phosphate frtiliAr sCCIrits. In this coiltex. 
the IP.\PIR plant caml cmtrihutC tMioarld lrotidiing frood s.'tLlrit and accelerat
iig and stahili/in, grmvth ill ;igmicIttMal priodLictiol. 

Summary and conlusios 

Ile objctie of this paper was to analye fertilizer problems and policies in 
sub-Saharan Africa, with particular refrence to raising lertilizer productivi
ty, accelerating kIrtiizer demand, and using indigenous phlosplate resources. 
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SUb-Salhl an Africa consists of over 40 1ow-income tropicaI cLouItriesi,Wit h
 
a coinehi ned populatlioll of 380 Million. Several of these countries face serious 
fod and foreign exchange prolems. The agricultural sector domiates their 
national economics. even for those coUntrics that are rich in oil and mineral 
lCSoutrco.,s. Iloc\ er, the th,.. sector, as reflectedperforllance of agricultural 
h\ the declining crop yiclds and pCr-Cal)ilta food I)rodttion. has bCCn rather 
disnal. Accleratin, agriciiltliral groLlth is cssclntial for solk ing food pIro
lems and achic\ in lIn-term snStdJniCL cconollic gro\\ th. 

Icrtili/cr use. alom, \ ith other colplmHnntar\ inptlt',, has played and Will 
play an C\ cen rcatt.r role illthe 'lltUrC in) trans'oming the traditional agricul-
Ite ndll IllaFrhi'CltuIral th. I low +\ the present level of andactclCr int r cr. 
gr' t illl ili/cr use e'irenl.i hM\ and Lt loatting . Casesare In 11an1' 
ertili,. r,~', ih \',s Iolld 1t he Hieitl\ . l C raC 'crtili/Cr Use illstih

S;iharlli \flrit is .)I,!')gh . hiteh is 14"' o erage il(eCeloping CtOLii' ifthe aix 

tie's. I heC acor!ICjoalte ICIrl er oI lSit.'tn++llptii- i abo l l lioll toIInCS ot'llri
ctlls \ hich i .,0))'(, the .c'IMllpti I ill o'nltintallI Africa.

I LerC is i need )l)'j)liIt onI',I lI tc o alld. major polit. reforms to 
xtpalnd lcrttli/ur dcnai alssnhin, thllfCrtili/cr is a\ailablC to the fuirtner 
Itthe Irih! tonll aId price. Ill addition to( leall Il i('the'sslr\ institutions 
anld infratruteto scr\ e'ae!ilite. there is aIneed Iot m cIte'oilssand 
ot'ilmiltHInCll Ill lelstfur -as: ,all lre'(I )raise ferdl;tili/er efficiec t)ductivity. 

and rcspmsc tlhro-ugh d0\lo.pel of) applroprialtci ili/Cr tchno0log and 
allaeli l )lCit i icreax and rducc risktnelllt' (2)Illtplt\' e es. profutahility. 

fr1m lo.rIli/cr ue thronoli appropriate pritc. sLohSid\. and I'Crdit policics; (3) 
t ansler al diss'nllllnate., lrtili/cr Ic(hoolo.\ and iiomamaIntnl pratctices 
tltioelt ;tpproprifit, frtili/cr re.tIelndatiols and promt ion andanic: 
(4)i Mpro\crop espouslCe-C h)alj))h,.lCritli/er thirtigh ile de\cltoitiCt and 
triIals r ofl ti'bli/et .rt osi\c cop( ,atities-. illirriatiol.1'\ptillsiotI and 
IivcstinCltll II a 'i.llIltoral research. 

,\lost coutni.tuelC, ilsith-Saluat \Ifrica det+IC'd M imports to Ilet pairt o 
all] of" their domeisticL fertili/cr requireiclts. I clrlili/cr impo ts gcncrall donot rcet+,i\C the ri- ilel\ of' 'orci hangC v\hiIlI,p t', ttor allocationl InC 

rather set.l.. I IocCI'. mol(st Corllltlties do ht\a ilphslhate ro'iteeItF''S that 
cMIld he used to produce tiutd Pho)spla.tC fertli,/crs. ClCiall. 1) \PR 
\Mhich has heeui (flind to he as eCOM)ultIal A sotlrCe o I'PI ) as S I. luirther
tl0),t'. tIhe Use indLgItl plwhitlhtc s '\IPR or.other(f CLlos ttsoir ce tluturtth 
mtodifif di1 hi''sltlt flrtili/crs tot otl\ sa\cs I iugti xscllantuc and prl\idcs 

phiostlhate lertili/ci sc.urit\ hiut also) has lmaiu\ otlic direct and indirect po
t[ltiial ecotloilliC hltcl'its l'hut cu iC'tit iiii1)ortCd SSl.the OL\er 

I Ile hotig-tCrni solutiol to the lod and J)\crt. p~oIlCIs in SUll-Saharan 
Africa is accelerating agricultiral gro, th through do.\ elopment. tratsfer and 
use of appropriate agricultural and l'crtili/ei technohogies. This will not only 

http:Pho)spla.tC


increase rural income and employment but will also stimulate industrial 
growl1I. 

Notes 

( n.11ieS Included in sub-Saharan Africa, with the exception of soic ol'-shore islands, are 
sll<m [I IIII-igile I. Egypt. Libya, Tunisia, Algeria. Morocco. and South Africa are not part of 
sUh-Saliara A-frica. ( )n the other hand, the dei nition oI developing market econonty Africa, 
iieCultini)!to1thI[ooid and "Agrictlulre (g) ni/atlOn of' tie I iled Nations (FA()). excludes 
OllI\ Ipl, Ilh. Sijiln. alnd South Aricl h11(l (contintli Africa.La. 
the ltelature on fod t)IOblCnis ald I)Os,CtC.s III glo\inIg.A 1'lheAf'ric:a s large and \s f 
secte'd sludi s tIat deal %\iltfid prohlenis are ISt. 13)11. t141, PaulitioIFIPRI MeIlor and 
12-',. '; Ildcis,,i 1.311. F".\()I]. World Ilank 135]. \VorlId Hank I3,S. and lichr Ill. 

1 III .I lIcsC10(i delicI MC te:s ut Cal ettIlents. I he llOI alCI.aI convert-Iod staples are 

id IIOto Cere 1 eitiia lts h\I SIIg iIr)[llO[)IIatc tlOrS.
(onI\ersiOnl I 
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Constraints to fertilizer use in sub-Saharan 
Africa 

John McIntire 

Introduction 

Sub-Saharan Africa has sone of the lowest rates of fertilizer consumption in 
the world. Between 1979 and 1982 its share of world nitrogen consumption 
W'as about 1.0% and its share of tie developing countries' nitrogen consump
tion about 2.5%. Its share of P,(0 use was betveen 1% and 2% of the world 
total and between 4% and 8%of the total for the developiig countries [7].

The tendency in many countries has been for fertlilizer growth to be rough-
I\ equnal to popIrlat ion growth. Rates in 1974-76 were about 4.2 kg/arable ha: 
the average in 1978-82 was about 5.7 kg/arable ha. Most of that growth was 
in Nigeria, which iricreased consimpt ion per heCtlare by 17 1%[7]. 

\Vh is use so low in sub-Saharan .Africa? What has made it rise, and what 
could make it rise more? This paper seeks to answer these quIestions by con.
sideriIg fItors that frvtilizer demand Africa. It1111 InIenCC iInsub-Saharan 
does so in ia limild way. First, most of the analysis is limited to the principal 
cereals of the subconinent: maize, pearl millet, rice, and sorghum.' Although 
there are constraints to felrt ilizer use on cash crops, such as cotton and 
groundnuts. or on root crops, such as yams and cassava, it would require a 
longer paper to review them adCquately. 

Second. much of the analysis is limited to two fundamental constraints: the 
low fertilzer response of tile principal rainfed cereals and the insufficient 
sLl)I)ies of fertilizers to r1uchI of tle subcontinent. 

Third, fertilizer is not an end in itself. It is a means to higher incomes for 
farmers and to lower prices for consumers. As such, its use as an agricultural 
rnpUt must always be compared with alternative inputs and production strat
egies. Because sub-Saharan Africa has low population density in general, 
farmers will prefer extensive strategies - those raising cultivating area - to 
intensive ones - those raising yield per unit area. Fertilizer use is an intensive 

strategy, a fhact which has been insufficiently recognized when discussing con
straints. 
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Fourth, nothing is said about risk because this factor was reviewed recentil 
b Shalit and Binswanger [29]. They concluded that risk explained no more 
han 104-20% of the shortfall in fertilizer consumption from tile economic 

optiMinL and that this shortfall was small compared with the shortfall from 
the risk-averse opti in uni . It is not that risk is anever constraint, but rather 
that it is IIIuch less important than simple lack of profitabiliiv. 

Fifth, nothing is said about credit, i.e., financing investlent by borrowing,
'IS ,a constrainlt. 'here are good reasons wh\ iedit supply is weak iII areas 

1h h1 popular io density 121. There are also enough unhappy experiences
ith public credit to make one \ary of concluding that governments can 

SnppLy credit where it is now absent. Again. it is not that credit is never a 
Colslralt. but rather that farmers are more able to finance profitable invest
ments uiii t of savings than is generally recognized. 

Fertilizer use in sul-Salaran Africa 

'c per hcciarc and per cW'''t 

Fert ilizer production, consumIption, and trade data from the Food and Agri
culture () rgani/ation of' the United States (FAO) were used to produce the 
summaries in lableI1 [71. Mean use of NPK per arable hectare was about 5.7 
kg in 19,78-82. TIe largest use was in Zi nbahwe. and on l\ five other coun
tries used inure tha I 10 kg/ha. B comparison, the 1982 average was 77.9 
kg/ha for ihev( 20.3 Latin .\inerica. and 72.5 kg/ha for Asiaworld. kg/ha f'mr 
[7]. 

Since sub-Saliaran Africa has lower population densi tyv than tile developing
couiitries of Asia. nuLitri ent use per hectare is not IIceCssa ri lv tile best cornmpar
son: that is. one Cxpects greater use in areas of' high population density be-
Cause of grCatCr Ia11d pressure. More (lensely pOpulated areas ,'WIually have 
more irri' lion, which is associated \";ilh greatericl iill ,'C." ( ,cc. clxam
pIe, l)esai 151. Jha 114]. and .lha and Sarin 1151 for India). 

Iable I also presentsii Litrient use per capilt in the 35 countries. The mean 
in I978-82 was 2.3 kg/Caput. tile mlaxi inLill was 19.5 (Zinhabwe), and the 
in i iinii i was 0.(03 (1iganda). The aV'cragC was 25.5 for the world as a whlle, 

18.3 for Latin America. and 11.5 for Asia. (ompared with the situation in 
Latin America, Africa's relative gap. when use is expressed per caput, chang
cs little: however, when compared with that in Asian countries of similar 
income levels but with greater population density, the gap decreases. 
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Table I Characteristics of flertilizer use in 35 sub-Saharan African countrics, 1961-65 to 1978-82 

Country 	 Nutrient. Nutrient, 1978-82 Share of total
 
kg/caput kg/.\rable ha as , of use, 1978/82
 

- 1961-65 
1974/76 1978/82 1974/76 1978/82 N P K
 

(I) 	 (2) 
 (3) (4) (5) (6) (7) (8) (9)
 

Angola 1.10 2.17 2.00 4.30 430.0 48.8 27.1 25.6 
Benin 1.10 0.53 1.70 1.10 550.0 51.5 27.3 21.2
 
Botsskana 3.00 1.60
2.00 1.17 83.3 42.9 57.1 0.0
 
1Burkina Faso 0.50 1.23 1.00 
 3.27 NA 32.7 41.8 23.5 
Ilrundi 0.20 0.33 0.60 0.90 	 NA 51.9 29.6 22.2
 
Canicroon 1.80 4.40 2.20 5.37 670.8 52.2 17.4 31.1 
Central ..
\frican
 

Republic 1.00 0.50 1.1(0 0.63 633.3 89.5 5.3 10.5 
('had 1.80 1.00 2.50 1.4(0 NA 42.9 21.4 31.0 
(mgo 2.30 0.37 4.70 0.90 47.4 59.3 I1.1 33.3 
Ithiiopia 1.00 1.13 1.90 2.60 2,600(1 38.5 61.5 0.0 
;ahon 0.90 0.53 1.10 0.60 NA 44.4 11.1 33.3 
iambia 2.20 4.30 7.70 16.43 4.108.3 31.6 62.1 5.9 
ihana 1.90 1.40 6.8(0 7.03 1,172.2 48.3 19.9 3(0.8


(;uinea 
 0.30 0.27 1.00 0.87 144.4 23.1 42.3 30.8 
Ivory Coast 5.20 5.33 10.1( 11.00 1,100.0 33.9 19.1 47.3
 
Kenya 3.80 3.63 22.50 26.17 272.6 47.4 40.3 12.4 
Liberia 2.80 1.53 12.80 7.70 1.925.0 55.8 28.1 16.0 
Madagascar 1.00 1.33 3.00 3.93 262.2 43.2 18.6 38.1 
MNlaam i 3.3(1 5.10 7.70 13.57 589.9 70.5 17.7 11.5 
Mali 1.20 1.67 3.70 5.63 	 NA 50.9 21.3 29.0 
Mauritania 0.50 0.67 3.70 5.83 NA 67.4 25.1 7.4 
Mo/anbiiquc 0.80 2.77 2.60 9.57 503.5 56.8 32.4 10.8 
Niger 0.20 0.40 0.30 0.70 NA 42.9 42.9 9.5 
Nigeria 0.80 1.87 1.80 4.87 4,866.7 52.1 30.8 17.1
 
Rwanda 0.00 0.13 0.40 0.47 
 NA 42.9 28.6 28.6 
Senegal 8.4(0 4.33 8.40 4.70 106.8 28.4 42.6 3(1.5
Sierra letone 0.70 0.30 1.10 (.77 766.7 34.8 34.8 34.8 
s";nalia (.70 0.17 2.1(0 0.73 91.7 86.4 4.5 9.1 
Sudan 4.90 2.63 6.40 3.93 106.3 99.2 0.8 0.0 
Tanzania 1.90 1.70 6.10 5.67 515.2 59.4 25.3 14.7
 
l'ogo 1.10 0.90 1.70 
 1.70 NA 35.3 35.3 27.5 
iganda1 0.30 0.03 0.40 (.07 9.5 50.0 50.0 0.0 

Zvirc 0.50 0.30 1.70 1.20 600.0 47.2 25.0 22.2 
Zambia 12.20 12.93 11.90 14.87 707.9 68.6 22.4 9.2 
Zimbhave 22.70 19.50 56.0(1 55.33 199.8 51.0 28.6 20.5 

Mean 2.12 2.33 4.17 5.73 347.7 51.3 30.3 18 ( 

PI inimum 0.00 0.03 0.30 0.07 9.5 23.1 0.8 0.0 
Maximum 22.70 19.50 56.0 55.33 4,866.7 99.2 62.1 47.3
 

Notes: 'Ih means of coluntns (2)and (3) are weighted by country populations; the means of 
columns (4),(5), and (6)are weighted by country arable areas. The sums of columns (7). (8), and 
(9)for a given country may not add to 100% hecaunse of rounding errors. Sources of data are 
FA() Fertilizer Yearbooks. various years [7). 
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ren(ds in ust' over time 

()f the 35 Countries shown in Table 1,16 increased use per caput between 
1974-76 and 1978-8?. and 17 increased use per hectare. The absolute chang
es were small. The percentage changes were large because the base for the 
COIP ODri SO1S was low. 

There have been larger changes since independence. The results in column 
161 of Table I were attained by taking 1961-65 as a base and expressing
consumption per hectare in 1978-82 as a percentage of the base. This sug
gests t hat there has been sonc growth iII consumption per arable hectare. 

.\'lurienlt cOlill)ISi()till of use 

('olunns(7), (8), and (9) of Table I present the shares of N. PO,,and K,() 
inthe 1978-82 totals. There were no major changes between that period and 
I 974-76. lhe mean share of N for sub-Saharan Africa was 48.9% in 1974-76 
and 51.8% in I978-82: for PA., the corresponding shares were 30.7% and 

.N('/f: ,i/ 'i,( . U).Ierlili:('rt' ,.),Il~llion 

Fertilifer coIsti mptlion in sti-Salhlran Afica depends on imports. Of tile 35 
countries in Table I,only 8 produce f'riilizers. Of the producers, none arc 
self-suiflhcient: the nonprod titers are. of course, entirely dependent on un
ports. 11l)ort policies a relhcrefor crucial for consu m ption growt lh. 

Fertilizer response auid economic returns 

Monetary rettrrn is the basic dtCrminant of 'Crtili.er demand. Plhysical re
sponse - kilogram of product per kilogram of nutrient - is one of the main 
determinants of nlotcr\ re\t lri . lo describe the ef1'ects of response on fer-
WiIr demand. this section re\ rCss some f'ertili/er experiments from rainted 
areas of seniarid West ,\frica. 

o('.Ihy'sica rIn('s c,%)tto), lrii'nlt. 

Published results of experiments were reviewed for maize, millet, paddy, and 
sorghum. These results give a good idea of' response and form a basis for a 
discussion Of cusnrau iins. 

http:Crtili.er
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Table 2 presents estimates of N and PO s responses in sub-Saharan Africa.
based on results from the FAO fertilizer program as cited by Zalla, Diamond, 
and Mudahar (henceforth ZI)M) [33. In the ranges cited from trials of ni
trogenous fertilizers. paddy had the highest response. The same was true of 
demonstrations. Maike had the second highest response and millet/sorghuin 
the lowest. These results suggest that., t01" a gi 'en outi iput/input price ratio, 
rice provides the strongest incentives for use of fertili/ers, foillmed by maize, 
followed by in illet/sorghum. Trials with Ihosphatic l'rtili/ers showed roLgh
ly the same rankings as tiials wit linitrogen. 

l)ata were assem bled fror experiments in Burkina 1-aso. Mali. and Niger. 
Marginal and ax cagc products of N and P ( ),were calculated and are report
ed in Table 2. For nitrogen, the nean average ph.msical produnts (APl' P ) were 
at the low end of the response range from FA( )trials for millcl and at the 
high end for sorghum. For mai/e and piddj. the mean P\l's of nitrogen were 
abmc the naxima. The mean marginal phj.sical products (NIlI) of nitrogen 
wcre less than the Incan APPs for each crop and accorded better with the 
ranges from the I:.-A() trials. 

For P,()_ it %\aspossible to calculate mean MPIPs and APPs only for maize 
and sorghum. For mai/, the mean \PlP was near the maxinum of the ZDM 
trial range. For soighurn. the ImCan .-\lP was in the middle of' the ZI)M range. 
:or both crops, the llcan NllPPs were less than the llealln \PPs. 

Rcil(US011 (I/iC/li I 
- In order to cstimaIteI Ml l)s across sites, regression analysis was done with 
tiltdata used t produce Table 2. Results are in Table 3. \ first specification
'\.as done \ith N. P ( ),.and K ,() with their sIIares and full interactions 
(N*P ( K. N*K ). and P.( ),*1K ( ) . In the millet and sorghun regressions, 
lIn i NariahlCs were included for experiments in firiners' fields. 

Ihrc are two problems in fill,,ipproach. ( )Ile is that many trials have little 
or no \iariation in nuitrients ohler than the main tested. This allowsone an 
estimate of the main effect %\hcn other nutrients are not limiting. Pooling
data across sitcs introduces variation in other nutrients, but it does so at the 
risk of confounding site \ariation \ nutrient %ariation.1ithi 

Second. \\hen pooling data from raiiifed experiments in maiie. millet, and 
SolgflIlin there is the risk of cotflirig eiCld\ariatioln Catsed byv nutrients 
with \icld variation catised b\ iainfiall at different sites. Because nutrient 
responses interact with moisture, the nutrient regression coefficients will be 
hiasCd unless Miloisttre is included as a regressor. 

.11Icz:. ,' lIx 
- Nitrogen and nitrogen squared were not significant. This is perhaps be
cause most of tile maize observations were taken from one set of trials [30] 
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inwhich the nitrogen treatment varied little. P,O was significant at the 5% 
level, though P,() squared was not significant at the 10% level. 

I,h'i rcswlt.h 

nitrogen 
The linear term Ibr P( ) was 9.3 and was also significant at the 1%level. The 

- The linear term folr was 4.9 and was significant at the 1% level. 

I /ab 2 Iclli icr t P ltsesv)fr in ali/c, totIIcI,padd, and so rght,i as calcullted from literature 
IrCC,\ and iln \()4estlhs 

NICaI nutrielccl. K,1N-Ia 

NIH's. Kj-grain1 kg IILIIIfltn
 

Numb' 0I ob sV\ Jit'llOnS 

eiul 


!MI(Ln. dL itt n,1'141 
\l '1s.kV wi i ,nlullicll 
N>Lll4i i )l.hsI ;iIO1S 

NtcAll 

sltlu ld de\ l
~lllu 


R sIt'llts 1lWIlI \( I tItliIArtrials
 
NiCIu HUMllntlt kg N/ha
i'\l. 

Rpt'J)MI ' lange. kg K! 
Re1,1sults, loII( I \i ) ftutiluicr dcmonstrations 
Mt'MIu licu, lescl. kg N'hla 
RespuuMISC ir~e. kgkg 
I l IShu1I 11s. i IllIl)tli nt 
.CM1 1 HIl 1:111 IttCI. kg ' )./4ia 
.\t 'Is. kg, giti, ki! ut Ilrt'l 
NUllll[etollSci \iOnSt 

ML-utl 

Ii1d;i tIIt t Mt 

k\'s.Kg ya1:likg rultric t
 
NtIjnulhte tIt atIOtI ,
htCl'r 

Nlcan 
StaLndatrd t" iiIicston 


Rcsults fro1 I\( )fIC1rtdl/r trials
 
Nlean nuiirnCnt Ics c-I. kg l',t )5/ha 

RcI).sponsc rlangt'.
kg/kg 
Restlts Irot F.M lertili/er dImonstrations 
Ncun nutrient IC\cl. kg P,( ),/ha 
Response rlngc, kg/kg 

Maie Millet Paddy Sorghum 

107 79 99 5)
 

6 30 63 36
 
16.2 4.3 18.3 5.7 
8.2 4.1 10.9 4.9 

6 20 63 19
 
20.4 5.9 21.4 9.9 
4.7 3.3 8.1 5.5 

40 20 45 20
 
6-14 5-10 10-20 5-10
 

20 20 30 20
 
10-20 6-14 10-20 6-14
 

150 NA NA 52
 

22 NA NA 9
 
10.7 NA NA 6.7 
12.6 NA NA 5.3 

22 NA NA 9
 
12.6 NA NA 7.1 
7.8 NA NA 5.7 

20 20 20 20
 
5-12 4-8 8-15 4-8
 

20 20 20 20
 
2-8 6-15 4-12 6-15
 

Notes:l)ata sourtcs arc 1311, 1271, 117]. [I 9. 141, [31. and 1301. 
 Data from FAO fertilizer trials 
and dlcmonsltlratlons arc Ifrom 'various FA() Fertilizer Program Reports and country research 
station reports as ctitd in1331. NMIP's = mean marginal physical products, and APPs = mean 
average physical products. 
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Tabhe 3 Fertilizer response functions for maize. millet, rice, and sorghun (dependent variahle 
is grain yield/ha) 

Independent variables 
Nitrogen 

10i 


K,() 


Nitrogen squared 

I' ),squared 

K-,( S(tsuared 

N*l ,()iNA 

N*K,() 

P,(),*K,() 

Adjusted R-squared 
Ntnih.r of observations 
F-stitistic 

Mean fertilizer rates, kg/ha
N 

P) 


Marginal physical products at mean 
N 
I' 

Maie 


5.709 
0.290 

19.392 
2.550" 

NA 
NA 

0.007 
0.055 

-0.046 
1.415 

NA 
NA 

NA 
NA 

NA 
NA 

NA 

0.302 
38 
5.004c 

112.6 
105.8 

fertilizer rates, kg/kg 
7.2 
9.7 

Marginal physical products at 50 kg/ha of nutrient, kg/kg
N 6.4 
I' 14.8 

Millet Rice Sorghum 

4.372 26.771 20.943 
4.932c 5.303c 2.974c 

11.413 1.261 27.756 
5.702c 1.487 2.720c 

-8.544 -2.942 NA 
1.93 1 1.086 NA 

NA -0.065 -0.090 
NA 2.13211 2.035 a 

NA NA -0.088 
NA NA 0.883 
NA NA NA 
NA NA NA 
NA NA -0.005 

NA NA 0.077 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.779 0.549 0.702 
71 70 54 
83.354c 22.004c 21.779c 

40.6 60.6 33.4 
44.8 121.8 38.8 

4.4 18.9 14.9 
11.4 1.3 20.9 

4.4 20.3 11.9 
11.4 1.3 18.9 

Notes: Regression specification was ordinary least squares. T-statistics are shown as absolute 
aIties on the line below the regression coelhfcients: 
nic'ans significant at I% level, I)at 5%level, and aat 10% level. Maize data are from [30] and 

131]. Millet data are from [171, [191, and [311. Rice data are from [3J and [31]. Sorghum dataai from I171, 1271. and 1311 
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millet estimates had no significant quadratic or interaction terms. 
The International Fertilizer )evelopment Center (IFDC) [121 estimated 

millet's response to nitrogen as yield = 11.41 N - 0.0777 N'. This implies an 
'
 NI Il of 3.6 kg/kg at an N rate of' 5(0 kg/ha. Nontgomery [2 11 estimated the 

NI 1'l1 to be 3.4 kg/kg at an N rate of' 50 kg/ha. lie estimated the linear rc
sponse to P,(J ), to be ). 17 kg of nmillCt. I Ic reported hCe S lnared term for P.O 
to he nonsignificant and the interaction of' P ,()*K,() to he -0.155. At a KO 
rate of' 50 kg/ha. this gave an NIlIl:lfor P),) of' 1.4 kg/kg. 

I'udd reAih.1 
- The NI'l' of nitrogen calculated at the mean rate of' 60.6 kg/ha, was 18.") 
kg/kg. hich corresponded to the tbulatCd Cxperimncts. This value was close 
to Non tgomer\ 's 1211 estimate o1' 16.2 kg/kg and to the ZI)M [33] estimate 
(o 17.) kg/kg. P) () \.as not signilh.tuant in any specificiation, although 
NlIon t(nier\ li nd i to be so. I ising Montgomery's coefficients (cited in 
I a marginal product of' 4.25 P.j(), of' 50 kg/11) gave of lP.,() kg/kg at a rate 

- The linear term for P,( ), was significant at tle 5% level, but the sqfuared 
term \\as not significant at the 10% ieel. The calculated MIT of' 1),() (5.5 
kg/kg at a IA ) rate of'5( kg/ha) in sorghum is siM1nilar to those derIvcd f'roni 
tile literature reVie0\. lhe lin.' term for ilogel \vs signilicant. as was tIle 

'I lie calculaLd MIT of' iIroge..'ng sorghul an 
N It'ol'5() kgha. Iticl is dLeIo thc negativc interaction between N and 
the tarners' tests In Butrkina l:,So. Nlontgoncr\'s function showed the mar
ginal product of' N to be . I kg of sorghum at N and P_,( ). rates of' 50 kg/la. 
fhe same functinC sho\cd the matrgiMl podLct of' P,() Ito be 4.9 kg of' 
sorghum at ;a N rate of' 50 kg/ha. 

,tuarCd termt. NI iln is 0.7 kg/kg at 

l.x/l'rimenl r'csuh1s ald Iti'rliizzer )Irli/atility 

A review 16] of' F( ) trials and diCouist rations fond that flertiliel applica
lions would generially luvC been IrofitableltIthiopia in seven WCstin and 
.\ffi'an cntties. lhe incremenltl \alue to cost ratios (V("Rs) in rice ranged 
f'iot 2.6 to 0.5: in mal/e. f'iom I. to 3.7: in millet, f'rom I. to 4.1- in 
S)ighuIII. theiC \Vas )ICobser\ ation of I.8. 1ligh V('Rs wer'e obser'ved in Vain1 
at11d gi)nllldlltll in \VCst Af'ca and inll' fand wheat in Ethiopia. These re
suIts atC b,,sCd on thousatnds of' observatios. and they appear to establish 
feirtili-er pt'ofitabilit\ in many sitations on svacrIl Inajor f-ood Crops. 
The tesults oft he FA( ) trials not only showed that I6.rtilizCrcould be profit
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able, but also confirmed two general trends. First, rice gave the best VCRs,
followed by maize, followed by sorghum. The West African results showedrice giving higher VCRs than maize in three of four countries [6].
Inl Kenya, Lesotho, and Botswana, the average VCR was 2.05 for mize (c.v.of 37.4%) and 0.89 for sorghum (c.v. of 54.2%) [6]. Second, profitable fertiliz
er responses were found with local cultivars. 

Working in Northern Nigeria, Goldsworthy [10]1 found N and I1,OS appli
cations to be profitable on sorghum: for exarmple, at an N rate of 26.3 kg/ha,16.2 kg/ha of' P( ) would have been profitable in a relatively dry area, and21.2 kg/ha would have been optimal in I wetter ar'ea. For maize,
Golhs\orthy I III found profitable fertilizer responses in the same two areasat rates of 66.1 kg N/ha and 39.7 kg 1,(),/ha. This work was done with local
CuIjti a rs or with test CUltivars derived from local parents. 

Ividc/('(' a1l,,l./'rlilizr lroilalilil, oil inf /ll(ler 'mil/c't anl.s'oig,ltll ','f/ 

In spite of' relati\ely tinl vorable fertilizer responses in millet and sorglm.,
tilevidence jist cited suggests that those crops can be fertilized profitably.
To exam ine this suggestion in farmers' conditions, the International CropsResearch InstituIe for the Semi-.\Arid Tropics undertook expeinments withfarmers in HUrkina Faso ail in Niger to determine the f'a rm-level economic 
rtClurn
i1s to fkrtili/ens.


ITable 4 rex 
 ews results for the two countries. In lurkina Faso. Matlon [I 7]worked with local and test sorghum in areas with 700. 650. and 460 mm of
rainfaIll. For tile test sorghuml in the two areas with higher rainflill in 1983.four cstimatcs of the .\PP of all nutrients were from -3.5 kg/kg to 19.6 kg/kgwhen 50 kg/ha of' prodnel NP'K (14-23-15) was applied. The mean of the four

observalions was 
9.1 kg/kg, and one of the four was negative. Insubsidized
NPK was no.,t profitabl. in the range of' 50 kg/ha of product. Subsidized
NPK was most proftia le inthe same range  from 803% to I00% of' farmers
Would Iave had positixc returns to subsidized fertilizers.
 
For the local sorgh urn, fol r Cst ilmates of the APP of all nut rients were from
-0.3 to 19.8 kg/kg when 
50 kg/ha of produtct NPK was applied. The mean of

the four cstimales was 7.2. and one of' the four was negative. I InsubsidizedNPK and subsidi/ed NIPK were again most profitable in the 50 kg/ha dose: 
at that dose. Wit I fertilizer subsidies, from 50% to 89% would have had 
positivC retIrims. 
Malon's reported data show APPs of' between 2.4 and 8.7 kg/kg for 50

kg/ha of producLt NPK on millet, with a mean of 6.6 and no negative values.Ie found unsubsidized NPK to be profitable in the range of 50 kg/ha onmillet in the area with 650 mm of' rainfall. Unsubsidized fertilizer was not 
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profitable on average on 11illet in an area with 460 mam. In spite of negative 

avcrag,,e profitability in the latter area. at least 33% of farmers would have 

profited by applying 50 kg/ha of' subsidiz.d NPK to local millet. 
Mclntire 1I91 tested a le'rtili/cr package of 3() units of'N as urea and 18 

units o" P,( ), as simplepphosphate on a local cultivar of millet in Niger. In 
1982.iin a village with 54() nm of rainfiall. 541' of farmers would have profit

ed from unsubsidi/ed fertililCr and (P fromI .,uLbsied f'ertiliUr: the PP 

of nutrients \\as 4.0 kgi/k. Ini a \ illagc v,ith 24) mm. 17 o wuld have proffit-

Cd 1rom unsublsidied ferftlitr and 63 'rOnl tile APrtubSidi/ed fertilicr: 
w\as 2.3 kg/kg. Ili1)3. in it\ illag,,., ith 3(0 nin1. 5() wvouMld have profitCd 

fr)lm unstub1sidi/ed lertilicr and O(P0 horn 4,ub),Mi/Cd lertili/er: the \PP Wa',S 
3.9 kg.'kg. In a \ illac v,ith 391)) mil. 5-7ni0all farmers void ha\ C profitcd 
v,ithioul 1'0 \\ Ilil: mean ll' ,',as 4.1) kg/kg.',ubsidiCs aid the 
()11e lll th t lth )\\ C" r'Cpolses chieved Oileie'isien IOl res ul vasti 

l,1.ll11 than11 On staliln. the respose + work Oili(ni1lIpalIlg IrIS Nl.lt)1"alon's so

idel.uni in tlnsC in IablC 2. MiC sees) 1that thnrange oI responses in fIlrniers" 
I'ilds (riean .\ ')s of'7.2 o(n ncal snrilLill) alld .1 IfOr test sorghllrl ) \\ias 

silliilar to tlhe IA()I ralges but .tlower nutrient lcvcls.The Al-PIs from Niger 
()nIrillcI (a range of 2.3 to 4.1 kg/kg) werc also less than those shown in 

I able 2. 

' 
/ Value:t cost ratios m1ittl le l'arnlers. I V( Rs) f'Mr stjRguni aimti itrihalion ii flds. B i kina 

Faso and Niger, 1982 aind I9S3 

Irsulsd,.i d Strhsidi/ed 
l;,rirtiier. It,'rit i/er, 

of,VCR, - 1)0 '" of W'(Is - 1.10 

Iocall l'est Local Test 
ctllti\,al cultikar , i rclt .ar ll 111\ 

Itorkinla Faso), 19,N3 so~rghumll 

i0I11111riii i ll N.'\ NA 88. ,3.0i 

h'l)l11l11 NA NA 50.0 100.01 
lii m11n NA NA 20.0 20.0 

N ,,' rnilhII.I'M)2 
>01il11111 53.3 40.7 09.2 70.4 
'4 111run 16.7 52.0 62.5 68.0 

Nicer. 1t9N3 millt 
31iMinm 57.1 6(0.7 71,4 78.6 

3i mmn1 50.0 80.8 69.2 92.3 

Nt'",: Iurkina Faso data are Itom 117, Table 31: lertilicr rate is 51ikg/ha of product NI'K 

( .t-I 5). Niger data are from [191: feriili/cr rates are 30i kg/ha of N and 18 kg/ha of I'2( I 
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A second characteristic was the high variability in yields at the farm level, 
even with feitilizer applications. For examlh:, the coefficient of variation of 
both f'ertilized and unfertilized millet yields in Niger was always greater than 
4(1% in 1982 and in It83 [201. 
A third characteristic \\as the absence of a dramatic effect on fertilizer 

returns from test ciltivars of sorghum or millet. Although 8 of II compari
sons between test and local cultivars in able 4 sho ed more farmers having 
higher \V(Rs wi lb the test cultivars, in 4 of tlle 8 the difference was less than 
1(1. There is some evidence, therefore. that the test cultivalrs give better 
fertili/cr responses in ,infed semiarid conditions, but the differential is not 
yet \er\ great. 1 lie e idence that loca l clti\iars can be fertili/ed profitably. 
m the other hand. means that there is no rCason to postpone fertili/er exten
sion until better culti vars are de\Cloped. 

.\ f urth characteristic was that higher fcrtili/er responses were achieved 
in wetter aiCs. Although there exists somC piitenlial for profitable fertiliier 
LhC. c\cn withouit subIsidies, in t.ii' driest areas, Itought to be apparent thati 
soilie areas are more pioiiiising thaii others. The \ariahility in responses 
caused b\ the agrocfimatw does mit mean that risk is a constraint to fertilizer 
usc. Negatiye financial and economic returns caused b\ low physical re
spouSC to nutrients. are sufficient constraints without introducing risk. 

Fer. lizer subsidies wit h government(budget constraints 

NIanv\ [fican governments subsidize fcrt ii/ers. In Table 5,where subsidies 
ari es pressed as percentages of prices paid by farmers, the range of rates in 
I Q7-80 was 20 15% fi' N aind 7%-2% for Q,( ),.('omparing Table 5 to 
Iable I. one notes that both Nigeri. with high subsidies, and Kenya, with 
lov, mcs,had good fertilizer consumption growth rates. 
Basic relations in the economic analysis of fertiliZer use are: 

R p'y, - p. *(1 (1)
 
and 

Y,, = Rq,) (2)where: 

R is revenue, 1 is price, q is quantity, y is crop yield, o is output, and n is a 
fertili/er nutrient. In Equnation (I),revenue is equal to outlut value less fertil
i/er cost. III Eq Uation (2), yield is a function of fertiliZer nutrient quantity. 
The optimal f'ertilizer iate, as shown in Equation (3). is that at which the 
ia rgi naIli'eveiie product of fert ilizeIr is equial to tile marginal cost of ftertiliz
t.':
 



4.4 

p,, (d /dn)p,.(3)
 

The term (ds/dn) is the MITij of nutrient in terms of gra in.Equation (3) says 
that the optimal Ik'rtilicr rate is a Function of response, nutrient price, and 
irainl price. Ifthe prices of ouLput and 'crtili/Crs \Crc cqu'tl fur taiZe. millet. 
ric. and sorehum. then rice 'sould have the highest use. llo\-wcd hy mai/e, 
,orghii. and mlliet. Because crop and input prices \ar\ iglificallll in na
tioll and i liteCnatiolnal mIlarkt i, the actlal paItI of lertili/Cl Use does 1101 
nWcesaril\ Ilhllov that hetedpllsical yes )pMI'WS aloC.\ 

The l'\ lerliiCr rates in u'll-Silaall -frica cal hC C\plaincd in large part
h\ the fIactthat nillct allt sorjihill. \lich havC h0\ llutriclt res)on1SCs. 
toccupy a ercalcr ,harc (of 'Ilb-Saharan -\lrica'as' cropped area than iorice and 

lal/c. [Cen\ itliotit suchL c"ltrull a,, risk. crcdit. ind marketing. one 
1\p(Cts'CC le S ICrmiliI/C'r ud M Miillet and orelitill hillt On rice ando) 

n,C. \lthouhi aiir '"Ohich niight be costlI in S0ome1the1rC o)thwlr Cw'trainls. 
c'asesl,their C\itClcC is u lilcessa to explain IM lfertili/Cr use in many 
railltd alca I,sub-Saharall Ahica. 

lot/5 (11 h Wtil b o,ldic', , led~ttd hwcl I t970l-8(). couiniric ,fSub-.Sa.lhar.n A\fri;i.
 

a-, iii i Ll)rolk-d (lO iIl iiCCO aiid )\ III)iCirS 

NillII Oli< i Sic< 
ql plai ci / r
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The' 'ffl''s f.us/idicS'. oi opltina/ llia zai, /a111s 

Equation (3) \was used to estimate Ihe eltfects of fert ilier subsidics on optimal 
rates. ( )ptimal ICrtillcr rates were calculated at subsidies of 0%, 25%, and 
5011i. as shown in"abhle 6. A 51)% subsidy 'ould have little effeCt on the 
optinmal N rate in rice or in mai/c. A 50% subsidv souWlld incre'ase optimal N 
ratcs h1\1811o in s'.rghlnl and by 	 25% in millet. For P,(), appjlicatlons to
sirghltimi)r to millet. a 50% subsidy has a slightl\ smaller e .'Cetthanll it has 
on N applied to those crops. 

I 1migh these: rCsti lts are sensitiwv to the reCsponSe f'unctio, they establish 
that hildh subsidies vould not draniatically increase f'irtilier use on millet or 
(M srI-hjuni. lIcy \Wouhl haC had almost no cfcct, absolutely or relatively, 

If lllti/' or l'icL. It therfore appears tlht high subsidies might incur heavy
bhud C.etaIrv costs wilh olly a small effect on n11utrient1 ISe. 

I•'r ll,li/oelnmen o r/i'rA/ IiXidi('. i'itl r /Udge'hlr, conistraints 

If 	f'rtilli/er subsidies arc available to all 	potential users, they will increase 

/-// Ii, 1C(I ltili/Ctr hitlekOl Iot1 on Oplimlt N and I,() rates assllling inlernationatl prices 
O i il/1crS ailldcrOS, 

Maim Millet Paddy Sorghtim 

)tI 	 rat N Icxc. kg ha
 
Ii haw p ccx 
 134.9 54.4 197.6 110.2 
IIll 2 S...,Sx),i 137.9 61.3 199.7tlk 
 120.2 

\Vi11r 1" ,ullxdt 	 141.0 68.1 201.8 130.3 

)lmml APl ),lx\c , kp/la
 
\\lh11 ]prlts 185.7 59.6 
 NA 117.8 
\WVtli 25 ssId\ 192.0 65.1 NA 125.9
 
\\Illi.111subsids 198.2 70.7 
 NA 134.0 

I-li'ects of 5 1" subsidies on oplimal rates, as 1% ase raleof 

N 4.6 25.2 2.1 18.2 
l'i(), 6.8 t8.7 NA 13.8 

Noles: Niitl ;olrdsorghinl ICspoiiCe',tfu lions are frotm1211. P;itldtx'epotisV lllundc io s ar11 l0111 
'able 3. NLaizc response to P,( I,isI'Ili I able 3. and N rcspoMirS is I1n 12Sl. I ircapride is 1or 

97(6-8(1 ton -1. ldJUSlcd lor sea Iiilsporl colsS b\ adding S3.'iiOmnc and coi sertd 1o N hy 
dixiding bx 0.46. 
the price of Iriplc supcirphoslialc iS lhi 1970-80 tomli
1321. Srimiilrlx ;idiutcd ti sea Irlinspoml

and cinll,ld lo P,(), b,,diding b 1.40. i l rice It .. MM /C.111; ice,. and I.S. sol'
gluinl Im I '7-9(i arc 1321:I tirn licprice O1sorghuli i, used M tlielpice of millcl. All prices 
are ill ) )dlttirs. I lie taI !0%s ftIlie lbtle a\ contilll I' intli ,'ger'ts. 
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Fi,,r' 1. Market structure for subsidized fertilizers. 

nutrient denand. If the subsidies are not available to all users - i.e.. if they 
are rationed - then they might reduce fertilizer demand. This argument is 
illustrated inl a graphic model oft he market strumcture for imInported fert iilizers. 

lfigure I sho\s a [market strue.ILtre for fertilizers. The line labeled demand 
is the downward slopilg isoeltastic deniand curve for Iertilizers as a fIctnetion 
of' price. The l:i1e labeled soupply is the supply citrBe of' imported fertilizers 
facing African importers. Without trade restrictions on iimported fertilizers, 
market cquilibriuL Occ, rs at price l and (juantity 0, 

A reasonable rcpresentatiloll of govcrntllcl decisions is one in which an 
agricultural burC:LucracN\ decides I target price for fertilizers, based oti esti
mates of what larmers calt pay. If this tll-get price is below the i mlport price, 
then Ifrtili/Crs are subsidized. In Figure 1. tile tlarget price is .-The difTer
cticc between tile import price and the target price (i.e., P-P, in Figure I ) is 
the subsid; per unit. At P_ . would beCdemanded by lrmCrs ard imported 
by tle colilltl\. 

'A second 1tita n1C!'.bitlreatlcracy decides the total anotnt of si bsidV tile 
C()U-tilty Call pay. SItppose that, because of budgetary constraints, tile courttrv 
can o1ly afford a total subsidy in the amount of (, shown as the shaded arca 
in Figure I: that is, not all of' , can be subsidized. The amolnlt imported,
Q , is then equal to (!(P-l.that is, to the total amount of' subsidy divided 



47 

by the subsidy per unit. If'the total subsidy is fixed, then a larger subsidy per
unit implies a smaller total quant ilv, of imported fl'rtlii/er because of tile 
government's financial Constraint. 

If the govCrnInct imports (Q)0tn),cquilibriul occurs at P,.which, in the 
miarket ho\,,,.ISgreater than 1 In this Imrkct strtuItUre, the imported 
qtraut, (.Q. be ()IIuist rationed because Isnot a'ailihle to sati ,rv market 
(cmaid at P.. 'lIe differenceICtweccn j')and P, is definLed here as the black 
narkCt prCmiuml. It is the (if1'rence between the price (P) that fuIrmers 
witrid pa, it'() \\cre importelad 11(there eCrCno subsidv and the official 
Sibsjdi/cd price (P.). P) does not hal-,to be greater than Pl obviously if Q , 
,,re nea r,,I eq nal to Q,. then price 1) would be nearly equal to P. The
 
diffrencc ctvccn 1),
and F',depends on the price elasticity of fertilizer
 
demand and on the difference between Q, and Q,. The smaller the price
 
Clasticitv, tile larger the difference between 
1P,and P,.


If the black market premium is large, then one can infer that 
 subsidies
 
actually do reduce fertillier consumption.' There is no convenient way to
 
estimate the size of the black market 
premiun because thee are no data on
 
fertilizer quotas in Africa. However, 
as will be shown in the tollowing sec
tion, there is strong evidence from fertilizer import demand functions that
 
several important countries (in particular. Nigeria, Madagascar, and Zaire)

had significantly lower fertilizer imports than they should have had at 
the
 
time that thev subsidized fertilizers heavily. This provides some support for
 
the model sketched in this section.
 

The model in Figure I could be extended to include a foreign exchange

constraint. It is not necessary to assume
lhat fertilizer subsidies exist for
 
imported fertilizers to be rationed, if there 
are foreign exchange shortages,

then the effect on domestic prices could be the same 
as that of government
 
budgetary constraints.
 

Estimating fertilizer import demand 

The preceding discussion assumes that the main microeconomic determinant 
of fertilizer demand is financial returns as defined by response functions and 
prices. The discission also assumes that fertilizer is available to all users. If,
however, supplies are rationed because of import constraints, then not every
farmer can buy all he wants at the going price. Because fertilizer supply is 
largely determined by the availability of' imports, discussion of constraints 
must consider what determines import demand. 

Before describing the import demand estimates, reference is made to the 
work of' (unvant Desai [51 on Indian fertilizer consumption. Desai argues
that tire response functions are more important than relative prices in deter
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mining the growth rate of terili ier consumption. We have seen that respons
es of inillet and sorghum are less favorable to fertilizer use than those of 
maie and rice. That appli cation rates are lower on millet and sorghun than 
on maiZe and rice is consistent with )esai's argument. 

I)Csai next argue s that Icirtililm'r Supplies are crucial for gro\lh. He asserts 
that demand estimates, as functions of prices and other variables. are biased 
because they (10 not co nsider that Iertilicr suppl. sti in ulatCs fertiliker de
wjand. .lthough price pol.icy has been a central theme in the dehatc about 
fertilki/r use in Africa 129. I)csai argues that tie emphasis on price and 

profitabilit. issu es is iiiisplaced. 
Though I)sai does not agre with this interprctat 0i1 of his argument, it 

call he suin ma rie/Ad in three propositions. First. the shadow price of fertilizer 
is higher than ihe market price in the short run. lFither because of import or 
domestic proiduiction shortages. there is not enough fCrtili/Cr to .supplyexist
ing dem.and at the mark.t price. Tlhcrcforc. fertilier is rationed in the short 
run. Second. fertili/er is rationed ill the hug run - i.e., its long-run shadow 
price sta\s abhmi. its long-run market price - because of the same shortfails 
even if supplies arc grtwing. This rTisuls fron the stimulative effect of sup
plies on demaiind. 

,ird. )esai argues ihat1While irrigation is vital to widespread use of fertil
icor, there is iiiitapped demand in the rai lcd areas. Ile argues that this 
demand caln be tapped 1, increasing supplics at given prices - ihat is, with
out adding to furtili/cr subsidi es or to crop price Supports and Without chang
ilig tile response luiictions. Evidence about fertilizcr profitability at the farm 
level [17.191 Sulpports this ar-gume'nt. If' lie argument is true, it places more 
ucmjhlasis on supply and exteision policies and less on research policies. 

IReg'ssionl nlels of /'riilizc'r impurl demnaind/ 

To lefine some of the causative effects in fertilizer supply in sub-Saharan 
Africa, an import demand function was estimated for N and Q), by using 
pooled cross-section and tiW:ne-series data with dummy variables for countries 
and fmr years over the period 197 1-80. 

The model is used nly to show which factors determine fertilizer import 
demand. Its resulIts do not show which factors deterin inc.flirnIm'rs" fertilizer 
(eimlland. Import prics often diffl1r significaintly from domestic prices: there
fore. import pri.cs are not always relevant for modeliig fCarmers' 
decisionmaking. Hencause of such price disparities, fertilizer imports are prob
ably rationed, and rationing aflfects delliand estimates. 
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Alodc'l sp( '(fi('atio 

Two equations were specified. In the first, tile dependent variable was annual
imports of nitrogen in tonnes for 1971-80. In the second, the dependent
%ariahl was annual imports of P,O,, also in tonnes for 1971-80. The inde
pendent variahles are described below with data sources indicated in brack-
Cs. 

lAxp ,' carning's, millions of 1980 dollars 113/ 
- Total export earnings were hypothesized to increase fertilizer imports. One
and two-year lag transformations were also specified. 

Uross doenstic rodhucl per capn, 1980 dollars /13/ 
- National income was hypothesized to increase fertilizer imports. One- and 
two-year lag transformations were also specified. 

Nc- offici ('cIoI)/nII a.s.istan'eper caput, 1980 dollars123,241 
- (ifficial development assistance (O)A) was, following Desai's arguments,
hypothesized to increase tlrtilizer demand. One- and two-year lag transfor
m1ations were also specified. 

Irrigalt(d arva, 1,000 hectares /8/ 
- Irrigated area was hypothesized to increase fertilizer demand. 

II hewa area and rice area, 1,000 hectares /8/
 
- These were hypothesized to increase fertilizer demand.
 

Roots and tuhers area, 1,000 hectares /8/
 
- This area was hypothesized to decrease fertilizer demand because of the
 
lack of improved cultivars. 

Import prices, 1980 $/ionne /32/ 
- This was hypothesized to decrease fertilizer demand. The price variable for
nitrogen was constructed by taking the international urea price in each yearfrom 1971 to 1980 in 1980 dollars. Sea transport costs were added to each
annual price, and the resulting sum1 was then multiplied by the ratio of c.i.f
to f o.b. prices to account for internal transport and handling, as shown in[131. The resulting urea price was divided by 0.46 to arrive at a nitrogen
price. The price variable fbr P2O5 was constructed similarly. 

( 'ioarv tduninit variabhles 
- The Sahel countries (Gambia, Burkina Faso, Mali, Mauritania, Niger, and 
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Senegal) and Sudan were set equal to zero in the analysis of covariance. 

'ear(hlill l' J/'XhlcI 

- The year 19)75 was set equal to zero in the analysis ofcovariance. 

I),nmY'tic.firtni-er prodtction 17! 
- Domestic production of N and P,0, was hypothesized to reduce fertilizer 
inports 

Regression results for N import demand 

Table 7 shows the results. The equation was highly significant overall. Export 
earnings and irrigated area were significant and contributed two-thirds of the 
CCl ation's expIlanatorv power. Official development assistance and rice area 
were positive but were not significant at the 10% level. Nitrogen price was 
positive - i.e.. it had the wrong sign - but was not significant at the 10% level. 
Wheat area was iiegati ye and significant at the I 0% level. )omestic nitrogen 
piod uct ion was nCgati\e bUt was not significant at the 1I0% level. Seven of 
the countryr mmiIiiiwere from zero at the 5% level,es signilicantly different 
but nonC of the y1ear duliimmiCs was significant at the 10% level. None of the 
interaction variables was significant at tle 0%I level. 

An increase of, 1.000 ha in rice would only have raised N imports by 26.7 
tollnes, whereas increasing wheat area ly the same amount would have re
dLuced it by 21.4 tonnes. While there is reason to suspect bias in the sign of 
tle wheat coefficient. it is apparent from these results that, as yet, there are 
no large positive effects of wheat area or of rice area on nitrogen import 
demand. Thlis is consistent with the Indian situation in the I 950s before the 
introduction of hligh-Vieli ng varieties of rice and wheat [5]. 

Not only was import demand insignificantly related to price but there was 
also a positive relation between the two. This does not mean that prices have 
no effect on fertilizer cemaind.' It does suggest that governments establish 
target import quantities as functions of other variables and that prices, while 
they may have some role, are less important than other variables in deter
mining those targets. What was estimated here is partly an administrative 
process and not one that depends on inicroeconomic prolitability criteria. 

These results suggest that the two forces driving demand for imported 
nitrogen are irrigation and export earnings, with a lesser role for rice cultiva
tion and official development assistance. However, even though those varia
bles explain much of the variation in import demand, they have little impact 
on the anounts imported. For example, an increase of $1,000,000 in export 
earnings would only result in 3.2 tonnes more nitrogen being imported. At 
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la/,h ' Rgie,,sion results for imported nitrogen (dependent variable is tonnes of nutrient) 

110cp)cMIcI i i , arIa hi. Regression t-statistic 

coefficient 

\\ ii ifa. '000 ha --21.417 1.857 c
 

HL Mi'a. '0l0 1ha1 
 26.655 1.434
 
ii raltd aica. "I00ha 
 37.873 12.689 i'
 
()[) \tapu.L I NI $ 
 23.282 0.686
 
l\polt. f1luion i98X $ 
 3.201 7.184 a
 

PrIke of N, I I) S/it 17.303 0.843
 
PIlilIM11 0t N, 1 
 -0.034 0.122 

( )LII)III,
d1IlllIllnltS
 

Ieinl 3,077.821 0.853 
Ihts%aina 2,004.854 0.395 
Buthudi 3,427.249 0.935 
(antroon 9,544.345 2.677a 

ongo 630.638 0.187 
Ethiiopia 35,504.170 3.653 a
 

Ivor (Coast 
 -9,271.867 1.521 
Ken',a 19,664.020 4.893a
 

Liberia 
 -1,297.452 0.344
 
Madagascar 
 -37,851.840 1.9871t
 
Ma a.,i 
 14,767.840 4.283J 
Nigeria -26,776.780 3.238a
 
Rwanda 
 2,392.750 0.683
 
Sierra Leone 
 -6,314.104 0.964
 
Tanzania 
 6,000.531 1.602 
logo 1,878.298 0.546
 
Zaire 
 -7,335.755 1.496
 
Zambia 
 26,327.000 6.534a
 
Zimbabwe 
 6,870.402 0.401 

Year dummies 
1971 
 6,633.698 0.606
 
1972 
 5,623.527 0.598
 
1973 
 1,310.333 0.230
 
1974 
 -12,741.620 0.857
 
1976 
 6,336.027 0.768
 
1977 
 1,862.642 0.239
 
1978 
 1,509.097 0.202
 
1979 
 2,527.344 0.359
 
1980 
 4,592.734 0.822 

Adjusted R-squared 0.675 
n of observations 258 
F-statistic 16.255i ' 

Note: The country (uimmies are set equal to zero for the Sudan and the Sahel countries 
((iambia, Mali, Mauritania, Niger, Senegal, Burkina). The year dummies are set equal to zero 
Ior 1975. ' indicates significantly dillcrent from zero at the 1%levei, 1,at the 5% level, and " at 
the 10% level. 



an N price of $750/)tonne. tile marginal propensltly to import N with earnings 
f'rom exports is 0.0024 (i.e.. (750*3.2)/1.)001)(00). An increase of' 1,000 ha of 
irrigated area sxonld OInlIincrease imports b\ 37.9 tonnes. 

'he clI'cts of nationa.l policies not CapturfCd b\ such variables as export 
earnings. cropping pattern, irrigation, fCrtili/er producLion. or development 
assistallce wCC ncasIrCd \ the co nltr' u\ i (e.( )f thosC Coutn'\ dIIII
niCs,. sC\Cn %\Clc signileant at tihe 10 1 level. Thlleir llagnitudes \rc much 
greatC'r (e.g.. thi opia. Mladagascar. Nigeria, Zambia. Kenya) than those of 
the othCr \ariablCS. I he rclati\ magnitudcs of the coIIItr, dummies and the 
coctficienls of' Ite continuous \ ariahlCs sLggest Ithat. for at least seven coun-
Irics. national policies wkcrC More imlportallnt indCtlrmining import deiand 
ha1;n1\,CrC Such things aas croppinrg pattern or prices. 

/¢6'1rc'moll rv.su/l.sjlir P. (,import demand 

'IaliC S showvs the demand function For imported phosphorus. Exports were 
agaLinl 110portant.lll although was smaller than in the1 their coeflcient ilItrogcll
 
o'ression, lhe calculated marginal propensity to import 0
P ,() from 
l.u))().))() cxport eallings was 0.0012. Irrigated area was not significant. 

Ric arca anld roots and tubers area were significantl\ positive at the 511 
IC\ el.lhe coefficients lCan that an additional 1.0)0 I of roots and tubers 
%\Otlld Orl\ add 4.4 toi ncs to the alllllal P,(). im1por' dCllalld, while aI 
additioMal I.(JOHha Of' rice would add 13.3 tonrcis to aMual demand. The 
P)() price coCfficient had the expecCd n;eglti\c sign. though the coefficient 
k'.as Iot significant at the el. l)oiiestic lroductio Oif P,( ),was signilIeh\

cainl\~ rigativ.e at ite 5'' level: the coefficient mecans, that every tlnne of P ,( ), 

IrodeCCd doniesLticall\ reduced i ni ports h\ 133 kg. 
Nine of' the countr duiini ics Scre froii Iero at the\ significant l\different 

5"0 lcel. Ilie duimrnmin ies for /aire. Nigeria, aId Madagascar were IegatiVe. 
whcreas those fbr Kenva and Za irnbia were positive. The positive signs I0r 
ken\.iaarid Zmbia mlighl be dIrC to hi\hrid r1,aiic. as well as to If'rtilizatiorI 
Of colffce arid tca in f the tKcna. I liC nCgali\C signs 1r foiiliCr lhrCe have 
difl'rcii caiuCS. Iln ialdiascar arid ZairC. thle\ "crcC ipObably due to sevcC 
foreign CxcIhargeC shortlages. I i Nigeria (and also in the Ivory ( oast) iley were 
l)roIabl dirtLuCtlhe failure' to inaintail growth Iertili/er impil lOrls cornllen-
SUiatC with tile rapid girMh in expol't reveiines in the late 19701s. 
The \Car duiiniics for the P ,( regression had generally higher t-valies 

than did thon in tile N rcgression. hough none tile 5%sc t was signiflcant at 
level. 
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lhhb 8 Regressior results for imported phosphorus (dependent variable is toinhes of 11, 0 .) 

Independent %ariables Regression t-statistic 

coefficient 
RaIattlun.,rs area,'1)10 ha 4.432 1.969c 
Wicat arca. "(00 ha 
Rice llea. ')))0 ha 

( )I)/caput, I S 
\ports. million 1t980 $ 

-27.961 

13.270 
-2.980 

1.636 

7.212,1 

1.966, 
0.239 
9.275i 

Price 0t P'( ) SI)S/t 
Prodtl il 0f P,( ).t t 

--0.087 
-0.133 

1.229 
2.17311 

(OitID,dummiellts 

li t -"1,565.853 1.125 
fhots'. ana 
lIl-tlltlt 

- 1,075.817 

-2,008.876 
0.576 
1.457 

( i enull -1,925.145 1.155 
ung() -1,368.215 1.061 

11thloplit 36.16.960 11.512" 
ol' uasi 

Kn.,a 
-8,7101.047 

21,664.850 
3.250; 

15.415' 
1ihera - 4.201.944 2.867' 
Madagast ar 

iallim i 
- 16,317.390 

1,602.346 
2.34711 
1.247 

NigC Ia 
16%anda 

-25,318.310 

-1,565.972 
3.950 a 

1.148 
Sierra LCOne 
1an/amia 
logo 
Zaire 
Zalbia 
Zimbabwe 

-6,300.875 
-4,270.167 
- 1,735.924 

- 13,035.170 
10,747.260 
6.368.131 

2.51411 
1.708c 
1.358 
3.459; 
8.008; 
1.758 c 

Year dunmies 
1971 
1972 
1973 
1974 
1976 
1977 
1978 
1979 
1980 

-6,639.745 
-4,637.477 
-3,422.667 

4,021'029 
-5,015.497 
-5,733.959 
-5,791.093 
-4,411.959 
- 3,234.639 

1.482 
1.434 
1.656 
0.787 
1.272 
1.435 
1.400 
1.294 
1.054 

AdjusLted R-squalred 0.816 
1nof observations 
I:-statb,tic 

243 
31.604-1 

Nte: I'li conlr dilin ics are set equal to zero for Sudan, (habia, Mali, Mauritania, Niger,
Senegal, and Ilurkina. The year dutmics are set equal to zero for 1975. ; indicates significant 
at the I%leel, "at the 5% level, and "at the 10% level. 
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(Aonclusions 

,\Iost of sub-Saharan Africa has low population density when compared with 
tropical low-income Asia. This does not mean that all of' sub-Saharan Africa 
is spai'sclv populated It does mean that. is a general principle. the demand 
fr intelsifli ng agricultural technologies, such as chemical Iertilizers, is rcla
tic low in Africa. This is not a 'constraint' to widCspread use of' Iertili/er: 
the rc'lusal t0 adopt iutcnsixc technologies in sparsely populated areas is a 
rational choicc. if it is possiblC to expand output b\ cultivating More land 
rather than by culti\aling more intcnsivcly. It is silmpl a general prediction 
that use rates per hctarc \\,ill he lower illsub-sallaran Africa than in illore 
deCnscl\ populated aiiCls. 

In the colteXI of' hM', population densit\, this paper has concentrated on 
Iv-) C,.lalstr.ill it) , desprCad use of fertili/cr. Th'e fIrst is the low response 
rates of t\, 1nlaj00r rainl cd cCrCals, pcarl ii ilh.t and sorghum. compared with 
those of, iai/c and rice. [lhe Indian experience shows that irrigation and 
hivh-. icldin. ,arictics are crucial 'irCxtelnsivC use of' f'ertili/el. That experi
elnCe. \\h.L1 cn) n/c+d \itl1 what \C kno\ about hom\ response rates in two 
m11alor rainled cereals. _\plains part of ho\, f'rtilier use in the subcontinent. 
Soi-Salaran .\fric;i" crtppine paitrn is dominated h; rained production of 
MO ceCal ', that hia\ C]oM iutriCt rCsponsC' comlpared with the irrigated rice 
and ,.hCat that haCeStirnulatcd Indian fertili/cr demand in the last 30 years 
[20.9]. (I hulI tdhing has ben said about root crops. it is doubtful whcth
ci thCir r pnS) s are SO Much greater thall those of' Millet Or sorghumi that 
the a!,CuCal cunStralt vOlld he loosened). Ihis does notl that thereIllan 


houiMld be \\ dL'scalC C1tbrts to devClop f'ertili/Cr-rslponsivC Ceultivars of' millet 
:iid o'ghUlml. It does mnin that Slc'h Cf'fOfrts should be targeted 1'0l inlCnsi\e 
millet and sorghuimn Pri dutici \ stens - i.e.. were those crops ale iaior 
shares of thC crOpping' pattern. MIhIeC soil renCraltion via tkillowv is becoming 
imlipossiblC becausc )fland scarCits, and \ lie iriigation is uneconom1ical. 

[he .abscC of'f'Crtili1'er-rlVsposiv \ ariCtiCs o1'rice. imai,C and wheat on 
a\wide scale and the i'laii\ c ulnilil'taliC'e of irrigatioln illsub-Saharan Af'ri
ca are ll(\\ Major constraints to wilCsplrCad Use f' lffrtili/cr I 6 .This (foes 
not me1can that gencral clols should bC put into devCloping African wh'eats 
or into large irrigation projccts: such clTots would havC to be'udged onl their 
benelits, aind it is unlikcls that they \\Mould he \Cu", prolitaiblC n0W. It does 
ml1ean that rapid girovth in I'CrliliC conulllption is possiblC now probably 
onkl in som' limited areas wli'rc ;rrigatiolland high-yiclding varieties are 
found together ar \where responsive 'aiinF'ed cuii iars exist (e.g., hybrid maize 
in Eastern Africai.Insuch areas. the secoind con.strainl - supply restrictions 
- would be more iiportant than lack of' response. 
The second constra i is that of possible f'rtilizer supply restrictions. In 



spie', of' the insistence here on the relive unresponsiveness of two of the

m1a1jor crops, there is evidence from stations 
 and fri i1s that lhe' cll be 
f'crtili/cd profitahlv. Wh\ do they not tIcci\vc rmore fertilizer? Although it 
,,,nold take coun tr stutdies to answ"r the question lfoly, it appears thit there
 
are ,upl. restrictions. Many 
 .f'riicaLn cotintrics suhsidi/C flrlbili/ers heivily.

and iltl, (f thcnm have hteav government buiidget dlecits. Ihosc facts, when
 
c'tMIlb 
 Cd it a siml' market strICttirC. iprovidC aIj)hIsihlc CX.planation of 
hil isiis Illight constrain gros, th in kerltililer Ilse. This model argues ltr
 
ilr(f-l'nit oft11C 1espo')C llilk ;and Of tile cLonimillC anlySCS based 
(ithmcl --Mhich has e n uscd to justil' sulsidics - in order to climinate 
e \C,tes I'l di wik. 
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The contrary sign of tie wheal coefficient in tilie N esti mate (and in tile IP)s estimate below) 
isprobabl , dICtio the high correlation between wvheal arca and tiledummy variable Im 
Ethiopi a. Estimates wih liiopia set equal to,Iero il tile analysis of 'ovariance gave positive 
,,icatarea coeHI cients. 
Mudahlar 1221, ina rc\iew of price elasticities of demand 1br eriliZer, 1 u1d may absoluteIt 

valus ralter than 1.0.
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Fertility of soils of tropical Africa: 
a historical perspective 

If. Ssali. P.N. Ahn, and A. Mokwunye 

Introduction 

Because parent materials in tropical Africa are not uniformly distributed and 
the climate is diverse, inherent fertility of the soils varies considerably. Be
cause of intensive leaching and tile degree of weathering, many soils of tropi
cal AfIca have relativelv low inherent fertility. 

Tiroplica! soils have been detlined as those (hat lack significant summer-to
wInlter mean tlei3mprfatlurc variations: i.e., the difference between mean tcm
peratllC in the simler and mean telllperalturC in the winter at a depth of 50 
cm in the soil is less than 5V(1381. This is the only property common tO all 
the soils of Iropical Africa. For the pu rpose of this paper, however, other 
gencral i Izatliolls will have to be ailldeto Irace the historical profile of such a 
varied region. The paper is not inteIded as a documnenlation of all work that 
has been done on soil fhirtility in tropical Africa but will endeavor to show 
the inherent fertility of these soils and how management practices, past and 
present, have affected the fertility of such soils. 

Parent materials and ihlierent fertility 

Soils of tropical Africa have been formed from Pre-Cambrian parent materi
als, volcanic ashfalls, and materials that have been reworked by processes of 
erosion and deposition [1,15,37,38,44]. Since parent materials are not uni
formly distributed and the conditions responsible for soil formation in tropi
cal Africa are diverse, soils vary considerably in inherent fertility. 

In general, basic parent materials (e.g., basalts and dolerites) weather basi
callv so that the silica will tend to become soluble and to leach away with the 
production of anll1iron- and altm1inum-rich clay. In acidic parent materials 
(e.g., granites and rhyolites), however, the iron and alulinuml are mobilized 

4L. 



ar,.A drain ofl' leaving behind soil rich in silica which is sandxy if much quartz 
was originally present [15]. Inherent soil fertility is relatively high in soils 
developed over basic parent materials, soils developed over granites, howev
er. arT usually sand', and Ihcy vary in chemical fk'rtiliy depending on the 
content of dark minerals (e.g.. oli\ tile, p\ roxenes,. and amplhiboles) in the 
granites and gran itlitid (i1magmatlits ) rocks I I 15,441. The poorest basement 
cOnle)lCX soils ar' thosC dCvClo)Cd over qlua. [ii tC and otIhCr quarl/ile rocks 

1l. The inherent 'Crilitv of' tro)ilcal soils developed fr"oi1 sedimCnlIs will Vii1')
depending oil the origin and composition of the matcrials: sandstones gi\C 
risc to Xciv poor sandy soils 11.321. and over mudstoncs poor clay soils are 
f'ormCd [1]. In all\ial plains. lluviuml will be rich and fertile i"it originalltes 
flrol relatively \tiling ma1,terials and less fecrtilc i1'it originates from highly
\wcathercd surl'accs 1371. There are also )vriic-rich dlcposits in tiopical lhins 
and coaStail arCas resultinig in infcrtilc acid stilf't.c soils 11,44]. The anokinlt 
of raiinfall X'ill dctermine XhllhICr the soils dc\cloped llC acidic or basic in 
reacti1 aild the natnlrC of the p)rCdLilillint cla\. Ill salanlla areas with low 
iainfll (1-.01)) 1111 annlually). bass arc not. casily leached: ihec, Soils 
\'ill have a relati lcl\ high Soil pll and bV- Saltiration and. in extreme cases. 

canil bc alkaline and/or salinC. Snbstantial a01ion of1montmorillonie1101s Call he 
fli1 lat Soils I In rccCi \ing rClaiX\clv higher i'ainli'lllhse I. fifIrst /ones 
(oC 1.50 n0n an1ulll\ ). Soil ,re11- irl\ II-'leachld of bases and arC usual-
Iv acidic in reaction. As a rCsult of intCnsivC leaching aniwCathcring, the clay
fr\actin will he doinlated b\ kaoliinite, hallosiltcs. and/or iron and 
altiintin oxides. \S data in 'ablc I sho\, these Clays have a low and varia
ble catioIn exchange capaciiv ((1( '). The soils haVe rClativCly low inhcrenl 

id'!' I ( tiligk clcris',ll 01"',11C l SccharI fX clio\ aiXn'r IMICd Il'i1 OiIlS or KCnya (nitq/ in ) g 

Malcifial (Calioncxchang caplacil\ Alion 
- exthangc 

I'crliancni Varialc Total capacil) 

N IiilljlOihiIoi I-1 6 118 I 
\ 

hite 
t t85 

II 
() 
8 

85 
19 

(0 
3 

I1I lh site 6 12 18 I5 
IXilh ilc I 3 4 2' 

iihbSitc 0 5 5 5 
( hclite 0 4 4 4 
\tlhll iccollohid 10 41 51 17 
Pall 38 98 136 6 

,',urc. S;iic ei,. 1970 1371. 



fertility, and accumiIulated organic matter is the main source of ('EC and 
nutrients. part icularl nitrogen. 

('limate, vegetation and their ettcts on soil organic matter accumulation 

)feln tile extent of dense hunLid lorests is viewed as an index of good soil 
fertilit, bIt the presence of' such vegetation rarely dcpends on soil conditioh 
137]. In fact. many /.ones under ti ipical rain forests and lorest/savanna mo-
SaiC are on soils with relatively low inherent f'ertilitv [12]. West Africa offers 
the hest example (Figure I) and emphasizes the influence of' climate on vege
tation. Vegetation changes il a north-souLth di rectiori in West Africa depend
ing on the amiournIt of'distribution of' the ann Lal raiNr1tll. 

)ata in Table 2 show that. although the inherent fert iflity of' tropical soils 
i Afh'ica varies a grea.|t deal, r11ost soils can sLppOrlt plant growth providec 
Iloisture is not limiting aMId drainage is good. In a closed system, different 
plant species Will IIensure that rutrients are well recycled in the soil profile 
allo wing hoth shallow- and deep-rooted plants to grow and accuiiulate or
ga nic matter i r the soil. The inherent soil fertility. nevertheless, will influ. 
once the riuit rient content of' the vegetation and also tile rate at which dry 
n;ulltCr Is accuiulated, i.e.. how soon, if' ever, the potential dry matter pro
ductimm (calculated on tile basis of rainfall reginies) will be achieved. The 
pattern of' ,oil organic matter accurmulation differs depending on the type of 
vegetation. (assland (savanna) soils generally have less organic matter than 

lci/t' 2 .\nalical data tor some Ipical topsoils in Uganda. i-15 or 0-2(0 cm horizon 

Soil 

l)criscd from \olcanic ash 
I)ccd fnm basic amphibotics 
l)ccp. red. huganda loal 
I)'cp. Md. bUgant clay loam 
l)afk. hio ,on loanis 
IDccp ',aid\ soils 
Shalh . ,and%l ovcr 

larCricL' 
Icclancd p soilC11M 
c. 	 ls hcloM w,hich dcficicncics 
ua\ hc expcted 

p11 ( Truog's Exchangeable cations (mcq %) 
available 

) Ca Mg K Clay Silt 

O%) 	 (%) 

6.0 6.4 475 11.6 2.5 1.2 23 10 
6.2 6.0 2,1 11.7 8.1 2.6 34 20 
6.1 2.0 27 4.2 2.0 0.5 28 9 
6.4 4.0 37 10.0 3.0 1.3 38 12 
5.0 2.6 9 2.9 1.2 0.2 35 9 
5.5 1.6 10 2.0 0.9 0.1 23 5 

5.6 1.0 5 1.6 0.8 0.4 17 4 
4.7 3.1 II 4.4 1.4 0.4 23 17 

4.5 1.0 5 2.0 0.5 0.2 - 

',mmc \dapted from Stcphcns, 1970 144]. 
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forest soils, and tie distribution of the organic matter down tile soil profile 
is also different (Figure 2). More ol' the organic maiter in the grasslands soil 
moves down into the subsoil comlared with that in the forest soils because 
much of the organic mnatter in the grasslands soil is derived from decomposi

0/o Organic Matter 
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15 :-: / 
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2 4 6 
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((I 

30-
60I
 

-Savanna60 grassland
90--Savanna regrowth 
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Forest SoilsI 

9011 
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i gurc 2. ()rgnic-mattr distribution in typical West African forest and Savanna profils 
(S oreASoin II]). 
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tion of the fibrous root systems and tile grasslands are subject to annual 
burning [I]. 
The wet equatorial climates (where tropical rain Forests are found) such as 

that found in the Congo River basin and some parts of West Africa lack 
marked seasons for agricultural operations and were not cultivated much 
1until tile in trod uction of perennial crops such as rubber, cocoa. coffee, and 
oil palm. which are suitahle for these climates. Hence, earlier human settle
llIelts and agricuIltunrc were concentrated in /ones that rccci ved elough rain
fall but had adcq uate dry spells for harvesting and other field operations.
These were mai nlv tile deciduous and scm ideciduous forest and tall bush/ 
savanna /ones. 

Soil fcrtility and its management 

In traditonal agriculturc relatively small pieces of land were cleared because 
of the lack of adeq ua tc implements and labor (mainly fIamily labor) available. 
AllhouglI the in herent soil fIertility varied considerably and in some cases was 
ervI MV. the soils wou ld have yeaIrs of n11utritional accuLulations mainly as 

soil organic ailltter. 
\Vhet her the fields were burrned hefore clearing or after depended on the 

l\ pe o)fvegetation and tile length and intensity of'tile dry spells preceding the 
ield operat ions. In either case it was the only practical method of' f'reeing the 
land of debris (the main objective of' burning during land clearing). In 
saviinnl lleias grass was liued annuallV to get ril of the iry, unpalatable 
old grass stands anld to elneOlrage newreglowt+'lh o li grass shoots palatable to 

ii 1ionrcni and pit of dit (1-45I , 1lie change i iiic cm dcpth of soil following a resI 
I)I SC ; lll111I Nal ) p MW 0a1111NwnitCla laol land illI Iganda 

Ni ca uricd after NIeasured after 
resting phase, arabic phase. 
1963-60 1966-69 

4lrganic carlon 15.950 - 19,71)1) 
l oal lilrogCel 76') -968 
I olal phosphorus 85 --88 
I otalstill'[[ 145 -86 
pl I ('al') 10.26 -0.31 
IFXchangcahle K t 471 -461 
I;Xchangeahlc ( 'a t971 -1,897 
[\ehangeable Nig 1420 -420 

vegetalionl
AllI was incorpora ted into soil with Rototiller after the rest period: Units - kg/ha.
Jo,:rc'
hnes. 1972 1271. 
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I 

0 	 3.5 tonne/ha lime applied after 10 years 
15 tonne/ha compost once every 3 years 

0 oCo 

00 

0 200 400 600 800
N (kg/ha) 

It,,urc 3. Soil p1l related to total N applied (QN-14 2SO 4) during 	14 years (source: P.H. LeMare 
131P 

animals. In terms of crop nutrient requirements, burning concentrated basic
nutrients (e.g., potassium, calcium, and phosphate) which remained in the
ashes. These gains, however, were accompanied by losses of raw organic mat
tkr and nutrients like nitrogen and sulfur. In addition, the burning could
hasten the release of organically bound nutrients [38]. If this burning were 
l6!,'',vcd by periods of intensive rainfall, III uch of the nutrients in the ashreleased from organic sources be lostwould through leaching and runoff 
before any crop uptake. 

The fertility of the soil in the cleared pieces of' land dc pended mainly on
the organic matter in the soil. These pieces of land were then cropped until 
they could no longer support good crop yields. II most of these soils with low
Inherent fertility, the maintenance of' f'ertility depends on how well the soil
organic matter is preserved during cropping. During cropping, lutr*ients and
soil organic matter are depleted ('Fable 3), soil p1i decreases (Table 3 and
Figure 3), and soil physical properties deteriorate, all of which are difrectlv 
related to the afmouf o)I' organic matter originally iII tihe soil. The rate of'
decline in soil fertility with continuous croppiting has been in1lLuenced by
nan's activities (e.g., clearing methods and soil Conservation measures, par
ticularly mnulching), the intensity of croppiftg. and lie inherent soil fertility.
In traditional agriculture lhe crops grown had relatively low yield potentials,
and, as data in Table 4 ind'icate. the dry matter yields and nutrient uptake 
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from 	the soil were also relatively low. Such yields could therefore be sus
tained for long periods under traditional agriculture. Since the fields under 
cultivation were small, the effects of soil erosion on soil fertility were mini
mal. 

When crop yields declined to unacceptable levels, the overcr'opped pieces 
of' land were abandoned and new ones opened (shifing cultivation). leaving 
the Old pieces under natural [allows to restore their soil fertility. Thus tradi-
Iional t,fnili ng systiems in tropicallA fricl relied on ntllurail l'1ilow to recycle 
leaiched nutrients a.1ndt aCCulaIte ogalnicimatter in the topsoil. Shifting cul
iivation therefore was, and still is wsherever practicable, a stable, efficienl soil 
ftrtilitlf\ ma1lg.nlent svSteni conside ring the resources fa rmerS haVe at tliCIr 
disposal in sparsely populated areas 1381. 

Ill those earl\ da\sis tlhere we re Leir'C\%'w perin iial criolpS: where such crol)S 
were.'groiin hoiwe er 1rlmers dC\ Cloped methods of nialntainlinig soil fert i i
tv fo0r rclatixel\ long periods. For ex.nple, hananas (plantains) ar tilhe staple
food in souLhCin I 1gaida11(. Fhe bnini fields in this aliea kwCle USlallly small 
a111(t lWa ssorriiTIIldel tile honeset IS. Thus. refuse 11idshes were depositw 	 l. 
Cd in these fields. In ilddition. 1ulchiing 1'these fields ws pari-t of the cul-
Ilre. This iIIiIh niIel soil erosionr ai1d )re'serve(i soil orgaini illtter and 1thls 
soil 1eitil its tor decades. 

Inrtroduoct ion of cash crops (annuals like cotion and pirennials like coffee, 

l/ 1b lie' irLii0%;Il 01lulilrL'iSI\ he c it-, 	 tlL Kitale. Kelna' 

N i r e'hl,JLmov'd 

N 	 K 

Oi%.Ranges) 

(hiln 1.39-1.76 0.24-1.31 0.19-4.23 
S.hus (without grain) 0.34-0.62 01.03-1.07 0.72-1.01 
Sinm er 0.64-0.87 0.06-0.09 1.05-1.68 

lh 41, 	 I) inmar la iandlng igof'ni rtr 'nlsveICd by Combined icld of grain, emply cobs, 
atld sitoer (I h/acre) at Kiralc. Kenya" 

"tild anllge t)r\ marter N P,( ) K,() 
0Iii)hlag/ac L' 

Is-] 2( llldLti crop) 3,841-5.7(1 35-62 12-20 
21-25 (g l Lini)pt 9,0(001-I 2,11110 117-126 401-49 119-147 

\dalpicd ironi )rysdal'. 1905 1141. 

31-58 

http:1.05-1.68
http:0.06-0.09
http:0.64-0.87
http:0.72-1.01
http:01.03-1.07
http:0.34-0.62
http:0.19-4.23
http:0.24-1.31
http:1.39-1.76
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cocoa, and tea) necessitated increases in land areas under cultivation per
household. and the uttroduct ion (if peren nial crops necessi tated development 
of different mcthoIds of maintaining and increasing the soil fertility. II addi
tion1. iInc'C'asinlg )o)ulation pressue has reduced the a\ailabilit. of land and 
resulted in ied UcCd iaMi0)s (')f lengthi of fallov, to0 cropping years to tihe point
that shiftine!, culI. aZt()l is losing its effectiveness and. as a. result. soil fertility 
is decreasing zn ia\ areas 13X. 

Rural population statistics in Kena (Table 5) indicate that in sone areas 
of high agriculiural potCn I ial, a household has only about I ha to grow both 
food alld Cash Crl)S. Situations like these exist inl other African countries 
(e.g.. R,wanda). Alt hough these may represCnl the extreme, population pres
sure is increasing throughout all of tropical Africa. In situations like the one 
in K,,n\a, shifting cultivation as a soil fertility management system is out of* 
fle c uest ion. This Ihigh poluitlalion pressure has also introduced other soil 
feril iltv di mensions. People have had to fron the highly populatedmove 

/ones with high agricultural potential to relativelv drier areas and oflten with
out any knowledge of soil management tinder the new conditions. The drier 
areas are often susceptible to loss of soil fertility as a result of soil erosion 
under arable 	culliatiion (Table 6). 

.\long with the introduction of cash crops and increased population pres
sure c;aile Urbanization, which necessitated increases in food production to 
feed those in urban areas. This extra productioq could only be met by either 
inreasinrig the area of' land under food crops or by increasing yield per unit 
of land through use of' soil amendments or through use of high-yielding varie
ties. IlilproveCL or high-yieldi ng varieties also have higher demands for nutri

Ia/,h . A'ailabc agrictillura land per household in sonic districts of Kenya 

)isirici 	 Agricultural P'rsons Population Agricullural/potential
 
land per pcr density,
 
hous'hold JiOUSilt d
l __'l 

1969 1979 

ha) 	 (persons/k in2) 

KIM.nuhtl 1.13 4.80 194 280 I igh
Kakamega 1.33 5.18 222 294 I igh 
MNtuuanga 1.46 5.00 1X)8 261 Ihigh
Kimi 1.5) 5.82 307 395 ]ligh
Mactiako, 6.79 5.48 	 72 to low50 NediuniL 
Kiii 23.94 5.33 12 15 L.ow
 
aikipla 33.68 4.42 13
7 Low 

I" lhc hole district: apprOimale annual populalion growth 3.9%.th 

.,uMMcv Adapied 	 Ironi Jactiold and Schmidt, 1982 1251. 
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SCompost 

2& Phosphate 

.. .. .-x xCompost 

1,500 x 

Phosphate 
-C' 

C 

0a) 0 0 Without 

Compost or 
500 Phosphate 

0 25 50 75 100 125 
N (kg/ha) 

lIgu, .. Effect Of Comlost and L)hiOsl)hlle, after liming, on response to nitrogen (means of 3 
S.;ISeIIs afitr 14 %cars). (source: P.11. LeNlare [311). 

clts from thle soil (Table 4), where they were introduced into shifting cultiva
tion systemis, the arable phases had to be shorter because of the increased 
nlutrient Uptake pcr"season. 

In response to tihese prohlens, efforts were made to reduce the length of 
the fallows and find alternatives to shifting cultivation as a means of restor
ing and maintaining soil fIelrtility. The former involved use of selected plant
species that would improve soil productivity at a faster rate [2.35]. This 
approach was Iparticula rly appealing in farming systems that included live
stock (mixed farming systems). 

bi/ 0 [flfect ol(t"crol)ping practice oi soil loss and runoff oh atigta (lay oam.I Rhodesia 

(0op /.,% S'lopc 41' 3% 

Maize Napier Mai/c Napier Maize Napier
I Iglassh g sa grass 

Soil loss (tonsl/acre) 4.2 0.9 0.9 0.31.5 1.0 
Runoff(% total rain) 22 8 15 2 14 Nil 

Continuous crol)j)ing. 

I, Estabhlished and periodically cut for lo(lde r. 
Vorce: Compiled from I ludson, 1957 [24]. 
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()ther efforts to find alternatives to shilling cultivation as a means of' re
storing and maintaining soil fertility were concentrated on nitrogen inputs, 
manures, and composts. Il 11vnMof, these earl experiments ammnluOnium 
sulfate wvas used as a nil rogen soLIurce. Results indicated that yields could not 
be maiinied for a long time h\ mercly applying amnionim sulfate 
[111.8.3 1.36.431 unless other nLitrits like phosphorus werc also applied. Inl 
most of these Cx perimenits mannures %\ereSuLperior to the cheii cal fertiilizers 
added (Figure 4). buIin a I'Ceotliers Iie l1 rtili /Crs w1r superior r produiIced 
significant interact ions with maLures (Table 7 and Figure 5). TIhese results 
indicated that manures %keiC not al\\ras the hCst solution and that their nutri
cilt content varl"s. 

TheseCarl findings led to the resea rcl\pe of reported b\ (i reeliIand and 
Nyc 1231 and .Jones [271 Who sought to understand ho\ fallow\s in slhifting 
cultivat ion s\stCm hl Iped to restorC soil fertility. It \as found that a rest 
phase (fil lo\ ) increased nutrient CO t id [)I1l of soil whereas cropping
depleted soils of nutrients and decreased soil p1l (Table 3. Figure 3). After 
sLIch studies inI lgarida. a ft'rt li/cr Il ixtUtre was fo(rmIlilited which satisficto
rilyv increased and maiitai ned crop \ields (Figtire 6) for years. ( )thor experi
ments like that in Nigeria (Figurc 7) and that in ('ar1erool (Table 8) showed 
similar results and indicated that soll fertility can actually be increased ard 
maintlined thiroiUgh use of fertilizers (Table 8). 

('urrent soil Ifertility problems 

"c'ole/u 'nucda/l'rliwrs 

Allhotigh both the need for fertilizers and their effectiveness have been ade

/1,It - Fcrlilli/r responss (hags/acr') oni maic under reserve conditions of Malawi oila 
irpeated1, cropped granllc sarukeld 

N I ',cl I.'clI f1mIanure Mcan 
Sl 1 15 

(IbLIIC/aIciI. (lors/acre) 

(1.2 2.5 2.31.3 1.6 
5 7.5 7.4 u0.0 8l0 8.3
 

170 10.2 15.7 16.4
13.2 13.9 
255 1I.5 14.1 15.7 19.0 14.8
 
\lai 
 7.1 9. 1(I 11.5 9.6 
I-Y 1) main cl'feci meIans :- ssvilhin ireatnl1.71 ils 3.42. 
.S,,u lc:.Johnson. 1902 1261. 
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140 
Farmyard Manure 6 ton/acre every 3 years 

Fertilizer 100-120 lb TSP per acre every 3 years Farmyard Manure 
120 100-120 lb AS/acre annually plus Fertilizer 

100-

Fertilizer80 
00 

nL Farmyard Manure 

0a400
 

I I I I I I I I 

1 2 3 4 5 6 7 8 9 
Years 

Figure 5. RIlaionship between percentage cumulative response (PCR) and time (1953-61) for 
cotton at Ukiriguru. Tan/ania (source: Evans [18]). 

(luately demonstrated, there arc still problems associated with fertilizer use. 
As has been pointed out, soil fertility in tropical Africa is not significantly 
different from that of similar climates [38]; for example, the low-base-status 
soils of Zaire, Sao IPaulo (Brazil), and the southeastern United States have 
sinilar flertility problems [38]. The main difference in the productivity of 
these regions is that Sao Paulo and the United States use high levels of fertil
izer and lime efficiently and they have adequate transportation. industry, 
and market infrastructure. In addition, the success With cash crops on both 
large- and small-scale faIrms in Africa is a clear indication that soil flertility
can be increased and maintained through judicious use of fertilizers. Al

though tea growing was extended only recently to small-scale farmers in 
Kenya, they now produce more lea than the large-scale firmers. These atlrm
ers use fertilizers, and the Kenya Tea )evelopment Authority has (COnld0(uclCt 
fertilizer demonstrations on farmners' fields, provided the appropriate f'crtili/
ers and credit, and inllroved access roads so that the plroduce can be collect
ed daily close to the farmers' fields. Similar successes have been rcorded with 
oher cash crops like cotton in Northern Ivory (Cast. IJnfortu natCly, in
creased yields of' food crops through use of fertilizers in most African coLn
tries are limited to research centers and a few large-scale farms. Very few 
small-scale farmers, who produce the bulk of the food grown in Africa, use 
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Beans (first rains) Seed Cotton (second rains)1,600 

1,400 

1,200 

S1,000 

800 

6O0 
L I I I I I I 

1965 1966 1967 1968 1965 1966 1967 1968 

Control Year 
0-- Fertilizer (kg N,PK,S, Ca/ha = 52, 22, 63, 32, and 79 respectively.) 

I: tct/.1111c (,. of annual fertili/icr additions on continuous rotations of bean and cotton grown 
On ired lerralitic soil in Uganda (source: Jones 1271). 

7.0 7.0 - Fertilizer 

6.0

5.0 

C
 

c 4.0 

'0 

3.0 

a)
N 

2.0 

1.0-

I0I I I1971 1972 1973 1974 
Year
 

I.guc 7. Long-term effect of fertilizer (120 N, 66 11,30 K, kg/ha per crop) on maize grain yield 
gron on an Alfisol in the brest zone of Nigeria (source: Kang et al. [29]). 



Table 8 Gains and losses of nutrients during 4 years of cotton sorghum rotation in Northern Cameroon on alluvial soil (0.7% C. 10% clay) (kg of nutrient/ 
ha) 

NPO 
5 K .) Ca() MgO
 

F. F. F , F , F; F F- F , F , F. F , F, F, F3 F5 
Crop removal -140 -28 -186 --91 -148 -112 -25N -499 -403 -Th6 -130 -102 -51 -87 -62Leaching 
 1I -27 -22 -Tr -Tr Jlr 
 7 --7 103 -104 -131 -14 -29 -32Fertilizer additions 200 .400 -200 -270 27027 0 -30 300 30(l 150 +10 +1iO 0 0 0Sorghum straw additions 0 0 I 11 0 0 +45 0 0 -3S3 0 0 +74 0 0 +51 
Balance i42 10S - 103 +175 - 122 +203 +35 -206 -283 -29 -43-84 -9 -65 -115 

F, = 50 kg urea/ha: F3 = 100 kg urea/ha: F, = 50 kg urea/ha + 10 tonnes sorghum straw every 2 'ears.All treatments for cotton received 45 kg TSP and 60 kg KCI/ha: those for sorghum received 90 kg TSP and 90 kg KCI/ha.
F3 gave best ields each year followed by F. 

ource: Gigou. 1982 [21]. 
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fertilizers. The Successes with cash crops clearly indicate that tile issue is not
small-scale lrmers' technical capability of raising crop yields through use of
f'crl ilizcrs, but rather the profitability of' using fert ilizers on food crops. The 
inl'rasiructlure oulined above INo the small-scale tea growers rarely applies to 
plLidCiiol of food crops: hence, a liners do not us. fert iliers on food crops
hecausC of thetlhigh costs of' inputs and marketing problems.

Sonic countries (e.g.. Ivory (oast) hlVC tried to o erconic this )roblem by
cenowutraging fhirnieis to alternatc an iual cash crops with aniiuil foods in the 
hope thai f'ood crop)s would benefit floin the residual effects of' fertilizlers
applied oil the cash crops. lin addition, there has bcen al increase in agro
noiiic research aimed at developing technological )ackages that will l)roduce
ica!'olhable crop yields with iliniimum i n)uts. Such research includes ilcor
porating biological nitrogen Fxatiol technologies in the fl-iining systlls.studying nulrient balances for eflicieni use Of frlilizers, and use of fertilizer 
materials that are less capital intensive. such as phosphate rock and partially 
acidulated or hca t-rcated phosphate rock. 

Soil/ !dldil. 

Many soils in areas with good annual rainfall are acid in reaction, mainly
because of' intensive leaching. ('ontinuous cropping also results in lower soil
pHl (Table 3 and Figure 3) as does use of irtilizers like ammon iu suilfte.
Soil acidity influences the availililty of lacmointriCnits like phosphorus and 
in icronuI ricnts like IIangaIcsC and also affects the magonit ude of' the soil 
chargcs since inll ost to)ic~al A.,lican soils the soil parlticle charges are JAI

Jep)encln t. A.l.\In inliI alidl 
 a oga,flllcs c'oicitV al'e tile most con111On1 Causes
 
of acid soil inlfcrtility. 
 but both cal be c'orrecld h increasing soil pl-I to
 
about 5.5 1371. 
 Thcrc is evidC ncC intl eating that resVtilg tihe land results in an

increase in soil )11 
 f'able 3) and tlhalt application of' mnunlres also increases
 
the soi 
 pl I (Figure 3). These ire ults imply that soil ianagemient practices
that )rcser\c or inc'rcasc soil organic matter levels also help to increase and 
maintain the soil pl levels. lhe'nce, shifrting cultivation helps maintain and 
inc'rcac the oil JAI to aCCC'piablc lcvels in imalitional rarming systems. In 
nmore reccent tiimes. lil e andoClllrafd maniiure ha ve been usedto inc'rease soil
p11 (figure 3)L 'he length i plhasc o1 the amountof ihc fillow of' lime and 
Ian u'sre rctii-c dto raise the soil p11 to a giv'cn vtitle variscs dlepcnding oil
thc huffcring capac'ities of' the soil (Figure 8) In sole cases he calpacity is 
so high that it is more advisable to grow acid-tolerant crops like tea than to 
apply h large cluaniies of ime required. There does not seem to be a good 
reason for i ining the tropical soils in Africa beyond p1-I 6.0 [20.37,42] un!ess 
inporied plant species not adapted to acid conditions are being grown. 
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N.AL.
 

7.4 

70 

6.6 
2 Baraton 

= 6.2 
0 
U) 

'0 

:. 5.8-	 Gituamba 

5.4 

1 Humic Andosol (40% Clay, 4.08%C) 
2 Humic Nilosol (47% Clay, 2.73%C) 

4.6 	 3 Humic Nitosol (70% Clay, 1.74% C) 
4 Gleyic Andosol (21%Clay, 1.38/0 C) 

4.2 L- - L 

0 4 8 	 12 16 20 

CaCO3 Level (meq/100 	 g soil) 

Figure 8.Effect of lime on soil pil [moist CaCO 3 incubation for 3.5 months) (source: Ssali and 
Nuwamanya [421). 

Nitrogen 

Nitrogen is the nutrient elenent that most frequently limits yields in the 
tropics [37]. Soil nitrogen is derived from rain and dust, biological nitrogen 
fixation, animal and hum1an wastes, and fertiliziers. In nat ural systems and 
traditional agriculture. biological nitrogen ftixation is the ma in source of ni
trogen (Table 9). About 98% of the soil nitrogen is stabilized in the soil 
organic matter: the retnainde isin mineral Iforms 140]. Thius, the total nitro
gen in the soil and the aloun0tts of nitrogen released for nutricnl ul)take will 
depend on thc organic matter content of the soils 14,5]. It is 1-c'surprising, 
therefl ore, that f'ertility of tropical soils in A..\friea has been equated with their 
organic matter content [6. I9]. 

At the beginning of the wet season there is a flush of nitrogen whose magni
tude is directly proportional to tlI duration and intensity of the preceding 
dry season [39]. This fLusl may contribute 13 to 183 kg N/ha: whether this 
nitrogen released will be beneficial to the subsequent crop depends on the 
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intensity and frequency of the rains early in the season. Annual crops will not
have developed well enough to utilize much of tlhC flush nitrogen carly in the 
season: hence, most of it is susceptible to losses through leaching. 

In general. soils under forest are higher in nitrogcn than soils under grass
because of a greater accunLtulation of organic naiter (Table 3 and Figure 2).
In addition. many savanna soils have a high (:N ratio and often respond to 
nitrogen fertilizer even iII the first season after a grass faullow. Nitrogen bal
ance studies Under arable farming indicate that to have a positive nitrogen
balance. hiigher nitrogen ipLits (Ofrtifizeror manuires) are reqtuired (Tables 8 
and 9). Although manures have been used satisfactorily to supply nitrogen,
in some cases the (':N ratio is too high and additional nitrogen is required
(Table 7). Under continuous arable cropping, prudent use of nitrogen fertiliz-

I d,/h' 9 Balance sheet of nitrogen additions and removals in different grazing systems of the 
Nigerian savanna 

Source Annual addition or removal under 

Natural Grass Legune Semi-inensive 
savanna pasture pasture arable farming 

(kg/ha) 

Addition 
Rainfall 5.0 5.0 5.0 5.0
 
lNE" 35.0 15.0 
 40.0 30.0 
Plant residues 10.0 10.0 10.0 10.0 
Animal excreta 2.5 7.5 7.5 ?
 
I Jman wastes ? ? 
 ? ?
ertiu,er 0.0 75.0 20.0 30.0
 

Total Addilions 52.5 112.5 82.5 
 75.0 

Removal 
Burning 25.0 10.0 10.0 25.0
 
Erosion 6.0 6.0 
 6.0 6.0
 
Runoff 0.0 
 7.0 0.0 5.0 
Leaching 0.0 20.0 5.0 7.5 
l)enitrification 0.0 ? ? 0.0 
Volatilization 1.0 3.5 3.5 1.0 
Removal in feed 8.0 24.0 24.0 35.0 
Total Removal 40.0 70.5 48.5 79.5 

Balance +12.5 +42.0 +34.0 -4.5 

1NFB - Biological nitrogen fixation. 
Source: Singh and Balasura manian, 1980 (40]. 
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ers has maintained and increased soil nitrogen for good crop yields 
118.21,26,27,29,40]. 

More recent research efforts have been geared toward efficient use of nitro
gen fertilizers. The use of slow-release fertilizers like the urea supergranule is 
being investigated. The use of '"N to study the nitrogen balance sheet in 
different ecological zones of tropical .\frica will help to pinpoint the main 
routes th1rough xwhich IInitrogen is lost from the soil. II addition, there is 
increasing awareness aid use o1 biological nitrogen fixation technologies in 
tle fa rm ing svstenis of Africa withi an11ultimate a ii of increasing farmers, 
crop .ields withIIIminIIIi1um irinptLts. An African Association for Biological Ni
trogeri Fixation has heen formed. arid its first coniference was held in 1984. 
The proceedings of this meeting 14 1iprovide the most recent inlformation on 
hiological nitrogen fixation in farming systems of tropical Africa. 

.\grof'orestry s\steriis incorporating biological nitrogen fixation (e.g., alley 
cropping) have tile potential to increase crop yields with little or no addition
al input of' nitrogen fertilizers [46]. 

lPhovphorus 

After Initrogei, phosphorus is generally the Most liiting rn1utrient elemen inri 
tropical Africa. II many cases where soils had adequratc soil organic matter 
level, (and hence, soil nitrogen) l)ioslhoirLIs was f'ounid to be tile most 
limiting linutricnt 110A,441. Although tile total 1a1iOlIlt of )hosphorIs ill 
tropical soils is variable. highlv weathered soils generally have low total 
phtosphorus 1371. 1I1a(ditiori, many soils in the tropics sorb p1hosphorus fron 
the sol solution arid thLs rcldCr it less aVailahlc for Ilant uptake 
(phosplirus f'i.\,olli). Tile riiagnitude of' I)hosphorus ixation is generally 
re.latcd to the soil p1l. the ioiarId alurii inotrii oxides in the soil, and 
eXclingCiblc aluniniuii. liu,. highly acid and weathercd ciayey soils will 
isUallyiv have high l)hos)holrUS fIXation capacities (Figure 9). Andosols, 

howcver, terid to havc higiicr phosphorous fiXatiol capacities because of' 
their high am111or)houis, oXide (including a.llopll hanC) contents. Since ix'all\ 
tropical soils are inihercutlll low ill total phosphorus. shifting cultivation 
nc\cr reall\ solvcd jillo)slorus )rhleriis i tiradtional agricultural systcms: 
in soiic c','s )holsphorus (heiciCcies wcrC ccbscived iriiiedCiately ifter 
clearing 1221. The traditional s\stris tiheref'ouc, relied On growing crop 
spCcics with IO\ 1)hlisphiorus recluirCiilrts arid on ef'ficil'riicorr'hiza 
associations to extracl the s1nial qlUaLntitiCs o1' phosp~ihoirus in the soil. 

There are ccrifliciing ahbotl of' l)liosphIortLs ir Ih ighwICWs iilriagercent 
fixing soils. Earlier studies recoin nierinl handing 0if phosphorls fert ilizer' to 
redlIce fixation of tile aplicd phosphorls. IlowCver. althiough banding may 
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4.Pellic Vertisol - 62% Clay (Montmorillonite) 
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6. Orthic Ferralisol - 49% Clay (Kaolinite)
7. Orthic Ferralisol - 81/o Clay (Kaolinite) 

Ii,r ' . IPhosphorus sorplion isotlhcrms for soils in Kenya (source: Ntuna and Ssali [34]). 

he satisfactory in soils with moderate fixation capacities, in high-fixing soils
requiring high rates of phosphorus fertilizer, the band can limit root develop
ment and subject the crop to serious moisture stress [37].

In more recent studies, sorption isotherms have been used to try to satisfy
the phosplhoIrus-fixing capacity of soils by incorporating high rates of' phos
phorus fertiliter in the surface soil. The fixed phosphorus is then released 
gradual ly over the years. This approach requires high initial investment and
cal only be used in situations whcre capital is not a problem: hence, it is
beyond the financial capability of' the small-scale frmer who is the niai11 
)rolucr in,-truIca'. Africa. A combination of aIn initial broadcast of' phos
plhorus klrtili/Cr at relatively low rates tollowcd by ailnual banded applica
i011, swould be cheaper, a rid this practice has bc 11success flllv trited 1371. 

)ther altelrnati se,that have been tried with success inclLdC use o1 pIhos
pihate rocks. phosphate rock iIIIxed wsith CIelcmcntal sulfurr. a1id partially acidu-
Illd or heat-treated phosl)hate rock 130]. Because of the high costs involved 
in tratslorting such low-anal sis materials, however, these materials can 
onIv be used where c) uitrics (or neighhonring countries) have their own phos
phatc dC)OSits. 



Other nutrient elements 

Wilh the exception of sandy savanna soils, most tropical African soils have 
adequate potassium levels [7.44]. QuanLity/intensity relations indicate that 
soils of tropical Africa vary in theiir potassium ipotential buIf'feri ng capacity' 
and reserve (FigurIC 10) [451. They also indicate that in some soils with illite 
and amor)hous clas. potssi ti fI xat i oiicn occe1l, lies ides cro ) uptake, the 
highe'st poassinuill losses alire dtile to ICaching tindeir irihic Clii val ion, and in 
So1ile cases. potassiumin de1cicnc ies have becn reported after i few years (3 to
5) (oc inious cropping 171. t Indefr tradilional agriCUtuirC, )Otassiul prob-

Icms were' sol\dc b\ tf'w \ cars of frIllow: uridCr Con tiiinuois crol)pillg, how-
C\ C'r. potiassitim hais to be added cit hr in manures or in the f'orm of chemicnal 
fcrtili/ers. 

.A lIIlCr )I' iC spnSCeS tO) stillfr havC I)CCn rcCOrdCd in Afiica sincC the 
irs 'lreport of"tcta \ Clfo\ s, in Malaki [171. Most of thcsc responses have bcen 

Ill s t\ aInI soils \ i-C nIIch of tlhC sullur is lost tlhroigh inntill uhrning 1371. 
RcsClrch ill West and last \rica indic',tCd thilt aillOLits ofsilfur deposited 
sith raill waC'r illd ttist \i r11 rIlhg the a11oti t ofdiSt in theicCordin to 
air [S. I (fj. In last -\frica ainnual dCpOsits ill rainlill Wyere Cenorrgh to iCplacC' 
sul fur clIi ve'tf h% 7o) kg/hlia of tea pltickings o)r 500 kg/ha maiic grain 1101. 
lh'se firufi (*s that tlldCr the less iritlisi\Cintica' tra0ditional agricliLiral 
s\ steisil in ropical \frica sulfLir ma11o1t 1he beCIl I nior )roblem. Furtllher 
\\ork in KneNa 1171 L thit the htilk of stlftir in the soil is ill the topindiciatCd 
la\er if the p)ofIIl iidf that it is proporl to the organic matter content 
of soils. It also indicati'd that in soils with high clay content, mineralized 
stlftir is soIbCd in tIr' stibsoil. I leiCC. sLtrtftur problems are likely to be experi
Cnrc'Cd in light-tCxtur'd soils with tow organic rnattl'r arid iio silf'ir i'eServC inl 
the sibsoil. ()tfrCer ie)Is iId icat a brcak response' , which ii ie tuc not 
to an incipieni soilS tIfLI'Lr dCicincy I b l rat'tir to) temporary shortage 
caI.tised by smlt1 amou1nts of sulbsoil sirlfiur anti i reClativClv stow sulfur release 
dtile to I high ( ':N ratlio fillo( rig clCaing 01' grIsSCs. Ilr such cIses sill 
Le's of stuIfuI r llC rCcointCedt faI theIfirst sclsOll. 

Si'I 11riiuv Soils Of tire to0)pics iIrve pl I-derCldcn t charges that prefereli
tially hold il(ialcit caions. eations like ca.lciu1 lagirCsic)oh1valiit ard 
nll 1i c'iSl\ Iost tilrotIh ICaching il areas of, high rainfill. In traditional 
igrictilttlril r'stil the laid undel'r a flallow helced to iccclc the leached 
cations (Talhc 3). 1 idclr S.ICIIs Of coitinorotIs culIivation,. these catliorm> 
have to he added either in f'ertill/Cers (e.g.. rise tca'lciuii ar11in101litiII niltrati 
Or thiough Use Of appoiate hung iilatCrials (incliding doloniic lilic-
StoI1C vhcr' g is to\). 

"\sinlacrotliet'll l)ioteriiS arc being solved and as Cropping is beconing 
More inteiisive arid diagnostic tchCihiquC, are bCing i lproved.tes iore and 
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/i'i,'ur' /0. Potassium quantity/intensity (Q/I) relations for some soils in Kenya (source:
 
M uch..na 1331).
 

more micronutrient deficiencies are being discovered. The most common 
problems of this kind in tropical Africa are deficiencies of molybdenum, 
boron, and zinc, but occasionally copper, manganese, and iron deficienciesare mentioned [ 131. The availability of micronutrients for crop uptake is 
nflucuced IWsoil reaction. Most rnicron utrients arc less available at high soil 
pl I levels: however, niolybdenurn is less available in acid soils. At very low
soil plI levels, Imangalese toxicity incan be a major soil fertility problem
1r-pical Africa [44]. Besides p1H influences, parent materials difTer in their 
ti croilitrien t contents. For example, in a wheat-growing area of Kenya

hrV sOIls wcre derived from very low copper volcanic ash, copper has to 
be apllicd for good wheat yields. 
Illthe less intensive systems the macronutrients become a limiting factor

wkell bef re m icronutrient problems arc recognized except it. very acid soils 



8) 

where manganese toxicity becomes a problem [44]. Under more intensive 
cropping, more and more micronutrient problems are bound to occur since 
tile nutrient uptakes have increased and the cropping is continuous. 
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Cropping systems and soil fertility
 
management in the humid and subhumid
 
tropics with special reference to West Africa
 

B.T. Kang 

Introduction 

Traditional cropping systerns vary and have developed in response to pre
vail ing soil and climatic conditions and socioeconomic and ethnological pref
erences. In the huLid zone, traditional agricultuLe isdominated by tree con
ponentIs incliuding plantain and bananas. These 
 are the most stable
 
produetion s\stems for the humid tropics.

Mutpile cro)ping is a widely practiced arable cropping system. Although


a large 
 number of species may be encountered in intercropping systems, on
the basis of the dominant crop(s), seven major crop-based systems can be 
disti ngui shed in West Africa. These cropping systems strongly reflect tile
inllceiIcof' climate and soils. The cassava-, plantain-, and rice-based sys
tenls are prevalent in tle Ihu inlid region \vithI acid and low-base-status soils,
wvhCrCas the maize-, yam-, sorgh umn- and millet-based systems are more con
ni1n ill tlie Iiigh-base-status soil.
 

lIarg 
 areas of' huLiid and subhumid tropical Africa are dominated by low
activity clay (LAC') soils consisting mainly of' Alfisols and Ultisols. These
soils have major constraints foI intensive and continuous arable crop produc
tion. Traditional farmers rely on tie fallow period for restoring the soil fertil
ity' which is exhauisted during the short cropping cycle. Although inlormaltion 
on fertiliization practices for imultiple cropping is scarce. there are some gen
eral concepts that can assist in iore efficient fertilizer use Reduced tillage
systems conibi ned with use of crop residue and in sit mulches from linted
fallow play an important role in maintaining the level of soil organic matter
anld soil fertility. With judicious fe'rtilizer use and liming. sustaiIned crop
yields can be attained on Alfisols and Ultisols. Integration of' food and tree 
crop production as in alley cropping can be used as a low-iniiput (nitrogen)
soil fertility maintenance system for continuous food crop production in the 
tropics. 



"Cropping svstelrI refers to the kinds or combinations of SCLUCnces of ar
raIlngeenlnts in time and spa e in addition to practices and tech nologies used 
in production of crop(s) in a Spedc iled area 14 11. ('on.sequctI lly, Cropping 
s\stc'iis differ dependring on climatic and soil conditions and oi 
Socioeconomiic. technological. andiianaell rial factors of1' the aricuiltLUrial pro
dction I)'ocCs. 11C l.renCr thus i aHaCgs his crpLlO(S) in such a way as to 
obtain rIaimi/at1ion OtOLitl)uits \ Ilh the iiinSt CfIcient utiliiation lf inllults. 

-'I tilict itional croplini SSCin,. Mhich hais IC he iainSta\ of agric'ul
1upl rldct .\rdei I ingl,rapid chiianCe, in responseLilii il Iropical rglold! 

to incresig~l po¢pulation and land Use pressures and changes, in 
SoCitecolOtllic c [I1 \ hich relies on rtCoratiol Of soillondition. ss stem. 
f'Crtilit' h\ lomlns Of a lOi, Ifalli pis .riMd, is riot \\ell suited to these rapid 
changts. Slhteniling 1 pCi I-Cllcs Ol land Sce'itil and prolong-Ite falloss 
ing the cropping Lc \sith iro iin tits haswe thnus re ultd in a rapid decline iii 
Soil fcrtilil\ and cropt nek as alric'el hcr\cd in llans areas in tropical 
.\Fica lolllllilLt' l h lliu. nl\ CIitliired ardl \( oils. 

l)cspilc Cro idciahlc etort niil' h%\bsvariOus rCCarch institutions diii
ing tile last I550 d,',adC' dcC'rih' iiliproC'. aid deselop alternative lleth
odS to tre tllditilnal prOduc't o0nSstCriis. prOg''1S ila.iialcd is still limited. 
Similarl\. llnk sonic plogress has been Made in dte\ClOpilg Soil frItility lan
agenicnt praictics for Sustained aid \iahlC cro) pr(iduction on the LAC up
land soiIs 1241. Soic o' these devtloprents will be discussed in this paper. 

Crop production systems 

7Tree-/,i.se'd co/pml,q, .'v/iems. 

Traditionali cropping systems are varied aid flexible and are well adapteld to 
the local environment. Socioeconoiic actors, and farniers' needs. In a recent 
surs'ev on prevailing farming aid cropl)ing sySterilS in tI hIm id zone of 
sOLthern Nigeria [I 61 it was observed that t lietraditional agriculturC is pre
do irn:nitlly urpland ad that it consistsm iinl o" tihe Iollowing subsystems: 

faillow "slash-and-hIur nI' i crop production anid 

ten.
 

I. Busi Food ind rotat ion sys

2. Per ianeri tree crop fi rming. 
3.Tainn a sYstell.
 
4. Multistory croppring iin conilpLund almlling, 

The above svstems are oriated by a tree cmponenL. Tre crops inhud
ing plantaii aid bananas account Ior 6'7% of the land under cultivation, 
while arabilc crOp)s accorrt for orly 25%. 



The'Taunnya sxstein is practIice'd in areas where the forestry department is 
estahlishing trec plantations. Food c-0ro) Irod e'tion is I)racticed only duriing
1hC period ht.'cc n land ellaring and the tree establishment phase [30]. The 
"afnng a s\ stein is not allractie to lairme:s, and it persists only wlere there 
ispoputlation pressure. 

Nlultist;,, croppinig in COmpo.Ind rI'lrinig isan intensive Inallmgenlllll
'5\stiL'n. BoIhth tre.s aid arahe. Lcro)S areC 6.1nd. usually in iNiureS. I;lantairns
an1 IanaMas are' f spe.ial siglil.'i.cC in ttis syste.m. The' high organic mat
Ic'r iproduce.d h\ tlhe bananas and Iplantains SC'veS Ismulhing materials and 
coili ,c,\',ilh the h.Ouse re.f'Lse. 1usu\ally dumped on ltie soils to maintainl the 
soil lcrlil,taad IncreaCse, the lrodietiv l' of' the land.
 

.-\lthOch trees.. 
 and shrubs play an important role in nutrient recycling
durinIhte."gllhx,, )'ri-od in the himid /one. their roles decrease in the 
',Itll)hLIrIItL atlil ' IujarItl. ICgiOlls. 

In theIrai tdilal agriculttre, multipleC c0ropplIing is the wiCly pract'icd
s\stiC l l rabh. cnig. NMtiJh.e .rol)ping is delined as the glowing o 
1to or mlorc cn) ol the same ield in a yecar [6]. Tbis may include 
I trca'n ypi it-, (g )min,Of t(v or more crops simultane,, ousl\ on lhe SImel 
Field pcr %car)and cj iilent'ial croppirg (growing of* two oir more crops in 
SL'eInen'cnt'h sIa' h .sear)Ield pe r . l)espieC its IpoplUlarily, it iS onl diring
tlthSt MOI tie.caes that S'liOtls resear.'h efforts have hCen inade to better 
C\.xaluate. the merits of mLltiple. LtroppI)ine_. Many of the studies ha,%e slh\n 

'
IIIIII'us, adsMntaUes o1' inler lroping s\.ste'ms in.cluding higher .otmlbinled
 
yi.'lds. higher .i.tI stahility froim season to season, 
better spread of' produe:
tion ' t et'growll p.'ri.od. iIpro, e'd cjualitv of products re.CduoCed advtrse 
effects of It'ss. higi'r lreitIrns. and bt'tcr Soil protection against erosion 
15.9.39,41.491. Iltrt. are also several disadvantatges r'lautd in iltrt'rp))fing.
espt'.ialli thost' di l'li.Cul tit's r'lat-ed to thie use 01'mn.chIan izd equipment. the
 
use of, ILrt ill.cr and pesticide's, more serious 
 rLfought str1'ss. and tle C.'on)leX
it\ of ii teractioris.
 

-rop•pt'1i fit' in10 i ng systems have clopcl over cent iies in the ditf'e'nt 

I'egils ill response to the prevailing soil and climiatic conditions and 
SOtiocc0 )nm it1 Ct i iIlOogical pr-C'ln'CS. ThtIgh aIa i'ge iiLuin herClol' spe
ties ma le I t inte',rd in in telrropping, there are umsually two or th1ree
major Crops that are donin ant comlponents [3.39]. See major systems
based oi tile dominant Crojp c'arn be diist iru ishe.,d in WCst .\l'ie.a 147]. 

http:p.'ri.od


( 'assava-based croppingsstems 
- These are mainly found in the poor sandy soils of tile coastal belt, where 
other food crops perform less satisfactorily except for coconuts or oil palm. 
(assava is mainly associated with maize. 

l'/aaalain-ha.scd hroppili g.'.1Stem 
- This system is predominant in the forest areas from the Ivory Coast to 
('ameroon. Major food crops are plantains, cocoyams, maize, and cassava. 
Plantains and cocoyams are planted after the land is cleared at the beginning 
of the season. Maize is planted after the onset of regular rains. Cassava closes 
the rotation and is planted only in the second and third year and grows into 
the fallow period. Other important secondary crops are yams and ground
ntS. 

Rllc'-based 'roppi,',,s.siems 
- Rice-based cropping systems are common in the forest areas from Western 
Ivory ('oast to Sierra Leone. Here the field is opened for rice, planted at the 
first rain, and intercropped later with maize and cassava as well as vegetables 
and spices. Cassava is not harvested until the second and third year. Rice is 
plan ted eitlher as pIluvial (upland) rice or as hydromorphic rice in valley bot
tomis (bas-fonds). 

1'am-based cropping .sI'Slms 
- In the forest and derived savanna transition zone and in the southern 
Guineai savanna, cropping systems are traditionally based on yams. Yams are 
normally planted in the first year after bush clearing. Usually early and late 
yams are planted in the same field, either intercropped or in separate plots. 
Yams are often intercropped with cowpea or maize, cassava, vegetables, 
plantains, and often groundnuts. In the second year maize and/or pluvial rice 
will be intercropped with different minor crops and the first-year cassava 
crop. 

1 laize-basedcropping .rshcm 
- A maize-based system is dominant in the forest and derived savanna transi
tional zone and in the southern Guinea savanna. It is usually intercropped 
with cassava, yanl, and cowpea. The naize-cassava intercrop is a very pro
ductive combination and is widely practiced in the zone. Maize is also well 
adapted to the tropical highlands where it has the highest production poten
tial. In the highlands of Cameroon it is associated with cocoyams, yams, 
beans, and ground nuts. 



•
Sorghunm-hased cropping ,g:smls 

- These cropping systems are typical of the northern Guinea and the Sudan 
savannas. Major crops in tile systems are millet, maize (only in the Guinea 
savanna), groundnlt and cowpea. Another secondary crop is banibara nut 
that is mainly planted on soils too poor for groundn uts. 

In this region croppirg patterns are also changing with the position in tile 
toposeul nen cc. N1illet is often planted as a sole crop on the shallow soils on 
the top of the hills, sorgh un- and millet are intercropped on tile slopes, while 
soighiiLn may he monocropped on the deeper, more 1tertile soils in the valley 
hotto ins. 

.1IiII/'t-/A0 a.d cropl,1' sI'Shletl
 
- With decreasing rainfall (less than 600 nm/year) millet becomes the pre
doinnant lood crop in the nlortherln Sudan savanna zone. The choice ofcrops
 
is ratherli i i tel Ibecause of uncertain rainfall distribution and the short
 
growing season. MI illet/groundn ut and millet/cowpea are most important

COmblhlatiOrns.
 

The ab txe crop-based systems great!y reflect tile influence of climate and 
soils. Thc cassava-, plantain-, and rice-based systems aire predominant in the
 
hiinid region domin na ted 
 by acid and low-base-status soils, whereas the
 
iaiIze-. valn-, soighuinl-, and in illet-based systems are dominant inlthe high
base-status soils.
 

lertility management for crop production 

1
.A k I"/ .f (1 11 duclioll
i! op1"pollrlljlLx 

Large areas 01 hit in id and subh uInid tropical Africa are dominated by low
activity clay soils consisting mainly of Alfisols. Ultisols. and Oxisols [7].
lhesC so il ha ve a huminbher of ma.jor physical and chemical constraints forarabile crop production [23,33,361. The hunid region. doinated ly the low

base-status and acid Ultisols and ()x isols, is more sui table for tree crop pro
ditt ion than for fod crop production. Tie- and shrub-hased production
s\ stems areiproving to le mnost staile ill this region, as shown bv the exis
tence of highly successful tree crop )lanitations of rublber and oil palm. Tradi
tional l
frmcrs have also successfull' used trees and shlirubs to Maintain soil 
fertility duI ng the [1llow period. 

[he ma jor soils also have specific problems for use ill fod crop produc-
Lion. ['he ,\llIsols and associated soils are extremely susceptible to soil ero-
SIM)n a rd coMipation: tIle\, also have low water retention capacities, and thus 
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do not allow sufficient soil felrtilit\ regeneration to; suStailned amriciiliral 
prodctivity and result in rapid soil dC'g-rldatiol and reduction it ciop yields 
[I71. This n-ceCssitatCs the dcvclOhnieC'nt of altrriatik eSoil t'ertilit Manaage
niClt tchnitiICs thai iircaSe atrl santdin dJuct ion.crop prCo 

lic,,dcis its man, advantages for increasing produnCtiion another reason fbr 
muiltile cropping is to itiliiC more efficiently natikce and applied nutrienis 
4JT. Although multiple cropping is widel; practiced in the humid and 
,uILhurMid tropics, infl'rinaion on f'Crtili,:tiOn practiccs !or this systell is 
,catrce +ld ikconcerned iiiainly with nitrogen fcrtili/,ation and, to a limited 
ct,.ntwith phosphate fcrtili/aiion, l lowcvcr. certain basic informatioi 

hrmin sole cropping can also hl applicd to multiple cropI)ing situations. Based 
on the Soil and patrticularIl on characteristics of the crops to be grown inl 
co ihilnation, some basic concepts Call be lorm tlatCd to assist ildetermining
the Most CH'icient f'rt ililer use for a particular multiple cropping pattern 
l4(43.451.
 

•\Ii intercroppiig system nrav requi rcnot additional fclrtili/cr it' 0nly one 
conpMnn t iieeds I'rt li/cr and there is little competition between the com
poicn t crops for the nuntrients concerned ,3.For example. ina sorghum1
 
pi ,+eon pea ilntercrtp)ping, nitrogen needs to he applied only to 
 ie sorghum 
crop, which sh oi)S good response to nitlogeii. Similar principles also apply 
to Irhos0horus. For sCquCntial ciopping and interropping of cercal and pi
geori pcap iloruis needs to he applied only to the iore responsive cereal 
co up. 

\Vhere hot h Coiiponent crops in aii tiltilplc cropping systmn rcluire the 
Saelie ai10iillt of1inutri-,its. a ln increase in fCrt ilizcr rCquircmcnts can he ex
pCCctd. For cerCeal-lCgtlm c intCrcrop tlie phosphorus and su lliir requIiircniCnts
illahe grCtlecr than tinder solc cropping. Similarly. ;,ia cereal-cereal 
inicircrop. the iitirogipe requirrenien t may be greater. 

Incl usion of' lcgumes in ni utiple croppinrg systems or ill crop rotation of-
Ilrs considerable benlefits because of their ability to fix nitrogen biologically.
Thcre are twvo main types ()I' icchanisni postulated For tle herneflcial effcts 
Ot)ICglurlcr
in in1ilC croppihig systems 1431: (I) through iinrmediate transfer. 
in which iitrogen travels fRom the legume directly to the associated crop, and 
(2) tiirough residual effects inwhich nitrogen ixed liv the legurie is available 
to an associated sequentially cropped iron0-lCgume. aifter senescence of' the 
legiume and decomlpOs.ition of its organic residue. AIthotugh several research 
%rker's 115,441 reported some direct transfer of initrogen in i nlaize-cowpea
ircrcrop. imIosi Stutdics iridicate a rcsidual CffIcCt ftrom the legum inous crop 
12.2743]. 



So/</li'ltl[it/l l"C/l~l[ w th co 0 1. ('To]?ll"l, I II('llllltt1 

Significant charigus ilsoil propeties occ'ur on the upland soils following land 
ct'lling antd tr'iopring. Inx estigatonoili lsols aind I Itlisols sho\Cd a sharp 
dtc'ilc inl the soil organic' matter level dtiri ng the first 1feyears foltlowing 
lind cleafring and tropping [I 1(.141. ( 'ontillUo, cropping oilthe :\lf'isols 
also i,,its in a shaqrl decline in soil pl.IThe pll dct'litn is nlurc pronotned 

I
Vhtil moderate to h Io,rates of acidiflxll - lrtili/crs arc nsed I8.201. The 
toTclinlc illSoil lliC' level , soil acidiflcatioll \\itho r inattCt+r comlinti \itlh 
ci'oping ",ill rduc' the :+oif c'f'c'ti c cation cMt'hangc capat'ity anid increasc 
losts' ot ciciuni and nrtansin 2 ]. It thus appear's thatofhan.,alc 
af'tt'rTSc'\ cars of continu'os citopijng limiing nl be neadcd. cvn on thexL-t 


hiph-llas'-stailS .\lfisOlS. 
.Soil orgailc' llaitt'r plays aniilpoitntilll role il lilalllgig tile fc'rtilitx of 

thes frailc sodsl. kctluccdtilluCe S ,IC lll,toil ntd x\itlh usC' flCiop resi
tiC' illt's aiit l s it '[O\'r CIO)s (sUtIi as 1tl1('1 u olh1e.1111 Ii/i) 
Ironl li\t' lchcs. pla a xer\ inll)ortaill role illmailtaining tile soil prganit' 
Ill,ltt'l x Ciland soil prFltincti\ it\ 14.33.34]. Ih l)ic's'illt' "Ionluilc'h COx'\C 
ILt,idCs a1high liicill ,tainls anti hilh biological actixit. alSo laintains 

fa\ tur1abIC soil p)h ical conditions 1311. ()intih' c CrIlirall\ highly ciosi\C 
\lfisols. tiltilo-tillagc pritCtiull SxStc'ill', \ith ti'o) i''siduiC Iill'hing Onl 
lC'\Ml\ cltc'arcd trct land ilaCxt' siiox ntiistint't aiantagt' 113.31]. iligheir 
lllii/c'\icis talit' lailnitJned ti c'ops with no-tillage thiantor 24 cons'tlk' rc 


\ittl l llo' • OionillAlfisol I IJ.
 

With gootd so(il illiliagCilleot colbllbint'd with j tuiiIs 1ertili/ci ocsanit 
inplrtlFC'ti sarictit',. hih Ctro) \ieclts caln heImaintaiei oil tile Allfisols alt 
,sotciailtl soils. Inla field trial cOilnctCtd at the inte'linatioina lintitutC' (If 
Ilropical Agriculture (1l1A) site in Iiadan oil i kaolinitic Alfisol Cie'i\cd 
fromn Itlitcd gieiss. miill illi alltUial f'rtili/cr applicationl ((10-12) kg 
N. kkgI6 . a1anti K'lia)h Ilain-scason ilnlai/' foIir Sears,()kg l' \ic'lts 12 of 
c'ropping 'A ci'ec stStaiilcti at t 'r 4." t( ic's/ ila. Y ieldts (Ifilliilor-SC.ison 
co\l)C'i rcla\ crloppcl il resitdual frtiliicrs (iappl ictd to pIrcctiing nilaic 
clops) as maiiItaincti at about I.()toilllcha. lllPortalnl coml)oilens fol' stc'
ctC'sSlil CtOitiIlioiS cTiol)lAinl'g ilIItititIcop l'Otatitll, )rovision (If1' nutritilt 

tional il''ls of the' ciop illriclatioll o chinges insoil plr(p'rties. aind itell

lion (f tiCOll rt'sitClie. 
Vl'ionS institutioiis \rking illthe hillilid l'(ict, illrecent .ileCa'ls h also 

de\clolt'ti soil illanagllc'nt t't'lhnolOgiCs tihat will )'Lnit 'itItinuttisC'rol) 

Ipr)Ott iOll iltagCniCnl tl nologiC's that nisoi ttl Will 'rmitCOntilltiOiS cro) 

producltitnoil low-I.aC-Slatis alnd acid tllisols [118.35.37]. Htigh con-tbinetd 
y'icitis of maiC', il)lan1d riC mainiained onrice. 'C-bCals., and cass.a'a wCre 
fragileItlitisols illsoith Sunlatia, Indonesia f'ora 5-year' I-eiod, with initial 

http:118.35.37
http:14.33.34


()I 

application pci hectare or SI) kg N. So-12() kg 1 5() kg K. 5) kg Mg.and 
1.000 kg lime and annual applications per hectare of 125 kg N and 1(t) k,1)
 

1351. ( n high-A1tt\ it\Llt\ t ltia-l in the upper i a/on oftPeru. sustained
 
, Ihand Modeltc'l h ,iulS od uplaind rice. .n.i ,dnuts.s )\ fillarn Cans 


rotation) ot \t Ji thlnnIell, \ha..c for each Of 11h v1
obtain'd C1, wth 
tdcijult;I lrtili/ti. m anid! liming 1371. 

R'ccii in\.ctigations lor managing the coarse-t\tnr-ed kaulinitic I lti,+,l 
(+ pie lPaHlhdL1lt ) for sustained crop liducti)il in the' hurnid /oinc of 
,otithcasicrn Nigeria showcd that SustainCd iClds ftiiai/, 1nd co\wpca can
 
be obtaincd oser a period o7 years on small farms v,ith application of low\
 
rates of linmc (20(0-400( kg/lha annually )incoinbi nat 10inwit1h an application of
 
ITWAA12- 5 kgiha as N-I-K-Mg (plus S and Zn) aplied to the Firt-s ason
 
ma iic crop [l 1. The cowpea crop plaltd in the second seds0l reCeived no
 
fcrtili/Cr. At the lo,, rite recommended, the limet
canl he regarded as a fertili,-

Cr rathcr than a major soil aIcrmendment.
 

\With intens-,ic and contin IIOOS cropping. Crop iclds Cal be Sustained hw
 
the judicious use Of fertili\.rs and small quantities of liming material on 
thesc ,oils. llo\,c",r, high prices for ertili,,ers anrd lime and their limited 
a\ ailabilits V\ill curt.ail their use by Ikrmcfrs. In addition, as mentioned earlier 
soil acidification la lso become a problen with continuous cropping and 
repeCatCd use 1acidif ilg le rtili,,Crs. [here, is Ihe'forC a need to develop an
 
inltCeratCd approaic'h to Soil fcrtilit management these
onil soils in order to 
bCttC utililC nati\Ce nutrient sources and biologically Fixed nitrogen sources 
and thus reduc cdeplndCnc on purchased inputs. 

Lol- 111)11 f('/i/it 1)ZUUUIn't'fl in/l'in' Itrce's a/ shrut/s 

Integration of' food crops with tree crops in agroforestry systems has received 
ctmsiderable attention in recent years as an alternative low-input soil fertility 
mtanagement possilbility for the humid and subhutimid tropics [11,28]. 1nte
eratiion of limited food production at the .initial stage of forest regeneration, 
kno%n isthe Tafing.,a slyStemn, has been succCessbimllv practiced with no inputs 
required [301. 

Il'll traditional cropping and bush fillow land rotation system relies on 
tree+.'s and shrubs for lutrient recycling and soil lertility regeneration. In an 
ceffort to iml)rove this S,,stenl and make it More productiVC, IITA has devcl
opcd the allcs croppiig system [25]. in which flood crops are grown in the 
allexs formed by hedgcrows of' planted shrubs and trees. Tile hedgerows are 
pCriodicallv pruned during the crjpping season to prevent shading and to 
pro\ ide inulch and green manure for the companion crop. Inclusion of legu
ini inou trces and shrubs such is I,elca('ca l'ucoecphala and Gliricidia 

http:fertili\.rs


.M,ulm in the hedgero,.s can comributc hixcd nitrogen to the system. Rcsults 
ot 7 ',cars of obsr' ations in solthern Nigeria indicated thai this s'stlm can 
contt'ilulte, Ict\\cn 4()--{) kg N/ha to the coiltllon imake cop and be used 
succ'Ssul, as a .-input (nitlrogcl ',sil f'rtilit, maintenance \stefrll for 
lfod crlp production on high-basc-status Aliols and related soils 1282*)J. 

Sin,.'c frtilli/r use in inl ro,. .Cd flrIlline, SStills ''\ill reu,,lt in largCr ic
l11',\al o tI a incasedI rLUr'll ofltillns
o lutrieIts ill tile crops. 'orre.Sp)tlt+]inglll+ 
\ill he reC'quire+d to corec.'t acidit, aid inliintain hig'h lc l, production ol 
thtese Ir;icilg soils. In i IM1n', o(frtlthe , here limen is lotp liuitd tropics, 
iCtIl\l 'I\ailahbl'. Inclusion Or iICteat MI ofl( tlCrees and slrUhS ill the cro0p 
prodt oui 5,,stili as practiced inl all.. cropping can Sr, e.as,in important 

'sILItion t partt o1f the Cidit\ IprOleii Il I.A( soils. I h eCs and ShI'LIs 
\\ itl their deep rottilq, are aill' to gather Cations leached I'ronl tite surflacC 
.lad I'dtliiln tlelIl 1t the topsoil throlgl l lCaf' litter or pilluings. 
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Biological nitrogen fixation and soil fertility 
maintenlan ce 

Y.R. Doilucrgues 
F. Ganry 

Introduction 

Nitrogen compounds comprise from 40% to 50% of the dry matter of proto
plasm. the liing substance of plant cells. For this reason, N is required in 
large quaitiics hl growing plants and is indeed the key to soil fertility. Non
N,-h xiiug plants - fIr examiple. cereal - take all th, N they need fror the
 
soil. III Scriegalesc conditions this uptake s"as cstimated to be as follows:
 
79-1 32 kg N'hai'crop for pearl millct: 7-1-84 
 for rice: 134 Ior Si-sorglluti: and 
121-1 3, for nai/c 13]. N ,-hxing pilants., cSsClltialll legue'Is. takc a part of the 
N thel require fromn the aliriosphere. but \c ,hall scc latcr that ihc N uptake 
froill soil nas be rclativcsl high. 

When N lcrtilicirs are as aile. so'ilN lcs cls arc nmaitained )iimproved
 
by apli g thCsC indusqrially ibed N s)urccs. Such a techntoloes 
. 55lich 
allOsss c'nilitll 1t roscrp iclds. is succCssl'llti used in intensivc agricultural 
slssCtis, but tile oss ig limitations ha\c bCCI pro)grcssivClx alppCaring: in
creasing cost especiall in devhepin, coutries. low .iclds resulting tI 
leaching aid deniiliication in tropic'al soils, anditarill polliltion Of tLindcr
ground vitr bsj ritiats. Vhc other altriatkise frr nlairtal iIInn or iilrproving 
the soil N Status is to csptoit biological N, Fixation. 

In the last daits a treliCidouIs 'liotllnt o \wrk has beer dile utCd to tilh 
studv oflthis procCss. V'Cr lroIlllisiig results haC ICCrr achiCCd al tre IlCeel 
of the moleculair aid gcenetic rniaripulations otlN -IinirIe origar'iisrnis. but agri
culture and fAcrstr have not lei berrelitid Rorn tWese rcrtarkablc ad aices 
in our knoss lcdge. Such a friluire carn be panlV explaincd 10he Tovwing 
attitudes of rese-archCrs: (I)Most studies ha\C bCC focused on the srinbiorlt 
and hal\c neglected the host: (2) tile idcritlcatlon of tihe poteitial limiting 
factors actirrg in situ has been overlooked. probabl bc'ausC Of tlre CxtrCm1C 
diffiCllv of this task: (3) relatis cl\ It"attenlpts have icen carried out to 
precisely ;l.tiatl the process of N , ation tspecially for trecs: (4) finally. 



the tran.sfr of fixed N, to soil and non-N -fixing plants has not been system
aialisil ins esligatiecd. 

lnipro\ ing the soil N slat us b\ exploiting the biological process of N, fixa
tion shotIld he based not onl onfile LISC 01' Ihigh ly active N,-fixing systems 
hut ls nm11etChOdS fcilitating the transfer of fixed N, to soil. ( onscquently, 
this paper \\1I] be di5 ided into twko sections. The first section wvill be devoted 
t)the ptcntial of the (lifTCrent N -fixinig s\Stnlms and to the improvement of 
this po cntial. In thc second sct ion %\c shall briell\ presntlhe ileformation 
\\c ha\ c (n lc trallflr of fixed N to soil and onl the maintenance of fertility 
IIr'laltiOn t different I\ pC o1fsoil IlnaIgCIllCnt. 

Nitrogun-lIxing potential ollf important systems and theiraagronornicalll 
imivi Ciin fi 

rl A1 l l" d 	 lliIl m /i k11 kclr W v II -1, 11 c w~~ 

\11 rn1WIMr g"rOtLpY) Of s',%illliotih N -4i\11nr ssstlilrs Occur in agrosystems and 
orcsts. I hc\ can be sinIpl\ classified as 1follow\s: 
- Icgllllc s I/--/u \lll l- i I: inosCs.
 

\C .in i/plants ' 1/11S\IllIiosCs.
>rhri/al 

• lilbuses%\\iih (.\lllllosplrllls (especially cycads). 
In 	stln cmc issstenls. N Ilxalion can also be achieved by free-living micro

rcII'i ii sins:, 

N -i I CuI-green algae (CspCcially abundant in wetlands). 
IIIctcOtropic N.-fixing bacteria, for instance, ..l:ospiriliu, thriving in tlhe 
rhi / ',plcre or on plant residues (such as straw). 

qualill lNI a/:dui ,,I o' data .fixatiol cimau'd il 1h.field 

NIctihodsk foM csaluating N, fixation in the field have been described recently 
in thC Cxccllent tlrCisC edited b Bergersen 121. The methods most generally 
used are as falhsmws 
I[.lh differencc oil N ballan1cC stt0dics [391. 
2. [he difl ,rencc ncthod (the quantity of N, fixed being measured by the 

difference bCtwCn the total N content of N ,-fIxiig plants and the total N 
contCnt of nol-N ,-fi.ing plants growing insimilar conditions) [67]. 

3. :-N-based I.chniquIcS. especially tile (Ii rect isotope dilution method 
[4.51.641 and the A valuC Method 1211. 

4. The acetylene reduction technique [2]. 
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W)ther mcthods ha\c ICeC proposed: for example. with legutus and 
acti m rhi/al plants ,'stimation of noduleC numbers or weight has succ'sSI.olllx' 
beCn Used to coinmpare N,-ix ing potentials of clones or cultiars. It is not 
plUsihlWe to discuss problems rclated to biological N fixation it1the feld 
%\itlotl (clictkinC Ihe valiiltx oftthe daa CIx\.1thiat Ii r'pIorlCtd. (i nal'etruI 
irt (f these tta Lstibe discarded because the authors did not take into 

atcent the linmital.tions of the Methods the uedd 1(J. SoCn IpublishCd. adllo 
oftln IIo1ns'C en \UtICd. CStItilat h calculaitekd lo wrolng iuSipIt iMs.
 
li us ].iale<wiial<1i7,./h<Il/
x as cred tCd xxith aivrx\ high N -ixing1 pottCn
tiL+<ranein frli 6ll))) to 1.0)0) kv 1i0.''\earSuc'h 'aliCS.
N Ilf..L)f. 

hlx ci. arc hlot \alidt: h' cre'latelItCd to the ltal N accumIulaio1n inI the
thx 
Hljl.aic' ilactilollof the 1te and this c 1anno0tbe attributCd SOlCI\ to N fixation 

Co t u tIell heat ion of, 
N, fiation b.\trC' , is dliff1icult iidCl'. I he iso0to)C Methods. \xiicfi a1'C 
kno\\ii i tiicr rliabilit\, hima\ ICld to inIsuific'iCIntlx accui1atC et'>ilatiolns: 
\wiIhllticcs. it is dillcuilt to0 labCl tile' otLnie ofls( )ilxlolid b\ the roots 

bca'usc soil IlSo tiicd to plant N ii tlio1I j311. (,)uaintiII 

totlal c0 

antI to .tahlc
Ct aI + oil cn'hininlt thliouelit lo n- ep ilellts. Iortt
iilatl\. rlakilCL ccurtC elstilmalions of N fxtiln cin ploibal\ be oh
tMilledbh\tl the dilfelrncuo llo tht te iloll-N -Iixine andnietltod. ihd 

N, -fi\i II s\slCiIs C\hihil Cuil \ ltciuilt use oflsoil aildi~or feIrili/ci N 151.
 

It is prlihlh c\cii Iolr,difficult to Cluntlifl\ N fixtinl h\ hui,-1ciei
 
algae and I/(lfi iII \Ctlaind ice lds. ,Nin\ fi ure's thaia \c bCCuii etei'tcd 
are liable to cliticlsll. cstci.iall\ C\all'iitiiis basCd oil Ct\lcule iCdiiCti)Ii 
assa\ 0. N ',\With tlcc -fixiiit, Stcllls. the Isotope dilution lcillitLUeC has
 
Jit \ct bcei used iiItle fIeld orI- iI fil'ld-silulatiel conditions, probally
 

,
bcZ'ausc ofthl difficult\ of othainin a non-N -fixinie coiitrol. 
.iost studies oin rhi/iosplic N hiatiion lia\c Icbci cairried butt> Using 

aic ue\Cn uc tion s.l pro ed liat N, i\atiol :ictUiill\ occrlS inIi assa\, 
tile rhiIo(sphIIcriC of i/ioii-niodulat iilg plant,. but the\ WeC incorrctl\ used inI 

ihii N 
iethiod 1 1*,K08,1. 1lie claliii that rhi/osplicric N. fixtiion co uld I e 

aierononinicallk significant and the Fact iiloculatiolil 

ualltil\ i111g hosplicii, ilxation. sincec the\ ignorcd the lilitations olilh 

that soime trials had c'l,
ti\cl\ ilic(raCSCd the \icld of sollic coTpWs I5S<j gnclU'ateCd a!l CXplolion il lVCs
ligaltlois oii thi s\ste'ii to end sc\cntlic.N -ixing ull) the if' the ReceCni 
studics. ho 'cur.,ic sllo\i tha:t rhii'os)hCiric N fihxition is onl illthe 
algc of,"I - I, ke. N Iix dliaicrop iII %\cxland rice fields 153 1. and the ratc of' 

N fixation i c'ctiiix iuch lo\er in dir liids. xxicli arc known to be a 
iimuclh less ixorafilc' fiabitat i N ,-fi\iil r,-c,-livil baciteria. I.xtcisi ,efIeld 
C\peCrilincnts pl.erhlirincd in dilferclt countrie. SPleciall iII India 121 and in 
the I nliitcd States 19j. 1ixC Cearly shown tht if increases1 of' c'ro ) IeIdS 
resulttd i'm incuLkitioni xxithi .I) oiriil/ in sonlic cnlitlons, this rC-
SIinsC I)robil should 1t10 be attrhiuted to N, fixation but ratlher to othI 



mechanisms. namely, production of plant growlh hormones, stimulation of 
inutrient Uptake, or protection against diseases. 

B\ contrast free-living micro-organisms can probably fix N, actively when 
thc\ ha\c access to large amountils of energetic substrate. a situation that 

ceTilrs Mhen s1r'mror other plant residues arc generously incorporated into 
the soil. Estimations of the N inlput through this process are still scanty. 

IO sunillilari/e. oIne shotlld J1.\Sils Interpret svitll IItIilOs Ciution N,
tixation estitlations. cspeciall\ \when tlIe\ ie reltCd to S\stelllS that are 
difficult 1t cxplore. natncl\, pcreianKIl crops, trices. Iltie-green algae, azolla. 
and the rhi/osphcre of non-nodilating plants. B\ contrast, a number of cor
rcCi t 1matI ion, of N fixation b\ annunal legume crops are aVailable [42]. and 
thesC can be used \\it h ConlfidenCe. Nlost of the discussion in the following 
section, will bC based on lhese last txpes of data. 

Variadions in lie N,-fixing actiit of the different s.sitems 

The potential (o N -fixing S\stcms varies a great deal. Among legume crops, 
ir example. it is \\clI knomn that so\bean Iixcs N, icII 11ore actively than 

dh)es heant. I able I shosss that aillloln tiropical N .-fi xing trees Acacia Incar.vii 
nlld l.CI(cw I /'mI'I Cu'phlaCCae very,, acti\e in N, fixation, whereas Acacia 

/, ,,'ror! ca is a poor fixer. Ilo\ex\er, such comparisons are often liable to 
eriticisin not on\ because of the lack of reliabiIit\ of sonle estimations, as 

1i/ / , t'\iliIll llO' itiN Iii OW ii)iCS 

MtciLd 0t N, fixed Reference
LCi illal I1)I1 (kg/]la/v l) 

\CcIC', Iln.COl1 s i 	 20( [46] 

J i LCilI 4-i1 181
 
A 6 [41]
 

\':cL,; I)CIiaila A 
 34 [541 
( i1( iLd;k'pLll] A 	 t3 [54] 
11 , l it.'mill A 35 [54] 
I cilj'cIla IcucOccIlkaIa A I10 [34] 
tu'. 	 ,ij I'.clattjinh)sa C 25-36 [551

r\ thr111n pI )CpptIjI;Ina 1) 57-66 [I 91 
d'llI llMl11UCt l tIi l{)il- 13 	 [1 I 1 

0 1 	 58 

'ttlstlli~t~ 	 1231,t~l~l llI l40-60" 

\V cicnc icIiilint assay: I: nil rogcn balance sltdies C: N abundance siudies indicating(U 
Hi 5(1" n oial piani N toms From nilrogen fixaiion: D: mot nodlule turnover I: isotope 
inkthod ( \ \atlu. 
I I-,ionth-old trees: 10,000t irees/ha. 



99 

_" Early Pod Fill 

-a) 
iT 
Z 

Vegetative 
Growth 

Most Leaves
 
Senescent
 

Time 
/Iiv,ocI. (icncraliicd pattern of N -ixing activit tor an annual legume. 

mentioned earlier, but also because each individual N,-fixing system may 
exhibit large variations in activity. 

Varialions in the N,-fixing activity of a given system 

The activity of a given N.,-fixing system varies greatly with the age of the 
systeni and with the environmental conditions. 

l"U'iation~s with age 

The pattern of' N,-fixing activity of annual plants is usually characterized by 
a peak just after flowering (Figure I): the magnitude of this peak varies with 
environmental conditions and planting density. The seasonal pattern of N, 
fixation for perennial phiats is probably not very different from that of annu
al plants: they also exhibit a peak sotneti me duit ring the growing season. The 
N, fixation pattern related to the whole life span of' the perennial plants 
probably fbIllows the cnrye represented in Figure 2. When the perennial
plants arC still you ng, N, fixation is negligible, bUt it increases rapidly with 
agC. lbhus dui ring the firs. 4 months of' its life. a seedling of ('asuar'ina fixes 
less than 0).05 g of' N,- but during the f'ollowing 6 months it can lix up to 3-6 
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lo,'ur 2. Ik polthclical pattern ol'N, fixation during the first year of grol h of a trce. 

g of N- Such a surge in N -fixing activity probably lasts for 5-10 years. When 
the climax has been attained, the trees grow on the combined N accumulated 
In the soil through decomposition of' leaf and root litter, and N, fixation is 
very low. During the growing season N, fixation of a perennial plant exhibits 
a seasonal pattern. The occurencC of such variations should be kept in mind 
when comparing stands that differ especially in age and planting density. 

I ariarliofs i/ith environmntlalcotditions 

Large variations can bc directly related to variations of the environmental 
conditions, which are chemical, physical, or biological in nature [12,25]. A 
conseu(lLence of the high sensitivity of' the N,-fixing systems to the environ
ment is tile nCCd for caution in interpreting both short- and long-term esti
mates. 

Technologies for improving N, fixation in the short terti 

Up to now these technologies have been mostly related to tile improvement
of the symbiont performance, a topic that we shall mention briefly. We shall 
focus our attention on the approaches based on the host plant studies and 
recall some of the elementary principles of agricultural management that arc 
too often neglected. We shall 111t discuss here the technologies that are pres



I ()I
 

nitly C1n isiojcid hUt not xet rcady to be used. These include tile generation 
of nev, N -fixing systcms resultinlg from the transfer of ni/genes (and other 
ancillar.y -cs) to mycorrhiza [281. somatic hybridization of non-N,-fixing
and N -tiing plants, and introduction of expressible t jiinto the plant 
gtct nc [481. 

uc'of i/c\'smtImpirovement oic micro-orgtmaism aid inocUlation 

Fhe recent advances in the molecular and genetic mrlanlipulation of micro
organismis offer the possibi Liy of improving tile strains of Rhiholium that are 
cunrrent \ used. 13roadening the host spectrun of specific strains has already 
been achie,,d by genetic maniplulation [351: competitiveness and/or effec-
i'\CneCsS could piobabl . also be iinlpro ,-d bv using tile same technology. 
I11 e\ cr. none of tile strains ot r/iO/O/ium ohtaincd h thesc lllas hlla e yet 
been used in agronom ic practice, and thus one iLIust still iClx up101 strains 
ft have bleein selected bx the usual methods of screening 1631. Frankia was 

isoflatCd and cultivatCd in '+itro for the First time only in 1979 171. wvhich 
neans that the gcnctics of this st'llblioilt is still ill its infanc. The isolation 
and culture ill \ itro f blLu-green algae associated with a/olla or cx cads have 
not yet been achieved: thus. all% attempt to ilitiate gelctiC studies is preclud
ed. 

Inocufatinc the hst plat with its specific sxmbiont to inlrcase N, Fixatiol 
is often recommended as a general and unfailing method. In fact. the henefi
ciafl Clci of iiiCulationl l Xllctd whenl tile S,,llliOilt is absentcan Only be 
or il vcry lowI uiirhcrs inl tile soil under study or whel tile strain to be 
illtroduced is heth co1lpltitike and more effective than tile native strains. A 
flew illustrati\C CxallplCs l'Olo\. 

SuihLCV./Uil i/Ok1itmltvu 

- In most situatiois. inCluding tropical soils, intoculating sobean with its 

specific Rhiztiom i onmsignificantly increases N, fixation and yields
1.6. A less classical e.xalple is that of the inoculation of (asarina 
'quisetilhlia with an effectivc strain of' lianlkia. Table 2 shows that inocula

tion illcreasel the g'oxth of e tle more ahn didihe application or N fer
tillizer. 

- In tropical soils, legunes of the cowpea cross-illoculation grolp slow little 
or no response to inoculation. Thus in Nigeria little or r1o response has been 
obtained for cowpea, jack bean, lima bean, and pigeon pea [I]. Another ex
anmple, related to trees, is tat of an inoculation trial of' .Icaicaiholosericea 
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carried 11 in Senegal. Inocnlat ion with the effectivc strain did not signifi
canldy improve the 1eight trces ier transplantation, and it slightlyof the t 
reduccd the sLrvi val ierecntagc (1abhc 3, sceond and th;-d lines). 

/Inp)l' (efll o!lwhhost p/ant 

Enhancing N, lxation by plant breeding has been advocated for a long time 
132,44.451, but lhis approaCh has not vCt been rcally CxploitCd by plant genet

ilb//C 2 Infletnce o 1nt ulillii ilt I-r inkil ( )RS( 12 11)1 on height. th\ \\cighl, and N, 
+fil ,ltion l l 1 -- d il rillii Ixl~jUiltlftl 

I ea i 

I iioitill 

ntiI S 
.... . ... . . .. 
mn N ildilion 

Ig/ireel 

I lcight 
In.l 

I)r\ \cigllt 
(g/itree) 

N, tI\¢d 
________________________ 
'hb NdtaiV g N ,/iree 

Ii 
O)((.5 

2.5 
0.5 

17(ia 
192 a 
210 1) 

295 a 
419 ia 
525 1 

(0 

(0 
39-53"' 

0 

0 

3 .3-2.3 h 

Nilrogen dcri\cd from atlniosplie¢.
 
irSi f:i5,1 dircci isOiope dilutio'l mcihod, second ligure from A value moithgure ealcCaiilcd from 

Figure5, Ill Sllle cOluniiiflS Ifli\cd h\ samc letter (io not differ significantly. 1)= 0.05 (l)uncan 

lat/I 3 	 Inlh0nce Oihl' iIlcaiiilltil Ofail'a holmisericca seedlings in ihe nursery on survival and 
grosth imfir ilansllaniaiing' Singlkan. Senegal (unlpiilisniid) 

Irailleni ill tihe lllll I I imntlis 17 milonhs 
after ir:iinsplanti lli g alter transplantating 

SII-lillion t' ioculaiuin Sur\isal teight Survival Ileight00i, m)Wl 00 (ill I 

0 38.2 a 29.4 a 36.8 a 105 3 a 
S 0 89.6 1 38.6 1) 89.6 b 119.9 ) 
S R 75.1) ¢ 36.2 b 72.2 c 117.7 h 
S RM 84.7 bc 45.6 c 84.7 6 134.2 c 

Seedlings transplanted Mien 2 montilis old. 
S: soil steriliiation wilh ncih\lbronnide (300 g/m ). 
R: inoculation \itlh R/Imohitm strain ORS841 RNI double inoculation wih Rhizomiun and 
(,'1Ioullo mI'oi'e. 

Figures in same columns flollowed by same letter do not differ significantly, 1 = 0.05 (Duncan 
test). 
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icits. In addition to plan! breeding, screening of sponanousm or artificially
il(1 uced mutants or screening followed by doning of indiiduals with superi
or alilitv to fix N, within a heterogeneous population would probably lead 
t) imnresting applications in the short term. A few exa mples follow. 

( o /3-/ '3410.30 ' 

-- rhs, legumes are knows to exhibit varialions among cui ars. The v'aria
tions alfct nodulation (Figure 3) or the amount ofN, fixCd, and thus signifi
cantl, changc the soil N balance (Table 4). UJsing ci hf -me ihyl-fnate 
mutagenelsis and NI2 Iamily pot selection. (resshol ct lal. 12) recently ob
tained soybean mutants showing ex.cessi\e nodtiation (up to thrccl'old to 
fourI'old incrcasCs in nodule number or mass)ah)ve" thalt of' \ild plants. This 
supernodUii tion was also expressed in the prCnCeC of ()lhCr\\ isC inhibitory
levels (5 iNI) ofcombined N (up to ln fold increases in noduIle ntimbers).
At the same time the nilrogenase actiVity Of the so'n)C iu.titants Was not 
affected by these inhibitory levels of combi.ned N. 

- Many N,-fixing trees are cro -po lnatc(I so 'hat the genetic heterogeneity 
ot individualIs is considerable. This charatcterislic comlicates germl)lasm ex
ploration and selection, it it can be expluited by screening the best clones, 
a technique that implies that clonal prOpagation methods ara available. In



vest igat ions il the latter direction are under wray at the Bue au orI ( )'crseas 
Scientific and Techinical Rcsca rch/ National ('cntcr for Scientific Research 
laborator\ in I)akar. and the prelulilinarvA results on Acacia senc.,,al and 
('asUarid sp). arC mo0sItpiomi,+,ing. 

We have seen that the amount of N, fixed by a given N.,-fixing system is 
related to the potential of this system which, in turn, is determined both by 
the associated symbiont (Rhizohiunm or l'rankia)and by the host plant. How
ever. this potential is often limited by environmental. chemical, physical, and 
biological Iactors. In arid and semiarid conditions, water stress is a major 
li miting factor, Is illustrated h)y Figure 4. The agronomist should attempt to 
ni in im i/e or eli ininate the impact of' these limiting fiactors. Since this topic 
has been adequately discussed already [ 13,26], we shall restrict our attention 
exclLisi vely to the following two problems. 

lP/io.XJphol'ls a va/labl/itt' 
- Any soil deficiency al ects not only growth of the plant but also the func
tioning of the symbiotic system. A most common nutritional disorder is that 

/d,l/c 4 P ercent plant N Icri Cd froll N, (u Ndlfa) and N halances of*co\pea and so\ (lean 
cultixars wthen giOwn iii a soil It)\ in a\ailable N 

'ultivars N, fixed ' NdfIl N balance 
(kg N,/ha) (kg N/ha) 

[RI 50 61 +2 
TVu it)9 101 75 +52 
IfIe liro\s n 81 76 +24 
TVu 4552 49 64 +3 

_672 143 86 +7 
22/72 126 80 +7 
44/A/73 Ito 76 -I 
.I lilCr 108 75 -6 
4/73 64 73 -6 

'" XJ8. 
fi putlished).(u 

I-or each crop, conmparisons Ietween cutivars were carried out at tile sane time, in the same 
soil. Tops were relurned to soil in both experiments. 
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Soybean Groundnut 

Adequate nnon
Rainfall 

Inadequate O2
 
Rainfall
 

N From: Fixation I Soil ] Fertilizer 

II 'ti -1 I C , IlH l in ho \h . it'alls, uoc'ulaLtd flI.cil\c ill l A h1ii/h i, im ill a\\ith all sCl 

1IL-ld L-\I)Cl'lCl1'llI i' i i m tl 
 111Smith Scic al (1In 198N2 adCLuflilC Ii l 'llll,' S (1'' t)ii"K'Lcv; I\t'tl m i 

a llC Ill~ l Il\dI and N ,is kghil'ljmll INd la il fixed cyjrC t twd 'ii" l r, 

,mi(in'l hcl it't ) Jll'[ lt 1,111 llf ICI M 'Cdu C c 24" u,und 34" . 

Ridiht: VN,.,tA\IIIixMl1 Upnmth- l i I t MICOnl'iYu nditil mtctd h\ Il ilit C] I,.-/,himl, ill a held CXpuri
in i l edtLItiM in kiLiitaI SCnIwalI (h I 175 l cIuIC(Jlhmt-ranilmIIl Ndti m ind N, tiwd %wmic(i6" 

n C, k'l l\ . lhciil', mnI'i 4 Ilniadclimalc lmlnllill hlIld I ulirC,, i\c ic 44'o and 52 . 
ial 1iilk ,ji \ m' lmti htliIcil. dmilICICI irclesiLiuiirt rm ut1 hilal N hhllCil t1' IlantS). 

resulting from phosphorus (dlhicinc>v. Alleviating this soil defect by applying
appropriate amounts of soluie lphosplhorus dralatically restocs N, fixation. 
The examplc giveni in Table 5 is interesting because it shows that a modest 
application of P (22 kg/ha) comhined with inoculation with (lomius o.vscac, 
an endomycorrhi,,aI l tingus, signilicantly increascd the percentagc of N de
risVCd from atlmosp7hric N, (/ Ndl ) and thC total amontLInl of N, fixcd (nearly 
a twol'old increase) by ficld-grovn soybeani. Subscqunnll. the giain yield was 
signiicantl\ impreMCd. The rCsults of this inoculation trial with an 
cnd(Iy11 C rrh i ,l 'ungus should not be extrapolated to ot her environmental 
Condlitions wit hout caution. It shoul( be Cmphasi/ed that the successlil effect 
of (/mit .mo vac inoculation reportCd hIere was attributCd mostly to the 
fIict that the native eldoyNcorrhiZal pIolpulations were very low in the experi
miental site. 



I00 

Inhibition of A:-/ilxin g.vlems 1)y comlinl'd A' 
- It is well established that nitrate and, to a lesser extent. other Forms of 
combined N retard nodulat ion and N, fixation. Such an inhibition is ob\i
ousIh responsible for the deficit in the N balance observed when the a1InOUIit 
of' N fert ili/er applied to a gi\ en legume reaches inhibitory levels [ 18]. A first 
ap))roach to circumni \Ciiti ng this inhiibi t ion is to use plit-synil)ioiit s.ystcms 
that arC capable of cootiiiiuig to fix N, cven inI the )rescncC of large am(ounts 
of conihincd We al rcad\ the Cxampl () soybCansN. have given ofl tant 

btaincd b ( ircsshofT' ct al. 1291..'c.lmia rANrau, a stCm-nod ulted leg
i1, has been s1own to haeC the unique abilit,,r to absorb combined N with 

roots and to fi\ N, \\]Ilia its stem nodules 1151. It has ben suggested that 
iranfel'rrinIg the ',tem noduihltion characteristic front this plant to other leg

u ls, wonlld bC a v\i to dC\lop ne\', uninhibited N -ixing s stcms [ 13.141. 
A\ ',T)ild a)proach. hals beCen cxplo)rCd,e hiMld) 1not Seiousl, IS 1t Use Selom 
lorms )I'N Ifrtilier-, that do not inhibit N, fixation and \et pri-ovidc the 
plaits with the conlIlnientar. N required f'r their gro Ith.1lardv ct al. [321 

-rIi+oif 1'rtilirs .mpatible 
prtliminar., experimcnt tle,, fo)und that 's(I\bCaI meal' to so\hcar 
)r1O( sed des igiat in , s,,uch s ms 1'ttiliecrs. Inta 

i ap)licd 
not oil\ did not inhlit N, fi\atil(i bJt incralsTdC, it h,\ 2". It w\ouMl he 
Lnrealistic to loc thLe us'e, of o\bean lIia itsal comlpatible N frtilizcr. 
buit iv, oM pro01.aly be Ipssible to obtain new foriis of N f'ertili/.rs with 
similr prtwiCs. To start with. it would be worthwile to sLudv the effect of 
the cxisting shv-rl,-asc N fertil iers on tle N,-fixing activitv of' symbiotic 
s\ stems. 

IFertili(y maintenance 

The contribution of' N,-fixing systems to the soil N pool depends on their 

lIah' 5 IIc )f1 inl t01UIn(i \,\ih gh(m1f, ',  io+swac On N, fi.ation and grain ,iCId s of 
flcll-g Nuv, OL', Mpp\i iI)fl ,i'crlili/,'r1221N fI \N1t11 h ll I 1f at)ion 

lrcaini', N, ii'~,f ( hIln yicd 

I)Ifil1n tIW~l)h1W, hAIL' "u Nl'fia kgtha kg dr., t/ha kg N/ha 
(kg ' fIa) 

RIhimtmm I 67 a 73 a 1.423 a Oi a 
Rhil/oium f (ifnimm ii 67 a 8"(a 1.431 a 98 a 
Rthiobitim 22 71)a 10i1) h 2.017 6 134 h 
RhiioIum f ( ilunuti, 22 76 ) 139) c 2.29) c 155 1 

Mcans Ilo ,cd I), lh' sallic letecr willin columns do)not dilk'r signilicantly. 1) = 0.05. 

http:f'ertili/.rs
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N -fixing potential and of) the aM11oi1i1t oI' I\cd N transferred to the soil. We 
have alread\ discussCd in detail the means of obtaining svsteiis \VIth the 
highest N.-fixiuie p)tCnlIl. In this secton c shall e\amifc the problem of 
tIic irans-er oI Ii\ed N I) s()il and gi\ C CXamples related to differcnl 'ypes of 
d'iiLCiLtLiiI and ft mr\llailavceIllnt. 

acr,/ 1,41. T I liv\cd , lo .Yil 

.1.Sprent [60] aptly recalled that *legumes are not altruistic'. They fix N, for 
them,,lves, normally releasing little N into the soil during their growth. 
Il_\ over.
some N is transf'erred from the decomposition of dead tissues such 
as leaCes. cladodes or phyllodCs, fruit, roots, and nodules. A return of N in 
plaint tops to the soil via leaching is likely to occur during rain, irrigation, 
dcx f'all,. or spraviiNig 1661. The amount of N trarisfe'rred is usual ly low for 
grain a1nua1l crops. sin.c much of the current re.sealCh O iImprovement of 
grain legumes is aimed at iml)ro\ing the havCst index of' grain and ensuring 
that it is indeed harvested 133]. In contrast, lauger amounts of N are probably 
translerred when tops arc incorporated into tile soil or after being t rans
formCd into farmyva rd manure. N transf'ers are considerable for legumes that 
arc ploughed in as green manure. The same is true for trees that shed large 
qunantities of leaves and fruit. 

;rain h(','ufls 

According to Henzell and Vallis [33], 60%-70% of the legume N may be 
harvested and residues may have a lower percentage of' N than the material 
harvested. Consequ,ently, it is not surprising to observe negative N balanc,.s 
in rotations comprising grain legunmes. To improve the soil N status in such 
systems, tile recommendation is to use cultivars that actively fix N, (Table
4), to ensure the ret urn of' tops. and to avoid or minniie the addition of' N 
f'crtiil iers, wvhich are known to inhibit N, fixation. The main emphasis should 
be placed on rotations that ensure th1e replenishment of the N stock. Thus. 
1a tclial'ce of, soil fertility in a soNvbeai-iai/c rotation in Senegal has been 
achieved by retnIIring tile tops of both crops to the soil. Improvenent of' 
f'CrtiIi t\ was attributed not only to the inc'rease in soil organic matter but also 
to the enhancement of' N fixation by soybean, as suggested by the increase 
of' nodule nunbers (Table 6). It is interesting to note that in this experiment 
a relatively high yield of' maize (2,000 kg grain/ha) was obtained without the 
addition of' N f'ertilizer in the framework of a 4-year rotation. 



Flooded soil" appcar to lni.i ntaini higher N fvtiiit\ than dr\ land Soils. Mo d
crate hot1 tairlv si ahle icds ofl rice (Q tnneiha ) arc iniiitained I& miapi 
\eais %\thoLt an\ addition of N Ilrtibier. it M\itch is attributed to ilhe 

I1lI)01 u0I N to IIII. sodi tllrli li Npontaliceuis ti\utioi1. PeN I ur t\pc t 
tiiil2Sstcis all inI\C II 111een lua e11 hUitaii CleiuIeSud as 1111 tanld alsu. 

()III InI ( hila. a nbnl-q [Ieluuu. 'Iu:,:h: \011(d): iu/ila. \\lo i s c it( Inch IIIH 
siiuilr "ya as Ieuinis: I&K-greeun Wpmae and Iuetiutroii.n \ -Miing micil)
mu!lisinls tl\m ui(Istriarl.id. 1() a leSser estentl. (n it\ ri e pliant". 

ccitaliki the( iust CITICieiit tcchillItji. aiid it aln\\s a sutan"Iltlial IIuIpitt\ 
1u1Ieu0 t)Ilh N 'status t&the still. I u\ecic. RtteerI and \\ itaiiiabe S31 cou.-Itd
ed tilei ecehen e\w\ (m~nithe teehiillltuuics I'm. uitih/ini N tisatiuio lin 
%\\tlaid lic h\ Stiesslill' 111e stletniiilimitationls ot i-eeil illhltriii 

IIs[, ta liayc menl I'praCtice, IS labtt in~teISI\ c. and it eall be used onl\ \dleie 

CO)IMICS S 1\ it t1a l~hi-i llibt 
Since the.cwkpAja IS Still pI)Mrl\ UMiCdeStot . Ro!ci anld 

\ataioibe 153 \\uild Iwnt ctnutidet'l\ ieCOMtICItiid ALa! iuutilatiun Ill Spite 

Iaet tll'i, [It. abl\I urelI the t hat p)iait ice' \\otIIl ;Ih re ll\ 11111C addi ti~lla 
liltir. \CCORdiiiII Ill theseA alitluuIS. JIi IltIne [Lit lueticrtrupIe N 1i1hatioun is 
eseiI less biihu. sept M\\ l it ISaissociated \\ iII sti\\iicorpttratiuil. 

\e ie l- ia;ii that tHe prllaCtILeS Ixistl M]itheC pIlt)uietitol aidu ici 

ralum o a laiwe biuiiiass (luICIUIueS. /. anld. tota L'SSoi estent. stflim\ aIre 
hiuiiitcd secuui th se. tttC Ileumesh\Ik-i icfa.tolis I33.531. but Il oIStCiui-iioduLatd 

IJ I 111ill- C tf1W W I ( L1ed'ii . (I 'd ii m l w il" '11 lklw 

planh dl 55)u 1 k2jula10I 

RNIt id tul 3 t l.,Itt \t1LtIt 
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xiti a high N -Ii itr p9otenti al will probally facilitate the revival of 
corpost i rig an d gr'en lria nliri rig, su+C'h as practiced now or in inproved ver-
SItMIs. Illf ticl.. '\hI/l/l Ft,0f11. atsteim-nodlIntCd legume whose remarkable 
charctek.ristic',, crc', Medlilllisc 
 1979 115,I 6]. appears to be a good candi
dilte I'tLr'crI iruliurIne or co r(irnstinge 1521. 

N,-fi\ing Ircu. irliim-d Niatdc o(r associa1ted %itlh annual crops 

I 11C iltfii) (&ftie s t tlic N sttus of. soil is alpriori more iplrortant 
thtn thit o ,lielroTs )cause' f \tW Slpcif'ic hablis. 
I l\.,pt for iti rts (less than 1-2 \Cears old). part of the N that trees1,0i 


take throiieh Illir routs returns to the soil ',itll litter: thus. N is colntinl-
I, cr0ielali11ln in ti1C cttos\ strnl. [lhe N I'tLIIId illlitter ma\ be a high 

prqttpotion o( N dcii\ cd rormi N, lvixtio (Ot Ndlr ) or fron soil uptake.\1l1iicresitrucoi se'quence of ibis fact is that "inilo\ soil N corditions. 
leal +irli111d\he ueaLI'ISa \C'\ rLuLlh esia11,ttor of N, iatiun but it 
MlTtcis the N stored in the plant duringgroth and N tInd oCer under-

I( t d'"IS 71. 

2. lhrol ,ihtheir I I S e 	 ir [It n-i \ Prl t t'S ICt is;I 'I lrt ip'tll,.redis
triIhtl 1L tre nlitrlirI-is. cspeeiIaI\ N. in the prhole and cotributting to 
their 	 tcuirIrlalt1 iat the sirla'c. ort+ stoilSO150. 'I1hs treeCCs i1peaIr ito he 

t td catndlidate,.s fMti1,,t'd Cropping S\ScIIis. lo0\\\CI'. IC should be 
a ,are of Ilont rsk r',ultlit toheir aC i g frm t crripletitiOio fbi light ar1d 
\ ter arid. v 1ih sonic speCCieS. the production oflpl\rto.ic tCCOmpOulids10 

(allet'hu e b\
Cth\) hrtdrootts or accIumnulated illthe litter 1301. 

Il ternlpwratc areas. growirig mixed stands of N-Iixiig ard non-N.-fixing
trlees hats beent altCmptCd, but not wi ii MLuci sucess except for tile reclala
litmiito\\tasic areas 143.561. A lthoUghth lls.iC'hI has rIot yet beIn SCriousl\ 
SIidlied In tropicll aiid subtropNical conditioins. it Shouldl not be overlooked 
Miniie' SPOrIlt'riCoIS IIIl\,d Stands do) si\st. For ex.aIplc. ill\istralliai L"Itt'd
lj'' i "-, ts.pecies, ti h are ,idsIpreadit: 1C is IIid.rStorv SlhrlIs \'ith 
r11ilte'. t(d tlre Palpifrntitribe or1hOW QCad .1/d(ntatt (altMr t iermnlopfiilic 
It)it \\ 1 toral-like nodules reuotlting fro0m1 tIre association \, ith al N,-fixirig
tl Ir-ereci al 6a)(t]. Nli sd Stanrds of, Lzowalrpli/AN Ni/ter arid . f/hoasrarjira

!/1',Fj;/l arec riot iiriorItrli illstheast \ustralia 1171. :'ixed staiids of 
i1,'I/Ho Sp. and fem: ao,,r Otttturtt/h ' hvel\C Icpr~t)Cdl\' bCCn Used to flix 

saiid tunes ii ( rissit j47J. 
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lnwtreropplb g can he .let n d as groving tmvo or noie crops sirultarncouQl 
in the sam field. Idcall ione of the associated plants shouldhle able to fiX 
N . So)le eampIcs sho,, that this tpu of int,..'crroPrirtg can result in iin
piu,, ed Noil tecrtllit, and Often increased , iCldS. Ihe class1,..al C,,arnple is that 

. IU( u(I associated millet. sorghur,//l/ \, it1 i.1. groUdnut. leat alu/tidl 
i a tro Ulume that has the unusual habit ofgrow'itig te.\v foliage during the 
d,, ,,eas II laId lOiI Ig its leaves lllln the carl,l' patl of tl rain , season. 

Top, can he gros,,tn arotii1d and under the tree " ithout sufWering from light 
and v, ate competitin1: thus. the, .denrisC beunefit troin the topsoil Cnriehncunt 
I1.2 2.3,I. In thin aisoon it is not ver, .lear chvthcr the inpros ed 
eN.tllit, I' the Nol under the tte' is d.I Inainlh to N fixation ior to the 

red:'-,trihuttin ,of tl trietAI. cspec iall\ N. in the prof'ile (pumnping effect). 
Intermllopiieu/ en Io / i'rM'l,+;/ \,ifth mai/c is probahl\ an interesting 
mCthod. l\IpCrunCtHt caricd Out that a populaltimn of' l.(If(1) to 21),()() 
plants, ha is ad.'uate (t pro\ ide ,uffieICnt tfoiac ito cOtlr the soil and supplv 
,,uhaintial (ipiUitikt., OIf nutrient, ,+ithom s gl ifeanitls competitng with 
11ii/c. al1c , h,%N, that u;ii.' \iclds \\cre ,11s1 .lightl.,, reldCed b,, the 
higlhct popnulatin Of l'h,fhl n Ire/I' I 141. lx',Cept for a f'ew, clear-ctt(It /t 
e\aniplhs. stich as that Ol h'u(ICIi 1u//uhl,. "\.e ha\C as \Cet \er, little CprimeC 
tal C idCe on t te-rop,associations that tells us.s hethcr the species mix
tulre, ,.,ill inte'raCt Mutual inhibition. cooperatively or through one form or 

I t'li MtiiiC h(.1h1 rcd .'itiill', aiid glain yitds whe gro\n i li ass)iatiii witl h.tcicani al 
( I I Om Ihla 1-19I 

h quh I u I IIaI leight" M olll 

I~l n ,,:h; rlaill,iha rallictioh 

(0 } (tha)l 

ii 25.1m1) Ii 4.6 

25,1)1 2 4.17 
1(000 ff)(1 4.011 
2() SA11)1) 4.2 
"1Ull %mm{)11 12 1.)"m 

40I.000ll S .()( I () 1.5 
-M AI).((( 511.0 ) 15 4.9 

1:01r1) tt(ijs after paillng oiMpared io check. 
S( trltClced toi ] 5 In)hiiis tire Content. 
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another of compensation' [36]. This type of in formation is obviously re

qui red if a particular tree-crop assoCiation is to be encouraged. 

N /.VU" I/ crop ort/cc'-fg lll/ (0d) ,"-i)/,-m-i.vin, trc' rotations
 

In New (uinea the following shiifting cultivation system is currently 
practiced with success. ( asittrinao/,'odo, is planted in wasted, N-deficientsoils and grown for 5-10 years. Itis then harvested for wood or charcoal, after 
ich the land is planted with various crops [57]. The same syst em based on

builduII p of an N reserve by the N -fixing tree is used in India [401. Soil
iii prming properties of casuari nas have also been exploited in alternating
rI'tion with . I/iwardilm ,ccitidc/ahc for the production of cashew nuts in 

111( i (J.('.i. ()ttow. personal communication). 

('onclusion
 

Restoration, maintenance, and improvement of the N status in soils can be
achieved through biological N, fixation provided that the N,-fixing systems
used exhibit a high N,-fixing potent ial, that no environmental factor limits 
this act ivitV, and that the largest portion of fixed N, is transfkerred to the soil.
Most often these conditions are far from being fitl filled. Thus there is a tre
m CnRdOLIS need for research in three major fields. 
I Improvi ng the N,-fix iug potential of' existing systems or obtaining new 

systems is obx iously a major requirement. There is a need for increased 
emphasis on the plant rather than on the associated symbiont. It is high
time that we orient our effIrts toward exploiting the genetic variability of 
the host plants. For trees, one should attempt to select the best 'soil
im p1'ovcrs.' that is, tre-s that will fix the largest amounts of' N, and also 
return N (and 1)absorbed together with N) to the soil via leaf' fall or
lopping [36.37]. The host plant and microbial approaches should be used 
to identify N -fixing systems that would not be too sensitive to combined 
N. 

2. Identification of' limiting flctors, though often extremely difficult, should
be carefitIlly carried out at each site. This type of investigation is a prereq
uisite to any attempt t, exploit biological N, fixation. It would be inef'f'ec
tual to develop powerful N:,-fixiiig systems withouit first attempting to 
identif' and eliminate potentially limiting fIactors. 

3. The problem of inproving tile transfer of' fixed N, to soil should probably
be undertaken by agronomists and economists: however, plant ecologists
should study some aspects. such as those related to 1.ie plant-to-plant in
teractions in agroforestry systems. 
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BiologWical N, fixation is probably the only alternative source of' N in some 
spee ific situations: in countries where N Cert ilizer is unavailahle or 

' unarftordahh or where in telnlit labor is cheap and in agroforestry systels 
or rice fiClds w0here- on modera )Ads onlrast. in tcnskieyicie are expcted. B, 
agriuklllurC usually consumes lhriie amounts of N I'rtiliCr without attempt
11112 benCit front the inLut (t&N fromt NL fiXatiol. Such d Sittlation shouldhi 

he corrected nut onl\ for the sakC of5a\ il i N Il'rtili/CrS hut also to avoid the 
pollution ha/ards that arc linked t thir u.e. We have alread) noted that the 
cormoirnation ol hioloical N 'ixation aind N fertili/ers is not a utopian 
dream.sine the possihility exists of' processing compatible fertilizers or oh
iainiu N -fix up s,stems that arc1not inhihititd b,, Combined N. 
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Management of nitrogen fertilizers for tropical 
African soils 

S..K. N ughoglhO, \. lationo, 1. Christianson, P.L.G. Vlek 

Introduction 

Nitrogen is,a key element in food crop production in tropical Africa. To a 
large cxtclt. stable food crop production in the tropics is a function of the 
dcgree to which the soil fertility is maintained. Nitrogen. the most mobile 
plant iilut riCnl. is lhe niost easily exhaustible nutrient element in the soil. 
IhiPs is particularly true in tle fragile. poorly bufw'ered sois comnmonlv found 
in tropical Africa. Traditional farmers inAfrica found adequate solutions to 
dCal wxith this problem through shifling cultivation and use of legum inous 
crops to restore soil fertility. Rcturn of crop residues and maintenance of a 
continutous crop stanid were ieans of avoidirg soil degradation. The increase 
in pOpulatiOli pressure, coupled with the urban ization of the count ryside, has 
led to farniland being continuously used vith a resulting loss of productivity. 
I Jsc of fertilizer isincreasingly seen as a partial solution to the problem of' 
restoring soil fcrtility and providing food for the African population. 

c-rt ilier experimentation inAfrica so Car has been limited inscope. farli
cst research was focused on cash crops such as cotton and oil palm, for which 
reconi indations were firml established. Since 196 1,the Food and .\gricel
ltre ( )rgan iZatOll of' the United Nations (FA()) has conducted an extensive 
ertfilizr program in Africa consisting basically of simple NPK trials and 
demonstration plots [141 Alhhough useful in determninrg the basic ni rient 
requir'eiients for major food crops in various African en vironmiienis. these 
studies did not adequately address the issues of' f'ertilizer efficiency and soil 
fertility iiia iriteria rice or restoration . NIoreover. dif'erences ill uptake rates 
between traditional cereals aid tle iodern. high-yielding alternatives neces
sitatc a rcassessmeil of' fertilizer requirements as established by the FAO 
stuidies 12)1. 

Ile studies outlined in this report were born of the need to develop and 
pursU a coordinated research program involving the fbod crops of sub
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IL,,'urv 1 IFI)"s nitrogen rccarclh progra i in su h-Sahiaran Africa. 

Saiharan Atrica. Starting in 1982, the international Fertilizer Development 
('Cenltr (IFI)C) and its collaborators :stabl ished "N balance studies on an 

agroccological cross section of West Af'rica. In addition, studies were con
dueted on Varllous sulhui id sites on ineasi-west tiinsect (Figure 1). UJli
mately, nitrogen trials were conducted at I8 sites in 8 countries. The ficilitics 
at IFIX' -load(luarters weore used in an attempt to identil'y the important 
mcchanisns of' N loss that nma occur under field conditions. This inforla
lion, collbined with numer,,ous traditional fertilizer screening experiments 
conducted at additional sites (Figure 1), proviles a better undistanding of 
the pet rrllll.ianCe of various N sources and lllilnlgenltl tc11hniquCs for the 

di 'f'erent agroecological zones. This in formation, in turn. may help 

policyniakers and llrmers select the most profitable package of' N source and 
management'for their region or larm. 

Ojectiies of the nitrogen program 

The priiary objective of' the nitrogen program within the Africa Fertilizer 



Research Prograll sponso-rcd iv th1 I'ntcrnational Fu1ind fOr Agricultural DC
veh)piclntt (1lVA I)) was to ases,, tii i/r source anid ninaagernent factors 
that couldI rcalistically be tiwd at the' lc\cl f the peasant farmCr to increase 
food producti0l in1 \fihca. IheCIioMrC ',pec'iftic goals \,ere' as follo'Ws: 
I. 1o a.ss t c Crforilancc inI teriIS of grainl %eld of' eonlnonlv availahle 

i. ninrItc (C .N, aNd ureaLICitie i)
piof)I* I tc lj.ilhi4nII~elCie t SsStrI N. 
-1 ) assCss the valuIe of lOi'it-Iaccd Uica as comparcd With handing and 
br)adcas t ng of urea pri Is. 

to
3. 10 Oistr-Uct "N balances in order to determine the fertilizer-N uptake
and losSCS that occur with different N sources under different manage
llent s\stcims. 

4. To determine the effect of various soil and agrocliniatic factors on the 
performance of N fertilizers. 
These trials were conducted at a nIIimber of sites inall three agroecological 

zones of sub-Sahara ii Afinca (111ur1id, andsubh urMnid, semiarid). In order to 
achievc these goals, it was recognized that cooperation of national scientists 
and their supporting government agencies insub-Saharan Africa was re
(uired. Thus, another goal of the IFAD-funded IFDC' nitrogen program was 
to develop an effective international network for fertilizer testing across the 
sub-Saharan region. 

Literature rcvie,, 

II the traditional African farming system, fhrmers able towere maintain 
staINc (but low) levels of productivity and avoid serious erosion. However, 
j)opilat ion and urbanization pressures have forced farmers away from tradi
tional shifting cultivatior, with 6 to 15 fallow years systems whereto the 
crl(11pi ug cycles become more f'reqiierI t. \Vith this intensified cropping, fertili
ty (especially organic matter and N levels) declines and erosion problems
become rimore severe. These trends can be halted or reversed by the proper
IsC of appropriate f'ertilizers [36,401. With proper fertilization and weeding,
for example. it was possible to maintain maize yields at 6,000 kg grain/ha Fbr 
5 .ears whil yields inplots not receiving fertilizer ultimatelv declined to 450 
kg/ha [331. 

The t ransformat iols that lrtilizer N may Ildergo upol application to the 
soil a rc presented in figurc 2. Upon entering the soil, 'ertilizer N mixes with 
the pool of inineral N in the native soil, which interacts with the clayfixed N 
pool. the soil biornass, and tihe stainding crop root systemn. Losses of fertilizer
N and cOmiipeti ion withithe plant and hionmass may subtract from the miner
al N pool, whereas mineralization of soil organic matter adds to the mineral 
pool. 
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igur' 2. Nitrogen inputs. losses, and internal lranslfis in Ihi' oil stil. 

The amounts of fertilizer rcquired to maintain high crop yields depend a 
great deal on the crop species aid variety as well as Ih,, location at which the 
crop will be grown. In many places in sub-Saharan Africa, a good response 
to N fertIlizer will onlV occur if sufficient 1) is applied as well [42]. In addi
tion, in central Africa N responses are only pronounced in the presence of 
adequate sulfurII 1I]. 

In testing three rates of N applied as ('AN to maize in Samarn, Nigeria, 
.oncs [29, found that responses of maize were generally large and significant 
to rates of 5( kg and 112 kg N/ha: on the average, these rates increased yiclds 
2,000 and a further 1,00() kg. respectively. Higher application rates at 224 kg 
N/ha reisulted in further increases of only 600 kg grain/ha. Summarizing 50 
trials coiduCied using iaize as the test crop throughout northern Nigeria 
between 1957 and 1964, (oldsworthy [23] found optinium N and 11rates to 
be 65 kg N/ha and 38 kg POjha, respectively. A similar program involving 
154 sorghurnl trials in tlie same region provided an optimunl N rate of 25 kg 
N/ha if combined with 16-19 kg P,()jha [22]. Responses to N were Ili1ited 
in the absence of added P1.When the recommended rates were used, yields 
Increased an average of between 45% and 65%, the higher response being 
found in the central areas of the country. A nitrogen x density maize trial 
conducted at Ibadan, Nigeria, showed that the optiiumn N rate at all except 
very high densities was between 50 and 100 kg N/ha although the niean yield 
increase between those two rates was only 15% [1]. 
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(omparable trends have been found at other sites in Nigeria For maize and
sorghum although res)gonses by sorghum were much lower and likel , to bc
onl\ niargi ially profitable [261. ( )n the basis of' a large nn1iber of 11.1a con
dleicd bct ccu 1908 and 197) in central and northern Nigeria, FA() has
Iec0) medCd fi'rtiI cr rates of 80 kg N/ha and 32-80 kg J) ),/hafor ma.i-
ILIm ,oIghLnIu yields in the varying provinces. Slightly higher rates were 

maize'uggctcd (t1opt iin1i/ C prodcetion [141. The *best' f'ert ilicr rate for 
illet in IFA( ) demon st iat ion trials was nuch lower, varying from 30-30-0 in
Kaio pti \ inec to 18-13-0 in Sokoto province. Trials conducted in Blurkina 
Fds)O using inmillet as the test crop also showed good responses to low rates of
N \hcre 41 kg N/ha increased the millet yield from 498 to 930 kg grain/ha 

si n1ilar[151. A.\ pi'ogram conducted in Mialli showed good response of maizeand sorghum to N rates of 80 to 120 kg N/ha. Although a linear response was
foriid for millet, tile a bsolite amoourints ofimillet grain produced were very
low makin;, N ferti li/atiori on profitable 1421. Response of' millet to N was
inuch stronger ill Senregal where a positiv e resporise was found at N rates up
to 120 kg N/ha. which prodiced a yield of 3.0 tgrain/ha [ 161. 

Most fertili/cr trials were conId ucted with only a single source, most com
monilv urea or ('AN. or as in older trials, amm.n iriInl sull.tte (AS). Ammoni
urM sulfate has fatl len into disfavor because of' its strong tendency to acidify
the soil after prolonged use [5,391. Although it was found that am imoniulo
soulIfate, ain onn1im phosphate, aid urea showed equal efficiency in Malli,

Traore [421 recoin inenided Use 
 ol tirca because its high N anilysis made trans
portat ion Costs 1n1Lich lowet. In a con pa rison of. A.S. 
 ('AN, nitrate of soda,

gypsul anniriut 
nitrate, and ureai, ll'o\vn 101 Found onl\ slight differencesaI;.ong souriies in terms of maize yield in ,
Malawi. ( )ver the nine experiments
conlducted at oulr sites. Urc.i waIs )2)(1 as effective as AS and 94% as effective 
as ant 

ria. sho\Cd that althorigh urca and ('AN prodiced less acidity than AS, 


(CAN PCri unit N atdded. StudiCs con(d.L cteInl Saaial11and Mokwa, Nige
tile


acidity prodlucerd b\ these two ler ili/crs still was significant [32]. The rate of'

acidification increased as the N rate increaseL 
 an ef'fect that was more pro
inIunriced With AS.
 

Fa~cti 
1121 Found that splitting the f'ertilizer and applying it as two doses
111procr1 ma i/c yields in tile IiiInid regions of' Nigeria. In the subhurniid and
scliari d regions of' orthern Nigeria. the recommended practice was to apply
411% at 2 weeks after planting (\VAIP) and tile rest at 6-8 WA P [2 11. However,

iclg of' aill s in the effct single large application of' (AN at planting, 31
WA\IP. or 7 W\P C'c'iesus a scries of split application combinations in
subhunid Nigeria. Jones 12) 1fr(itcl that all N application combinat ions per
f'orecd eially well except the single application at 7 WAP. This treatment 
was slightly poorer at high N rates (112 and 224 kg N/ha) than the others.
There was a slight tendency toward a higher response with the splits, but this 
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wvas not significant in terms of yield. It as conlluded that the best applila
tion method would be as a single dose at 3 WAP because that Would save 
labor costs to the f.lrmer. Blro\vn [6] had earlier arrived at similar conclusions 
after Coinducting flertiliCr timing trials in Malawi. 

l.Caching in the suhhumid areas of Nigeria is bclies ed to he limited [451, 
and N( ) niomcnct is of thc order of ().3 to . cincin rainfa!ll 131 . lhis 
could e\splaill the kck of ads antagc of a split N application. In casC where 
N is applied a a large single dosc erl in tIe se itgellelall does s10 

penCletrlol s 11C dCplh ill the proflilC. 1hus all the N is a\ailable totMhe "5C1lc 
the plat. Splits na\ beomic adsaltageous inhumid sios s"here leaching is 
nior' escco and N is helig Icllo\cd frol the rileC belore itis available to 
the plant-\litArli and .11.o 1+11tonid that lcching losss in the humid /one 
\C LrednCed lit ni 5S O to 28"0 Ortthe applied N M5l1en tile fertili/ \\as 
applicd inl thrcc sp lits instcad o as a single dose. This translated into ill
lIaSCd l ield of Miaize and inICil d N uptakc. 

MaiLI/c is ollll not co'(sI i, ii sIsolcrp bUt inslCad is inlterroppcd with 
th1C I Mpeas. l \Cn tll)ugh Co()Cip', gCelirall do not 'CSl)olld to N.niees 
thCir L'llcuilia1tt Callc in alne e\t 'portation h'rom1 the soil. BC(allSce.iili of' N 
,[lh al)li tc\ill'aiell ("o the1plat's N is round in the loots. 9)41 of the N 
ill is espo itd I LddL for aniiiials or graill ,tllsllllpthC plait consumhllall 

lion II 11. Studie', com1par'ing lai/e IWl ing em\ps \,ith iaiie flloling 
roundluts shiosMCsd that cMpCas I)t',idcd lit,[e N fofr tietI llh ilng crops 

sshilc cereal icldS \Cl signifiCanll\ higelCr fillowing gronndluts 130t1. 
(o eLasCa plllro ide ad\allllge' oll sshen no additional N sources lr 

a\ailaleh bt can dCpless millet ' iCld \hlenl illCrcroppCd s\ith ino additional 
N. \t high N rats. 1te hCalthl MillC slladCs thC coMpeias lhuCrelb\ reducing 
ctWvpCa \ ICls 13.21. 

For ite pcasanl flarluier the mllMost im1porl.tant aspectl of all lertili/ation pro
gram isite inormationi that allh\t 1111ii gaill lla.iulmtlll OUtt terllsto in 

ol. ield and profits \6ill11inniun1111
1111n1us. Indiscussions concerning fertili/

er use tOis istermed the agro rnonic \)l theelficieney otlie pnduct. i.e.. 


respomnse inyield pCr unit til Ilo\vevCr.\ Al isdependent upon
fCuelil i/r ilnpUl. 
the rate of application aiid follo\ss the rule of dininishing returns. Thus, in 
order to lCCUratell detlrinle \L. lrtilit\ trials Must be comiduled u.sing i 
number ouf N matcs it gis\C a gIotd picturc tof the N response Illthe crop in 

(uesLioii. At a given tellf al)pplicaitili. \ isfurthcr dCeriniecd by (I) tile 
herlili,er recoc;ir fractiomn and (2) tc Cro)p's efficient\ in transforming N 

uptake intu ulicld 1241. Both (if these factors are inlluenced hy a oter ofinumb 

environ enilal conditions, ias\ell as nlume1Crous crop. 'Waltr.and fertilier 

management plactices. e.g.. (leeding. anddate 0if plllting. planting density 
geometry. iining and method of vater and fertilir application 144]. Fertil
izer nitrogen applicat ions arc designed to complemruent the nitrogen available 
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fromn soil organic matter including plant residues, mannre additions, and 
hiologicall\ I'ixed nitrogen. The 1'ertilizer recovery fractions are greatly affect
ed hi the si/e of' this available N pool 1251. Additionall;, losses of fertiier 
N through leaching, dCn itrifiCation, runoff, or NI] volatilization have a di
rcct hearing oi the recovery of N. 

lraditionall\. I'ertili/,er recovCr\ has 	been calculated as the difference in N 
Uptake bct\vccn the fe riili/Cd anad non ferltilized crop per quantity of applied 
N (appareiit recovcry ). I lmever, in soils with a strong response to N. addi
allr.al uptake of'soil N lay occur beca.',use of .1i ilulated Illin'2aliZat iOll of 

soil 	 N (primi rILeffect) or situ pIe minCral i/at ion-i mIohil ilat ion Iurnover 
I25J. cumbincd with tile increased demand fra)n the healthier plant arid a 
helcr de\oelOped root s SstCleto sca\ungc the soil. The stable isotope "N has 
bCCn \\ idel usCd i) ain additional insight into Ihc utili/ation of f'ertilitcr N 
O\ tracmin tire fctilitcr N through the soil-plarmi system. In man cases. N 
IVL'\ eI+ t\(" er- l' Iidel-rt'l,t l taIrCS Cffect 1441. \W hile a flamerthC truC I'C[lt!i ''r 
llna\ be inurc cmiccriicd \ith iC iiiiiediate lFertili'r Cffect arid thIus With 
Ii!-J lnitogLn recl\cI'.er .alrolists ale eull conIcernd ,'HIWith soil fCrtilitv 
1ra i tclIaIlLc arid thul \\ilh rL'pI~lei ,lill t of the soil nitr(ogCll eXporIed 1w 
erips 13'5j. Studis \ ilIh N pn1t(\ idC a IllraliS oI ' allatillg the role of ir'-

I apllications IIn so)il frltrlll\ ilailit.lIalIce. 
LI 	 \ repIrts ' N studi',e conduLctCd ill sub-Saliarall Africa exist iii the 

]l1tertireItl. Reults, ofslic',studiCs \ ith trCal crops alrC srlllilriari/cd ill Table 
lie 	data preLnlCtd in Fable I suggest the following trend,,: 

1. 	 \pparcnt uputkc (i Itt li/cr N sceCCds rItrasured uptake using 'N. 
2. 	 Iptakc (o N-lableCcd fCtI litr ard apparcnIt rcCo C) 0'of un!,.[Ced e'rltil

I/cr N II ll Irates ()'Ip licaIIoI.cTL'ase \\1111 rIg'I 

,
3. 	 I o of" N-laled( fCtnIIrI/C1 to Ire tosphere illCreCases aid recov of 

N iii the ,oil decreases \\ ith m'rcrwsmir rates of flertilitcr application. 
4. 	 t i tlratcd t ,,c' ()I N arc Iiigh rgardIlcs of' N so ice. 

Studic, rash o 11;tatIre application of N frtiliers to African soils 
enIhacL'e' rlirlnT'a;tiori/a 1 of soil N IdLcr(p Celploltatiori Of' native soil N 
IWA'.S. \t hlhr rates of rtiliter N aplicatiur. the low fcrtiliter recovery
\,coir', to inure than cIiripe Nsatefor 	this eflct 19i Increased loss of Fertiliter. 
N aild d pessed c\pitatior of soil N at high N application lates mly result 
Ill hvCr appartlenIt rCeco cr.ie,, of Icr tith'Cr N at high application rates. 

Rcli1,,1ris1/irills Ill hihli N lirlI/Vls s\crc used sho\\ high gaseous 
i,,ss of fcrtili/cr N lCgaletcs ofI N sourC. Since ari1lll0oniuri sult1 would 

rIIIot bc \pcLtcd to hc a sourc (t)I' olatil anrlllllni.ia ill acid soil conditions, 
orC could stcculatC that dtrritificatnioi losses of N occurred in the trial con

ditLed il (amcrir [19. I)Ceriitrifilcation and amnnionia volatilization repre
sent possiblc patlha>s of N loss front urea 1I 8X,. 
To date. little is known about \\here or how much ertilizer N is lost in 

http:anrlllllni.ia
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tropical Africa. With a total N consumpItion in 198 1 of 480,000 ton nes In 
tropical Africa, a reduction of'only 10(1% (48.0() tonnes) in loss would consti-
II Wte savings of at Ilrst 1IS $19 million ann ually. To gain insight into Ihe 
extent of N loss. basic studies on the fate of 'frtilimer N are absolUtel c' sscn
tial. 

Rcports of N StIdies in lCgtumC and i ixcd cCreCal/lCguLC crops pIreCnt 
antlher pespective oi the use of N feltiliCrS in sub-Sahalin Africa. .\ppli
caltnors ()f' N felrili1irS to ]CgtimCs art" . arenl lpoorl\ 1.itili/ed by thC crop1). 
Itui fc7\ 12I reported that only 2) of, lhe 1(0 kg N/ha starter f'lili/Cur ap
pliCd t co'. i Avtakenl up b\ thC plant antlhat ilot1t haid no0 ctL! 
o)n crop go\ tlor \IMed. IncrCascd rates od N applicatiol to lCgLmCs haV 
ad\ cr cC cCCtSn nlodulC formtion01i and N iatUiion. 'lis iSc'.a.,ing IaiCS of 

N iI cation to IcpunI Vs s, 11l ii' c.IwlI Uptake ,"i'ril iii I C i i. it IrenId 

lhich ISopposite that lo\lM b\ cCreal c'op71s. 
Ilh c'o of N-e':iric-hed fe'rtili/ler sources is,S s ic hatII a)plicationl to full 

1,I~ i 1c'ulll,, of i'N Il ld~/'kim i ldlC,, tko lit l'RIC I I ',Uib-."lhfll ll \11ric~ 

hlrt.lllc 3hO4lA114.i 11 8lgl3 3I a 3Lt'. M m a. 45 7 3 
SCi'l l ' 111L.I( n )l\ \ ()l,\ o 1"\ 

1,11C.k iN ih i 15 1) 25 11( () 2I(0 )) 121 5I) I) 

LtICkitL ICIIIl ("1 34 31 30 40-4 5 45 28 33 27 43 34 

(11 kilclll ia il- N tt ', ' 

Iliii l l 3 I 6 6 5 67 00 37"") 47 3 t 4N) 33 67 

Il'ic d I'tllU IIt, l (1") is 2) 25 10-15 ND ND 60 34 N) NI)
I o,<'w" olf \,"-Iahcld
Itc'ctiiiig l II X -liii c' 

ailli pli~cuk.('.,, 47 31 36 40.-50) ND) ND 5 35 ND) ND) 
I t'Ahllig ]loss' ofl IN-

l,1h1'IC(I Itl-1lh/tMI (1)")l 1 9 0ND) NID 1 4 ND) ND 
-Aniolal ltlilij~lil 

rlc (111111) 450 8I)i t Ill I 1)0 1.450 
Soil cllia , 4 12-25 25 25 1(-35 
N ,OllC 'taI lln Cul .I uci.lreal llulrin 1l1 U l 

rlop milltci %orghiiii liai/m iplalnd nliai/C 

rice 
Reierencte 117l 1181 1i1I I Ill 191 11 191 

SNI) = Not ditermined. 



125 

plot si/es is prohibitively expensive. ('ommonlv used plot sizes for fertilizer 
Cvaluation experiments range from 8 to 50 rn Ior various cereal crops. The 
cost of appling "N at 5% C.excess to these plots is estimated at U S $8.62/0 
fOr I) kg N/ha. It is clear that such research would qu ickly lose its appeal if 
110C ff(lr \ as Mnadc to reduce the cost. [hc use of' relatively cheap "N
depleted smrccs miakcs great dcIands Oil analytical capabilities. Therefore, 
scICentists usuall\ ha,.t resorted to isolating sulbplots within the plots
(micioplots ) that reccive thc -N-laheled source. The remaining )Jt receives 
the. ,nt fl'rtilicr without label.


I licdile.ilsi)is Of tihc'
ll icroplot are deterninCd by a nlumber of' factors 
,t41h ,& crOp t\ pe. planting gcometry, soil type. border depth, I'ertilizer man
aen'clic.t and Cl ilatic conditions. llhe Inicroplot size should le such that at 
1he time (of sampling a large enough area in the center of the microplot re
mins nna ffl'c.tcc b\ , )topic dilution l'roml tile Suiroundiig plot sO that re)
C',istti L ',Wil and plant samples can he taken for analysis. Relatively little 
ilntriiiatoli oil ojitilunill nliCro)lot ,i/C is availahle ill tile literature 1371 and 
\ rtnalFl, non11C lroM tilIC' tropics. Because Of th' 'Oliplc\itv of' ilte I ctors 
afltectlug this hordt'r c cct. I-I)( has gen'rally taken the approach of experi

c'ntall\ clctcriminiing thc mininlini iiTicroplot dlimCnsions b\, sanipling 
trltscc s tllnh ,h nlicnIp)ts aic stuclvig the cxcess; ' N l\els in plant mate

ral. 
Ili11oC viioiM i practlce is to iiistall shallow borders around inicroplots in
 

t))cl*.I 1t pi C lll clOsS-C tlainliiailion cle to illnol''. I ll a Sc'ries Of expe'i
nnt. cjimcluctLt ini India. 11I)( ' (oraghan. 
 Personal (Communicatioin) 

.n-Icc-l tieC imssblhillt\ Of rcducing nic'roplot sie b\ using deep O12N) cml)
I)rcl'rs to prc\ cli loot dc\Clopnlenl outside til' ricrophot. Th CXl) rilllen

+tal pht \.'as platiccI ini sorl nii and Comlpareld tile 'N balance of 1.5 x 2.5 
Ill phls s, itlh cLc'tI (12( Ii1) ail shallm (30 .'il) [)orcers. The "N balance 
data lfmr the Ldilfc'rt.'it iiicroplots c'rt. ill c\cellent agrcencnnt. with "N icov
crc-, in thc plant of' 55.10(1 in the dec'p-bordercd plots and 56.5% iiithe 
slallhs,-b)rdr'clt..dilots. 1lliCrefCore. for the soils (Al-fisols) at the International 
(r )ts Rc,++,,ich Institntic for the Scmi-Arid Tropics ((iRISAT) Center iii
 
Ilidia. tic' 3) cl dc' I'tiorchc'rs wcre as c'lectiye as te 120 ciii deep borders. 
Ilc' i alllsbe iiio' latcral root cle\colinicit ald iloveliiclnt of 'N ill the 

soils ill \c'st Af'rica. aicd here thc installation of cfeelp borders may help to 
lcICa'.,C thic ninininl rccui rcd si/c Of i iciopOts.
 

\ii accuatc f,'rtili/cr N 
 balancc requires a proper estimate of fer'tilier N 
in tie soil. Soil sampling pioc'dlures for 'N analysis have posed a serious 
trobleit inIFIX "'S collaborative experiments. Momaghan et al. 1351 initiated
'N fertilizer research at I( RIS..\T (India) on sorglun in 1980. In the fi rst 

yvcar. soil sanles eirc taken by hand auger Icore samples) in all "N-treated 
plots. Variability among replicates, ralriCL;.u-l in the top 30 cmn, was so high 
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that soil recoveries for this experiment were not reported. In the subsequent 
year, heterogeneity problenms were overcome by sampling several 20 cm wide 
strips across various rows in two layers (0-15 and 15-30 cm deep). Thus, the 
estimate of' tile "N remaining in the soil, 60%-70% of' which resided in the 
top 30 cm of' soil, was greatly improved. 

Sites and experilntal procedures 

The II)( 'Africanresearch program may be divided into two parts, the field 
trials conductCd in \frica itself aid, equally important, the support studies 
and analyses conducted at IFD(' Headquarters. 

At Headqiarters, the "N fertilizers were prepared and samples from the 
Ields trials were analyted. Also, several short-term trials were conducted 

under controlled conditions in order to help explain results obtained in the 
field. This supplellenlary work will be discussed following discussion of the 
main body of' the field rCsCar'ch c.onducteLCd in Afirica. 

The focus of tile field i)rogranl cail ithe divided into two broad categories 
reflecting the stated objectives of the nitrogen progranli. The trials in vol vi ng 
unlabeled fertilizer materials were cond ucted in order to evaluate thehper
form1lancce in llterms of yield of two vei C[Common fertilizers in Africa (urea and 
('AN) as well as management factors sich as Method and t iti ng of' fertilizer 
addition. A practice of' dCep-poinitplacement of' an experinmental urea prod
uct - the uri'a Sui)CergranulC (UtSG) - was also evialuated using 1te major fbod 
C'i'Ops of'each II'ea. 

(Conconitantly, "N-enriched isotope balance trials were conducted in 
order to oblain data about tile Cite and eficiency of' the fertilizer materials 
and management practices tested in the unlabeled trials. 

N't g('en l'S')O)tS(' .ttsidivs 

Various combinations of nitrogen fertilizer treatments were tested in differ
ent locations in order to screen different fertilizer sources and management 
practices. These sites wcrc chosen to reflect a variety of' climates, soils, and 
crops within the mandate zone in order to better assess the climatic and 
geographic factors influencing fertilizer use efficiency. 
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..
4.Ey'.perhne, al sAme 

The locations of the experimental sites are indicated on Figure 1. Some geo
graphic and climatic information for these locations is summarized in Table 
2. The annual rainfall ranges from about 250 to 1,800 am, thus representing 
the majority of' the climnatic zones of Africa in which food crops are pro
duIrced. The sites were characterized as humid, subhunimid, and sem iarid on 
the basis of total rainfall and pr!evailing cropping practices. Bimodal rainfall 
patterns. aloling two successive crops, were characterized as hum id,while 
itionorliodal patterns wit single. inixed. or relay cropping systems were con-
Sidered sobhlIlid if based on ma izie or semi arid if'onhIiiillet-based cropping 
was possible. The hmlid zone is characterized by high rainfall ill excess of' 
131iiiini of rain, whereas the subhurid zone receives approximately 700
1.3(0 min of rain annually. The distinction between these two zones isnot 
gre.at. and both support a Variety of crops though tle principal one is maize. 
\t the drier sites in the sUbh urnid lone the principal crop tends to be sor
ghliiini. The se'miarid lone is that area in which rainfall does not exceed 700 
rum1.Such low, railfall is generally sufficieint to produce only Millet. 

All sites except Ken xa \ere located at low altitudes ( - 200 in). The Kenya 
site w\as at 1.941 in and corisequerntly expl-erienced cooler temperatures (low
est iCatn mon tlylv terlperattrCoi f2.6 ( in Jantrary). (rops at all sites were 
grown under iainlfed conditions. Ilo\ever, in some loca tions (e.g., Kabete) 
supplemiental irrigation w,,.aspracticed to prevent crop fail ure during drought. 
I)roUght Conditions verc e.'pcrienccd at various sites, part ictilarly in 1984. 
1 he range in soil types of tropical Africa is relatively narrow and is doni

nated b tile liglht-te\t tired \lisols and I Itisols. These soils are of great im
portance in the stibhuinid and serniarid :\frican regions. covering over 40% 
of tropical Africa [40J. The soils are generally very sandy with low p,-I. organ
icimatter content, and cation exchange capacity ('EC). Such soils are gener
ally qui.e resporlsivC to applied nitrogen. 

II. lFerlili:erIreatm'ent's 

Table 3 indicates the treatments that were included in the various experi
nients. The treatlcnts w,'ere selected by mutual agreement between IFI)(" 
arid collaborating scientists of the host countries. The treat ments reflcted (I) 
the objecti'es of the project and of the national programs, (2) manageability 
of the experiment. anrid (3) availability of resources (land, labor, etc.). When
ever possible. comi mon treatments were incorporated at all sites in order to 
allow comnparisons anong sites. Application rates ranged fi'om 0 to 160 kg 
N/ha f i' tile Iihumiiiid and subh umid tropics, and fromn 0 to 60 kg N/ha f'or the 



Table 2 Soil and climatic data for test sites 

Ecological Site 
zone 

Humid Ikenne. Nigeria 

Owerri. Nigeria 

Njala. Sierra Leone 

Kabete. Kenya 

Subhumid Mokwa. Nigeria 
Zaria. Nigeria 
Sefa. Senegal 

Sarakawa. Togo 
Glidji. Togo 
Farako-ba. Burkina 

Faso 

Semiarid Sapu. Gambia 

Saria. Burkina Faso 
Gobery. Niger 
Magaria. Niger 
Sadore. Niger 
Serkin Yama. Niger 
Tounga. Niger 

USDA = United States Department of Agriculture. 
b NA = not available. 

Classification 
of soil (USDA) a 

Paleustalf 

Utisol 

Oxidic plintic 
paleudult 

Oxic paleustalf 

Tpic paleustalf 
Alfisol 
Alfisol 

Plinthustult 
Ultisol 
Alfisol 

Eutrustox 

Alfisol 
Alfisol 
Alfisol 
Torripsamment 
Alfisol 
Alfisol 

Organic 
matter 

00) 

1.7 

2.2 

5.2 

NA 


0.4 
1.0 
1.0 

0.5 
0.4 
NA 

0.9 

0.5 
0.3 
0.3 
0.3 
0.2 
0.5 

lotal 
N 

(%) 

0.11 

0.13 

0.30 
NA 

0.06 
0.08 
0.05 

0.03 
0.03 

NA 

0.04 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

Soil 
pH 

5.9 

4.3 

4.0 
5.9 

5.8 
5.8 
5.4 

6.6 
5.4 
5.4 

5.3 

5.3 
5.2 

6.2 
4.7 
6.2 
6.6 

Cation 
exchange
 

capacity 
(meq/100 g) 

4.1 

2.4 

NAb 
24.0 

1.9 
4.3 

1 


3.5 
3.5 

NA 


4.7 

2.7 
1 


1.3 
1 


1.0 
2.2 


Sand Clay 

(%) (%) 

72 20 

88 7 

57 19 
NA 79 

77 13 
70 17 
88 8 

85 7 
87 10 
NA NA 

68 7 

69 9 
95 2 

96 2 
94 1 
91 3 
92 6 
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semiarid tropics, with at least three nonzero rates in each experimental treat
ment. Phosphorus, potassium, sulfur, and micronutrients (if needed) were 
supplied at the rates recommended by national scientists (Table 3). Experi
ments were carried out in completely randomized blocks with 4-8 replica
tions, depending on variability of tile experimental site.
 

Planting densities were I x lbr millet and 0.75 x 0.25 m
1 i for maize in 
most cases. The cowpea or bean intercrop was planted between maize plants
either in the row or between tile rows. Fertilizers were applied by (I) broad
casting. (2) banding, or (3) point placement. Banded and point-placed 
(supCrgran ulCs) fertilizers Were incorporated into the soil at a distance of' 
approxinmately 10 cm from the plant at adepth of 8 cm. Urea and CAN were 
in the prilled form for broadcast and band applications, whereas point place
ment of' urea vas facilitated through the use of urea supergranules (kLrge
granules weighing 0.55 to 1.65 g depending on the rate of N required). These 
supergranules allowed all the fertilizer to be placed below tile soil surfaice 
near tile plant as a single dose. This is tile recommended practice in Niger 
((joube - Personal (ommniiication), and it was fou d to be an effective 
nietliod of' N application il Malawi 161. The practice of point placement is 
attractive to tile average farmer because lie call easily and IuIickly make a 
hole in the soil. drop in tile fertilizer, and close the hole. 'Fle use of' a 
StIergrlliile alloIed addition of' the precise aniounts of' N required to run 
fl'rtili/el' trials. llowever, a farner applying gianulated urea ill a hole using 
a calibrated Spool) couIdI acIieve tile Same11C results. Fertil;'eCr was applied 
either as a single dose at planting (basal dressing) or in two equal splits, one 
lt planting and tile second 2-6 weeks after planting, depending on the recom

mendatiolns of' tile collaborators. In Sofai, Senegal, urca Was split applied ac
cording to tle local recommended practice. i.e., 15% at planting and 42.5% 
each at 18 and 27 days after planting. 

Upon harvesting, dry weights were determined For grain and stover, and 
sLbsaIflples were taken for N analysis. This report will deal with grain pro
dUctlion data only. 

('. Statistical procedures 

Statistical analyses were made fbr each experimental site within 
agroecological areas or climatic zones. Grain yields of' maize, millet, 
cowpeas, and beans were tile only dependent variable analyzed and were 
considered the main plant response factor affected by variations due to 
changes in rates, time, and mode of' application of' nitrogen sources and 
changes in weather alidi soil characteristics. Variations due to management 
practices were minimized by using the same crop practice within the 
agroecological areas selected. 



Table 3 Experimental sites and conditions and selected cropping system and treatments 

Climate Site 

Humid Ikenne. Nigeria 
lkenne. Nigeria 
Ikenne. Nigeria 

O err-.. Nigeria 
Njala. Sierra Leone 
Njala. Sierra Leone 
Kabete. Kenya 
Kabete. Kenya 

Subhumid Mok\%a. Nigeria 
Mok\%a. Nigeria 
Mokwa. Nigeria 
Sarakawa, Togo 
Glidji. Togo 

Seta. Senegal 
Sefa. Senegal 
Zaria. Nigeria 
Farako-ba. Burkina 

Faso 

P Rate K Rate Rainfall 

(kg P.O5/ha) (kg KO11a) (mm) 

90 
90 

90 

90 
100 
100 
100 
100 

90 
90 

90 

90 
30 
30 

80 

80 

1.156 
7()0 

1.263 

1.800 

1.613 b 

1C961 
1.051 

573 

90 
90 
90 
60 
60 

55 
55 
90 
40 

90 
90 
90 
60 
60 

83 
83 
90 
30 

928 
654 
908 

1.298 
1,325 

665 
715 
882 
815 

Treatmenta 

B.E.GH.1 
C.G.1 

B,G.I 

C.G.I 
C.G.I 
C.G.I 
C.G.I 

C.G.I 

B.E.G.H.1 
C.G.1 
C.G.I 
C,G.1 
C.G.I 

EG 
E.G.! 
C.G.1 
C.E.G.1 

Cropping system 

Maize/cowpeas 

Maize/cowpeas 


Maize/cowpeas 

Maize/cowpeas 
Maize/cowpeas 
Maize/co%\peas 

Maize/bean 

Maize/bean 

Maize/cowpeas 
Maize/cowpeas 
Maize/cowpeas 
Maize 
Maize/cowvpeas 

Maize 
Maize 
Maize/cowpeas 
Maize 

Number 

of years 

1982 
1983 

1984 

1984 
1983 
1984 

1983 

1984 

1982 
1983 
1984 
1984 
1984 

1983 
1984 
1984 
1984 



Tablh 3 Continued 

Climate Site 

Semiarid Sadore. Niger 
Sadore. Niger 
Sadore A. Niger 
Sadore B. Niger 
Magaria. Niger 
Magaria. Niger 
Serkin Yama. Niger 
Gober\, Niger 
Barkiavel. Niger 
Tounga. Niger 
Tounga. Niger 
Sapu, Gambia 
Saria. Burkina Faso 

a A = CAN, basal broadcast, incorporated 
B = CAN. split, broadcast, incorporated 
C = CAN. split, banded, incorporated 
D = Urea, basal broadcast, incorporated 
E = Urea, split broadcast, incorporated 
F = Urea. basal, banded, incorporated 
G = Urea. split, banded, incorporated 

P Rate 

(kg l,O/ha) 

30 
30 
30 
30 
40 
40 
40 
30 
30 
40 
40 
50 
40 

K Rate 

(kg KO!ha) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
56 
30 

Rainfall 

(mm) 

370 
598 
260 
260 
345 
291 
282 
326 

-
350 
348 

-
699 

Treatment-

A.D.E.G.H.I 
(,(il 
(.(iI 
A.B.I.),F.I_ 
(. E.( i.I 
C.E. G.I 
(,E.(.I 
G. I 
C.G 
C.EG.l 
C.E.G.l 
CG.1.J.K 
C.E.G,I 

Cropping sstem Number 

of years 

Millet 1982 
Millet 1983 
Millet 1984 
Millet 1984 
Millet 1983 
Millet 1984 
Millet 1984 
Millet 1984 
Millet 1984 
Millet 1983 
Millet 1984 
Maize 1984 
Sorghum 1984 

H = Urea supergranule. basal, point placed (USG). incorporated 
I = Urea supergranule. split, point placed (USG). incorporated 
J = 18:46:0. split banded. incorporated 
K = 26:14:0. split banded, incorporated 
L = CAN, basal. banded, incorporated

b Rainfall for groving season only 
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Basic analysis of %arianc to account h )r the cfIfct of sources and rates was 
made according to the experimental lcsin proposed: 

' i =-1 t 1 3 , /,l), i: 1
 

'
wN.here : I represtt', Cffeet to tile i'SOlrCC. J ICprcscnts tile effectcilt duI 
due to thc p ICprcseits ctieto the k' rate.-cl.licatc. /-. 
(t)+ reprsce-nts the dit.'ent al rsponse Ithe sorllc with the 

e' the effct d 

' 
k rate. epicsc'its error.1, the CxprCinlntal 
Em pi rical responSC InnCtiMIs \ er '61 to) \icid response toasmed represent 
increasing rates of nitrogen. ( icerali/cd lCst squnares anal \ sis was used to 
estimate the parameters e lro1 the flowing functions: 

s s
 
-, +Y,= (3 +( 1"(X i Xfi,,X 2 (2)i=I i=I 

or Y = (3,+ Y. (,log," X, + r (3) 
i= I 

where [,represents the i sources at X rates for the j sites. 
Orthogonal comparisons of the means for the nitrogen sources and the 

slopes of the response functions for each site were used to test the main 
dillferences between urea and CAN. 

Since one of the objectives of' the project was to draw a general conclusion 
on the performance of the sources across climatic environments, a combined 
analysis of variance which included the effect of site and seasonal variations 
was performed using the following model: 

Yj"I, = p + + ff,++ + + (t,,+ (m)",, + (X( kt, + (4) 

where u, represents a seasonal variation and (t)., + (Xw)k,,, the respective 
interactions between seasonal variations and the ill, source and k, rate. A 
statistical test of significance was made for comparing mean eff'ects of time 
and mode of application of the nitrogen sources by using the interaction with 
seasonal effects as error term. This test was made by 'ssuming that yield 
variations within each agroecological area were due mainly to the controlled 
factors of time and mode of application for each source in spite of the 
random variations of the sites and weather during the period of experinenta
tion. 
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Before combining sites and seasonals periods, a test for honlgencity of 
variances toMr the sites wlithin cach agroccological aca was perf)rinled to 
account fo0- tile hasic asSunMptions in the error term of model (4). 

A response function+to evaluate the eff'ect of time IMamode o '1application0 
off the N s,,irces IHmeach agroccological area across the site and seasonal 
variat ion \, as de\ loped and yielded the following model: 

s S 
2fXY, fi = +Yl "X + I fi X1 + Z I + a, Z, + (5) 

s 

Y,j = P. + IP, log,( Xl + c Z, + a, Z + (6) 

where fi, and fill represent the linear and quadratic terms of the function and 
(I, and u, the dummy factor for estimating changes in weather and site fac
tors during the 3 years of experimentation. Statistical tests of significance 
were made to compare the time and mode of application over the range of 
the N ,ates applied for the response functions in model (5) and (6). The test 
was made by using an F test on reduced models for the linear and quadratic 
CAects of time and mode of application according to the general linear hy
pothesis: 

Ill.: C1 = 0
 
t!1: ('1B 0
 

where C represents the matrix of specific comparisons between time and 
niode of application and B represents the corresponding vector of estimates 
for the linear and quadratic estimates. 

Nitoen halancestudies using '.N 

A... ites 

In 1982 the '5N studies were conducted at Sadore in Niger and Mokwa and 
lkcnne in Nigeria, representing the three different ecological zones of West 
Africa. Two additional sites were added in 1983, one subhumid site at Sefa, 
in the ('asanance region of Senegal and the other in the high-altitude humid 
region at Kabetc, Kenya. In 1984 again two sites were added, both in the 
subhumid region of' West Africa at Glidji, Togo, and Zaria, Nigeria. Site 
locations and their characteristics are shown on Figure I and in Table 4. 



Table 4 Location and characteristics of ";N field sites 

Location Year Ecological Soil 
zone 

Classification pH1 (EC Sand Clav N 

(USDA)a (meq/ (01,) 

Ikenne. Nigeria 

Kabete. Kenya 
Mokwa. Nigeria 
Zaria, Nigeria 
Sefa. Senegal 
Gliji. Togo 
Sadore. Niger 

1982. 1983 

1983, 1984 
1982. 1983. 
1984 
1983. 1984 
1984 

1982. 1983. 

1984 

1984 

Humid 

Humidt 
Subhumid 
Subhumid 

Subhumid 

Subhumid 

Semiarid 

Alfisol 

Ultisol 
Alfisol 
Alfisol 
Alfisol 
Ultisol 

Entisol 

5.9 

5.9 
5.8 
5.8 
5.4 
5.4 

4.7 

100 g) 
4 

24 
2 
4.3 
1 

3.5 

1 

72 

77 
70 
88 
87 

94 

20 

79 
13 
17 

8 
10 

1 

0.11 

0.06 
0.08 
0.05 
0.03 

0.02 

a USDA = United States Department of Agriculture. 
h Altitude = 1.941 m. 

Table 5 Details of 15N experiments 

Location Year Cropping system Cereal crop Legume crop Fertilizer Fertilizer 15N 
planting distance planting distance source rate Microplot 

management dimensions 
Interrow Intrarow Interrow Intrarow 

(cm) (kg N/ha) (m) 

Ikenne 1982 Maize/cowpea 
sequential 75 25 75 25 Urea/S Br 120 4.5 x 2.0 

Urea/S Br la 80 4.5 x 2.0 
Urea/S Bd a 80 4.5 x 2.0 
USG/Baa 80 4.5 x 2.0 
USG/Sa 80 4.5 x 2.0 
CAN/S Br la 80 4.5 x 2.0 
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5 Details of 15N 

Location Year 

Ikenne 1983 


Kabete 1983 


Kabete 1984 


Mokwa 1982 


Mokwa 1983 


e\perimnents 

C ropping ss sterm 

Maize/cowpea 
sequential 

Maize/bean 
intercrop 

Maize/bean 
intercrop 

Maize/cowpea 
relay 

Maize/eowpea 


relay 

Cereal crop 

planting distance 

Interros Intraro% 

75 25 


75 30 

75 30 

75 25 

75 25 

Legume crop 

planting distance 

lnterrow Intrarow 

(cm) 

75 25 

25 15 

25 15 

75 25 


75 25 

Fertilizer 

source 
management 

Urea/S Br 

Urea/S Bd 
USG/S
CA-N'S Bd 

UreaiS Bd 

Urea/S Bd 


USG/S 
CAN/S Bd 

Urea/S Br 
a
Urea/S Br 1

Urea/Sa 

USG/Baa 


USG/Sa 

CAN/S Br IP 

Urea/S Br 

Urea/S Bd 
USG/S 

CAN/S Bd 

Fertilizer 

rate 

(kg N/ha) 

120 


80 
80 
80 

50 


100 

100 
100 

120 


80 

so 
80 
80 


80 


120 


80 

80 


80 

"N 

Microplot 

dimensions 

(ml 

4.5 x 2.0 

4.5 x 2.0 
4.5 x 2.0 
4.5 x 2.0 

3.0 x 3.0 

3.0 x 3.0 
3.0 x 3.0 
3.0 x 3.0 

4.5 x 2.0 

4.5 x 2.0 
4.5 x 2.0 
4.5 x 2.0 
4.5 x 2.0 

4.5 x 2.0
 

4.5 x 2.0 

4.5 x 2.0
 
4.5 x 2.0
 

4.5 x 2.0 



Table 5 Continued 

Location Year Cropping system Cereal crop Legume crop Fertilizer 
planting distance planting distance source 

management 
Interrok lntraro\ Inierrow Intrarow 

(cm) 

Mokwa 1984 Maize/covpea 75 25 75 25 Urea/S Bd 
relay USG/S 

CAN/S Bd 

Zaria 1984 Maize/cowpea 75 25 75 25 Urea/S Bd 
relay USG/S Bd 

CAN/S Bd 

Sefa 1983 Maize sole 90 25 Urea/S Br 1 

Urea/S Bd 

Sefa 1984 Maize sole 90 25 Urea/S Br 1 
Urea/S Bd 
USG/S 

Glidji 1984 Maize sole 75 25 Urea/S Bd 

USG/S 
CAN/S Bd 

Fertilizer 
rate 

(kg Nha) 

80 
80 

80 

80 
80 

80 

100 

100 

100 
100 

100 

90 

90 
90 

5
1 N 
Microplot 

dimensions 

(m) 

4.5 x 2.0 
4.5 x 2.0 

4.5 x 2.0 

4.5 x 2.0 
4.5 x 2.0 

4.5 x 2.0 

3.6 x 2.0 

3.6 x 2.0 

3.6 x 2.0 
3.6 x 2.0 
3.6 x 2.0 

3.0 x 3.0 

3.0 x 3.0 
3.0 x 3.0 



I a!,,(." uni nuledl~l 

oaca Ik ar ( r.pInlll ( c}tc.cre 'l Crop 

plutmne dl'itantcc plantine di1tancc 

: )I'ifl1C Icertili/er F-ertilizer "N 
sourcc rate Microplot 

lanagcement dimensions
111t.rros ltrarov ln trI \\ Intraro 

(cm) (kg N/ha) (m) 

Sadore 1982 Millet sole 125 125 Irca Ba Br 1 30 7.5 x 3.75Millet sole 100 100 1 'rca Ba Br P 30 5.0 x 5.0 
I'rca S Br1 , 3(0 5.0 x 5.0 
I rca S Bd 30 5.0 x 5.0 
I 'S(i Ba" 30 5.0 x 5.0 
tS(i S, 30 5.0 x 5.0 
( -\N Ba Br P 31) 5.0 x 5.0 

Sadore 1983 Millet sole 100 100 1'tea S Bd 3 4.0 x 4.0 
'S(, S 31) 4.0 x 4.0 

CAN Bd 3 4.0 x 4.0 

Sadore 1984 Millet sole 100 100 1'rca Ba Br I 30 6.0 x 3.0Millet sole 100 100 1'rca S Bd 30 4.0 x 4.0 
VS( ; S 31 4.0 x 4.0 
('AN S lBd 311 4.0 x 4.0 

Some trials conducted in 1982 received I5N fertilizers of low isotope enrichment and w\ere intended onlk to measure uptakc offertilizer N. 
Note: 
S = split applied 
Ba = basall applied 

Br = broadcast 
Bd = banded 

I = incorporated 



lm)eailed description of the experimental sites at lkenne, Mokwa. and Sadore 
has been presented in Section 11I.l)etails of IN experiments arc given in 
Tablc 5. The "N trials at 1kenne, NIokwa. and Sadoie were cond ucted 1b 
IFI)( staff members. Trials conducted at Kabete. Zaria, Selfi, and (ilidji 

cr coLducted b\ SiCnlists fromlllnational pro)gralls. 

Ihc isotope-laIlelcd fertiliicr N sources that were tested included urea, USG. 
and (-AN. :\l fertildcrs t erc manhfct ured bw the Fertilizer Technology 
l)i\ ision of 1I1I)(. (WtNofngapplcation was either basal. where all tlhe 
fert iizer '.as applid as a single dlose, or split. Fertilizers \ere surface broad
cast. folhlcxd h Incolporatioll. oi banded. In tle cas Of urea sipergranules. 
billtidin iml1plics 1tle. dccp placeimtU of one granule near each mai/c hill. 
( rtj)piL N'~ "N reflectedsCnls and ratCs oflapplication of f'ertilizers Used the
 
rcommellllCIndatiions of, national scientists.
 

StidUies nsing diflrCnt "N source/nanagenilent combinations were conduct
ed ilinirt1-0iphs plac'd \ ithin plots of the main N management trials. File 
iic'rC0)Iots and iliiai plo0s Ieeived the Sallie f.'rtilier treatmenlt with and 
%ithIiit N labll. icsp.ct i\ cl . The alea of the linicroplots was generally 9 ill' 
lfunial/C and Ih illfor iiillcti. \\it the xac t al'Ca and border lillensiolls 
Li eriliiined tihe spaciiig, hCt'tCen the RoMl\s and bCt\CCl plants within the 
rO\\ . I )rliltainn of lnt r \s ithill the 1ioplot w\is slch that at illaxi
iitlltilnit.r lof 1.\\seIL nide the' ierophlo. Ie-roplots, wCrc closed by
 

lhsicail IbordCrs hen eic'd as h\ sitC slope in the casC of
lC'iI C \t dictated or. 
tilie \ r\ sand\ soils of Nicer. h\ thc lnced to limit \wild crosion. 

\1 ilhalltil\. the plants in the ccitral potion ofMeach niieroplt were sam
piled Irt ainial is N uptake. [ it nnber of" plants saifpled iallged fromll 
4 in the casc of millcl in Nigert ii) 12 fmr mai/c in logo. ( 'cealcrops wvere 
sCtariCLI into IlA,. stii, cob, and grail salics inl dried, \cighed, and 
the.n gouild f'oaiial\sis. I tgllllt crops v,cuc harested as tine samle at 501% 

Iransect sanipling \\lscarried out 1h0deterinIl1e the allount of "N dilution 
of the border iors \within alld outsidC the plot as w\ell as the relative homoge
neit\ of the 'N cotntcsIf the saimlples in the middle o1 the plot. Such simple 
tests can prox ide \alable infbrma.tion conceriling IIIiniImIun plot sides and 
also whether borders are needed oil tile N plots. 
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Figure 3. Average response functions for various climalic zones intlopical Africa. 

The area of soil sampled for "N analysis was Ikenne 1.5 x 0.5 m, Kabete 
1.5 x 0.6 m, Mokwa 1.5 x 0.5 m. Zaria 1.5 x 0.5 ill, Sefa 1.8 x 0.5 rn, Glidji 
1.5 x 0.5 m. and Sadorc 1.0 x 1.0 m. The area of soil to be sampled was 
isolated by a metal border, and roots were removed as a separate sample: 
thlen the topsoil layers were totally removed and subsampled. Subsoil layers 
wcrc sampled by taking at least four soil cores from the same area. 

lksi.,ts and discussion 

VlIroc'' Ia'S/. )/lS.' Cl/Id 'Xols 

Response curves for the three agroccological zones, averaged for CAN and 
urea for all sites within each zone, are represented in Figure 3. Comparison 
of yield levels between the humid and subhumid tropics, where maize was 
the dominant test crop, shows that the yield level at the zero N rate was 
higher in the humid tropics (2,550 vs 1,350 kg/ha). Application of 100 kg/ha 
of nitrogen compensated for this diffecrnc:, giving nearly equivalent produc
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lion levels for maize. This indicates that soil nitrogen fertility is the major 
constraint in the subhumid tropics rather than rain fall. In fact, seasonal rain
fall in tle hunid and suhunid tropics of Africa notis necessarily greatly 
diflfrCnt. Althougl ov,,rall yield levels for millet in the semiard tropics are 
much lower than those formai/ in the more flumid tones, soil moisture is 
not tile only limitat on to crop production in this /one. Withi in the limits set 
b\ the climate., application of N call double the .ichd in this environment. 

The R' va lucs fo0r the gCnCrali1Cd rsCp()nsC curvCs for the hutimid and 
serli',.rid tropics are substantiall lower (0(.3-(.4) than that for the subhunid 
tone (6.7). [his reflcts the greater \'ariabilitv in rcsponse among sites and 
fro(1yar to year in these tonCs. Site xariahilitv is more important inl the 
humid tropics. wherCas ftiLporal \ariabilitv dominates in the semiarid trop
ics. Ile sites in he semiarid zoneC are plagued no0t onl,, by large year-to-year 
Changes in total rainfall 958 rnum in I983. 21) im in 19,84 at Sadorc, Niger)
but also b, xer\ un. cn distribution 1fthe rainlall through the growvning sCa-

In the range (if applicutin rates wherC fertili/r applications may be eco
rior-afl (linlear rcsponls), a farmer could expect to gain around 15 kg of 
grain per kg otapplied N in the semiarid and hunidltropics. whereas returns 
per kg of N ar.e Ixic as hiigh in the subhumid ione. With domestic prices of 
I kg (ofl mai/ )rmillet being roughly ,.+equix al(nt to the govCrnmCnt
shisidi/d price tof I kg,of'N in mn trofical A-frian CtW,1triCs, the al)lica
t)n of N appear , highil, proflitahle in tle sulhunid and fairl profitale in 
the hud trk)p)ics a, tr)fics. Inl theW scmiarid tropics.'asmiarid humid and 

tlre risk (,tN alil)liL'atiori xritlio)Lt pofi-tablC returns 
is higii. as reflected hv 
thelom RI'r the e.uirralizcd r'sponsC Cirxes . lt)wvcvcr, it Shoul be rCcog
nized iht the"e, rturns11oMIitrogein alfli catiotn are rcali.Ctd only with the 
application oflphoslihrlus arid, in somC Cases, po)tassiul and sulfur. Re.nov
al of fertilizcr -ubhsil\ , ill drtsticall, increase domestic lertilizer prices (four 
tilfiLf)Id), arid this ,ou(ld ren'der 'ertilizatiotn with N a quCstionablC pra.c
tic ill toIL .these tx,(x 

Il C\l)CririrCers at Ikeni,., (humid). Nlokwxa (sunlblhtiid). and Sadore 
(,cliarid). t\ pical grain N contents xr,' 1.81!o. 1.41!o and 2.3116, respectively. 
.\sUninrg th', \Jalu, to0 be inaffl.e,'Ctd lh N rate. till'ertilizedlohts Would 
e"l)o allaaxeraL (of' 3 kg N/Ia per season in the humid Iropics. if farmers 
attain the eld hx'el predicted h Iiure 3 and if1'all the stiaxx i,returned to 
the field. 'he e\p()rt lexlI in tIre silnhlii tro)ics xxould be INkg N/ha and 
in tire semirid region 12 k, N/Ia. Iertilizution at rCoIrrI)lreiidCd levels (80
kg N for nmar/. 3(0 kg N Imr millet) results ill net imports of' 2f-40f kg N/ha
in the humid ard stiblitiliid ats, 12 lor the semiaridand kg N/ha zone. 
These gains ia\ lie l)artly offeClix lsses o"applicd N. When straw is taken 
off the field as well, the nitrogen [ludgct loks less favoraleh, particularly ill 
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the humlid zone (Table 6). Thus, u:.!Lss the farming system ensures N inputs 
fron biological nitrogen fixation o, farmyard manure, the system without 
fertilization will rapidly exhaust the mineral nitrogen in the soil. Although, 
inabsolute terms, the rate of depletion is highest in the humid zone, tile 
lower levels oforganic matter illthe dryer zones (Table 2) provide less capac
ity to replenish tile lost mineral N. 

Niroe'll s(uIr'( 'Cs 

U)rea and ('AN are anmong the most common fertilizers offcred by fertilizer
exporting countries to African nations. Moreover, several countrties across 

frica may be faced with the decision of which lfertilizer to produce. In order 
to help answer this question, u'ea and ( '. N were tested at nearly every site 
in this program. generally as a part of a more elaborate N-fertilizer testing 
experimenl (Ta!;ie 3). -\ simple orthogonal comparison of the means of the 
responiISc cuItrves reVealed that tlie re was no sign ilficaItt dil 'l'rencc bet ween the 
SOLI'Ctes illthe hu iIII tropics and se inia rid trtopics. [ rca l)erl'ortlld better 
than ('AN at only two o th Ie locations in the sulbhumidnine tropics (north-
Cin logo and ( ;arabia). The results of the combiiid analysis of variance for 
est ing SoLIrcTs, ti inC. aid mode of N application for each zone areincluded 

in Table 7. 
A1note detailed analysis of th1e res)OnSe curves f'or ('AN and urea in the 

Ithtcc ecological /ones is provided in Figure 4. where the relative yield in
crease (kg grain/kg N applied) is plotted against the N rate. The two sources 
(( 'AN d111d behavCd idcntically over tlhe entii'erange of' rates inlr.l) lm111ost 
thc hutiid and suhhunlid tropics. Il the Semiarid trol)ics (SAT). the initial 
rcspotisc to ('.AN tended to be beitter thani to rIItea (0 = (0.1). While llaxilum 
%ilds were attained at 50 kg N/ha wili ('.AN as opposed to 75 kg N/ha with 
utca ( -- ).051. 1-owever. the orthogonal comparison of tile ineans showed 
I i/h/ f, NL't nitrOgcn[ C\1)011 (-)or Iptll(( IIH iertuic and niontrili,'cd fields in Var'ioUs parts 

ot'fricaA' 


No feriili/cr I rl-li,,i/ed 

(iain (i rail f Straw ( irain (irain I Straw 

IItumd 38 (0t 20 15 
ulhnuitl 18 27 38 i 17 
1'WHaritl 14 27 17 -7 

(tIII/cr ral',, arc S(Okg N/ha tor humid and slhumid area (niai/c) and 30 kg N/ha for 
'liM rld I~tL,ll1(1111110 ). 

I 



Tal,h 7 Analysis of variance and mean square values of source of variation for maize and millet )-ield in three agroecological areas of Africa 

Source of variation Degrees of freedom Agroecological area 

Humid Subhumid Semiarid Humid maize Subhumid maize Semiarid millet 

Replicates (sites) 
Sources 

Timing 
Mode 
Timing amode 

Rates 
Timing 'mode 

17 
6 
3 
I 

-

4 
-

20 
6 
3 
1 
-
4 
-

40 
10 
4 

1 
4 
7 

10.007.323.67" 
780.688. 14b 

14.3_8.034.481 
357.847.28 

3.320.636.23t' 

-54.09452 

2.3S.615.45' 
619.856.13 

30 .2 74 .8 7 7 . 7 6h 

_2.018.452.2aS 

6.544.979.24" 

472,76 6.4 7 t' 

1 .597.22 5 .2 0 b 
176.1 85.59a 
147.544.62a 
29.167.19 
83.961.72 

Mode 'rate 12 12 3 302.849.03 625.56212 256.416.40 
ear 
Yeais 'mode 
Years 'rate 

Error 

6 
-

395 

2 
6 
-

518 

2 
6 
5-

1.101 

9.209.842.841 
2.370.778.20h 

561.779.56 

70.272.54 6 .45h 
3.701.577.80' 

466.141.49 

13.303.040.97t 
690,016.52 b 

166.189.92' 
49.901-70 

CV 
X 

32.46 
2.308.84 

40.40 
1.689.70 

30.74 
726.57 

Significant at the 0.05 probability level.
 
b Significant at the 0.01 probability level.
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I"gur 4. Average rate functions for CAN and urea in various climatic ioncs. 
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no significant difIrefnce betwccn the t\o sonurces, plobab. b)ecause 01' the 
high variabililt obscr\cd ini Cxpcri mental fields in the SAT. The difference 
bct,,,cen the two so)rcs in the S-VI" ats shown in :igurc 4 is large enough to 
\,arrant fulirherfstud.Iv. )ata ion \olatili/atiol trials conducted at IFI)(' 
I lcad(lLarters in Said', Soil', slneegst that the locr r.'sponsc to urea could 
)O,ibl bC C.\plained l the faCt that losses 'f rom urca in this lone tcidCd to 

b. higher than those, Irni ( \N. SUCh lSs wonLd rtClirC a ,')mlpenSatiInlgl\ 
hehr inpUt o1' urCa than ( 'AN to oltain ccliiaIit ,ilds. Ih greatef c

,s)ons to ( 'AN ma, be dUC to a ble)ctter ca1i1t.i1 nltritiot oi the crol). I OWCV
er. si-n, the plots rvci \cd ( aS( n from the single su perphosphate basal treat
meCnt applied 1(0 all plots, this CXplanation is less likcl\. 

Ilhrcc difflerit me.'thods of urea application weore evaluated 1o all climatic 
/ones: (I) broadcasting. (2) banding. and (3) deep-point placemen! (urea 
,upcgifranlcs,. l.igtui 5 shows the rcsponsc cur\es of mai/c and Millet tiSing 
these application Icchliq.is. lstimnatCS fo'r the rcSposl'c func+tions aie )ic

tscutcd in I able ,. (I4t()noleal c1)n+ri,,islo ofllthe canIs ofI the response 
o.11\ e'- sho,,cd no dilfcrenc allong apl)l)icdtlin lotlhods Ior an\ /oe Ilow
e,\C.r. MCien eOlirIng the entuc rense-C cre. bloadCasting il the humti1id 

11lltI~. IMlCt~ .\ oclt qgic'al I ML()i 

I l1u11M mai/c SIhhMI11d u11i],.' SCni.MM Id 1111Ll1t 

Iit ,)i i h,f, 1,03,.)3 5-13.44 024.33 
t'C 11i,' \ I 3(, .701' 15.70"l~dCANI, 21.1,)" 

r IW; iiiiIifX x , 12.07 h 
) 14.03' 

Po(int l+lac,,d X ' 13.1611) 2 5. 1 7 , 10.5311 

I 1bX K"x -. I71' .2)" 
X &,X, --.03 .iIl, -'.151' 

X "X -. 05 .ill A31' 
.2i8 ..52 

S., .)1)).31 953.50 204.00 
N 440 401 1,175 

sig hiIC.III al the 0.1)05 IC,Cl. 
Significant al the 1IIc,,.,. 

II.1,)(iihcsis I I": ti - 0. 
II1: hi 1I0. 

.30 

http:Icchliq.is
http:ca1i1t.i1
http:fstud.Iv
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N Niode of 'Xpplicution IN-h plai 
t a Mhmiarid Arm pubhumidAra 
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[ ~NlEl4~f iL; hl 

" 5 E-ffcct of' mode of N a pplicti on on gra in yield (Ikenne fl-lumid zone], Mokwa 
[Suhlhunlid /orie, and S;oidlc I.Semirid /o'lie). 

Mud sul hu mid( tropics performed significantly (ai .05) better than either= 
hand or point placement. 'Fle difference between band or point placement\as insignificant in these climatic zones ( = .05). In the serniarid tropics,
point placement significantly decreased the perflormance of urea, whereasbroadcast and band applications behaved similarly, except at high applica
lion rates. 

Ie obscrvIations appear to indicate a better availability of N in the more
h n ild climates when Urea is evenly distributed across the soil. Concentrated
 
placement of urea 
in points or bands may lead to increased leaching of fertili/er N because of limited access to the sorption sites of the soil. The lighttexturc of'most of' the soils studied here may have accentunated this problem.lih is phenonenon was also encountered in light-lextured soils planted in rice
143.341. ()n tlie sites with heavier tcxtured soils (e.g.. Kenya), point place01 cot appears to havc an advantage over banding, suggesting that leaching of'applied N may be less of' a problem on such soils. Generally, rainlfall in thebitii d and suh1111iin id en vi ronments appears to have been f'recuent enoughto avOid cx tendCd exposure of urea on the soil surface with its concomitant 
loss of N through ammonia volatilization. 



In the seiarid tropics, the poor prfo ma nc of po in -placed urCa is pre
sumcd to he due to loss of' appi ed N. WVhCt hCr these losses aC due to lCach

ioTor atnnionia \olatiliatlioi cannot he determined ol lil asis of, ,ield 
data ilonc. Results from' N cxptrinlilits conducted at Sadorc (Niger) and 
raiiifall data for this Site suguest thllt atinltlia olatili/ation \\as the malifor 
los, mcchanism. 'hi s aIssumlpltluiI is further reinfolrced hvth data produneed 

iII I leidqu.iartcrs ,olatitiationt triils using ulca Suplegratnuhl s in Niger soil. 
In those ',tlics \ cr\ large hloss wCrC ohsCrCd \ iaaniniona olatili/ation. 

BeLause it wis prcsumlcd that splitting ofI' fertili/cr N would both ilpro\C 
Its 'tIuiolic elf icien'es and rlCC risk for the ft'armier. most of' the expcr'm
lilts mllinmaia/tcd aho e in\l wereuls ed split application. ( )i\ ili 1982 basal 

application-s of point-placec urea includCd in teleile pCrinmcnts at the ke\ re
search sites of, ite \ammotrs acfritu'lltiia /Oles.lhe I'Sults SmImallrit,,ed inI 
I-circ h conl rII the ad\sanlagc of' split applicatlions. In all tones. hasally 

applied ur.la pCrfOrmed signili'anltl more poorly than split applications. 
with an alpprtxmnll, Iclai\c \icld redctionat thei1 axinIuto ViCd Ileel of 

00. 4"0. and I 5O Mr thC humLIid. silhhuniic and semiarid /onies, rcspectivc

lIhe C\lCIpermic'nts cuIdtlctCd \\ith nai/C inI the subhtinlid tropics of Nigeria 
' 11 c\\ bcans ('Table 3). In 

ce llic \ s i N h\ tie itici'opIpe'd etglmlIC, CVCII whei 

\\uretIlnltrcipped ii peas and those iii Ken\a wfilh 
ms 'sp ilsC to 

thme naiie r)oMse llllicttd tloss soil N stuS (Figure 7). In catly experi-
Illcisli N i2cmi:a. ,hatdg from fertilied reduced relay0 the matt1C the 
cropcd, i.(\ Kid. In sLhseL-I.Ct was overcome by usepea cars this problen 

mVccCIIl\ dks\ehe.d varieties released by the Interi sh ri-dIu rat ion coxvpc:1 
natilnl Instit (d 'topicil Agi'icultutrC OITA). to mininizte the intercrop 
1),tCI
od.
 

I/me./ilf' lappI/i'd A,('N frials) 

.1. Pho i',g1il 

[hC results of Iwo transect stIdiCs are presented in Figure 8. representing 
dilIfetcnlt agrocliimatic environments in West Africa - IIu IId1( tropics (Ikenne) 
and suhhunl d tlitopics (Nlokwa). The two sites, located in Nigeria, \w'ere planlt
cd \itih maize at a 75-cm spacing between the rows (intcrrow) and a 25-cm 
spacing Ici\\ecun the plants within ilhe row (intrarow). NMicroplot size was 4.5 
iii x 2 illilIken ne and Mokwa. The dlat suggest lhat only the border row 

C,fl)Cricnccd isotopic diltion. I)ata on the excess "N within the row suggest 
that for ili/e ilie border cffect was lii ited to the outer two plants under the 
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Figure 6. Effiect of basal versus split appilicalion of N on grain yield (Ikenne [Humid zone],
Mokwa [Subhumid zone], and Sadore [Semiarid tone], 1982). 
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Figure 7. Effect of N mode of application on yield of maize and cowpea in the Subhumid zone. 

conditions of the experiments. Once the area affected by the nonlabeled plot 
has been established, the minimum microplot size can be based on the mini
mum number of plants required to obtain a representative sample. 

1B. lumid zone 

Trials were conducted in the humid zone of Nigeria at Ikenne in 1982 and 
1983. Since only a low enrichment of "N was used at this site in most of the 
treatments in 1982, only plant uptake was determined. In 1983 fewer fertiliz
ers were tested, but the 'IN content of those used was increased to 5% to 
allow soil analysis and permit a brance to be performed. A balance trial was 
also conducted at Kabete, Kenv. 

The uptake trial in 1982 consisted of five treatments involving prilled urea 
and point-placed urea supergranules compared with ('AN. Neither grain 
yield data nor plant "N uptake data showed a large di f'ference among the 
various fertilizer treatments although plant N uptake from ('AN tended to 
be higher than that of the other treatments (Figure 9). Total plant t"N uptake 
was from 54% for CAN to 39% for the urCa treatment while grain uptake 
ranged from 36% to 22%. The reason for the superior performance of (AN 



149 

IKENNE, 1982
 

Maize, 75 x 25 cm 

2

1 1 

//75
 

0 
 /0
 

0 50 100 150 

[r MOKWA, 1982 

2j,--'%Maize,75 x 25 cm
 

1 -- 150
 

0-e I T /0 
0 50 100 150 

Figu,'l!'& 15.I:Ne.nric'hmentll inalleL plant os 1ill ll a.Lrtblrop],ol. 

may be that one-half of the N applied was in the form of nitrate which is very
mobile and could easily move to the maize root zone where rapid uptake was 
possible. No difference was found in either plant or grain '.N uptake due to 
the method of urea application to maize. Although broadcast application of 
ureLa isgenerally not believed to be the optimum method of urea application,
the broadcast and incorporated treatment performed as well as the point
placed and banded treatments in all respects. Grain N uptake was decreased 
slighll. when the urea was applied as a single basal application as opposed to 
a split-application method. 
A single "N balance was performed in 1982 at Ikenne, and three were 

performed at that site in 1983. Since the rates and mode of' N application
differed among these trials over these 2 years, the data are not directly con
parable. In1)82, 64% of the added broadcast N was found in the maize crop
and 2% inthe cowpeas which followed (Figure 10). Only 26% of the nitrogen 
remained inthe soil. Although most of the soil N derived from the fertilizer 
remained in the 0-',5 cm layer, little nitrogen remained in the active root 
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zone of 15-45 cm, most having been taken up by the plant (Figure I I) At the 
45-75 cmi depthl 5.6%1 of' thle applieds '~N was recovered. The presence of' 
"N-N at this depihi indicates that leaching may have been a mechanism of' 
fertilizer loss inl this Zone. 

Ini 1983 plant recoveries of' urea were very similar to those found inl 1982 
Fi-gure 10). 1a1cimoni u nitrate appeared do somewhat(,1I11 11im1am to more 

poorly Ii 1983 than Ii 1982. In 1983 thle dif'ferences between CAN and ulrea 
were not sigi icant. No signiflicant grain yield dlifferences were I 1n be-
Ween soures. Sli i iar am11ounts of' fertilizer N were fbund inl thle Soil uinder 

all three trecatmlents (Figurel- I I ). AS inl I1982. large amounts of' nitrogenl were 
fou nd inl the deeper Soil layers, a tendency wvhiich was especially str'ong withl 
the CAN treatment. Thiiis reinl'orcs thle conluLsion1 (frawnV from1 tile 1982 dlata 
that leaching may be a loss mchan11 im Of' nitr'ogen inl h timid zones. Rapid 
leaching of' f'ert ilizer N out of' theC most active areas of' the root zone could 
have been One cause for' thle relatively low gr'ain and plant uptake of CAN by 
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ma i/c. ( 'on crsely. ill the case of thC IIea point-pl)icement tlI'ealtrtllllll large 
pcrcentage of the soil N renmai nd iil the 0-15 Lcnm laVer where it could have 
hCCn more sIscCIlitlc to N hss vla olatililaio . 

A SiVlIC 'N halmcc \as conducted at K 1983 usirig sp~lit, 1lete. Kcn,,a. in 
handed urca. As il Ike'ncnc. pa1t tiiptake was high (59%) and losses wcr slight

,) (ligurc, I ). Becatuse of the1 hich cla content of the soil. little lea11hinit 
ocCUiTCd and most (36')o"f the nitiog'Ln reaining was, foundt in the surfaLice'C 
.3( )cmll, 

SiinInii/ing thelitrniild /011c ( ta o\ cr2 \e)'cars. no0 significant lliffrcllccs 
w\C'' Ibuld amn1lg dilCrenlt pl idctis or rnlanaigCnielt laCtorls ill termn of' N 
loss, uptake by the graill, or amuitL iof' N realiniig Ill the soil. BIroidstling 
tCrtililfr Inded to incrcasc tolal plant uptake hul hiad rio lfl'ct on graini N 
content. (rOp ulitake was usuall\ hi gh. aid losses rainged ftrom 5% to 33%. 
U)lptake by cowpeas never aionted to t han 3.5%more of' the applied N. 
Leaching appears to have been one imlechanism of' N loss, especially for ('AN. 
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1igturc II. Soil 15N distribution. Ikennc, 1982/83. 

('. Stu/ititid areas 

Trials were condutcted at five sites within the subhumid zone between 1982 
and 1984. I)ata will be presented fron trials at Mokwa and Zaria in Nigeria. 
Sefa in Senegal, and (ilidji in Togo. 

In 1982 Mokwa was the site of a plant "N uptake trial involving urea and 
('AN under differing management practices and a single balance stud), using 
split broadcast utrea. Yields in the trial were inaffected by nitrogen source or 
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ymethod or time of application except in the case of the basally applied
point-placed urea supergranhtiles which gave poor yields. Plant uptake of 1'Ncorresponded well with plant yield as "N uptake of basally applied
st pcrgraLIh,s was i uch lower than that of an v of the other treatments (Fig
orc 12). Total plant recoveries ranged from 56% in the case of' split broadcast
uIrca ard splibanded US(; to for27% basally applied point-placed 
S ,tIpc rg anlil Ies . 

The balance trial show\cd complete recovery of' "N-N i the plant and soil,
anrid no losses were recorded (Figure 13). The amoutnt of N in the plant tissue
(ruring the balance trial was the same as that in the case of the N Uptake trial.
Most of lhe soil nitrogell Was .founrd in the top 30 cm. and little had penetrat
'd to dCptlh although sollc enrichmel nt was f'o)tund at depths of I I.

In 1983 the nitrogen trial was decima ted by Sriga and very little yield was
obtained. Plant uptake inall thiree Iratments was not significantly diffferent
and ranged from 13% to 16% of' the N applied. The alonts remaining in
the soil ranged from 49% to 35%,the most being found inthe CAN treatment 
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(Figure 13). both trcalments remainedInl urleal most of' tlhe nitrogenl in tile 
surfaICe layers, whereas CAN penetrated to greater deptlhs becanlse of the high 
mobility of, its niltet COnPlponen (lFigure 14). Losses wvere most likely dueC 10 
volatilization in tile case 01' ureca and possibly leaching inltile calse of C'AN. 
Losses ranged from 361% to 52%) with CAN being significantly more stable 
than the ur'ea.banded treatment. Another balance triaflwhich was not affected 
by Sbliiga wals condUCted Iltthi~le statio1n601 ill1983. Ill this trial1,iplant 
Upta;.ke, because of' tlhe presence of' a healthy crop, wals 11LCIh hliher Mnd 
equaKled 44'% of' tile N 11ppIILI. Losses were redulced to only 221%/ instead of' 
tilt higher values 16.1nd Il inlhe Slrig,,-a Ill plots (Fi1gure tileIcted 13). ThuLs, Ill 
presence of' an1actively growing crop1 One couLd speculate 111 lhgh lossesthai 
reported for tile ,Slrif,, lls would have been reduced greatlly. 

Simila r trials Were Conducted atlZariia in 1984, and tile Uptake trends were 
tihe saime as those found inltile Mokwa studies. C)AN tended to be taken up 
more readily by tile plant thll Urca banded or point-placed (supergranules), 

http:Upta;.ke
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Iiurn 14 Soil 15N distribution, Mokwa, 1983. 

althoutgh the differences were not significant. Similar trends were found in 
grain yields, where CAN treatments outyielded point-placed urea. Plant up
take ranged from 63% to 49%, and amounts remaining in the soil were 32% 
to 33% with most of*the N being in the surflace 15 cm. Losses tended to be 
low and reached a maximum of' only 18% in the case of the point-placed 
supergranule treatment (Figure 15). 

High recoveries and low losses were also found at Sefa, Senegal (Figure 15). 
However, recovery of N in the plant and grain at Glidji, Toge, was quite low 
in comparison to that found at the other sites. The recovcry of fertilizer N in 
the soil with the CAN treatment at Glidji was very high (56%): most of the 
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nitrogen was found in the 30-60 cm (11%) and 60-90 cm (16/n) layers. This 
indicates that leaching of nitrogen into the profile had occurred and thereby 
guarded the fertilizer N from N loss mechanisms such as volatilization. In 
contrast, a major portion of the urea N remained in the topsoil. Since losses 
from urea did occur, it is proalablc that the mechanism involved was amino
nia volatilization. Although N losses were negligible with CAN, the high 
amounts of fertilizer N in tihe soil were not easily available to the plant. 
Grain yield and plant N uptake Were unafftCd by source of' N. This trial 
crop suffered scvcrc grain loss from bird damage which may help account for 
some of the low N recoveries. 

It is interesting to note that Sefla, Senegal (1984) was the only site at which 
urea supergra nu les outpc rltrmed broadcast urea (Figure 16). Higher uptake 
in both the plant and in the grain itself translated into significantly higher 
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grain yields at this site. It thus a'ppears that point placement could still hold 
p)otential ill
somle Situatiorns. and this possibility highlights tile need for coil
tinued CXp)llcrimctatiotl w[ith tile stIVIgranl'1C concept. The deeply placed 
nitrogen. either banded or point placed, was apparently less sLICCCptible to 
volatili/ation than tile broadcast treatment. 'Fie balance trial in 1983 (Figure 
15) indicates a lower loss of' N at banded at depth thanSofa it" if' broadcast 
oil tile stli'l'a.ce. 

S1",;u11t,1riZing tile SubhurnIIid Zone trials, it mal~y be Concltude(] thal, in tile 
presece'of' anl actively growing, healthy crop, losses of' fertilizer N. be it Ill 
the f'oriof' urea or C'AN, call tie CXl)CctCd to be low. Management practices 
had no signif.icanit efl'cct ifertilizer effiClcincy as Measured by plant Uptake,Ctn 
except l,61 basally applied ~o1int-laCCd supcrgranlCS \vhich resulted ill Sig-

I11ilqnlv ower N uptake and yields. This was reflected insignlificantly high-
Cr VACiclls 1 6r C'AN and ure-a banldcd Or broadcast thanl for poinlt-placed 

ergraillcs. IllSill) all the trials at all sites except Stilt (1984), broadcasting 
I'crtili/Cr impr)1ovedi grain Uptake ol'N over point I)laccrnICnt but was compara-
Mle to b)and placement. Generally, 'rtilizcr nitrogen tended to stay in tile 

http:stli'l'a.ce
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surflace layers, although some leaching or N was ro~und in the CAN treatment. 
Ilhe amouns of' C'AN remaining in the soil were significantly higher than 
total soil recovery of urea under anly mlanaigement practice. 

D). 'emiarid 0rials 

The trials conducted in Niger diflered lro those conducted il the huid 

and subhumid regions in several respects. Although the crop in the other sites 
was maike intercropped or followed by cwlpeas at a plant density in excess 
of 40,000-510) plants/ha, the Niger trials wverc sparsely cropped to millet 
at a density of I()0(1) plants/ha (i.e., I m x I m spacing). The soils in Niger 
were ext remely light, being 941% sand and thereforc having a very low C('. 
The other sites, though also sandy. contained more silt and elay (Table 2). 
Finally, the climate in Niger was mLuch drier than that in any other "N trial 
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location inl Africa. These factors combined to catlse different pa!terns of both 
pla~nt uptake of fertilizer N and N loss. 

IIn a plant uptake trial condt,Cted inl Niger in 1982 little significant differ
enice ""Is f'oundI aniong the treatmllents, although CAN and urea tended to 
otitperform1 theC sLIpergrilnltile treatments. Fertilizer N uptake by the plant 
ran ged from 371% to 261% and was lower than in the 11101- humid areas. The 
gralin Uptake ranlged from 211% to 141%, again lower than i1n tile 1110re huiLId 
sites. No dfifferences were found1c betweenl basal and split broadcasting al
though Split baniding tended to lincrease yield and plant N Uptake (Figure 17). 
A-balance studyN uIsing IMsallyV broad1(cast Urea showed uptake patterns similar 
to tho(se founId With thC WIWI- sotirees (FigureC 18). Forty percent of' tile ap
plied If-ert1iler remained1 ill the Soil, MOSt 01f It ill tile Surface ( 15 cm), al
though movement to depth was noted. It is evident that large losses occurred; 
34"0 of' tile N appliedI could nlt be Iccountcd for in tile soil at depths of up 
to 2 Il Or In 111e variouIs I)hM t parIis. 

Balklnce trial1S conduIcted ill 1983 with handed CAN, urea, and point
placed ureaCi supCr-g-Mnulcs showed the samne trends found in 1982. Uptake in 



160 

the grain was significantly lower in the point-placed treatment, although
overall plant uptakes did not vary significantly (Figure 18). Grain IN uptake 
data correspond well with yield trends where lower yields were found with 
the point-placed treatment. Significantly less Iertilizer N remained in the soil 
Under the point-placed treatment than with the banded urea or CAN treat
meits. Whell plant data are combined withIi Soil data it is evident that losses 
rml the point-placed treat ment were more severe than those of the CAN or 

urea handed lreat mlrt. \Vit tihe handed treatmlents, more "N remained in 
thC surface 0- 15 cm laver with urea thatn with the more mobile CAN although
si nilar amounts Were Ionnd \hen sunlliiig up the data in the 0-60 cm deep 
la Crs ([-igurC H). -As in 19 82. IossCs. CvCn ill the best treat ment, were Ihigh
and ran from) 371 for (CAN to 53("j lor the point-placed urea supergranule. 

In 1984 the trials at Sadorc sufLfered a severe drought and as result,a 
allhough overall plant ul)takc was not diminished. litle I'N-N was lfound in 
the grain (FigurI 18). In terms Ofplan ts uptake. (CAN was significantly better 
than handed and point-placed urea treatments. In terms ol'grain N upltake.
howccr, (AN xsas signilficantlv better than the banded urea treatment. The 
amounts of' N remaining in the soil were siriIilar in the urca handed and (AN
handed trCtlllcllts htL sigrilficantilv lower- il tle poinlt-placCd supCrgranule 
pltts (Figurc 18). ( AN had penetr-ated to a greatlller dcptl thall the urea 
reatmllellts alnd. th was tobecause o1 \\is. less SLSCeptible volatiliZationi losses 

(l:igure. _(2). In addition. since the lack of raini sOwas severe, the surface 
la \ens iena inedl dr\ fOr long periods of time making the N in those layers
tnlla ailahle to the crop. The (CAN. which had penetrated to greater depths
lccause tfi the mrohilltv ofl tile N(), ion. remai ned available to the plants, 
wheicas' the surface-appl)ied uirca was isolated in tile dry su rfbice soils. A 
t'ol-tllh urea trial IkhiclI used basally hroadCast Urea and for which plant anal
vsis has not been completed, show.'ed a distribut lion of N and total soil recov
er similar to Ihat f'ound for tihe urea handed treatn1eilt.
 

Sumlnmariing the "N data 
 for the serniarid area. ('AN significantly 
outpCrform1ed uIrca ilr lerns of' plant nitrogen iptake. and tiis was translated 
into signi ficantly higher yields of imillet. Losses flrom all SOLlrCes Were high
and were sigiii ficalltl worse in the case of point-placed urea supergranulles. 
Nitrogen that renained ill the soil tended to stay near the surftace for all urea 
treatments, whereas inder the ('AN treatments it moved into the soil to 
deeper layers where it was e:nsily taken up by the plant. 

I lieadquarters research 

Several experiments t.,:rtaining directly to the African field program were 
conducted at IFDC Headquarters in Muscle Shoals, Alabama. 
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studies -olUrilieaiion 

A. ,Mehkod 

All incubation trial was conducted at IFDC in order to deduce why tile deep 
placclcnll 0of Urea supcrgranulcs in tlhe fields resulted ji) lower N responsesthan had bpn found with broadcast or banded urea or with CAN. The char
aCtCristiCS of urea tropical African soils usulted in lowr Nresposes 
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Table 9. Although all of the soils had a high sand content, the pH, organic 
matter, percentage clay, and cation exchange capacities differed greatly. The 
potted soils were placed in individual volatilization systerns which could trap 
all the ammonia gas evolving from the soil surface [411. Urea supergranulcs 
labeled with the stable isotope " N were placed in the various soils at adepth 
of 4 cm and covered completely with soil. Ammonia in the traps was 
analyzed at the end of' 1,2,3, and 5 weeks. The samples were incubated a 
further 3weeks and then analyzed to determine the amounts of ' 5N remain
ing in the soil. 

Because the Niger soil had shown severe volatilization losses inthe prelirn
inary supcrgranule trial, the same soil was used in acomplementary volatili



Table 9 Soil properties and losses of point-placed urea applied to some African soils
 

Soil Origin Organic pH 
 CEC Sand Cla-y 15N Loss from 
matter soil as ammonia 

Week I 	 Total at 
5 weeks 

(%) 	 (me 100 g soil) (%) 
Sadore Niger 0.3 4.7 1 94 	 1 40.8 63.5Egbeda Nigeria 2.4 6.7 14 71 18 2.0 22.6Maiduguri Nigeria 0.7 6.9 5 77 	 3 49.4 61.2Onne Nigeria 1.3 4.4 11 65 24 0.4 4.3 

Table 10 Influence of nitrogen source on volatilization losses as ammonia 

Fertilizer source "N Loss from soil as ammonia 

Week I Week 2 Week 3 Week 4 Total 

(%) 

Urea pellets (broadcast) 10.3 3.7 2.6 1.8
Urea supergranule, 4 cm deep (buried) 

18.4 
47.7 16.6 3.5 1.8

Urea + PPD pellets (broadcast) 0.3 0.3 0.5 0.8 
69.7 

1.9CAN pellets (broadcast) 3.1 2.3 1.0 0.8 7.1 

I'N 
recovery 

in soil 
week 8 

31.5 
69.0 
30.9 
96.8 

15N recovery 
in soil (Week 4) 

78.1 
31.7 
96.9 
92.5 

Total '-N 
accounted for 

95.0 
91.6 
92.1 

101.1 

15NTotal 
accounted for 

96.5 
101.4 
98.8 
99.6 
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zation trial designed to test alternative N sources for volatilization losses. 
One such product was urea -12% phenylphosphorodianidate (PPI)),a urease 
inhibitor known to reduce the rate of urea hydrolysis insoils [7]. Surface
broaldcast Urea-lPl1) was compared with broadcast treatlnenlts of urea and of 
('AN and with a supergranulc of urea placed in the soil as in the first experi-
IllenI. 

B. Resuiis 

Although losses via ammonia volatilization were negligible with the heaviest 
textured Onne soil, almost 70% of the applied N was lost in the case of the 
supergranules applied to the sandy Sadore and Maiduguri soils (Table 9). The 
high losses were probably due to the low buffering capacity of the light soils. 
which permitted the p1-I to rise during urea hydrolysis and thereby promote 
volatilization losses [13]. 

The results of"the second trial show that the high volatilization losses over 
4 weeks found with the point-placed supergranule (69.7%) could be reduced 
to a negligible level by the use of CAN or urea-PI)f (Table 10). Losses from 
broadcast uirea were inucI lower than those from jpoint-placed supergranules, 
showing that fertilizer management is very important in minimizing N loss
es. The more than 96% N accounted for with the four nitrogen sources in the 
Niger soil indicates that nitrogen losses by processes other than ammonia 
volatilizat ion were negligile. 

These trials have identified ammonia volatilization as a major mechanism 
for loss of' fertilizer nitrogen. They further show that replacement of urea 
with CAN or urea sources amended with urease inhibitors could increase N 
efficiency in the ligh-textured soils of Aftica. 

Leaching studies 

.1. Methods 

This trial was conducted in order to determine the effects of continued heavy 
applications of fertilizers upon the pH of two Nigerian soils from the humid 
region. The two products used, urea and CAN, are very commonly used in 
the humid zones of'Nigeria and are replacing ammonium sulfate as principal 
N fertilizer sources. Calcium ammonium nitrate is 23% calcium carbonate 
by weight, the carbonate having been added in order to neutralize the acidity 
created during ammonium nitrification to nitrate. Theoretically, sufficient 
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('a'), is presentIo eItICralNie approximately 580/0 of the acid that will be 
p rod ucd. 

Fertilizer was placCd atop columns (60 cm long) packed with Nigerian soil.RCgula ri.sinalI amonnts of water were slowly added to the columns, and theIcachatc was collected at the bottom. After several months,water additionwas stopIped, alid the cOlIIIIInS were allowed to dry to sim tilate Ihe drV sea.SOl.[here arC two such dry seasons yearly Inthe region of Nigeria fiom whichthe soil was collected..tcr louLr such cycles, several COlum uIlS wCIC removedfrom the Cx perimen t and sectioned into layers, and the p11 of the v'ariotuslayers was determined. Leaching continued in other coluImns for a further six
cycles before they too were sectioned and analxzed. 

I1. R .ii/. 

It is evident that serious acidification had occurred in the soils (Table I I).This was especially severe in the surface horizons of' the Egbeda soil where
the pll dropped 2.6 Un its for1" urea and 2.2 inits Witlh ('AN over I(1wet/drycycles. ()isCt of acidificat ion was rapid with i a decrease in pili of 1.5 Lnitsather o0l\ 11b.r cycles. ()1ine soil, initially quite acid. was not further acidifiedby tle addition of' Iihigirates of tirCa or (AN. Generally, ('AN was not strik
ingly better tilan uIIirca in terms of reducing soil acidity. 

I lh' II Acidification of Iwo west African soils Following 0, 4, and 10 applications of N at 300 
kg N/ha 

Soil Eghcda soil Onne soil

Iki~cr (Ibadan. Nigeria), Alfisol 
 (()nne, Nigeria). tllisol 

N applicalions N applications
0 4 tO 0 4 10 

tUrca (AN t;rca (AN Irca (AN Urea CAN 

(pl11)
 

0-5 cm 5.3 4.26.8 5.2 4.0 4.9 4.6 4.9 4.2 4.65-20 cm 6.8 5.8 0.1 4.44.5 4.9 4.7 5.0 4.1 4.120-60 cm 6.7 6.0 6.2 5.4 5.8 4.3 -1.8 4.8 4.0 4.0 



Lptake c'I/fcte' ofl'ahrnatit'efrtiiiz(rs 

1..h'thod.s 

Previous volatilization trials showed that CAN was much less susceptible to 
volatilization losses than was urea. This trial with three soils (Vernon - cal
carcous clay, p1 l 7.9: Savannah - acidic sand. pit 5.3; and Hartsells - acidic 
loam. p11 5.6) was designed to conpare the plant uptake efficiency of maize 
for IIrCa. (AN, and four other N sources (urea l)hosphate. diammonium 
pho)sphate (IDAP). 1 nitrate, and sodium nitrate). All fertilizersammon Will 
were labeled using "N. The plants in this greenhouse trial were harvested 
after 8 weeks, dried, ground. and analyzed for "N uptake. 

3. Ruths 

Uptake efficiency as measured by "N uptake varied greatly with soil type 
(Table 12). Generally, the uptake efficiency of sources containing the nitrate 
ion was higher than the uptake from urea or DAP. Utilization of N supplied 
by the NiP source urIea phosphate was not significantly greater than that of 
urea alone, and the other NIP source tried ()AIP) was the least efficient in all 
cases. I.Jpake of fertili/er N was generally four times as Iigh for the Savan
nah soil as for tile Ilartsells soil even though they both had similar pIt values. 
These rCsults illuist ratC the led to test fertil izers in the soils in which they 
will be used. It would not be easy to extrapolate results obtained with the 
I artsells soil to the Savannah soil or vice versa. These results also show that 
all fertilizer sources are not the same. even if applied under the same temper

libhb 12 Maime recovery of 15N-nitrogen from six fcrtiliicr sources 

Sourtc Soil 

Vernon Sa\ann.h I larisclls 

()/ rcc\evy in plani) 

I rca 38.6( 1) 59.0'' I3.6 
Calcium anmeniun nitrate 
Irca phosphate 
\mmonium nitrate 

49.511 
38.21 ) 
50.41' 

65.8 
66. I1 
65.2 . 

14.8 \ 

19.2 A 

15.2 A 

Sodium nitrale 64. 1A 58.4 \ 1  14.5A 

liat10oniu phosphate 32.71)1. 42.0' 13 . 6A 

Note: Means followed by the same letter are not significantly different. 
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atuIC and soil conditions to the same crop. ('omparison tests of' the various 
N products ax ailable must be made before any recommendations can be 
made to the farmer. 

Simmar 

l\pe limentIt ion on the management of nitrogenous fertilizers in tropical
Alrica 5%as conducted for 3 yeai's in a collaborative effort between interna
ii 1iand111i ona ilagricultural research organizations. The experiments cov
cred a InLIInber of agroecological zones, cropping systems, and sources/
i1'IINage n cInltech n iqLies for applied N. The data obta ined fron the different
 
cX pcrallicla] sites were coin posited and analyzed statisticaly.
 

Nit ru(gCn response was mo10St dIramat ic 
 in tile sulhI in id zone, which ind i
caItes that N is a najor limitation to crop prodIuctionI in that zone. In tile 
scm iarid tropics, v ater deficits or other limitations appear to limit tile ie
sponse to N. In the 11hurn1id tropics, lower response may be (Itie to higher levels 
of ilatixc soil N. 

[here appeared t0 be no dif erence in response to ('AN and in theurea 

hli inid and subhuIInLid 
zones. In the semiarid tropics, the response to CAN
 
was slightly better than to urea. Irrespective of' N source, broadcast applica
tions seemed to outperori band or point placement illthe IItumid tropics.

With f'w exceptions, point placement of'
urea is an inic'rior application meth
od in all climatic zones. I owever, if point placement is practiced, split appli
cation is better than basal application in all zones, possibly indicating an 
improved spatial availability ofl the second application. 

The 'N data tended to be (I tit Site speciIc, and it is difficult to draw firm 
conclusions across agroecological zones other than to note general trends. 
Nitrogen-15 data tended to diff r little between the hunid and subhurn id 
sites, but both were quite different from the semiarid location. Losses tended 
to be qliiite low in the Iurnid and subhum id areas: they averaged 20% and 
24%, respectively, and were significantly less than tile average loss of 40% 
flund over all treatments and sources in Niger at the scmiarid site. These low 
losses may, inI part, be attributed to high crop densities which can be support
ed in the more in amoist /Ones and which result high uptake of applied N 
by the plant. Plant uptake accou nted for 45% of fertilizer N in tile huimid and 
sLibhtmlid /Ones cOmar);ed with only 28% in the semiarid zone. The living 
pllant material acts as a sink for fertilizer N, trapping it and reducing its loss 
via voat iIitation or leaching. Illtile absence of an active dense crop, such as 
was tie case in tile Slri,'a-afll icted trials in Mokwa in 1983, losses can be 
severe arid equal those found in the semiarid sites (Figure 21). Only 2%-3% 
of tile "N applied was taken up by the cowpea crop that had been 
intercropped with tile iiiaize. 
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'5N Recovery L--'5N Recovered in Stover
 

(') 1 N Recovered in Grain
 

60" 1.N Recovered in Soil
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5
 in the crop and soil. over thre.e 
trials in West Africa (loss of Iert ili/crnilrogen is estimated 0 the 
Figure 21. 1N recoveries a:eraged Iittogcn trcralments, for six 

fronthe dil'crence betwee n 
amounts of 15N applied and recovered). 

The rclation bctween the 'N recovery fraction in the grain and grain yield 
of maize (Nigeria) and millet (Niger) is further illustrated in Figure 22. If'all 
applied nitroge-n (NF: kg N/ha) is completely mixed with the soil mineral 
nitrogen pool (NS: kg N/ha), and there are no losses of fertilizer nitrogen and 
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/",gu,r
22. The 'IsN recovery fractions intihe grain (15NRF) of mnaize (dots) and millet (crosses) 
a%a funiction of*the grain yield (GY). 

no immobilization of '-IN, then the 'IN recovery fraction (15NRF) in the grain 
is givenl by: 

'NR F (grain) = G Y * G N
 

NIF + NS
 

where (iY is the grain yield (kg grain/hia) and GN is the nitrogen content ((Y
w/w) of' the grain. It can be seen thlat NRF (grain) tends to increase with 
(iN' and (GN. G.rain nitrogen contenlts are generally in the range of 2.0%-2.6% 
for millet and 1.2%-1.81)1 for maize and tend to increase slightly with increas
ing rate of' f'erztilizer a ppl icatloll. III nlitrogen-delicienm soils, GY itncreases 
with tile av'ailable-nlitrogeln: NF i NS. H owever, whlen NF i NS approaches
tile potential nitro1-gen1 r-(IIeireent of the crop, nitx1ogCn1 Uptake decreases and 
NIRF (grain) decreases with increasing NF tiNS. Hence, it' NS is large, 
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"'NRFwill be low because of the dilution of 'N in the available-N pool [251. 

In terms of soil recoveries of 'N-nitrogen by zone, no difference was ftund 

between the arid and subhuniid zones (although plant recoveries were higher 

in tile subhunlid zone): recoveries in both zones were significantly higher 

than at the humid zone sites. Trhus. one reason for high N losses in Niger may 

have been the thin plaint stand that can be supported by the soids and cli mate. 

It would be expcCCd and is recoinmended by national scientists of Niger 

that point placement near the plant would be a good strategy to follow to 

increase N uptake in the semiarid zone. I lowever, over all tones, the point

placed S plergraotile tended to do poorly and perfornec significantly worse 

than other soo rces in Niger. The best combination of N source a1lnd Manage

menit over all sites was the Irea isplit broadcast treatellell which gave both 

the highest N tlipta ke in the grain aind the lowest losses. Split broadcast ('AN 

also resulted in high grain N cotents, and broadcasting was the best method 

of ai7pplication 1t Cnsure' good N .ptake in the grail. 
:romn tle "N data it appears that rcsearch strategies aime~ld at decreasing 

N losses thirouigh tlhe development of nCw 5oiire'es would 1ot bring abolit Iarge 
If the nitrogen is splitincreases in \'ield inthe humlid 	aind subhumrid s. 

applied to ailn 	 lossesothci%\ ise calchyro,I), will be low and uptake high. 

simaller splits nai inprove fertili/er efficiency in tile IurnidMore lretltckn 
areas liv i'diciig lelaching. Ilntihe semiarid regions tIihis is not the case. I p

take is low and losses high. e\el 	fr (CAN which is not well known as i O5re 

that sIties voilil/alio in,ssCS. I:urt her work needs to letdone or the loss 

inecharnisnls inNiger. and SOUrices neel to be Ihlnd that are easily sotlubili/Cd 

and ts able t iive Cdeeper into soil layes where they are available during 

tle Ir-qtlren t dr Ieriods fou nd doring tilie scmiiari d /One's growining season. 
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Phosphate deposits of tropical sub-Saharan 
Africa 

G.I. McClellan and A.J.G. Notholt 

Introduction 

Aflrica is the second largest of the world's continents; it has an area of about 
30 million km ',approximately three times the size of Europe. and a popula
lion approaching 500 million. From north to south in a straight line, the

aIxImniL distance is about 8.000 km, and Ironi east to west it is about 7,200
kml. Althmouh the C(tLator cLts almost exactly midwa across the continent, 
v,ith about t,
\\-thirds o1' the total arIea 
ying between the Tropics of ( 'ancer 
alnd (aapricorn. more than half" of the continent lies In tihe northern Inii
sphere hccals, (t th,: extensive 'bulge' occlied b North and West Afieaand the Sa;,haraI)esrt. \"irtnallv the entire 
areaof tme stb-.Saharan region
coMidrCd iI the pre.,set re'port lies Within intertropical .\fr'ica (Figure I).As 
such, it cnhracec, sonc 3) indelpndent states with the notable eception of' 
Sonth-\\est ,i 
lrica (Nanihia).A significMat numlerl' of tihe contries referred 
to are also landlocked: striking examples ar ll3rrki na Faso. Mall, ('had.
Nige'. arnd. in s)uthCrn Af'rica. lurundi. I Igaida, Mala,,i. Rwancda, Zamba,
arid Zi n-ab\ e.Ihere isa 
remin kahlk smooth coastline, with an almost uni
f~irmlv narrow cootinental shelf', a I'e.'atLr 
that reduces the chances of'discov
cring na.or oil frc: on a 
smaller scale, there is also a marked absence of 

ltl
ll;I Ilh1-10'S.
 

.'\'lrica cmrpriSCs atsingle tectonic plate, thJaogh some authorities would 
difIe'Cn tiate the area Cast of,tle Rit \'alk.\+sestLil. \Innost the entire conti
rieinIII isa g.'l<giall\ stUlC harIClmass of' 'rl cImthrian 'hasemcnl lletallor'
phic roc'ks (mainl\ Slists arid giicissCs) OVT'rlai in part h\ a sedimentary
'over. .\patl frrmi the ( 'ape Ranges of I lcr'cynrian age ill the extreme 

soLthwest corner o tlhe coltient and the Atlas MoLntaiIs 0f tile AI)ne
(lertiar,)ir igcr\ in the nortlhcst, the stability of, tile African plate is bro
ken only h the great Ri ft Valley svstcm. Although the AF'ican continent has
remained a relatively ri gid and stable plate since P'recambrian times and has 
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consequently remained a landmass through most of this period, occasional 
marine incusions took place across tile narrow coastal plains and tile present 
Sahara dur11ing ,lurassic,Cretaceous, and Tertiary times. The lpredominantly 
vertical (epeirogenic) movements. which produIced broad warping and block 
falting, have conmbinedtl o give Africa a .SlrIcILurNllpatIllr char1-1C'hVIIc( by 

broad basins separated by areas of' uplift sinillar In nllVic'S)C'CtS to)tile 
'basin and irange'"pro\ ince of' tile western ]al'gerlUlnited States. The basins, 
SLIC'h aIstile Karroo and Congo. have been im1portant rece'ptacles of' Colltiinen

tal clastic represented tile Karroo s.ysItcIllsediments by (I lpper 
('a ho ssc)ofso uthern Africa and the N ubia Sandstone (Cretail'x'usTri 
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CCous) of northeastern Africa, the ('ontinental Intercalaire' (Cretaceous)
which is of sporadic occurrence. and the widespread 'Continental Terminal' 

In ("astern Af rica the structural swells rise into a coalescing series of 
pateauIIs tiai terscd h-' the spectacular Rift Valley system. This f'eature extendsFrom the Zambesi River nor thward to ar asas Syria in southwest Asia, a
totalJ distance of nearly 5.(0(0 ki. In their present form the rift valleys are 
ma iil of I:tc Pliocene to i id-Pleistocene age, but they are imposed on
earlier structures. A characteristic f'eature of' the Rift Valley system is the 
frequent occurrence of alkaline intrusive igneous complexes, often with 
ca rhonatite. which tend to he aligned in zones parallel to the main structural 
trend. 

I)isfribution of resources 

Plh,,sphate rock occurs the sub-Saharan region in two different geologicalin 
cnvironmcnts. namely, sedimentary and igneous. By far tile most geographi
call\ extensive are deposits of sedimentary origin occurring in strata predorn
inantl\ of' Lower age.Eocene In northern Africa (outside the sub-Sahara)
they form one of the most important commercial phosphate provinces in the
world, the Tethyan Phosphogenric Province, which extends from Morocco
eastward into Egypt and also into the Middle East as far as southern Turkey.
The phosphate resources alrd potential of' this province arc considerable. 

Ii contIrast. however, phosl)hatc resources in tle sir b-Saharan region are 
lii ted (Table I ), although geograpliically of' wide distributions (Figure 1)[621. Total resources amoiInt over milliont( 4.000 tonrincs. reserves of'
mineable rock residing ma inI in the llartine sediments of, Senegal and Togo.
The potential dcvelopmnent of' a ii nmher of' occurrences in lie sub-Saharan 
region has been reviewed [40.471. It is the main ipurposC of' this paper to
summarize the d istri but ion within the region of' known resources of' phios
phate rock, both sedimentary and igneous, taking into account that insufficien t data are often otfered with regard to the technical and ecoriom ic feasi
I)iity Of prod ucUirg marketable grades of' phosphate rock by use of' modern 
mining and beieficiat iol techniques.

At least 26 sulb-saliarali .A\fricai coni triCs have some I)hosptliatC resources 
or reserves (Table I ). Fighi ontries have deposits that are piodcing or 
rteCeltly hayC piroduced marketable or usable phosphate rock. Seven other
counlrics have resources with fair to good prospects, at least for domestic use 
(FigurC I 

Ail additional 18 Countries have identified or inlerred deposits that, on the
basis of' available information, can be classified only as promising fbir such 
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reasons as inadequate descriptions, small size or poor quality, inaccessibility, 
or lack of local demand (Figure I). In this connection it should be noted that 
tile in formation available may not always be accurate or tip to date. In some 
cases exploration is known to be in progress, but recent results have not been 
reported. 

Although phosphate deposits in West Africa are chiefly of Eocone age 179], 
ipper ('elacCoLs occurrences are found also inI tile Atlantic coastal basins 
as far south as Angola, the contin uity of the phosphate-bearing sediments 
being interrupted by Precambrian rocks extending to the coast. Tertiary and/ 
or Upper Cretaceous sediments also occur extensively in the plains of middle 
Niger and l)allol Bosso in central West Africa. Geographically there are two 

Ihl~/c I Estimated resources of plhosphale rock in sub-Saharan tropical Africal 

otrs 10" Tons of rock P()0s TNype of rock 	 103 Tons'h 
1982 production 

Angola 28 25 Sedimentary 18 
Burkii:i Faso 300 26-32 Sedimentary 6 
Burundi 25 II Igneous (residual) 
( jtiunca Bissau I12 30 Sedimentary -
Nalawi 2 5 (Miin) Igneous -
Mall 20-25 15-32 Igneous -
Maurittania 94 19-20 Sedimentary -
Niger 100 18-35 Sedimentary 6 
St neg, I" 40( 29 Sedincntary 

1Oo d 37.5 Sedimentary 975 
901 28 Sedimentary -

Ianiania I ) 20 Selinentary 100 
125' 6(Max) Igneous 

logo 100 28-32 Sedimentary 2,128 
1Iganda 230 l- 13 Igneous 
*'airc 30e- 4-10 Ignoo us (residual) -
Zambia 50()t 8 Igneous 

2001' 1-4 Igneous -
Zimbabwe 37 8 Igneous 120 

luctinga Valley. tot :fl res,'urces may exceed 210 i.
 
Total resources in,ts exceed 700 mi.
 

• Matain.
 
d RCsCrcs at Taiila. lUlteCd in terms of marketable product (8211% 131PL).
 
L 	 Thies (alulomil1nm phosphate). 

Panda Ilill Mbe a). 

I.ueshc. 
Nkonihtva. 
KailIUt%. 
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regions: (I) the Saharan, covered by a shallow Upper Cretaccous-Eocene seawhich advanced from tile North African coastal area where phosphate wasbeing dc'osited, and (2) the Nigerian, invaded also by a gulf of the sea andextenlding up the present lenue, Gongda, and middle Niger valleys to thefoothills of Air and Adrar dles Iforas. The southern sea probably joined theSaharan sea by a narrow strait between the Tibesti and the Ahaggar massif,
vlide to the northwest it joined the northern sea between Araouane, Adrardes IfoIras. and the western Ahaggar. ( )tlher ('retaceous-L-ocene gulfs occupied

Senegal. The (iambia, Ivory (oast. Togo, Benin, and Nigeria. as weil as other
coastal arCaS, particularly o"(imCeroon, Gabon, Zaire. and Angola.

Phosphate deposits ha\e beenIound in most of these coastal basins, and
the geological indlications are that ftlnriher discoveries might be made as systeniatic C.lo)lration I)r'OceCeds. [or CXailC, tile conlp)aratiVClv recent discov-Cry of' phosphat, rock of lPr'eallbriallage astride the Burkina [aso-Niger
l3Cuiiir border igion tlhasuggests considerable c t should be Made todClellriC tW 'OcatiOlrn of' siiilar sediellinaliry basins in Pr'ecambrian areasin ordeI to cc llillC their pfhosphate potential. Sedimentary phosphate rock

his bCCI Ibuind als) in oaMtal sediinents in eas'ern .\frica. in Mozanbicie
and Malagas . gencrally is thil. nodular beds al)l)arCnlltly of lileited Cxtlenl.
The indications are not promrnisinig. but in the absence of'systenatic explora
lion. the prCsence of'illnore cxtltnsi c beds of phosphate rock in thlese areasCannot he ruled out entirely. Sinlilarlk, the large sedimnentary basins ofsouth-Cer Africa. such those of theas Karlrai)'Id ('ongo, are filled mainly with
continental sediments that reflect enviroinments unlfavorable to phosphate

CepoSitioi . IIowV'efr. sole of the ( 'ClacCOUS arndTerliary sCun(,cs are of'
shallow-water., rlariie origin and ilna\ Contain phosphate.


Iln contrast to tihe' northern 
 and western parts of the sub-Saharan region,
)hosl)hatC dC)OSits in tile southern part of the region are associated lainlywith alkalinc/carbonatitc igneous conplelxeCs. including their weatherirlig

derivative s 1241. The cornpl)CsXOccur singly, as i NI rima II ill iWKenya. butMore Of ten nl grOUL)s, of1'WhiChlf)rohablt lile best known are contained in the
('hilwv~i-Zambesi province oftUlpper Jurassic to Lower (relaceous age to thesouth of' lake Nyasa. 1h2y are irnvariably closely associated with tlheinllrssi C Rift Valley SyAten.l-( )ther igncous irovirces that have beenrcCogriiC'd irciluide tihe LowCr Cretaceous priovrince ill Angola and tlileT'ltiar\ wes'tern Kerr sa-eastern [ lganda provincce. Alkaline cornplexes. somicwith carlhon'ltites. have been found in E-thiol)ia and SOinalia. but their
)hoslhate potential has not been investigated, as far is is known. 
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., ngola 

Phosphate rock occurs in parts of northern Angola and in tile enclave of 

('abinda, in a sequence of marine Upper Cretaceous to Lower Eocene rocks 
deposited in the coastal Congo Basin or as reworked material in sediments 
of more recent age. Both regions were originally prospected For phlosphate by 
the Servicos de Geologia e Minas de Angola. 

Lutctn'a [ 19.21 
- Phosphate was first discovered in 1951 in northern Angola near the port 
of.A.mhriietC. and subsequent exploration led to the discovery of deposits in 
the Lucunga River 1621. east of Quinzau. The deposits consist of phosplhatic 
lodulCs (described as coprolites) and )hosphatic limestone. They are be
lieved to he of a Lower Locene age. but most of the occurrences are residual 
and alluLvi al concCntrations illsediments of' Middle to Upper Eocene age. 
suL , hos foutnd in tile (olugc and Lendiacolo Rivers. or of Pleistocene 
age in the Qu in donIca X.arci. lotal phosphate rock reserves in tile Lucunga 
Valley average 25% I in thickness arC estimated 28P(), and 0.0 in and at 

iillion toinnes. with all average thickness ofoverhuldCn of nearly 2 l.Phos

phate samples show a considerable variation In P,() content, witi a nlaxi

in um oLIabout 33% and generally more than 15% Si(),. 

The commercial fcasihility of working the deposits by opencast methods at 
the rate of about 500.000 tpy has bCCn studied, and a 15.000-tpy experi men
tal mine was reportcd to have begun operating toward the end of 198 1 in the 
()uindonacaxa a1cl ahO it I0kin sotiheast of Qui nzau under a joint project 
with BIulgaia. lh)sphallt ICsourcs illthe area are placed at 200 million 
tol nes. 11inmediatclv to tile north, phosphat ic nodules occur in argillaceous 
sandstone aboLit 4.5 in thick. Samples from this airea contain from 18% to 
27%1P . Samples from the ('olugC and Lendiacolo Valleys, lying respec
ivel about 78 k in northeast and 14 kin cast of Qu inzau, are of similar 

chemical colposi lion, and in tile ('olugC area oLItcops of calcareous 

phosphorite show P,( contents ranging from 26% to 32%. 
The most southerly known phosphate occurrence in Angola is at Subida, 

about 10 kin south of Mocamedes, where phosphatic limestone 4 in thick and 
with 5% P() outicrop0S along the margins of the Koroka River. 

(alita 117.29,151 
- Phoslhatc nodules and phosphatic limestones of variable thickness have 
been recorded at many localities within a coastal zone for a distance of over 
80 km between Massabe and the port of Cabinda. At least Five groups of 
deposits - (Cacata, (hibLuete, Chivovo, Mongo n'Tando, and Cambota - have 
been located within two adjacent asymmetrical folds, the Inhibo anticline 
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and the Chivovo svncline. and are estimated to contain sonic 16 million 
tonnes. of which 3.3 million tonnes are proved. Much of the phosphatic
material is extremely siliceous: the P() content generally ranges from 12% 
to 34%. 

Iqllill 

Sedimentary phospha.c d'tposits of Lower and Middle Eocene age are found 
at several lor:( iies in soutfh'rn Benin [80,78], but unlike those situated in 
the a!.ilcenlt area of southern 1ogo, with which they can be correlated, none 
of me known occurrences in Berlin are of economic importance at present.

Although the existence of lhosphate in southern Benin has been known 
since 1906, it was not until 1952 that preliminary surveys; were made by the 
lformler" ( ornpt( ir des Phosphates de I'AfriqU I dL Nord. Sub)sCquently, more 
detailed in vesligations wcre lldlaJ by the Syndicat de Recherches (ICPhos
phate dIU II)ahomev. The results indicated tl.at ihre was little likelihood of
finding commercial quantities of phosphate rock in southern Benin, and the 
investigations ceased in 1958. he phosphate beds form part of a sedimenta
ry sequence. the Serie de lia Lama, composed of clays, marls. and thin Iime
stones dipping gently to the south or southeast. Typically they are 
interstrat ifed with finely laminated attapulgite-bearing clays and are them
selves frequently glaucon itic. They are exposed along the northern edge of a 
series of low-Iying plaInenus between the sea and the Lama I)epression. The 
principal phosph.ate bed of Yplresian age occurs aboul 5 kl north of Pobe
and is about 0.7 m thick with green phosphatic nodules set in a greenish clay
inatrix. ('heinial analyses of tle nodules frequently show between 27% and 
3'%P (),. bul the entire bed is variable in composition. The overlying, rela
lively homogeneous chalk is usually less than 2 m thick: two samples from 
the Kponic area, 36 k il north-northeast of Allada, analyzed 9.3% and 2.5% 
P,( ).. respectively. Farther the southwest aboutto at Toffo, 22 km north
northwest of Allada, there are several 
 very thin phosphate beds containing
23% I',9 ,. At Lokossa. 6 km northeast of Athieme, three phosphate beds 
have been identifled in the upper part of' the Lutelian seiluence, the top and 
bo ttom beds being sepailed by a bot 3(0 i of marls and clays. The topnost 
bed is siratigraphically equivalent to that being worked in Togo, but it is only 
12 cm thick and has a lower )hosphate content. 

,Ilckroul 180] 

- Iotenltially the most inlortant deposits in leinin, however, were located 
by the Service des Mines during the late the Mekrou in the19 70s in area 
extreme northern part of tie country. The deposits occur in the Middle 



Voltaian Nlekrou Formation. which is of Late Precambrian age, representing 
an extension ol'the deposits or the same general age tbtnd in the neighboring 
parts olBurkina Faso and Niger. The phos)hatC-bearing zone is Lip to 550 m 
thick and comprises two I)hosphaltic se.qlCncCs separated by grey and green 
shinecs. a phosphatic sandstoem in the lower phosphatic sequence exceeding 

( i Inithickness. lvpicall.V. lhe phosphat icsand a es are hard. massive 
rocks. icdiun to dark grc>. and conlaining hoe,ceoI 2()O arid 26% P,(). 
Ph(osphatc niiicralizat ion CxtCndls over apl)rIoxiatel' 20(1 kn'. but the arca 
is strircluhll, ad colplc.\. (Gcologists 1'ro1n tile I Inited Na
tiowri l)cvelpment lrogramme ( NI)P) ha\C indicated that. ill the most 
proriISing lPcri ni rc SuId Marikire. )rovCd resCrxes to a diepth of 30 i 
rlloUnt to ahout 3.3imillion tonns. averaging 25.1% PNJ()and underlying 

an ara of40.225 kin. 

B111.61141~ ilm)w(IonrlH'l I 'ppetr I'.oll) 

Scdimcntar\ phosphite rock of Late iPrecambrian age was discovered during 
the late I 9 )s in the Parcs NatiorliaLx (10 '\V' area astride the Burkina Faso
Nilcr-lrcnin hribordCrs apit)roirxiatcl v 135 km sotithISoLitheast of Niamev. The 
riiarnlcmCrrr riee111 )iapaga (224 million tonncs). Kodjari (8() million 
tninles's). alil] \rl (u) to 4 million toniCs) are located in the northern part 0I 
the Volta hasin inthe IIridjar'i (irouLp 186.,51. This group colisists oha lower 
Kodjar Formation. ,hich has a thickness of ahout 5(0 r arid comprises. ill 
utlrll linestone. and bedded chert Ca)lpCd by I)hoslhatCtillitC. doloritm11C 

bcarr-r argillacous 'iltstoics. Indix idual be(s ) lses of phospliorite range 
rorn I to 15 i in thickness Mrid contain I15%-32% Pl,( ). 
The x\Cll-hCddCd Kodjari dCposits. Which acrage 27.5% P (), and are ill

terpreted as heing lpriniar\ origin. hix e been worked with the assistance of 
the FCdCral ( iertnan AgCemC 1.r lc'hnical ( oopitratioi ((6Z) at the rate'oh 
I.))() tpd lfr direct alpplication to the soil. Tlic arc characterized by their 
finc-grain sihe and good sorting. hicing composed esseniall of structureless 
grains of crvpt(cr, ,lalline, brown and isotropic apatite, and minor aiiituinus 
ofangular silt-si/ed quartz in a icument in which quart ridInicrocrystalline 
and colorless apatitc IrCdoiniriatC :\t Arl, the I)hosphorite bed reaches a 
naXi. riItii thickness of 1.5 Ili. Its cliennical analxsis shows 26%-32% I),( i, 

3 9)'!i-441!i ( 'a.( i(i with I11111r1 t11S of ,.land). anid 2("P -34i . 1iiLIO .\1,( ),Fe( 
Mg(). locall\. the phosphlorites conrtain i i to 0.031'!, uraiiuii. ('ompareil 
With KOd.jari rock, ..\rJ Il)hosplIoritC is coarsCr grai ned and oil tainiS COipoS
iegra i sor nearly pliire aW CridipocrwSlalllne apati tC, as xelI as imore ablun
dant detrital iiaterial. It is inlerpreteid as a reworked deposit. 
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Siliceous, phosphatic nodules occur in the coastal area of northwestern(Camcroon [88] in Lower Eocene marls, clays, and grits (Sol'ie de Bonguc),wh icI arC exposed in the Bongue River Valley near Kompina, a railwaystat ion aboutII 5) kill norh-nortlWCst of )ouala. In1formtion is not availableon the extent of th e occLirrences, which all lie withinl the L)osuala sedimentarybasini, but SO faIr ti ey havc not prosvcd ofcconomIic interest. In the lower partof tle Scric de Btolgue phosphatic InodLles contain iig 15%-1I8% P,0, occurin black sandV clays ip to 2 ill thick: at tihe top of the series, noduiles associated \withI thin linicstoncs have shown analyses between 12% and 18% P.. 

("('ma/ .11/iian Republic 

Mappi ng by tile Commissariat a l'Encrgie AtomitlICL dur ing the 1960s re-Vealed tile presence of sedinlientarv phosphate rock near Bakouma [6], about48( km northeast of' Bangui and approximatcl\ 1,500 km inland From the( aIIC'ol Plof 01 I)oual;.a. There. small phosphatic lenses are interstratilcdwith silts and saIidstoics of' the N'l'atot! Forination. which is off Eocene age.'I h lenses a 1L reported to he intenscl\ \cathcrcd to deptis of 5 in or nIorc,giving rise to secondar\ alunmino ni phosphate nintIiali/at ion. The phosphaterock contains an axerage of 0.25"N) I (. and the 1'asibility of working theAkonlma deposits as a sou rce of' tiiaI tIiln has been in vest igated. 

C('llg) 

Phosphate rock occtirs in Maastrichtian (Upper ('rCtaceous) to Ypresian(Lower Eocene) strata in the coastal area of the Congo [34]. The most import.a nt deposits arc situnated south of' IohIc Oil the ('ongo-Occanii riliway about
5()kmnortheast of' lointe-Noire and in the Sintou-Kola 
area north of' Poi ntc-N) ire and al)proxi mately 40 km 0rom+ the coast, wheIe tile dCe)OSitS weredi Sd, ered dILi rillg Oil exploration in I 934. Although 11t of' cc()itnlic iinlporlance at presenti. these and other phosl)hate occurrences in the coastal stiiphctween NMa\ oun1ha (in ( aonn) and tile Angolan Ciclave of ( 'abinda wereinvestigated bct ween I1955 and 1957 b\ the SyndicMai dC RCcherchcs dC Phiosphatc aIi Nhhoen-C 'ongo. when the f'asibility of'Cxploiling some of the dcposits for use in a proposed electromcaluirgical plant at P'ointe-Noire was undeirCollSi idera t iol. Tc\ wCre aga in investigated during the late I 9 6(s tLdCr So-Viet 1i1d Ih lgari;,n technical assistance pi-og-ills. Tvo phosphatic facies arerecognized - a cery coai rse, conglomeratic 'coprolitic-quiartZose' facies and a 
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finer grained detrital 'phosphato-siliceous' facies with a phosphatic or 

qtuartzosC cement, the former being probably of deltaic origin. 

The deposits discovered in 1945 occur in the Seviede-Holle [54], which is 

of variable thickness but does not exceed 10I m. Individual phosphatic lenses 

thick and contain 16%-25% P,,. with resourcesare generally from 2 to 8 il 

estimated al 15 million tonnes containing 21 %-25% P,( ). The low grade and 

siliceous nature of tile phOsphate rock are considered to render beneficial ion 

impractical oni co n merci al scale, although laboratory tests have shown that 

and fltation yield product containing 35% 1 A)hea\.'\-mcdia separation a 

(75" IlPL). A concentrate withl 30% P,(), (65% BPL ) could be obtained by 

mechianical separation alone. Iut the rccovcrv is only 40%-50%. 

The Sintou-Kola I[91 deposits, wlich first prospected by the Servicewere 
in the ('elo.ties Mines de Bralzavillc between 1936 and 1938. outcrop 

' chissa. N' Bandia. and Missiessi \'alleys over a distance of 10 km and rep-
They lie within alresent an e\tenslon of the phosphIte series south of HoIl. 

thick composed chiefly of fossiliferousscdiinenta rv SCluencC bout 24 in 
IMar\ sandstones. iniidi duIl beds of soft. l)hoslhat ic sandstones and marls 

having an avCriIgc thickness of 2 in. The principal outcrop contains approxi

niaiclv 300.000 tonnes wi.Ih a grade of 21% P,( ),. Phosphatic nodules con

taining 28%-35% IP, ), occur ili the middle Niarl Valley near ('onba, 110 km 

occurrences are associated\with late Precambrial\west oF IlraZavillC. The 
strata (Seric Schisto-Calcaire). Although known si nce the beginning of the 

century. their potential does not seem to have been investigated. 

O.ihorc C'ongo-(;ahn [18,35] 

have been into sediments ofPhosphorite deposits considered to reworked 

Miocene-Quaternary age occur on the seafloor of Pointe Noire at a depth of' 

about 40 in. The potential resources have not been evaluated as far as is 

known. 

l'lhiopiu
 

There is limited reliable information on the reported occutrrences of phos

phiate rock in Ethiopia. Two beds of phosphatic rock were reported by 

its wells drilled in 1956 near Gorrahei in theSinclair Oil in one of 
core intervals,southeastern Ogaden Desert in the 793-830 in and 866-884 il 

respectively. The beds are believed to be of' Eocene age and thus part of the 

t Ipper I'alacccnc-Lower Eocene Auradu Series which consists predominantly 

of massive limestone with chert concretions and thinly bedded, chalky or 
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gypsif.erous limestone. Apatite occurs also in the central parts of Ethiopia invarious igneous and metamorphic rocks, the phosphate potential of which 
has still to be fully assessed. 

(Gahol 

Nodular phosphate beds of Upper Cretaceous (Santonian to Maastrichtian) 
age occur in the coastal region of southern Gabon [32] in the Serie de
Konilandji. a sequence of generally bituminous limestones and sandstones 
more than 600 rn thick outcropping between the Fernan V ::- and Iguela
lagoo1is sou th-sout heast of Port Gcntill. The beds have been extensively
silicified and are not of econolic interest present,at although a
ic in yesligation of some of tile occurrences founnd north of Iguela lagoon
carried out the French 

was 
by Bureau ie Rcclhrchcs ( cologiques et M in icres

(R(IM) in 1965. Near PolbOl.i, grades of uLp to 32% ),, have been report
cd: a sample of phosphatic sandstone from the coastal area between Pointe
Sainte ('atherine and Pointe Igluegue analyzed by the Service des Mines de 
Brazzaville gave 8% P2(). 

The Ganbia 

Upper Cretaceous and Eocene sedimentary formatons that are known to con
tain phosphate deposits in the adjoining areas of Senegal may be traced into
File Gambia, suggesting that phosphate deposits may be found there also. In
view of thle irregular distribution and lenticular character of' the predomi
nantly arenaceous beds outcropping Ill 
 tile country, however, it is unlikely

that deposits of commercial va,ttle are present. In 
 1961 the 13P-BRP Explora
tion ('ompany (Gambia) Limited reported that phosphatic nodules associat
ed with sandstones and grits of Upper Cretaceous (Maastrichiian) age occur
between depths of 432 m and 526 m in their Sara Kunda No. I oil explora
tion Well near ]Banjul.
 

Ghana 

P'hosphatic nodules containing 14.75% PO have been found in shales in a
coastal cliff section beside Fort Orange at Sekondi, about 180 km southwest
of'Accra. The occurrence appears to be of very limited extent and is unlikely
to be of any economic value as a source of phosphate. The shales belong to
the Sekondi Series [3], Ibi' which ai Upper Devonian to Lower Cretaceous 
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age has been suggested. and possi bly lom part of the uppermost t'ormation 
of the series known as the Sekondi Sandstone. 

The Precambrian formations known to be phosphate bearing in Burkina 
laso, Benin, and Niger are also widespread in northern Ghana. However, the 
phosphate potential of such rocks in Ghana has not been evaluated. 

(iuiiea Bi.saui 

A recent discovery of a phosphate deposit in Guinea Bissau has been made 
by the B GM. The deposit is reported to occur in the Upper Cretaceous and 
Eocene format ions that are known to be phosphatic in Senegal. Prelininary 
data indicate that the deposit is lenticular in shape and contains up to 20 
Million ton Cs of resources. Although tihe ore body is soft and friable like that 
inTaiba. the oxerburden is reported to be all Cen thicker series ofsands that 
may increase the cost and complicate the min ing or the deposit. 

li/,cria
 

Secondary phosphate deposits occur in western Liberia [4,83,7 1 north of he 
port or Moarvia at 13oini Hill and near Bainbuta. in association with 
nmagnetite-hema tite ores of Precabnrian age worked by the Liberia Mining 
(Company Limited. Investigations carried out jointly b the (eological Sur
vev of' Liberia and the I Initcd States (;eological Survey indicate that itleast 
I million tonnes of'phosphate rock containing 32% P,(), is present in the 
lianibuta area. I lowcVCr. both the lHomi H ill and l3aibuta deposits have a 
coinpleX inineialog\ and are uliikcl to prove amenable to mining on a large 
scale as a source of pl)ospIhae. 

()n Bom i Ilill ab1)oul 65 kill north of Monrovia, scree deposits are coin
posed of' blocks and Ilagmen ts of massive magnetite-hematite in a light
colored mat riX of' iron IlloslhaltC. The latter includes tile Minerals identified 
as streigie and feucophosphite which are present also as fissure int'illings in 
the iron-ore bedrock and as replaccmen minerals in massive iron ore on the 
11forS of cavs dc cloped in tie cliffs. The scree material on Bomi li ill was 
found to be phosphatic in I949. and similar deposits were subsequently dis
covered some 4(0 kin east of Bormi Ilill about 2 kin soulthwest of 'Balbulta. 
Here the aluminum phosphate ini nerals variscitC and augel ite have been 
found in the upper zones ol" the deposits, With St rengite and barrandite occur
ring at depth. 



Stratigraphical and paleontological investigations carried out on Cretaceous
and Tertiary strata in eastern Mali by French geologists since 1920 have led 
to many discoveries of phosphatic bone beds and phosphate rock in sedi
mens of Niddle Eocene age [50,44,67]. The Eocene rocks have a semicircu
lar otctrop aroun1id tile sou thern part of tie Precambrian rnla'si'of' Adrar des
lforas and contirre eastward along northern of athe edge large tract of 

younger sedimen ts known as the lWllnemmeden l3asin. The phosphate deposits
generally contain between 2Y3% and 32% ' ,(), and resources of between 20
and 25 million tonnes have been estimated to be present if) tile Tilemsi
Valley near In Tassil, ahou IN) km north o (iao. where phosplhac rock was
discovered in 1935 du riing iivestigations by the ()ffice do Niger. Further
exploratory work has hccn carried out b\ the IfR( NI. and a research program
waS hCgun lhv tile International FertilizCr I)e\Clopnlnt ('enter (IFIX') in
19H 1. Ihe Illemsi deposits have been worked attlie rate of about 2,000 ipy
sinice 1976. and a iill Caplahle of lrocessing up to 30,000 tpy has been con
Str'Ulcl Under tihe ailpicCs of (ITZ. 

Nearly 20 kin northeast of In lassit (I 7'26'N, (W'8'E), a ICltiCular bed of 
pho)sphate 2-2.5 rm in tlhickness underlies part of' larnaguilelt, an isolatedplateau riing abo e the ilOrisi Valley. Soutleast of' lamaguileli, the phos
phate series is extrerielv \ariahle in hickness. Il ('harainaguel. for example,it is only abol 0.5 in tlhick. while at AnidarakoveCr,. al)ouL 10 ki northeast of
Saimit, it attains i thickness of' 1.6 ill. Partial analvsis o slc'S,1n)IC collectLed il
1951 from ['ainacuilcht. ( 'hananaguel. and Andarakocrn showed hcween

23; and 3WY Ij ). Southeast of larnaguilcl. 
 the dc'posit in Wadi (iarinchiran
lies ;uluti 20 kill from its convCrgC nce \vii th'tileiisi \'allev . hc phos
phate bed is approxinlaly 2.5 in thick anid is cormposcd almost entirely of'coprolitic rnaterial. while ill thie c'sc'arprlrult of' Tin tdan. about IS kill
nortlh-northeast of"Sarnit th, l lilsphate beds attain a thickness of' 4 ill. Par
tial chemical anialysi s of samppies of phosphiate anid C'opliolitic nodules f'rom1
the two localitiCs sho\ed a raigc of 23%-3('% I() In the A.ssakarei Valley,
situated on the \wesc'rn cdi~e of mhe lullernimcdcni Iasin about 290) kill east of
(iao, Niddle lEocc'ri shales contain i Ihosphatic bed up to I ill thick. Ihe
shialcs are known to coritine through the Niger Republic' where nodular' 
phospha tic beds have c'beenl reported, a ind into Sokoto Province, western Nigeria: lict'v are probablyIhc st ratigralphical equtivalents of phosphate-bearing 
shales at (.)shosun in Abeokuta Irovincce. 
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Mauritania 

The presence of phosphate rock in the Lower Eocene strata of the Middle 

Senegal River has been known sinCe 1910, and investigations carried out 

betwcen 1936 and 1938 by the Service Oes Mines et de la Geologic [41,661 

resulted in the discovery of about I million tonnes containing between 23% 
and 30% P,(), (50% and 65% il)T near Matam, some 321) km cast of the 

port ofSt. Louis in western Senegal. A small quantity was worked for use in 

agricultural trials, but the deposits did not otherwise prove to be ot comiier

cial interest. In 1Q(6, it as re)orted that re.CSOLr"CCs totaled 4 million tonnes, 

but this is prb)latbl.\ a conservative estinmate because phosphate beds occur 
also near ()rnoldc. sone 32 kni southeast of('Ve. At (1iye, there arc usually 
three, or sometimes four. lcnticular beds composed of hard, chalky, phos

phatic ilodules set in a,cla\ niatris. They ha\c a maximum aggregate thick

iess of ncarl\ 2 il. generally containing beiween 25' and 3) P,( ),. 
Potcltially tle most important phosphate deposits in Mauritania are those 

near Bol'ol and .I)ubboira I I I1.situated to the \,est and east, respectively. of 

\Vadi ( ellhnar', bCt\CCn KaCdi and Boguc. There. a phosplhatic sequence 12 

m thick coiains a highly siliccous phosphate iiiembeir it consists of a 

phosphareilorudite \\ith bone fragnlits. coprolitcs, and fish Iceth, and with 

clavev. (IiartiticCxogancue. \t Bolal. the phosphate bed is 1.7 in thick aver

aging 21% P,( ); at lmubboira. it avmragcs 2mi thick with I 9% P,( ),. Probable 

resources available to open pit milning arC placed at 94 million toilnes.some 

Structurall, tile area ilvestigated is relativCly undisturbed, the strata dipping 

iIpcrcCltihl, to tile south. 

II northern Nlauitania [,"21, plosphate rock occurs in l'alaeozoic sedi

ments in the !enimtr cl Akhdhar area near Ilir Maglrcinl located at 

25 1)'N. I 1335'W on the Route de Mauritanic. Traces of' phosphate have 
been round thlroughouIt tile entire ( )urnlat k Ilain Series of lower to Middle 

('am1briai agn, tile greatest concen tration occurring as nodules of phosphatic 

sandstone. The nodules contain up to 31 .7% P,),. Phosphatic nodules occur 

also in Lower and Middle I)evonian sediments, containing up to 22.8% ,),. 

The area is remote, and none of the occurrences found to (late are sufficiently 
thick or extensive to be of conlilercial interest. 

. hcanabiqte 

Sedimentary phosphate and phosphatic hat guano have been recorded at 

various localities in Mozainbique [23], but only deposits of the latter, occur

ring in Tertiary limestone caves in tile coastal area about 100 km northvest 
Or VilaInculos, have been foLnd to be workable in the past. 



IS?
 

Slightly phophatiL'. ale'l'areotis sandstones of 1 [)plr ('rctacCous age wre 
IMund inl 1924 northc t of' Sabie. about 75 kim west..northwest of' Mapulo 
(1.trt+'c' NIZarques) oil the lh bank of' the Rl+iver ln'ilati. Tie sandstones 
aku,,t glitoniite, and the pOsSibiltt\ of utiliing, the rock as a Iertilliercotallinl 


',In Vet Iga ted il 19I54 [hv the Scrv,Cos dc Agrin'tltur.. Iho C\cr. no0 iningti 

ippai"s tohavc been carried o1tt. 

l'holphorites of Upper Cretaceous age were first recorded in Niger from 
horchole, drilled b the Serviei de I1-1ldrauli uI 1954 and 1955 atte het ween 
.\seha li nantion. in eastern Niger nlort hCast of' Zinder and ablout 45 kmn 
\\,i-',s nt-hwest of the NI assi f de lcrmet 1371. The almost hori/ontal strata 

c, noIt known itoOliiroll.ardlthe OCUti'reles ate not ol cconomic interst. 
',llthmuh tleir association Ith attapulgitc-Cavs sulggests a depoSitional CnVi
loliclt slli to the dc\Llopment (of the phosp:hatC seriesitillar to that lFaorall 
inl fcnittn an1d logo. \i \schhia iillnll . thc sedimenlar\ rocks f'ound in the 

ohlcheh SClunCIce are interbhddeCd w\ith thin lbeCls o1 Colnglomcratic 
phosp)horitC, of leil asOiitcld with f'ossiliFerous, lentiti'lar lilestones. 

P'hIsihatieC nodules aid pllehts shoVilg bete\cci 304.itand 33''i 1 ( ), occur 
in \\csc'ril Nycge ela, 0age.leheene-Ypresin iotahl\ icat In .\kkarii s of 
aiplto\imtlttl]\ 03 kin tmrth-rnorthtcwst oF Taholta. wllrc a deposit has beenl 
'A or-cld at a ratc of solmei l.00) ip. fu0 di rect applicat lo to the soil. ellse 
lt'ot.teS haIWent een)1qtuantifled. arnd prodeitiol las stOtppcl. 

I he sttatigraphical Cqillcnts of tihe Late lrecambrian Kodjari and
 
ledijari (1-0u1ps ill lhrkina laso 
 and Benin also extend into the extreme 
s uhlit-western part of Niger [86 resoures in tie Tapoa area along the Niger 
I\cr arc estimated at 1,250 million tontes with 200 million tonnes of re
sCrscs a'\ Craging 23% P,()
 ,
 

Lower ILoccnc sedimentary phosphate deposits containing between 22% and 
32% P,0, bUt Frqierntly with high perIt)entges of alunm phosphate, 
were discovered in 1921 by \W.Ruiss of the Geological Survey of' Nigeria, 
near IO lunction and ( )shosuII, between 43 and 48 kmilnorth of Lagos [73].
They are not ofeCCo1ni iCimportance, however, as investigations conducted 
by the (eological Sur\ev since the Second World War [43] have shown. In 
the ()shlosun area only\ about 3().000 tonnes of' phosphate rock and 
intercalcated shale. together averaging 1.5 ii thickness, with an overburden 



of Iss han 3 in. coid he word cIonomiually\ y (mpen fii etod,. ( )f this 
total. oni\ 2.0l(0it tonns oif phosphal rock %ould l1K ;\ailahlC. and the a\ er
a2A. ag,'ieMa tll]klcks t le phosphatC ICetion \hl id he about I In. Field 
511i, n\, and a drilling piljamni carried out i In S to locale f WI-her ,eposn
(f Jh I ,t I the ( is liiI-l .I nc,tin airea Ila\. indiated that thrcs'phae c 

uiiiel'c (&ieL'0iltllil tilharCa anid Benin hum
dt+, . I aI I nt I Ii cc , c\c, . I littlec oI\,[ II itIhI I to II _",.

IIlic p)lIncii I ii pl at oct itll-lc.Cst., ' Cquii\ alenlt 

ai tHoL '' \ aitIo' iot\\ei lth 

in me, to ie1 I lPtrtaln 
,(I l) 5itI, \\um kcd in Scmice;Il aInI I iq.t. ;IItl tI id tI c\ al Io \t cxtilsi\ c\ 

;Iitleird i,\ \\, i n!,. Il .umi-hto arla. i hiosplem the ( KIsI .1u1ictiol lticulai l i 
1,C'd i',is las'ed Wt 111 alt ) lol -to- t l. l I'MIl Ipart ()f a Illine Ce\tl ",\C uI.C' s-
SiI fIt lt htl/lilotd lI ttlita \ iek'-,k uW(LI 0 W ) it l iickn .s,,. ! itlinu
itl\c -hlo\\n ih;tt li.cIit thickim'e , , \t .ef\ \I,a ;iia]h . i miikII}u I ruill illh\ .l 

li' tiiilii \\ hule.' eiht(u-il he at, Hi h
 
l , ' 


1\%ee .c jh'oiit Ili. tOW' i)\ i11pla'Cs i I 
I i HI.IlT' (IRLtli\ Iull ) ' l lpalt. phm ,lsliat..'fled, l' le eolli/,.f. of 

' \\ hi lic lip o-.ll is-t I)l -,+h;l.t IP li1 lCt m J) itailil alnd 0 ill) iS , Icu lil
air amid mnihmham qtw Owlhiei es hie ncar ismuinad Bitahium \Ilhc it 

,ltlchl" a..,.tiI lk "-,e(d n.;il 'I. ii. 
,I ahu'lltl\ ti's .';'I oult h\ Il1 .\Iw-lo \mm elikmin (mrpoa tin l'soulth
 

\Itric I imimte (samimplo A, ianuilai plosphlatc itck l,-oml Ito .uintioi
ull 

ha\ eSlhs\ n that Sig iicant iIimCreasCS in g,aId Call hce aChiC\d h glfrasit. 
scla raltt in Il-.t hids. 

'.CIInCgal is a rnijol produLcer of phosplhate rock. C:Urreiinl ranking seventnh 
anw "nsodid supplicrs. and is of fc\\ coi.een, mc th Sourccs of high-igradc 

ratt.. Its MuipLt ill I9 3 anmu IeInd to 1.3 nmi;li tonn s., awiaing 82" ITIiI.
 
mIcamir 3N"" IPI : m)mt of this "tas ,.\lputcd tio the I 'nited Kingdom. India.
 

(time.uc. ani I ran+c. enmcgal. to _et he \ tith I(,+ is the omt\I nmajor prtduce
 

tf plosphat-, rmck in time Sui,-Saa [-all rillm. 
S'dim ei uI \ plWJ)IIih te ro'k occuirs at a nui1+iciul o lflcailities ill enc.u al 

1 §.031. Iu fit tim lit! ..\t i \ ,- deposits aiic tose of' thec Iutiitiam (M iddle 

I neene \\ ii lIla\ t \ikcd on in wcstenl)I l'been ctin I W() Ihis I'latcan 
Sem engl. linear I a. altm to Ja ,I m e\teImt ItI al ila . n."ial ainn11linInuImil 

,JIlh)Sphm;it desI)Oit aMe at, \tork.d at Ialho. hecal I hi.. ilt at time rate of' 
le', than 3tiit((l tp . In ntorth-asteI'I SCnti1al. tile Natarn (( Wn li-)oiala) 
depoits on the IfAIt hank of' time S'nCa+tl iver ha\ !ece:.ntly been CXepircd. 
as fIa\ , Icliti\ cl netC\ discmries of Precambrian and ( 'ambrian age in tle 
soi I'iha.'si.rn il of the Countrtl, notahl near Namnch south of the Gambia 
It ver. 

http:I'iha.'si.rn
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I ui,[2 5 1.55]
 
- I'llopha beds weyre I'urid in N8 near lhaibla a)OL 
 -) km north
lh)rtll\\Cst o I amalc onl the );akar to St. Louis r.ail, a. b, the BUlCaiil 
,\,li.ier. shlotl\ a'lcr th (lisco,.r,oldeposits rtart her to tie sout.heast at Pire 
Wulcy. IRhhebds. which lie at the m.,tlihestcri miargin o ra phosphlatc

aI inV arca t l 146 k Ic'rallv i!) hcetyC'nI 'I indII( 3 0 
eat Lii. v ei e'l1tlaII 


IP( I III prspc'tin haI-ass)'l n tha1 thes I'd IIt 1
into threeI e/s)11Cs.P1hosphate 
lI III', swo tisiedt the KctrnFN IfIalls. all a ,IAo a utI I.A)()H.Iha ne the 
hIn.atli( 0 pleI lFscr see(iUp to N2"j HITL clieciltrat) or lu)l million 
t'liie ,,hiII ,,.)(ll to dcpths of ncarl, 3(i i. li this ,oic. tile phosphate rock
 
,wLIt hou/1-,utleC'J
l ilions (i e-la\ an1d said as "Aell as ]enticls-and noules
 
()I lhml It aces Ili n thickness,,: al o'i rlurdn 25 11i ihick consists
 

itt, u n lulh sal', in1
l. n sillds LI a r.1,.-atcd. porouls /01c1of'alu. lin Inul 
plh'\,imltc thuat is soulnclinlcs 3 to 4 Ili thick. FIlsCwhCre the I aihd (leposits
 
I ,,c' . i tslle,. hat l'\\clr grtlc and thickcr )\retr-eri.
 

I',' 14..lX.3Il 

Mtlli~il -. 'eiCalci111 phosphiate dcposits t sccondar origin are '.', rked
 
il:il tIII \ lha12,: AiTI). aNb t I5 kii nh oIlIhics. Ilic deposits are kio,,n
 

L ile' l r..Cthali 5I)) tlte plc;atelau. 

tlc, lim 


I e) \C e kill OCall\ tinder thick lateriie. 
bit ll\ a nirtlh , I hics. includitl Pillmi.I I art1 I ali . a dllli\i totall .
 

hee.ll il
h c ,\lIurcd 'Icltil. I)cpnsits (italuilliulntl piIh spic , in the ar-ea
 
Al , c ) it IIliikii , .ss;tdil c( ,ilata I ast 2N S'i P1( ) the iCs'elcs II'C
 

ti"iutel it liilion t nel e-
Mi m tili.". 'Rc,, \Sc s l M dc I uTeial al apl e
kill k l . altm illiil I'llho .ii
i' Ihi ldtc/MItC Is rilil"r I CC'hte liCal c'Orlpo)

",l n aI has a It ihkiicss li ll_i 1 nic,.Il, 3 In ill the ,ciral part of' lle
 
p'lat.itl O 
 ;iI 1hes. 10 5-i) Iln ill theI allo ara,. to a rimaxiIuti ofl3 Ili north
 
(d the alh ) distiict.
 

I 'm!> INQLim,~ I
 
Il 1'.45 the Ilehilrcv ( oll)paln, discovered irregulIar beds of' phosphate


IM. Ill Ithe \ ilhlhac Or l.il 1iam. ahout 16 kill northeast ol'Thies and less
 
than 3 kil Ilmll the St. louis to [)akar raila\ . Prospecting by this co1pan 
in ol!al iltll %\ilh the SCr'\ ice (i'JoltiuicLuc i)1I05 rseisCes Od bLIt 4 mile( 
lionit itl"r mairkclblc product a\ cratin' 33' P () (77' " HP_). of which 
I.) nilliolllltone- has i mcsrburdLCi not exceeCLding 24 Ill. The I)rircipall
phosphate bed. sclectcd saiipleCs of s Itic'h contain tLiJ) 39''i P.()to (W% liBL)
aid 3.5 , i( . ranges frori 5 to N ili in thickness and acrages about 7 ill. 

- Phosphate occurrences oin hoth hanks of tie Senegal River have been 
known lor some years. The most imnporltlt occurrences in Senegal are the 



()uali-I)ouala (Matarn) deposits, which are estimated to contain more than 
4(0 million tonnes av eraging 2X. 7% P.,(). Three main sedimentary facics have 
bcn estahlished: the alrgiIiaceous phosphatic-dolom itic limestone assemblage 
contains lenses of phosNphale rock that may reach 3 " in thickness. The lenses 
contalin abundant hone fragillent ., fish teeth. and coprolites. 

()11 '; cIctrr'/lc'c 'N 

Phosphatc has been recorded at many other localities inwcstcrn and south
Cr-1 SenCgal, but onl\ a fcw of the deposits are of potential economic interest. 
Bcds of I ppcr Leutet an age interstratilied w\ithI als and liiestones occur 
in the Piric (iOl rCe. (i ucoul. Mckhe. and Kebemci areas near the St. Louis 
to )akar raihlax between lo iga and lixaouane. The deposits, \which are 
said to be si iar to those at Lain [Mall. aie rClativcly uni for in composition 

ith ON15%-31 PJ) oxcrlain bh sand and sandstones ranging from 3 to 35 11i 
in lhickncss. \t Iiic (iOullrxe. some 25 inillion toiinnes of 75% marketable 
prodtlct is estiiated to be a\ailable, the phosphate bed exceeding 6 in in 
lhickness withl 25 in of' oerhurden. 

A phosphatic series (f lo\\crlocene age ocCurS sporadically ill soulhern 
.Senegal. particularlx near "hics, Scbikotanc, and Pantior. as well as near 
PoiintC Sarene and sOtLiCast of NI'Bour. The series contains atllipper la~xcr 
of siliceous phosplhatic limestone 0.7-1.5 m thick, axeraging 9)% P ,( )Some 

of the sanples contain more thin 1 o%1). 
lu telian phosphatic marls were intersected hetxxeen depth of 220 and 230 

i in an oil exploration \\ell sunk in 1953 by the Societe francaisc des 
Pet rOles near ZigUinchor Oil the (Casaiance Ri\er [301. Samples analyzed by 
lhc Service de (Weologic ct dce Pospection Miniere shox up to 1(I.2% P ). 
Ilowcxcr. recent studi's b\ the IR(NI haxe revealed the presence of 16 i 
pfhosphalic niarls aIxcragi ug 15.7% I,(.). 

Phosphate rock of' Infracambrian age was discoxered in southeastern 
Senegal during a scintillometer survey in the id-1970s. Subsequent field 
studies revealed a seqience iiear Nanel which is 3-12 i thick and is exposed 
over atdistance of' about I kill. The phosphates are highly siliceous, and 
chemical analyses show up to 32%1P,() and from 12% to nearly 45% SiO,. 

,S;omlabia 

Sedimentary phosphate rock of Precambrian age is reported to occur in the 
Bur aiea of southern Somalia and has been investigated as part of a UNDP 
projct. (arbonatites have been described fiom various localities, but signifi
cant concentrations of apatite have not been recorded. Deposits of phosphat
ic bird guano on Mail Island, situated about 60 km northeast of the coastal 



NI 

port of Heis and some 4f km from the mainland rICa: ( ape II haxcumbeis, 
hbeen worked on a very small and intermittent scale for manv years 1271. All 
o0 thC OLiptl has been exported. chiely to the Saudi \iubian porn of Niukalla 
for use ia onas fertiliier the tobacco Crops of the Iladhramaut Province. 
tesevs are negligible. hut Ihc supply (1 guano is being constantly ivrnewed 
h\ tile numerous L'onliCs Of sea birds thai nsl on the island. lPartial chemi
"danl\ i,b the Mineral Resources ) ision. London. in 1934 and 1951 

on material collected from diffbrent pars of te island, gave a range of 10%
2N i P, ). 

,ouwi/- IFc Ifi/ica 

Pho )Sphatic guanrio has been r11odued for many y'ears from the so-called 
Nort het (GroupOf (iOvntCl-1I11 (iano Islands situated between (ape (ross
and the ( hangc River and administered as part of.South \frica. They annual
l\ Pro idet rnilicant tonnage o guaIo for sale to (Cape Province farilers 
a, fe'rtili/c'r. Apatitic calronlatiles oc.'r n (rtheaiof,(ape ('ross 187.8. and 
alattlt o ,also Cdrbh natite nearr.'sl ii Sv art!+,oohsdrif I the ('11ne River. 
lhe Calrbonatit occurTIecI' apPlar to IhIve Soni potential sIa Source of 

phosphate if the light of eurel mining and henelcation technology. 

.N,lah II c' I Iht1oWI iI/ C1'1l/ ,/W/19] 

IPh lsphai tic sedi mnnt, have been found on the continental shell' off South-
West Africa. but these are unlikely to be of economic importance in the 

r0esecahle ftuire_.nl'\estigaltions carried out on samples collected off tile 
cast of, St lh-West r in have shown thatfrica I903/04 glauconi tic sands 
contain a maximnm of 4.1 Io ( ). In this area glauconitic sediments lie at 
depth, lauUt 23(-3()()111. ge.'nrallh in narrow, hands in a lone transitional 
ht, CnI the shclf and the continental slope. partiCularl, bLt\VeCI Luder'it/ 

I av tso t iIL Riv, the ext renc northwesterna id \\aI,is and ea r ( tInI er in 
part Of South-West Africa. lIh scdirl 'nts generally contair m1ore than 10%
 
.laUicorIitC. and IlCall\ the\ mav contain 4(Wi).
 

IPhio.sphate rock is said to occur in the Halaib district on the Red Sea coast 
approximately 300 km north-northwest of Port Sudan [90]. Itis probable
that the bed lies within the sediments of' Late Cretaceous (or Paleocene) to 
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Recent age that extend along the Red Sea coast of Sudan. The prdtonlimnantl.k 
Clastic flatureV of Ithesc sCd ilicnts and the ilieSence of thick e\aporite beds 
sloT'est t hat the ilho slhatL, rock is tinlikel\ t1 he su fl'icintll\ well dC\ClopCd 
to be (f cOOlmliCiil ineeict. Ilowmcer. no ssltematic c allatiol has been 
Ca ii1'd ollt. 

\patitc occur, in smlll quantitiCs near Shercik close to the River Nile in 
the Nourtlhii lro\ leilc SLI. I t1kmil noith-northwcst ol.\lnara inof abt 

penmilailes that ctl hisi and slates of bascmtn complex (\rchaean age). 
I he p-tiatites comsis chicfl\ of quairl and r uicrocline ldspar and contain, 

inl addition to alpaititC. small anlounts of totirnalinc. garnet. and beryl. 

IilllH(ll~ 

Sillhticanl lSitil'CC.sof sCill ntr\ l)l nearhosplhaltc rock of Recelt age OCCur 
lake naii \.ara. NMhulu )istrict. and ores a\craging 24.6% P.0, have been 
C\ lpltlCd iuia coHiniCIcial scale Since the end of I982 [84]. Tanzania's State 
Miling (Corporation (StanlinIco) is currCntly mining this ore at the rate of 
:irtn.d I 1)0( t\ ofllodclt axerainri:il ablut 31)1 P,),. 

- sctiililll ur\ldpositS situated ;ibout I ) kill soith\vcst of the railway ter
niil of \r.siwi c discoxered in .July I1956 "xhen an aerial geophysical 
simcre\ alil a radioactixc anoil\ ocu Min iingu Kopjc, a small hill to 
the east o, lake ,\ainara. Spec'inliCiis siublliittcd to heC (i ological Sur\cy 
I )epar ic'nl "ere lund to be lho}phlatic. and the OccurreCeCC was in\estigat-
Cl hetxCCn I1957 and 1')0() bx Ncw ( 'osolidatCd lFiClds l.imiteCL,(iold a 
\\hll m\oxned Siulsidiarx ofI' ( nsoloditedCt (iold FiCld lFinitCd. l.itting and 
drillin compl.ted in I'15 indicated lhat pocxd and provable rwc.rxes of 
ph uplhatc rock to a dcpth o1 6() ill aloutilel to I()million tonies acraging 
2)"1 1)( ). lndi\ idual p~hoSlhat beds llll& l'tiii to 3 m in thickabLut 1.3 
less and bcoCmeu1 iprogressively thinner \\ith increasi no distance From the hill 
Unl1l the\ ,,ii-Iuilul disappear at tinlaiXillilnl dit'nllc of1 24() in. 

Stiglitl\ ralio Icl\c phosphatc d,:poit, Feelha\c o found also in the area 
kiltoxn ias [l' ,rinidlox II\hills SitllatCd about 10f kill south of 'Ninjingu 
lKoplc. Pitting hx NI\x ( onsolidatCd (iold FiClds l.inlitCd during 1959 and 
1906(1 i-Ccaled at least t\\ pllohsplit Ic,eds unlaCul;.in b\ soil or silt ranging 
ftromn 5 to ()in in thickness. lInsufficient \ork waS done.lhoxver. to establish 
tlhe r'cSOUtnlrlc'tSprCsel.Oind the intrlhcuil half of \\NcibCo Iill. compact, 
soft phosphat ic Sands are interhCddCd with vaiving ano.t1S of' silt. The 
luOS)haitc ' usuial lv aer\'.agCs 20% P_,(). 
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C"ha/i IllNA 
- l'hosphalte deposits similar to those at Minjingu are found the Chaliin 
Ifills %est of' l)doma, wher( the, form1a thin veneer and fitl joints in quartz
te oulcropp1ing on two narrow ridges, that rise above the surrounding lake 

sediments. Soie of the phosphatic material contains 20% P2O., while thai 
asIndIthin. disc'ontinuous apron around tile lake sediments revealed one 

la\cr about a meiter thick wi th less than 5% P1),. 

Togo is one of the smallest and most densely populated countries in ..fica. 
AS in the ease ol Senegal. logo is a major world prod ucer of high-grade 
pIhosphate rock: the output in I 9)3. I'Or example. amounted to 2.1 million 

uu1CS o C0'Ceutra'ilC a1\ eaing 7Y 31(1.P(36'1 ,() . Nearhl all of, this \as 
cxportcd primaril\ to makci in Western and Eastern Europe. U nlike 
.Senga:l. and .,c\ral HIl' A-frican pIodtLcerS, lOgO IIS ll')l \et embarked on 
the construclti dofph sphoric acid/flrtilier facilities as a means of enhanc
i11" thie \ IlC of its l.itai li] po)s)aItC r,'sIuICS. 

( )ccurIenCI- of' Io%-gradc phosphate rock \yore discomereld in 1952 by the 
geoloi st. I.I). Vi'sse. btwen .Akoumape and .\nin iabio: subscq uCntl\. a 
phospht-bea 10rigonewa/1C proved by the fbrtner Societe NIiniete duLIBenin 
to be o Cr 2 ki l widC and to extend from northwest of' lake logo, across tile 
I laho Ri,.en. and then norlheastward to thc hlenin border. a total distance of' 
(\(\I 35 ki.
 

.,lininig hegan 
 in tie late 196(ls: at present two ore bodies, ltahotoe (tile
"rorthtcrn site') and Kllogamle. are worked, alt1hoigh the in tention is eventual
1\ to dCeelop tile I)agbati deposit firther to tile northeast at tile eastern end 
(, tile li tin plosplatc-bearing ione. The three ore bodies together are esti
mated to contain proved reserves of 130 million tonnes of' marketaole phos
pliate rock averaring about 791 11 IT (about 36% P( )) onl a (li\ basis. NIn.
ing is by opeICast methods, With giant hLtcketwhliel exciavators beiniig Used to 
reIlio\C both the cla\ and sand overburden, which raIges ft+'rom 7 to 30 m in 
thickness, and tile main phosphate bed. 

\ll of' the phosphate OCCiI'Tetc.'s in logo are oIf L.ower tocele (Ypr'esian 
to [.uteti;In) age iid OTclii' sMithin strata of tile Strio Lede I Lania, a series of 
cla\s and shales wit in ilnor sandstone and limestone beds. dirpping imper
aept illyItoward the southeast [77,451, all forming part ol'the coastal sedi iert
tary ol southern logo. In the area currentl' exploited I 16.701. there are esscil
tiall\ two phosphate beds separated by phosphatic marls, but only the 
tuppermost bed (lied I). which is of'Ypresian age, is of'suitable thickness and
grade to be of commercial imniportance. The main bed contains abundant fish 



r,,emains and is a rinc-graintied argilhacCOis phosphori te 2-6 in thick. 
Bed I is unhderlain by pho)sphatic marls. Llays. gravxcls. limestones. and vei 

thin beds of phosphate rock (Bed 2). in turn nudcUnerlain h I a discontihuot 
anld xariabhl bed of' lligher grade phosphate rock (Bed 3). These two uni 
omrprise Bed 213 i ich. taken on its own. is t) erratic and too thin to 1: 
X rked at present. alt(1iii cnretntglbe.n cI*icationt technology suggests that ti 
bed could cxCnItItaI, be Mied and pirocessed. 

Igneou()Is phosplhate l'(.sources, 

More than I(m) ca rbon~itite deposits have been idlelintified iti sub-Saharan A 
the eI.1uaC an1d 


central \frirca. ( al)bonlatits ate igne)us plugs or inlitrusions "Wehich are genet
 

riIan coutllIc s,(th of t oC tnr as tar niorth as Ken a in easterI all 

IlI Cir.L~l inl shlpe. iIa 
'of theCIm contain aItlite: il Bra/i such deposit
 

ar, al t;ill sourc of phosphattc ra materials. Most of, the Africa
 
calhollatito,'s ill tropical aeIal ret" lx to a cla,-likc consi
e\t1CtnsixC,, catlicred 
tcll. . \\atlelnling frCes the apittlc c,stlls from the rock and facilitates t-C 

' coxr\ of I igh-erade apalltite (Up to 42% P)t) b, bncliciatiton yielding higli 
(Iualit\ (.o0Icntrate. I 1l deposits solnetinies contailt other xaltIable niineral 
such as niobium. Not all carbonat cs contaiin uselul percentages of phom 
plhate and some ha\Ce not been itiestigated. 

. I 1,,,golel 

Age deterni inal ions anid paleogeograpliic colstrIctions .shoW that the alkalini 
igneous cornplexes of Brazid and Angola may be ectlonically related 157. .\ 

least lot r 01' the ( e'taccOLts Bra/ilia I occurrentces are knox I(( tConta il pho, 
phates and are under devclopmient or actual exploitation. Thus. it may b) 
possible that Angolan intrusiCs thalt occur aong the SatIc lincairti Ais 
contain phosphates. lrclininar\ reports S0ttlp this Lot'l1150lil althougl 
detailed data are' nlot avaiIhl. Iln (celtral \igola. a1atit s rtrted to N 
.tu')Llllda.t in Iprts of t car.llltihe Centered abutt 3 mih.'s southwest o 
Longonjo, but the economi c poteintia otl occurlnce has n(ut beenxaluat 
ed. 

It 1982 the British Sulphutr Corporat ion reported on de\elopment work or 
phosphates associated With caronatitc at Nlatongo- Bandaga about 40 kni 
north of the capital, BUJI.jmbf1ura. So lar. 1.200 in of drilling has established 



in excess of'5 million tolincs )I phosphate ore. Petrographic and mileralogi
cal studies have idCntifld aptiJC plus some rare earth mineral iation. The 
associated c.arbonat/tC na\ he Iised in cement production. 

]Kc'I'.4
 

( 'onccnt rations of phosphate minerals have been found in parts of southern 
Kena igneous alkaline ring complexes and their weathering products and, to 
a Minor extent, with basement system (Precambrian) rocks which occupy 
lauc areas of tile Rift Valley. 

Ili mil ll/ 17] 
- li, largest phosphate occurrence in Kenya occurs as pyrochlore-containing 
CtetieitloUs soils cocnrig the Mrinma liillcarbonatite about 65 kni southwest 
01 Molmhasa. Most of the phosphate is accounted for b\ the presence of the 
hariul aluminunm phosphate mineral, gorceixite: chemical analysis of' the 
sol slio%,s an average of'3-4%and a maximum of 23% A()...\tMrima Hill 
the eorccixite is inltimatcly associated with goethile or hematite: apatitc is 
slllCtlllCs intlglo\ i\\n1ith gorccixite. 

SucbOrdln;.ltC aml1oun.ts of .lpati tC occur in kyanitc-graphite schists (base
mcn t s.stCm) near l.ongalonga, about 50 km northeast of' Taveta. Larger 
dleposi ts inight be found in the neighboring Longalonga 1lill where these 
schists ale better exposed. 

- )urirng the 1950s, small accumulations of"apatite were discovered by the 
(cological Survey of'Kenya in alkaline ring complexes which probablyare 
of Miocene age. These accululations lorm the conical hills of' Rangwa near 
Lakc Victoria about 30 kin west of' llomna: those of' Sokolo P:oint, Tuige,
Nort I)Ruri. and South Ruri. all lie less thlan 12 km f'rom Homa. Chemical 
zdnalsc's by the former East A..frican Industrial Research Board of samples of' 
Carbonatite f'roi Sokolo Point show a range of 0.46%-5.8 1% P,0., 

- lrecamnbrian limestones near Kitale and calcareous tul's on the 
southeastern flanks of the Mt. Elgon volcano, northwest of Kitale, have been 
found to be phosphatic: however, although relatively widespread, the occur
rences apparently have not been fully evaluated. The Department of Agricul
tuie surveyed the limestone resources of the area in 1932: the samples col
lectecd showed only 1'%-4% PO 

http:aml1oun.ts


1ii 

-\
palic mineraliation has been rccorded at several localities in southern
 
N I adij anti deposits oi potential economic importance are associated with
 
he Ttn dului carlimatite compIes about 3 ki southbeast of Lake Chilwa. The
 
rcnmtclncs of thc !cpoits and lack of local demand 
 or lphosphatiC fl'rtilizer
 
lia, so limt limited tlicir c'\loitattiii .
 

/ l t hit¢t
13.;j 
I )Cpsi ts', I .Ipatil' (u Nallhac' I lill. in the western pair't of' the LunduIl
 

cr umintitc c inplxc\v- ccdi ci ued in 1)54 hv the ieological Survey )e
uI.lrmimnt &N~al;ind Ilis complex. wvhich 
 is up to 2.- kinl in diamCtCr. 

bIns1) pili of thec ( hil\\a \lkah11CIii l'roslIc .11 InaSsiC to Loser ( retal
tt i l,ac) t'ilsisitil/t c",n,cnI.l\ (d thjLec s IMIaCIte inlsL't.ILII S. Ihe lllilll 
tl't)ists lec ll as l itiCe tiaz. stcctpl\ ii icl "inj! likes of' apatitc-ro k.
 
,i.itltc-sm\ itc. mid 1jl t-ich 
hxisi,acit c-eal i-iatte i f the s'cnd rilli! 
litnitl c'ilitckl inilcl&spaithi [icccl; and asqilmwacc. tlikc:,lhc rilji 

iI\c' thicikne ijii!II hul (, () in aiid cip and .'l;iIh SalIeis Of'
ei ie ,, 


lie iilc-harill, hiued Y'
elikl, hececCi ald 3)' P ( ). IllLcpCil.
 
\''eA hci.Cd /Mlile s( )ll1hC' ,.I1itisC PI I Ialhi/cl as %\lite hI'bIoi
te a Cci\ s< 

'ii lcalhci\ oI)I fIait1 iie sfiilait i lthIt IIuid in
, \\Ceilieicth api)atlt

5 ic Ini IL iit.
 
Ih' ll'Ic Iliil lcl Ilts ''cie C\,iiiiicd ill I')5 hi,thhe \11 , .\lliiicaa
 

lIlICMeiai Nlincratl I \IIMtAiui I iiitctt A',s s ItiCr
a iOiileC Of jI)hiMSphiatC
1 i iili/ci it i l ii a lt ) ill Ilhe results ofIIICl11c' ,huii /iMiIhMivC. 


iiin l the, (111Cieical ic' M),,. indica' that IcSclr\Cs to a
i,, Sn I iillcl d 

dcp'ih l.(Iill c\cced 
 ( ( d illitc-rock 


I \ ith A mit lieu I 1niIIMI 


(N h)) tils 0.lLlilllll u)\c' 2()1 
tiMnI', (l i latite-sOi Iand alalite-riCh 

'-iii;utc"-,-c;irl~tlet \'ilh lore than I()%P ().Narl, 5(00).000)( tonnes of'
 
I ,ldspathul iattitec-smstc ' \ itc .lia.rae PA,) counntt of abtw 5i is also
an 
,i\ 1alahlc. 

(/11//1i I H/l 
I[he tifflust (ithe carbonatt itc' and brccia ring compleCCs in NhalaWi coI

tal ns limitld ae S On the inner slol)Cs 01 the Northern Spun and on the 
tlrail ( '01c1.\\hich consist of' ring likes of'apatite-sovitc. with a maximum 

o) I"u apatitc. andi of' \einlets of' massi\C aplat:ilc up to a few centielCt's 
thick. 

l/hmd Il(j 
- Ajialtitc Ocen'.rs in biotite-l) roxen itc of the basement Complex in thee telr 
of thC Mlidi ring struCtlurC. about i () kil south of Neno. wherc some spcci

http:Ocen'.rs


mens contain as much as 30% apat ite (about 14% IP&)) although the average
grade is probably mtch lower. Sam ples of alluvial soil overlying pyroxenrite 
near Ligowe showed a maxiliun cnltnt of 2.8% , equi 'alen t to 15.7% 
apatite, with an average corresponding to nearly 8%apatite. Slightly weath
ered biotitc-pyroxenitC near BLutao (nearly 2 kill south of ligowe) contains 
about 12% apatitc. Fcrtili/cr "as made ".hich umsisted of 40% linclh ground
biotitc-apatitc rock and weathered material from the p roxcnitc, 20% finely 
ground. hand-pickcd apatitc. and 40% ground dolomitic marble. also ob
tncd nCarby. The Ifertili/cr \. Is distributed to various (iovCrnnlcn t experi
mental stations and to private coffee and tobacco estates for testing. 

.patite occurs in the MuambC complex. in the Tete region of western 
lo.amhiqtuc. in carbonatite and feldspathic agglonierates and breccias. The 

conplex has attracted inierest as a potential source of pyrochlore. 

,( W i-I- csl . IIi'i 1U 

IPho spha tic guano has been produced for many years fron the so-called 
N orthern ( iroup of(o\IcrImlllit (uano Islands situated between ('ape (ross 
and the ( lnigc, RiT'.r and administered as part of South Africa. These is
lands antiroall\ pro.\ ide a significant tonnage of guano 1br sale to (ape Pro
incC IrrrIirc, as Ic'rlili'cr.Apatitic carhonatitCs occur northeast of ( ape ('ross
 
1NS and apatitc occurs in a 'arlonatitc near Swarthooisdrilfon the ('unien

1Ri( r. lhesC occLrencS Ma.y hllave sMe pote'nlial as a source of Ihoslihato
 
thtough Lse of iodern mining aind benelicialion technology. 

- The Kalkf'ld. ()songonbo. and (hidtirakornL .e(Kanmcclberg) caronatiote 
conlplcxcs are thnec of a belt of ignt.r) us extendring c1omplexes which fron, 
('pc (Cross northeastward for a distance of' about 37() kill. The trend is 
roughly parallcl to that of the eal-lnalite complexes in Angola (see previous 
Section). [hC collple.\cs. which alC aSsuMCd to be of late lKairoo. Probahly 
Jurassic age. lie near the railk\.av station of" lKalkl'cld. southwCst of' 
()tji\arongo 111(about 200() kill northwest Of Winindhek. ('henical analyses 
show about 6.5% P .().. Irn addition to apaliteC, IiyrochloreC has been fo0und in 
all three cahronlalite's. Particularly at ( )nIdiirakolrUmlc,. \whil rare-CarthMiner
a11s Occur at both (i)ndurakorule anld lKalkfeld. Strontianite is i conmon 
conslit i CI of thlie ()ndurakorune cmrbonati te. Iron ore has been niined Ihere, 
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and the complex is also a potential source of thorium, containing about 0.5% 
ThO,. 

The Ondurakortm1e carbonatite situated about 13 km northeast of 
Kalkf'eld. is a small, poorly exposed plug which includes beforsite ring dykes 
attaining widths of up to 32 m. These often contain abundant segregations 
and networks of white crystalline streaks of apatite: a fairly representative 
sample shows an analysis of' 10.1 % P,(). Sampling carried out by African 
Metals (Corporation Li miled in 1964 showed up to 17.3%, with an average of' 
about 71m P(),,. 
The ()songornbo diat remc, about 12 km soutlhwest of Kalkf 'ld. consists 

mainl of volcan ic breccia but incluodes a centrally situated weathered 
carbonatitc (befrsite). with microcrvstall ine aggregates of'apatite forming all 
irreCular nct\m ork of white veinlets locally swelling into apatite-rich bodies 
about 0.3 il or more in cross section. Quart/ is associated with apatitc: 
p)rochlrc is a,lairl\ accessor\ mineral.ahlJt.1l1(llll 
A\tIipemhbe. son hwes of S\ arlbooisdri f on the (Cunenc River alld approxi 

natel\ 32 km northmcst o ('hopoho, carbonatite forms a ridge-like body 
approximitel\ 0 ki long and over 400) i wide. Investigations carried out b\ 
the ( icological Soerve of South Africa in 1965 have shown that samples of' 
Ihis deposit contain betCeen I .79% and 9.21% P20, and average about 3.5%
I' ().~ 

Concentrations of apatite have been reported from Precambrian rocks, and 
the mineral is an important accessory constituent of carbonatites associated 
with the Rift System, particularly the Panda Hill carbonatite near Mbeya, 
where apatite could be recovered as a byproduct of' pyrochlore extraction. 

Panla lill [281 
- Apalite and magnetite are common accessory minerals in the py'roch lore
bearing IPand 1lill (Mheya) carbonatite about 20 kml west-sout hwest of' 
Mbeya. The carbonatite is composed mainl of apatite-sovite and prior to 
1960( was investigated as a possible sonrce of' pyrochlore by Mbeya Explora
tlion (oinpa.u\ Limited. ('hemoical analyses of' apatite-sovite showed 5.5% 
P, ),.Resources alount to some 125 million tonnes wthll 0.3% Nb,(),. Phos
l)hate ininerali/ation has also been found in tluff'sand pyroclastic rocks of the 

Rungwe volca ics al tlie fool of' ('ha inoto Ilill, abot 50 kinl east-northeast 
of Mhya.The hill is surrounded by lake sediments. inicdliding clays, suggest
ing a mode of occurrence similfar to that at Ni nji ngu: hmo'ever, pitting by the 

(;eolOgical Survey I)epa rt men failed to find further traces of phosphate.it 




199 

AIorgoro 
- An occurrence of weathered apatite-marble was discovered in 1931 by the 
Geological Survey Department the Greatnear Ruaha River about 50 km 
south-southwest of Kisaki, some 110 km south of Morogoro, in basement 
complex biotlitc- and hornblende-gneisses [38]. Whether tile occurrence is 
cahonatitic does not secl to have been established. but tile marble occurs 
as a steeply dipping to vertical lens averaging 33 In,but probably ranging up 
to 41 11i,in thickness. with an outcrop lengtI of 1,200 Ill along tile strike. 
Resources ha vc been estimaled at 2 million toins per 30 illof depth. Chem
ical analyses of seven sam pIs show from 3.1 I5% to 10.57% P,(-)
licneficiation tests have shown that a concentrate of 25% P() can be ob
upined either by gravity separation or by calcining, slaking, sieving, and wash
ing. 

L,'aida 

Apaiite deposits associated with carbonatite complexes probably of Creta
ceous age occur in parts of southeastern Uganda, tile most important being 
tile residual deposits developed around the Sukulu and Bukusu complexes 
near Tororo [20.2 11. Tile SukulU deposits, among tile most outstanding ex
amples of their kind, were worked on a commercial scale from 1962 until 
1979 for use in tile man ufacture of single superphosphate. File possibility of 
rehabilitating the phosphate industry at SukulIi has recently been investigat
ed by a tea in led by flearden-Potter (orporation, Under World Bank auspic
es. apparen tlv with encouraging results. The deposits BLukusu \were
at also
 
worked from 1944 until March 1964: they provided a total of about 58,000
 
tonnes of low-grade phosphate rock, nearly all of which 
 was transported to
 
Kenya for use in the nanufacture of' a fused phosphatic fertilizer known 

Isodaphosphate'. 

as
 

Sukulu 
- The economic potential of tile apatite in the thick unconsolidated soils,
which marginally cover and have been derived from tile Sukulu carbonatite 
complex by intense weathering, was not fully appreciated until 1949/50 when 
('.E.F. Williams of' the Geological Survey of' Uganda conducted a search for 
workable limestone deposits. The complex, which lies about 6 kill southwest 
of, Tororo, is sonic 4 km indiamieter and is composed almost entirely of 
carbonatile (sovite) represenlted topographically by a circular group of hills. 
Apatile-rich soils fill three dry re-entrant valleys, designated North Valley,
West Valley, and South Valley; the deposits range from 15 ill to a maximun 
of' 67 ill in thickness. Magnetite and pyrochlore also occur and have been 



All) 

considCrCd as po(SSiblC bylerod ucts. The recent studies by B1earden-IPotter 
hIIJ indicated resources of' 230 million tonnes. comparable to the i .lier 
estimates made in thelI ")50s by NI ackay & Schnellman oi 202 million tonnes 

PA) iIa elaging I1%- I , nd to 0.36o Nh,( ), [(51. dditional resources 
lI' outSic the p riC eCtCr tof thc hills incstigatcd. 

1- Sulkni st il is rcli.iCl, u1.1t1 ri i ill CO l ,OSitio]i. Containing about 
.1W apatitc. 2X' nlgilctitc. 2N" heniatite. h\dratd iron o.\ides and 
VlIrr '.inonsLi,',-,. 711 at . lnd 1ii r anlllUnts ot" ilncinitc, /irCon. niea. 

(i)Cl .illc theB. il.- ii ti. I111C. It ,tr tine,sile amid cihsCS similiiir 
iliic lIci hc'tli itcizo oi lprOI' l l.t. \l),Itlt'i ,+, fllt itiro'd lt ain ,, il tho! Ciddii, 

)(0-111sl). 

IHH-ules", ). Ilild I),r lhIMC 


SI/e. I ii (n ns ,2- plus l 0 ' ne titc in the ct)i5CI traCtitins (plus 
ill thL \ C l ' i ic C si/Cs. I lI I'In tciatiiM 

il+ c.l.'5 Jl l. , adhl+ptciti i1 SuIiliiu I MJ iM O,.ll eu ia I Cutie- ,,lMtatill. 
(tc"i4',iliii . 'ntl 11illnd,0 is \ioeld cl I C lriC Cil isti C'()nt;Iili lg iloie 
thmia 40 I' ) (871' ltl'li anl less thain l,,'c ll hiid A\ I and FI 

-\patite: OCCII'S Ill Minor alolntiltS in ail alkaline iglIt(uS C(.iilfc'i.\ ill the 
lIueshC ",'aile S,()uth-soLtihClSt ot lake Fdward at apltxinatei\ I (' and 
29 NYu1 e Ieu .h L le\li 122.[22[ i..h ,,as dis c\,,t.r d in 1938. Colisists 
chicl\ Iflsa I " I[,-5,1, it,. (cMurIilllatei about 1.5 kill in


i teietclr siu irt il lc'tl a Iriii tl cl inc'inlitlc'-S uitc . Heil i\C, J ittilli and
 
t rv ul ch il {!,( )lJv U"ll mislc ';i ric 't m) i it ~l Hhc'L at e' 19 ( -h! 111l hCS o c ic tc 'M ili eic'rc
 

ic N\ lim Vhukti k c;ilcti ailut )()IM illio)n1 0)11C S ()I ) OCillr, \\li )i 1.34 , 
Nh () i irli'u iil\ i licte thick imaictle IoI) Icuruitiin us i ck t)Cr0oduC'd h 
\C, (IiChIrIn'm btti l iMI to i)i ()LliiCc 1iothIunIl 'ui''l llc,,hit\(' ilI() I)C'Cn II ' 

ilimiltemt. IheIceiuu-rugi-illis illatcriail ucuiwuisI cllltainv ht\\oeun Il(1 and 25! 
aliltitl." t -t.7% .(i,-I I' (1 ). 55hieu clil CI ii hl\ has ('IiCeir IILo il as a
1') JI'Od() Nc' , ii" Summ it ( ) H ill. ic' ()I" thc ' our hill, com pltrising{.lud'. li]i "Bt/iso( 

the l.uc' crhb lmit. i cousiderahic tiicl~knes ot iutic ['r)i.k ocCls iC
t/V\'iCl thc Milic ;tnJ a11I li r Illaicl(I iit illlhe.! stlliiuls. I aall )Cs 
01" Carl)tMiatitC i \ /. , h the' ( iedfleeeWC u'ue (11 ( l Iic e 't dl 
RuIandla-Ilr uni i ShMCd 3 .01(;5 ! -4.'!' I' () . ,.1.t,,s aieit to a1h))it . 
and ] I..2"1) alt itc, rC l iiC ii ,

A-\latitc is i' w t io mtcu'tl in signil'wiii.lla llm illk ill 1.h1CBingo c'arhomll ilo.' 

complex. situatcd aplosiiilatli\ I IIl ilC S toi the north (liI t lhCsl C intru
sion. anti th ilinciai is, pCl Cit also in Pre'canbrian lC.gInalitcs associated 
with grallitcs thal intrucde n lLtjiin rl)h SCd Scli eiits> o1 tll.'1 ahara-1 1rundi 
and RuLiAi (iiolipS. Ma nv attain considerabie sie and are worked lor 

http:signil'wiii.ll


cassiteritc, tantalitc, and colu01hitc tihe 11o0stimportant is the pcgniatite
vworkcd chicl>, for .assihcritt at lhanono. At present. the apatite content does 
not sce hem t b1 soflicien tl\high to Justif' recovery. 

Apati t anrid m1lonlzite occur as nnor constituents in the carhonat ite com
plexe, fomminrig Nkornhwa HIill, near Isoka inrnortheastern Zanibia. and the 
('IaS\\etCa. Nl\\,Ilrrlto. Nachotmbha. and Kaltic Hills in the lower''aIIe, of the 
RulUsla RiN er ncar the NIo/iamhi(tc horder [5]. At these localities, 
+\roehllre ha,, h-,een tile principal mineral interest.of economic Investiga

tis, h', ite (itlieal .u e,,,),l)parirent of" No'thern Rhodesia. as well as 
sar~liuc and drillirre hetieen I0S I-and ar,,h0tered [xp)ration LiIn
iledl, irin.'at d thi sigrifiearrt tonnriages of p.rochlore ar apalite are proba
hl, present l Nknmh\\a ard KIdlt,,A hut stihIscquentl,, little interest has 
hn+shown (thiell hccausc of tihe tcehuical dillicultics encoLlntered in COl
eeni.r'atntarid treating prl, illrc. The ph,sphatC potential (f' sorne of the 
cw niplcses is again heirng inxcsiigatcd h) NIcr.l lxploratior l)cpautmrent 
(NIliest+) (I'Xirilco. I id. 

-\ lxIiit is rcla tihek wiidespread at Nkomhwa Hill. almost 25 km eaist of
Isoka. lie dcposit ,.as ihentified as a carhonatite in I1952 h, the Geological
Snr'e\ l)epatrncnt of Northern Rhodesia. The complex, \hich is parl of the 
late P iC1er.'oiC North Nyasa a lkaline province. intrudes hasement complex 
!rIn itc-ncisscs. Sehists. ardt Irart/it l's. T\wo sa,ain Cs of tri. sportCd soil 
il
i the iriheasi Loricr ol the hill were arrl,, ied by the Nlincral Resources

I)i ."on. n 
ifq' to a Ii aIid apat it, rCspCCti\Cl,,. SomC i the rCidual soils on 
Nktmifl),,t Ifill appar to contain higcher 

lomdn.arid founrd to containi 3.25n :.-)% 1,( ),. orrespond

e)Cr.'CrtagCs of apat itC.
 
Rcsoirees ha cKCl estimated ai 
 5(t() million tonc.,a\ cr ng 77% P,A)

hut sinee m 1ch )Ithe phosphate present at Nkornhw\a is in the form of 
isokitc I J. v,Iitc Or pinkish splihertlitic fluorophosphatc of ta ciuri arnd 
inagnei un., heneficia.lion would he a serislis prohl+lem. A pculi;ar treCn 
cr\ jItoerystalline \ariet, of imorite aso occurs. 

- Apatite is present in each of the ur carhona lite structures (Kaluwe,
Nachon ba, Niwambuto. and Chasweta) discovered since 1956 in the 
RIu lunsa Valley appro.Ximately 190 km cast of Lusaka. Kal ve, the largest 
'Indmost accessible of the inIrusions, is a sheet-Iike body or sill vith a sur
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face area of 12.5 km' and nearly 250 in thick in the center. Resources are 
estimated at 200 million toilncs of low-grade ore: samples show a range of 
2.8- 11.0% apatite (I %-4% ,( )). In a middle Zone up to 11( apatite is 
present. and nalrrow, bands lay,sometimes contain as mu1LIch Ias 50% of the 
minCral. Bulk samples of the ovcrlt ing residual soil have shown from 1.6% 

P.( ),. \\ith an a\ci'agc of'). 
20-msChl) cottaincd hct\ieen 3.8% and 17.0)% P, ). w\ith an average of' 9.5%. 
S igrtilicant toinIagCs aic hCliC\Cd to hC prsCCnt. 

o)tilis ahout the mode of occurrences ill ('hswct are lacking but 
apatitc-rich hands o ccur at Nachonha and N \albuto and are Up to 0.6 in 
thick at NI\\anlbuto. 

to I(.5', 9 ):the finer soil fractions (passing 

(i//, ' adml AIh,,mia 'ori/h 
( o iccnirations of' apatitc have IC 1'0unld Within svCenite intiruheen eCenlh 

sit);,s ncar the villagc of ( 'hilern be in lastern Provi nc (about 450 k in cast 
tf lusaka) and alsn icar NILiiih\a. situated 15()knl cast of tle capital. Ne;tir 
'hilenlh\\c 0-11. se'\ eral ICntitUlar hodiCs all tiending nrirth-iloth\\rCst south

sotheastIhasc beTn delineatCd b\ pittiigo aind Oeiching: prClini'lv csti
llitlcs in/dicate the presen1llCC of bct\\cn I million atnd 2 million tolnnes con
tainin, - IA P() . Siilar bodies hae bcn located at the Nlunilhva 

trth piospect, but it b iltit jet known whethcr apatite occurs there in poten
tiall\ econonnic qIuaitities. 

Aptatitc deposits inthe IDorowa carbonatite complex have been worked since 
I 965 to suppl y the fertilicr fhitory at Roda. near Harare Apatite associated 
\itll llagnCeit. \CrlllCnli t. andin ica also occ,:;s in tlhe carbonatite coin
l)lee.\s tf ha \a.16 kill south-sothwCst of I)orowa. and (lhisharnva. some 80 
kil to tlC southeast. The tlllcc coinplexes lie in the upper Sabi Valley to tlhe 
stut1-ttitll-a't Of I larar.. llheie the'\lt rudc granite-gneisses of' Precambri
an (bascncnt ctnplcx) agc 101.421. 

1)wo'¢it aI
 

- le I )1tCsra igntots complex is about 3 ki long from north to south and 
about 1.5 kill \wid and om11tprises an outer iole of syen itic f'ellitC Suiround
ilg cciltral al'.as of iJolite. All tile rocks are cut by small miassc ofcarbonatite 
ald by dike!, 'nd veins conltailng apatitc. illagnetite, serpentine, andilver

illiculite. WCatherinlg and dcalcil'ication extend to delthls of' 60-120 in. The 
ore is thus a weathe'red IliOduct and consists of' a reddish-birown soil or clay 
matrix mixed with lragments of igneous rock. contiNg up to 20% apatite. 
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Two ore bodies corresponding t) areas of bohtite-apatitc Iineraljzation have 
been delineated. I)rillin and pitting carried out bCe\CenI 19)51 and )56 by
the .-Alnllo \ilcrican ( "orJratitZnof St1h 1fricalimited to a depth of 122 
in indicated tiat total i'Se1\ es \\ . 1r)elat 37 million tonncs contailling anll 
avelrag l 81o soh(r ore\ l,, , ( mlI hem bod%. which Cmstitutes tile 
mail li.-r\I I. s asocilated \ \ iiieIlls aild dissetillat ions ofI hiotite-apatite 

rock that cut and rCpla:+'C I'cnite aiid olei with a tabular mass of magneltite
,pati te ro ck ( 1 i1 long. 2()1 v, idC. and about 1.2 in thick inl tile northeastern 
lMII of the riinrali/'ed /one. 

- The Shawa igneous complex lies about 16 km south-southwvest of I)orowa,
between the Mworshare and Mrove Rivers. It has a diameter of nearly 6 km 
and colsists Iargely of a plug of' serpentinized dunite enclosed by arcuate 
bodies of ijoli te and an outer Zone o1' fenite. Pale green apatite is a common 
accessor'y in ileal _ of the ijolites, occurring as crystals or as fine-grained gran
ular imasss: ill places there are concentrations composed of irreguular pods of 
apatitc-rich ijolite. Preliminary exploratory work has indicated that possible 
reserves amount to 12 million tonnes of weathered rock and soil iII the ijolite
/one to a depth of 2 in containing an average of' 2.6% P,0,) with a further 6 
iill ion tonties of soil overlyinig dunite to a depth of 4 niiwith 4.9%, PO 5. 

C'hi./anta 
- ApatitC occurs as knots, dissemitions, and veinlike bodies in carbonatite of 
the ('hishanya alkaline igneous complex, situated about 80 kin southeast of 
l)orowa. The complex comprises three carbonatite plugs. A specimen of 
carhonalti te from the most northerly pIlg forming Bepe Hill contained about 
7.5% Pj() as fine-grained apatite. Reserves ofcarbonatite are said to be con
siderable. 

tises of' phosphate resources 

IFI)( has expertise in using poblem ores even when the deposits or demand 
is too small for a large conventional plant; some way often can be found to 
adapt iid igenous ores to local needs. Each phosphate deposit tends to pre
sent different probleins so it may be difficult to devise general methods that 
will benefit many countries. Direct application of ground phosphate rock 
may be part icularlyx' useful for sonic countries and is a good alternative fbr 
ores that are unsuitable for chemical processing. 

IFl)( assists countries in the evaluation and use of*their indigenous depos
its of phosphate rock. Phosphate resoures are widespread in Africa and repre



elt a pri mar\nuIr ':ient, canreso(LIrcC thal ollcll bc used with little processi ng. 
SuII rv\Cs have sho\n that AIfrica has large areas covered b\ infertilc ()x]sols 
ar. I Itisols. Phosphate is considcred the most limiting nutrien,,on ianm ()t' 
lhsc soils. I )( has heen \\orking and continucs to \work with \ arious inter
ni onal and aionl )ur',1111ips in cJaluatillg indigCnLus, phosphatC ores and 
,)ittL s, Ilde from titI in1increasing 1h elrtilit\ of suedh soils. Results 
rim techit calI. agrlll/fnoc. illd c(OiliC stdics hae idCntifiCd mCthods of" 

tting ites hwcal resources as pho',phalc sourc' onl SoImC Of these inflertilC 
Acid si is. 

Ili cx lilihti Lslialls begin xilh a detailed IneIlcralogical. pCiograpiliC. 
alJ hlieinieCa stlI\ 01 a CpeiCSCli.tJitC ',IIlC Of" Cach orc t\ l ' OcCUriTIg InI 
1 cix itdlposiIt. I lic dhcillical and m1incalogical studics in11dicatc thle prici

ptal conllsttuelts In the Liand t1hcir llodc of'occulrclcc. I hcsc data cstahlisl 
the pho~slhate iade f the oiC and its chlmical quailit\ basd on thelnunlphoshphat ic' co't itilents presenlt. 1Itese fatorl!s sunigest alterllatix' eIus 
sutllh aIs: 

I direct Ipplicaliol: (2) acidulatiO 10 )oloducpIi sphoric ac'id o" Iif ished 
fro)dtlcts. incltfling p tiali, ac'idulatL'1d phlospiatc rock ( \R)P iland (3) the 
pt1'l)tltontlM1 () tli'rinalll\ altred phsphtecs. inltidiue ILCd ulaCsiunL 
phosphate. Rlie.naila j'hs)phatc. and (Ilftorinated phsphatc. 

ini;iixn\ eas,, tht run-(f-in (RI lt ore ,,i., co'nsidvrd lot6us in prd)tilc'
11mh 'fCrtili/criIcrnlcliatc" and products. If. ltxx\cr. this is nut possIb e. 
thc II rahucal datla arc ombined \x\i1 ii ock tc\turc tludies, to dcltrniinc 
1t 1 p aitd derec uf btiiflciiit tliit is I Ctculed to pl)0 ide an aci'eptlek 
)hiosiiatc cteet1iatc. I hcestuHdie.s dctCriitinc tic kind and alliiult if, 

e'llnllid nccdcd I bcrate tlc pimlsphaw flin the ilnipir ti prior to appl
caitiull od iatllrhocssing. uispliatc \aluc call of't'll be Ie'oxlrdhbc 1 11 
1i'nt Illot of thc difficult ore't\ pcs (calcatcois and doloinlitic orc. sihi'ceous 
ulCue.an1d hih itol-aliliiin ltes). 

Ilic al If' these acti\ iLes is, tI p(u)(llu concent1Ct that arC acceptalc 
iII ridc aid lihl t\xi \\ith the 1ie' rc'-e\or\ posible usine the sinlleltst 
applicabltc hlou. \ariailimun iIl rock charactcristics oftcn reqluire ti 
dc lqopilicit ofI I Jpific piucVss fhIusllcet 1,01icach ore. local cdlliotiionS. 
such as x\ollte 1t'sollcs anl fuel ai\ ailabifit\. areC11so coHsidcicd xxhcil dcxel
olpiin aibcite'litiim flo\sltcetl. 

,After a1 accepltable rafl IS preplared f)ruuceM,perforllia eCCdai are'cont is ) 
neededl Il i.,it its lse o predict it e)Crlde plaitts fr to . KittancC in Cxisting 
)rIldiucliii units. \ctiual rock test prfOittait, dtaC fi1r thC preparaliol of 
mlincral cunctltriatcs, phosphoric acid, and fC1rtilier pro0ducts shoulitd bC col
cctcd in I table laborato or pilot-scale units ais par oIfan olgalni,ed devel

opilictll prograImi. 
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lPro/hh m idcwl~licalioll 

The identification of phosphate as the major inutrient deiciel.cv in large 
areas and its availabiliy ill nuilmerous local geologic occlIrrences hav result
cd in an initial emphasis on raw materials studies that use these indigenous
phosphate resources. There has been increasing interest in processing these 
phosphate raw materials that llay contain higher than LSlal lccls ot' impuri
ties because Of their rCad\ a' ailahilitv and nornallv lower cost. SLich studies 
%\(.rC largCl v academic before 1973 because the international market had an 
adequate suppl,, of'hig0-c'nalit, rather i neCx pensi\C ore. When substantial 
prI'c incIeases ocncured. im countries began cxploration anad developmwe t 
prog'lls tO discer ne\ oCCLrrenCes and expand the technical! capability to 
hcncficiatc and process Ores \with lo\'Cr grades and quality. Several ot these 
programs \c successful. and al lumbe.r otdevCloping Countries located new 
resonracs Or CXlpa ded t1c kle\'dVC o'prey iouslv kno\ n.but unxlploi tCd. 
dcp)o)sits,.
 

[hC combinlat io ot the iie\\ 
 discM\ caiCs and the expansion of mine Output
ltrll Cxisting deposits has created the MvCrsupply tfllhosl)halC raw materials 
in the international market. Necrthelcss. deCloping coiuntries continue to 
place a high priority oi developiang their indigenous resources. particularly
those countrIes \with a substantial domestic reir(ltiaement or regional market 
potential. 

l)C\ClopiigL' aountries have SCecralI reasons for opening nec deposits even
 
hCI there is a surplus supl\x onl the world market. There is a natural nation

alist ic desirC to he indCl)CldnIt tf' these countries
oreign sources: have nlot 
orgot teal the lesson" carned during the shortages of' 1973/74 when thcy weie 

at the ,,'rc\ of major internlational suppliers. )omestic prodtction can also 
tiroide ,,t igs in Iigh-valuc foreign xcIM.hange and increase local Cl)lov-
ICtllt. \lthough \orld market prices havc declinLed. tlhc still remain higher
than the pr-1973 lccls. and inltCrnational loaais still have high interest rates 
that add to the costs. I ransporlttiol costs is a major factor af'fecting phos
phate ra%\ material costs. Irans)ortation costs for ilidigealous Ores iiiav beho\\ Cr than tor imported rock and are lnt subject to variations in fuel costs 
and international f'eigh1t rat.s.(ollecti el\ these factotrs are used to justify 
thC CCollollics and Lclsirabilit, of' d.cloping all indigenous deposit. 

lixploitatioi of 'thicsc \ epoits and new oie Iv lics la.\ piesen t sonie 
moblcms inmining. hCeflciattion, aail coclitionmal processing. IFI)("s ex

icricalcC With phosphate ores from dc'lopilIg countiries has identified a IRm
gencral characteristics that distinguish them fi'oil the ores most marketed in 
international trade. In .\fiCa, llost of' the smaller oae deposits occi inrather 
old geologic terrains thlat ofe'n ai'e I-aa f'roillthe coasts. This limits their po
tential bi'1development for export and dictates a local or regional use. Often 

http:deiciel.cv
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the economic portions of the deposits arc restricted to the weathered /ones 
of ore that occur where mctcoric waicr has altered lie deposik to leave a 
residual. enriched ore. This natural benCficIat ion process call produce orC 
that can be used "is is'. and thus it has a signilticant impact on the economic 
dch e louen t of certain deposits. The apatit Ic inerals in these ores have a 
nallrl(. range of' composition and oltcll hac lo\ agrononlic and chemical 
processing rcacti\ itics. Also, these ores andl their oxcrburdens nlixa be hard 
and mive1, C and require hard-rock niining techniqucs (such as blasling) that 
Lontrast \wiii thle meth11ods of'tCn uscd b\ large international prlducers. The 

ores produCCd llla be \Cl-indurtllCd roc.'k, that rcqtiirc high grinding c(asts 
( 15-20 k\\hitonnc compared \\itl about M1)-12 kVi/tonne for most rocks) 
and high enrichment ratios in ordCr to pr-Oduce acceptable concentrates. 
I o\\\Cel. concentratcs tlibCllCfeiCiatCdand some111 osS ha\c good processing 
characteristics because of their lox. organic carbon and carbon dioxide con
tent. low acid consumptions, and low corrosion potentials. 

( harwl iz'lL4io lt' 

(arbonate fliuorapatitcs arc the most important source of phosphate in com
mereiCial ores: thicVIbrer. tile characterization methods described will concen
trate on this orc t\ pc. It is likely that a similar detailed study of tile other 
clascs of pl splhatc minerals \wolId reveal systcmatic relationships in their 
c~ll)msitibus and properties. 

lIis preseitat lniiiari/iCs the Methods developed and used to examine 
r aapat It-it'e-cOntai ln! MuC lruui largc n1um11b2r of phosphate deposits in sub-

Salharan Africa. I hC c\aminiat is xscrC made by chemical analysis, x-ray 
po\\dcr dillract iol, and polari/ed light inicroscopy.\A rapid, prclinlinarv 
charactriat 101n su itablC for broad classiflcation of salllpks can be made h\ 
us"ing these techiniqtues I5j. 

()f the morc than 25 elements that have been reported to occur in 
IitLorapatitCs (lable 2). most arc present ill minor to trace amlllOtllltS: lhe 
alpatites containing them arc nsually from igneous or metamorphic sources. 
A\s sholln prC, otsl. ' 3.55. however, the comlposit ions of' carbonate 

luorIapatitCs in sCdiinenirltar phoslhaiC rocks can be closely approximated b 
fI ( ). Myg( ). 1(),.their contents ( 'a(). ,Na P ( ),. and ( 'xlcnsivC reports of'

anal tical Lta collcitd on the apatitcs in phosphate rocks have been includ

ed in earlier rClated publications. 
Ihis Cvaluation schCInC has bCCn ,applied to a series of phosphate rock 

salnplCs to (lunonbstralC how their physical and chemical quiality factors can 
be ripidls estimated. The sanples were sClcled to represent both well
known solircs and Sol1C more iceCCnllv develo)ed deposits from this region. 
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ArIIa aUIthntic LtUlL'Ccnt' lcs or orcs h are olt llc.ssaril, represent't)L'iIVr 
ot' cUrtnt pI)odUcItion .
 

'h cm ositionm ot these plhospliate rocks are con-parecl 
 in lale 3. For 
Impliit\i on , the maIn onSt Ituent,+S aIV includdCd here. Whseanal\ses ili

mcIllate., re'cal the cheicai. qalityv Of inldI\ idual rala\ mauterials "ih re-
SPCt tAl 1) ( I Content aldt their Contento', undeh.'sired chemical imlurit-iej.,s.
I lt,,ct Cf. suIh c0)iii),,isoMi bhased o)n clilical cofmposilitio gie, no direct 
Ilndicationj ot their potential for hiirthu.i npgradi te eimrov) thir e.henmiCal 
qtlaht an d acihiidl;itiim plr1mriraInCn., 

-ed IIin ,tl\ atitI cs ha\ c bcn sio\\ n 1I53.581 toi have compositions that
Canl he rircscntld jiHltc ao.Cqunatcl . I the series With the following end
HICtlh,+_'er emirical rintlas,: 

1iLimiapa t I) ( lrancolite tYlpes) 

I hese t.,orrcSp) iid to thr e chcniiclcaI lipositioln sho~s in in lhable 4.
 
.\ t,+r the , 0i11 ,+,it 
 iii (od tihe aJatite is estal ished, theise.' data can he Corn

hiird \\ I11t1hc thicil Ii il il\iSis of tII- rock tt) the sitllm ofC\ al it 'I+IeanCe 
cj)IIStItliLtUI Ierh thern Ih( ). Ihe Jiiinar-\ ()jL'tjI\ C here is to dtermine lrovy,
ce(itali kc' iirliticrt,.s are diSt ,tt ricd C l til' apaltit and gangi.
miic.l II aitiuis. lormi this. ()it Call d +te IrtIine tihe Itt.IC tital hi'l lit+S of'
Lulrther ulejding b\ jh\ si.al rirthodS 1t irInpIoF\e the che+'mia.-l qialit\ of 
thl phlphat . ram maiteraial. 

I his aI)pr\ililatiilIS iillustrated ti igSall CanV1xiII+' the Nikru. Iin. 

( jil+()().)+: 

( rStL n'll1i l Sthstitultini lil 

,r , ,Na '. Si
2+'."m' 2- K I I 

.mwI':, I , -', I 

(Jalllh.llmls and ,IlitII +I 

1(II . ('I . 
(r) 
 ANileo)II 

Ca N~~i,,Nl191)(, F 3 1"1NY Y 
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hI4b/c 3 Chemical anal\ ses of sub-Saharan phophatev" 

Location (.8.S')), 
P.1( );b 

(aF) -\A(). Ie,() ,lg() Na,() KI CI F 

I\I !I 

Sukulu. L'gandaL 37.9 1.2 49.5 S G.8s (10.04 9.39 9.21 0.006 1.9 
(Uhilcmh\n e. Zambia 17.1 1.4 30.5 1.0 5.() 8.3 - 0.1 1 0.44 0.9 
l)oro'' a. Zlmbabe 33.1 0.7 50.2 0.58 2.6 I.1 1.76 1.18 0.007 1.6 

(abinda. -\ngola 37.0 4.5 51.0 2.0 0.4 0.1 1 0.82 0.4 0.0)6 4.0 
Mekrou. Benin 29.3 1.9 41.5 0.8 1.0 0.01 (1.1t) ).03 0.005 2.8 
Kodjari. Burkina Fasoc 25.4 2.3 34.5 3.1 3.4 0.27 (1.1 1 923 NA 2.5 
Ri.er Dcla Congo 32.9 7.0 52.6 0.1 9.7 0.43 1.2 0.102 NA 3.8 
Tllms .. Ma~il 28.6 4.2 41.4 2.1 6.1 (.52 0.37 .171 1.007 3.1 

lnkno\\fn. Mozambique 30.3 NA 45.0 (1.3 (1.4 0.45 (l. S i3 0 .(11 0.6 
['arc W. Niger' 28.5 2.0 39.9 1.0 1.9 11.3 i.!1' 3 (.14 (00 4 1.5 
Tahoua. Niger 28.0 1.5 43.9 2.1 13.I) 1.20 N \ NA N A 3.8 
Matarn. Senegal, 28.7 4.5 44.4 I.) 2.)) 1.0 ((.3, (. '.(105 3.3 
Taiba. Senegal 37.4 3.1 51.2 1.0 lo 1).19 ().2'1.(10 N \ 4.0 
Thies. Senegal,, 32.0 12.0 9.3 30.9 12.4 11.04 1.) 1.94 (1.01)5 0.7 
Minjingu. Tanzania 29.0 5.6 41.7 1.2 0.9 3.20 1.3 (1.78 N-A 3.1 
Hahotoe. Togo, 35.7 3.1 52.6 0.8 1.3 1().I ( .21 11.04 0.03 3.9 



Talh' 3 ('unt ued 

Location S (, Sl(). 

i,',zeouts deposits 
Sukulu. Ugandac 

0.02 0.30 6.0Chilenib, e. Zambia -Z0.8 30.2 
Dorowa. Zimbabwcc 0.05 5.4 5.4 

.SeCd(InzIarY deposits 
Cabinda. Angola 0.46 2.2 1.1
-lekrou. Benin < 0.1 1.3 22.6Kodjari. Burkina Fasoc 0.04 1.0 26.2

Riser Delta Congo 0.92 5.3 0.4
Tilemsi. Mali 0.33 2.4 9.4:nknon. Mozambique 0.22 5.0 0.1Parc W. Niger: 0.04 1.2 25.2
Tahoua. Niger 0.20 I.I 7.9 

Scnegalc 0atam. 2.90.22 12.9
Taiba. Senegal 0.10 1.7 2.9 
Thies. Senegal J 

0.05 0.4 2.3
Minjingu. Tanzania <0.1 3.1 9.4
Hahotoc. logo 0.18 2.1 3.7 

Anal.zed b% IFIXC.
b Citrate solublilit\ measured in neutral ammonium citrate solution. 

U'sed to prepare I -D experimental materials. 
d Iron-aluminum plosphates. 

(Fc,(Al.0;)I,()) 
P2d )" 


0.04
0.35 

0.10 

0.06 
0.06 
0.26 
0.02 
0.29 
0.02 
0.10 
0.54 
0.13 
0.05 

1.26 
0.07 
0.06 

(AFe_,, 
1'21 


0.04 
0.83 

0.13 

0.07 
0.06 
0.27 
0.05 
0.30 
0.04 
0.10 
0.55 
0.19 
0.06 

1.26 
0.18 
0.06 

I . 7a/PO 
- "
 

1.31 
1.78
 

1.52 

1.38 
1.42 
1.36 
1.60 
1.45 
1.48 
1.40 
1.57 
1.55 
1.37 

0.33 
1.44 
1.47 

I . 
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rock sample (Table 5). The analysis demonstrates the potential advantages of 

further benclficiatlion. The rcmoval of the silica would produce a high-grade 

concentrate, but the costs of' this benefit lust be considered carefully. F'hos

phate losses that occur d uring ore preparation and beneficiation inlust be 
added to tile bcncficialion processing costs. 

Once established, f'rancolitc and apatitc compositions provide an OplIortu

filly to test the quality of the phosphate concentrates. This is illustrated 
(Table 6) whCrc the t hCoretical P,( ), of the apatItCs is used to dCtermninC thC 

ratio of lIospIate to ganguC in the samples. This comparison immediatelv 
reveals differing degrees of' beneficiatlion with respect to tile mineral impluri

laIh' 4 ('Oilpm on 	( flumlailtt.' IIan .ti.' COMPOSitiOnSnll)d 


( ')11 1ItLIljl 	 F:lutor'palllc 1-1lancolites 

5(x= 0) 	 (x/b - = 0.301) 
a() 55.6 55.1 

I1j) 42.2 34.0 
( 'i), ) 6.3 
F 	 3.77 5.(4 
Na,) ) .4 

Mg()0 0.7 

" ta\ilI liU d g offcSitItilUtiOll 1t1.1d id PriCdiCtCd f1ir'anlCOlite-IypC 11)iti[Cs. 

CoInSiiMlCn[,5 Modal allii,',is III, ci .'nIicail in saniple of Nlekrou, Benin 

ae ( iangll.\pati1 
l:1'ancolilte 	 Phosplfle fractioln fraclionl 

uonisittleml (Ihc)rctical) I(ck (78'!i) (221!i.) 

(% IIll 

( 1i) 	 55.5 41.5 39.2 2.25 
3Q 29.3 28.3 1.0 
2.0 1.3 1.1 0.2 
4.1 2.8 2.8 -

Na 1 ) 0.35 0.)1) 0.0) -

K,() - 0.03 - 0.03 

Mr() (.17 0..0 1 0.01 0.01 
A I J 0.81 0.81 
l'c )) 1.0 1.0 
Si(), 22.0 22.6 

"FsiiiiatCd aMouitlnts: dCrivCl frn0 tht' P,( ), of ilhe francolilc.
 

Inclutlcs all inp(ll ospliatc diluents such as quiartz (22.6 ). gocthite (I %).variscic (I .2"%b). and
 
ktFaIndallilc giLIp (0.8",)0.
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ties and its implications regarding tile chemical quality ol'concentrates. Notethat the gangue-mincral fraction ranges fi-om 4% to 59%, indicating that theirrespective potentials for further physical upgrading range from small to large. 

,IIlning.[ila'ory" 

In determining the mineability of a low-value mineral assuch phosphate
rock, it is necessary to consider a nurmber of technical and economic factors
si inlttlancouslv. Ihe difficulty in making a practical assessment of minabilitvis that no one f1actor is absolute. For each deposit there exists a un ique combilnation of flactors that determines whether mining is both technically andeconomical l feasible. Phosphate deposits diTelr so inuch in their geological
settings and ore characteristics that nearly identical conditions rarely\, iI'ever. 
exist. 

[roni'o the case histories of successful 0inc operations, however, it is possible to establish some limits on the flexibility of' factors that pernmit economic
1ininng tinder current conditions. At present, this usually requires high

volutime removal of waste ov\erbur'dCn plIs oiN, large ann ual ton nage OULtI. 

lu/'h',0 Niinrtalogical C oil)i I ioi l of somle sl-Salaran phospha C rocks 

Sollve Apl ie ( allpgle 

"t 1%) 

g11OtLS roksStuktul1. 1 gal 1ai 90 10
( "lhil Cw , Zalmbia 41 59 
Doro\\a. Zimbabame 78 1 

Sedimentary rocks
IbilIda.,Angola 96 

Mckiot. nli l 
Kodi~li t31kina laso 
RI\CI )elia ('ongo 
1ilelsi. Ml1ib 

74 
65 
93 
74 

4 
26 
35 

7 
26 

ll l . NM/allibaite 
I'm \\ N tl 

Iabhuia. NlgtCl 
,tMal;ul. SeIneca) 

72 
73 
72 
79 

28 
27 
21 
4 

Ialla. Sw'wgrl 
illt illi, I lil/allia 

96 
75 

25 
8 

I Il johlc.I ctll ro 92 

WL-kIcght l l tt =0;iltlltl P,0)5 (theo(reticall P,(} 10(1% aIpa.ilel. 
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high recovery efficiency, and upgrading to prevailing market-grade specitfca
lions. Some deposits rCILirC little or no overburden removal or 
bencficiat on. Such favorable conditions can make small tonnage output 
profitahle. especially when inexpensive local labor is available. 

The basis for assessJig the m incabilit\ can change rapidly with timec. In 
Ic,'c'nIIt yeac;rs. 1'Ir .\anrlllC. mininini orc-gradc limits havc decreased from 
ahboult to than I )" lJ.) procesing plants ac ept a .iler '.nge of 
cnIceIntatiC glade,. and \itlICS 0 hia\c advanceu. No periirket of products 
iranit w can be assigncdt the limits of variabilitx in the factorssigrrif'rance 

that dCinC nmlncahlllt\ tndCr precsCnt cOnditions. 
Sni n ,tthe maoir .factorsthat al-ce ti niaCIbilit\ are the gCologicaIl Cha.1rac

lcr Of the deposil. rc-to-\xaSc ratio. rriiirng mCthods ap)licalC, ore qurality 
niild,iidc . cttoc'ratl ii n. rco\x 'r\ C'f1oci.c' '\,and imilC-to-nu1ill 1Iia1lS

ptilatitn. -\ix olith I lcla l!C iI) sallile (cposit conornrs can illae 	 1"rori 
i reex, oT\1 rtt,iMceIrlC resiitllwe as \ell A', sulsata liallk inluecet. the 
;i\cralte iling ctstl oa di'sit. 101 it re1conlle Ic disctission of thesc 
!it.-ti-,. ,'cI.chr ind Mlc( 'IcIlar.1 ! 

liItI '' riratr r plitsphatc 	 put lishcd(-v .'isix1 iinin,. little has been 
(It directl lrririlrr! kOt i r curro.il cx\trlictrtnii rmiethiods. ( )rne does find nrc.'ca-

It t0 I is It',ieri'l'trlal reference xtl tltiloi 1n trsihut estlirklilate based on 
i:fr\ dat om' ailaa cra' ci broad cost rair s. Ncilhcr basis has iulcIh prac

tical \Ilic aS ai Cc llrIrr IC .tiininc'. 
,
In a I 'S. Iireai if .\lirdN eI I.' l(	)l) stl'\C",. Ser'\ icC id ldetersor 11751 

,coinc'i'edl hat riO directl ri111 ,costs, are ax ailb lhltlIgh inl'rceilI s can 
'
 'xili tri rr ,0h'ae Cf 

C;illc'c he to sotlr 'rx ra1f lrrirn cos, ht.'cause of' tI e \ide 
hkdtixxi h\ iia tiP, ida o Itital opcralion. NO rcal sigrnif'

";ill aitacrtcd 

xallitiO I drcct lr i Inon rinie.r11r cO'&),l0 to 

Olic crii ti 	 hiclit () da.lirrrrllining- cotl. ae1\ O o.f' \cr'fCre)Ortd 
h\ RllrIniri 172 ild pro idC OicL 01 tihe cxxCxarirliles of' ptblliehcd cost 
Iicrei. lr I )o7 the I 'Sl )MI c'strrateld an aixerige ot of L.3/triiic of' 
srl'ae-1rv lcie i it nc lIx\ irl',s estiiiate ofrc' dcli cird i mill 17'51. rha )71 

,q Ir f-

irt,. 1hc In\\ cnsts arc strll applicablc to s'ircrie ruining Operations. 1r I179) 

dirckt rrniirr cist of .'-mi.n tor2irot ' i cox dC'irC l ,ded this CaIrir I'in

"
Stiir cstiiuritct ' 
[Iitdcr \;rriorls cordtIiIn,,rs 7[ f If! \\CrIV I rehC 

Shcldiilk aid 1'o1 Ihe cot itr ticirrg plltlrlli a I'c k 
Ial1hlC Ihe,1C lsIV', C(iruparllF;i 

4MI_01i., ' Inccrrtnr.rt h\ ' ick.ttti i'cr crlcirlalten I .ui s l17-11 IFr i)hrSl)htlatC 
\luut itiCr-1uIt rtl InO nr-,i\tlr I th', ctiruratc' \%xas dircc niiirrg coist: the 
r'Irlrrillcr applidI l tr;irrl rllltrltir. riilliruc. rcf'inctirlirn. aind fi\C luxcr
retaids. I 'ttle .,rnilri 111irrrr, \tctrcstailcd t he in tIhe rainge .4-S5/xx of 

liarl,\C e dItitirrt in II ) han Irtlitlx ii Vr1Ci 'i\cftild i1 tihe past 25 \cars. In 
1H73, \luarilr aidntt t ies III stcd that tIre axcrag' cost p. culic icr ol 

rilli;etl urirtrials, riRA'd xxas $5.. IKa xerage ricetiation i.atin of'3:1c 

http:Inccrrtnr.rt
http:curro.il
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is assumed, the figure of $1 -$2 O/tonne seems to fit the mining industryaverage. A 1983 stud) in \West Africa established a mining cost of $2.60/
tonne of an ore with a total cost of production of $31 /tonne of conccntrate 
(I FI)' unpublished data). 

l' Iic'iatioit lors
 

Various technical methods are used to upgrade phosphate ores to acceptable
concentrates. The heneficiation requirCments for any giX'en Mill operation 
arc larcly (lctcriline! y twore characteristics and specifiLcat ions of'the conccntrates. "he uimits of comnmrcial heneficiation arC usually restricted hy Ccononlics rather than tCchnical Cal)ahilits. Satislactor upgraling methods existI'm x irtuall c\ cr\ knovn orC typc. but for s l the costs nia be too prohihi
tli\C. the r tcess IMtot h)l)lilec'd. or the rcc \ r\ too l0' to he ol lr pracli-
Cll sioni I can c. 

inc, no st.tladld scltelriC o(I' liiciatiol applies tt lll phosphate ores. IlLni\Cr'Sal d\trac-. tlt call hC caltctulatCd. ClneIci.atioll )rocCssC, olftl arcdc\clopcd Io process lt orel at a gI e1n cost per llit o1' )roduc't and arc IC)!tlliIi/Cl. BuiTChIiatIIlO 'sts \ar\ with ile combination of, fietors thillt at
Ic"ccthe pioc's)silr, tl' lhc rc (hoardniess. te\tuire. iIne 
 d ralpll)sitio itlihc
'CitlCiirCd Cllit'illlCll ratlio, r erid O\Call Iecos ralio.


NIlerous herietCIatoll tc'hniques that 
arc utscd ill Ctitlre.'iall procCss

ha\C hecn dCscrihcd in 1te lihtratreI 1'2.121 
and arc briclls siuinnlari/cd
here. IPhssical hICllCiMtIn. u1cldin elintdirn: \\et- ofdrx-si/i np. clcslimii.

ssashili. and air classfieati~t. is the simplCst and Most \\idcls 
 Uscd teelIuol
lg'.. N trc stpllislticatcl and Ce C\llI i\C ICCAln lOgiu s irI l illioath n Iit125
hc requireI h\h ores Ite(liin,! 111h c1,iccnrhtratitar) ratios.,,pernsisc thIlCIral

treatllll lllI\ be rCquircd i 
 lte trtrC fi\ 01aCocllIrCal 0rti1of 

HlCH'iC'lielt 101 tcthroloT) is uscd to) separale the phosphac from tnt.iira
blc acccsstlr minerals that dilute the ore Ihhre.o" tire I\. 1shat rCire

beCir'iciatItn arc thosC \ith hig~h 
 contntls of silica. carbotiIes.-,, and Class.
icclusc of the \ariablc plrtpertics of i)hosphate , ores. corrllbi llatli. o"bent'l at shllpit , r :i\ he rLqlirCd ti aetaJblep Lruce, COCrlt'tats of

the quahi\Inm l ade desIlred withi .cct%!:lhf ITt\er\ raw" J! phosplhalte
Ir(Ill lilt.' ) es, , Il Cs, \ rla lc eol it ii rslll elcUi aIt i prt)t ,ssWl t)I
111i;kC 2 !-i r i0 L'S alaitl tWt ktsts dill'Ieitl. \I) aCceOptablC coYl 161iWIWIy 'iaiii I l%\i5 ii li 'IT CeqIUal itI' C' dst IoIliiinI t tr'e, ( I ;,Ille '" .\! I!l,'
\\ L'5l \ !ii W Ilk',tlle L ltllmll.'t Il Ill' Ilt'\ It ', W CthM . It cll'I jilti i ,'Wlts %\cr,' 

i)I , I ttl t ll i', tst 1C , Ii ' It i i1'i nc O i"ll~t . 1li1 lc' !11 t',() !P \\1Ill t1w 1t1 1,i it atllt ,- i:Ildt-dt o1 I1 hc itnc'! 1c'a.ilm ! l il- ( CSt.i, 
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In sumnmary. benenficiatron costs are essentially process specilic and arc 
difficult to evaluate as industry averages because of the variable nature of the 
ores treated. There is a general need for such data, but there are inherent 
risks in using the data too strictly. 

7Il.s ol'or.
 

Phosphate ores usually are considered difficult to process ifthey present 
problems in the production of wet-process phosphoric acid. The general term 
appliCl to such materials is loV-grade" phosphate, although nMany of the 
Irocessig problemins erIcou ntered are not directly related to the phosphate 
content of the rock itself. I)uring the 197()s, workers illtlhe f'rtiliier field 
began to ,'cogni/C that I nmnber of physical and chetial factors other than 
phosphalc grade could be related to problems CncotunterCdICi processing ores 
144.0t)] (Table S). These factors arC largCl\ thC rCsult of the diCrsIty of gCo
logil ,Cttings in which phosph'alC ores arC f61.11d. Igneous rocks provide 
a!botl I 5~l, of the aIt itCs: of the re\w-rl's i)hosp1hatc prodution a.is most 
ulainder comes scdIrnenItar\ mCtascdimelCnls Cin het'i'{IIn SuLrl'c,. alholgh 
important locall\. In all rock t\pes the sources off chemical impurities are 
istt)iorplhotis substituLtios in e apatite stlrucLturC (primarily divalent cati
ons. carbon dio\ide. and 1innor am.ountS ofox\-rctal aions) and irmpurit iCs 
deri\ed fro in accessor\ innerals remaining in the ore. Although the list of 

illltcdi 

annlll to1] 


I LcI IttM l ncland rodod u ntmc,,ts for I)hl hteC rOLk01 (t984 I.S. dollars/ 
llnle)
 

I)vClopcd site Iride\Cloped site 

IlailleSitlt'tr 244.1iti 64.4 
V.o king c:ipitlal 4.4 6.4 
I1\ ctltllil 68 8 250.5 

Minig 7.2 7.2 
licltclicialio 9.3 9.3 
tilt'l jahlol'e,];i
l-ralory, 

;diltllllsilraion. eic.) 3.6 3.6
 
f U!CO'ltS 20.1
Lcril 20.1 

I )Cp t l)ll 12.1'Tlill 3.3 

I1I'lllspi and loading 8.6
ltilllwim 3.6 

I()",, ( ill)ltill Lihiilre 6,9 25.0 

Pit lct lon tll 33.) 65.8 

Ic ili hitiLs ptCl\Car of poducr using a low-grade rl-cwith low recovery and high 

\[ i'criClCC ce II 21, lable 6-6l. 



reportedI contaminants is long~. if-onl. allinilini. and nla1 CSinlll are tile Most 
important in orcs Ilhat al c cmically lplocc'sed. 'I e ir-On and alnnnnni~l are 
LISLIalI\ deri\ed t'Minl the \\eathered o\idecs. hWdide\. or cla\ mlineras: tile 
illag~l~innl 0111CUiS ini the apait as W\e1 as ai swiatd dl inerals and car

km~-griadc a.ld kI0-llalmt phoisphlate lmck. I n(s-grad c ( )~2K~ 
tpll(sllite o () )-03 IT) ks Millted v\itl inerIt niateIai, iiWh as c(it;[- sand. 
hilt chl.1iiccal ll11l)[titltics "(01 v; iou. ahl[IIII[ill. 11lag 1 \\anld l1ii are 111111 
a~oucp;Iaeh ieeu Iiniii). I O\\-qulit\ iock also [Ha\ he ]lo\\ in phosphate 

yllIC&(flticst 111)1(I \\ ill) lll\\1~i pho,,ph;IC e-i des :IloreM SIitI,1\c 1e filli
111t pru~IcisI. hawho~x that WeiiI dlin ON1 t(1iaulcc lc\ els I'm the major 

(1luIli~aI IIiI)LiI-Iljcs mlen~tioned alt C LleC,isC 1IiIle-aI_\ \\till (ICIIlifi Ifrde. 
I imi. 1williIutiml i(iol~le i l the ilolu ahlIIiuluLI Icindllagi~uml 

kwlilcnts Ithll 1itflatts lCOPCll. stlitl.I As il'Lla the Lli-i\uo11 I.eic of thle 
I(Vkl WCe dLIHeiIC( I uihlC 3). 

I111 thatcmiuuscn 11111 t ics aIL2tlliel'l ils. 111111)tIII ll lIC eicOrl hihIl ieons 

Iml IIcu tui (ulal/ ei m itil 1( lcejui\ C1,_ Ill 1115c c ciilh' ( )I' li 

ints Ill l~s() ,I l llcslileftll Mhl)C Ii to eh 111 s 1 i P,c 1 ts ll 1111 W~ 

Illllel ii uict Ic, paritialk l\ I!i icultcI mlc. ()I 11il1\ hilleliciatecl ole
 
ii', 1!Well ssc ()Inhliuihtc. 11CICii~l t iona are
dillillj! LiCili co)lipar-cc 

, I Ilo.I handling mid c(IIIau t~ ill I (I tell the i licit aimial n osts. 'inal eCononI 
I 11 dciciilds onmt ic o ()st I I a IlIsp( )I I II111 h 1( o m -griade orc1 iiiopa rison 

IIt11, I . 11 Iah I h Iitiis 

1t P A 1 1,1 I ( ()-1-' 

I ;1hM1 WI jIiIi 

I C11Ci I d . \II IiiC.Il. 0 -I )III 

Nilnll Ils 0 H. /11,i NM;Iiiitlk ppIII IOCI'S) 
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( Ws igh inl caican Ait tiilbllc are eminiiatcd !() mnake ill ahmil 75"oUIC 

t0l all scIifllICIl l )~il~~ I i T~tire' tCIn"Ulllt a iid adt I LIC lftCsirt-
U M 

I dIt ',, PIlIii) i I I ll 
 I I li I I t it ilI()i it lii i d 


C01tI IH I 0 i' 11ii lark. \k.i1111ii t ' i i hcllc i i ll l I , tI liii till Its I 

timi t l 
 l ,Id tLi'i t il lciii K the miii I et'i I 1 I t I ie tlo ltilld litl
 

I ll IK tC liiil li c" U ~ :Ii ll Li 111 I np lix ,ivii tal ill fucx UIl ill' I s a
 

1TItLl It.I ITlii li k,'T" I ' I )C CHil it' i Ilt I t. iii lld :iitil I SIt Il l Witt!'Ku' I i
 

Iit I'lt 'i li t Zlii itlk i lii MI i Ilkl 'r HII: l (tl' 

(11HI H W A LIIIIIIhk ilM Id k 

M0a K',C .,iw .Il,! 

thi hw l \Iil () 
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phate, $0.05-$0. 15kg of P i, ). Ihe fact that virtunally all Commercial deposits
competing in internatiomal trade aire located within 100 kml of .eepwater
seaports poi nt s to the im por nee of location a d tiransportation. I ligh-grade 
ores that are cheaply mined and require little or no henehejation can partial
lv cotpensate 1fr arn olhcr%, i,+, unfiaorable location. The recent shutdown 
ofa prodluction unit in Unnsland. \ustralia,. represents e\ample of thean 
Changi jig ifLuenIcC of traMportation On the ecorrntic viahilits ofl large de
posit. 

A\oithcr pwssihle solutioll to tralnsportation p,ohllIs is to ship %slue-
Aed IMdtts or intermCdiat,., manurfactired alt or near the deposit. This

ostLi' i)roductioI llla, tue. Lunhc 'iciatcd oi patrtialls hcreficialted rock to 
trtoducc a rl Ittoecolnccntrat( prouILCt resUtltitrz in additional cost saving. TheHiqlttC combinltioll (of transportation Iictors that exist for each deposit will 
hietate MtliClh 'scCnario hash the grtetc ecorrorltic ti)tritial. 

i he' pr(fitahilit\ ()f a phosphatc it is dctcrni bedep ncd kIrcl, its loca
ilon \s ith respect to drtelstic Or international prJr(lttctirroI facilities and mar-

I, nld Ms hC distance 
and mohdes )f t railnlsotilllou a\ ailablc. Transportia
tion csts per kil(orcvtr Caln 
 \ ars foIr I(l of o(). ()tJI tm.irtr for" haCkhiaL
 
,).Cwan s,,hlllt,ing 
 tor So). I ( /ollc h\ truck ) rail mt dc cloping countries. 

hrlin cluere cots nd inflation cat ',Uitantriallv alter thsCe prices.

I ra-.l',ptaitllI 
 ilctors otetCn [i\ or dCposits located lCal the coasts With a\aill

aihlc m\rtltr;rrkets sstbile restricttie their donCstic miarket to iareas" minllcd'di
;iltel\ i;eit' toih h e )(i1-dicoti n ,itC. Siritila ls the',' 'act'i caln als restlrict l
 
liw c\poit Iallllkrt, Cmitiniordeposits c
ild nlne' their plroluctill t(o local 

in l nlirkts. I lie whtititi o4 traisr itatilin pr()bl c,, liis bei l llid
 
'., ill coirt rtic ,to be iretii;il to dic ctrk) tlotil l .if ia r dtc 'oits, itt 
 \frica.
 
,,titll \liicil,a. , cNleco'). anid \rrs.tralra.
 

1i11i, ; lstr cst , hr),shatc el tl ',ile 7) shov tlhat
l e l c sirialtt.s t in 
(liet csi fisnarpoa 11Cii .lc )lutsrluin',, ac tr t2 Of tire uck proIduc

llon cost it n n111 lod ,ile: il t ce(lqcd sitc. tllns)ortationll ina be 
;ihit 13"1) (d tChi)rdction costs. In irlactual anal\'s s of tsso rock produc
rilite ill \\ st \hic'i. rht differences are 
Cesen grcaler. Anl arnal\sis of tlhe 

loc cko)ts o\s that thc niing costs alatihe t\o sites are the saille (about
S (mih )l. bur tilt tlaolloriatio coss, o site, \ alrl three and (rle-half,

ics riater than rm site I: the tr;nrliration frort site A is 85% of' the
 
lldlitrotll cot 
 \Cl,*S (idof tre prIulttt co',l site . l)istance and

riuad colrditiorns can limit tlte usablC ruck Si/c. aid this alfctCs thC dclisCrCd 
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uinaccel)tale I ples on the basis of their rclalti\e transportation costs. 



.) -Saharanl Africa has a largC iiUTinhCi of kiio\\It f)flOSpha1,IC (CCUITCI1CCS as 
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hae 1( I' adapted 101aCCpI a SpecifiC ore of intcrcs. A significant elfort wiill 
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Processing phosphate ores into fertilizers 

Arnitava H. Roy 
Guerry I-1. McClellan 

Introduction 

The International Fertilizer Development Center (IFDC) phosphate program 
has placed substantial emphasis on assisting developing countriCs in the cval
uation and developlmlent of their indigenous deposits of phosphate rock, par
t]corly those located in landlocked countries or more remote areas where 
transportation costs have made imported phosphates extremely expensivc. 
Furlt hermore. emphasis is also directed toward those deposits that are liar
gina in qua!i ty and not ame nable f6r prod uction of phosphate fe.rtilizers by 
conventional processes. The combined goal is to develop products thal pri
manri improve the raw material and prod uct use efficiency, part icu larly for 
the tropics and subtropics. 

There has always been an interest in processing indigenous ores that may 
contain higher than usual levels of impurities because of their availability 
and potentially lo\cr cost. Such stutdies were largely academic before 1973 
because tihe international market had Mn adeqiatC supply of high-qtalily. 
rather inexpensive ore. When slibstant ial plricC increases cctCirred. ny 
COUnt r'ieS bcgan Cxl)loratiIOl and develol)ment prograll-s to discover new oc
currCnccs and cxpand tl techInical capability to belicciatc and process ores 
with lower grades and qua!it v. Sc\Cril of these progi.llaS wcrc successful, and 
a IILllnbcr Of'dcvCloping coti nltrics loca ted ncw indigenous deposits or ex
panded the knowledge of' picviously known, buL uncxploitcd, deposits.

The combi nat ion of tihe new discoveries and the expansion of mine OUltplUt 
frolli exisling deposits has created thc ovcrsupply of phospl)haC raw malerials 
i tihe international market. Nevertlhcless. devcloping cooIltrics continue to 
place a high priorilt\ on developing their indigenous resources, particularly
those coon trics with a subslanltial domestic rCquirement or regional market 
potential. 

l)evcloping counlriCs have several reasons for opening new deposits even 
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when there is I surplus supply on the world market. There is a natoral desire 
to he independent of' lorcin soLn res: thesecoon triCs ha\t [lot f'orgOttenl tile 
Icssons learned duritig the shonaes of 1973/74 \tenl they ,ere at tile mercy 
(I, Intcr ational suppliers. I)Domcstic production also call provide sa\ ings in 
high-alt c lrcimi c and increase local eplks ment.mcllaic \lthomgh world 
imarkct prIcCs hast\. d+ctliled. tht-\ still remain higlhcr than the pre- )73 lev
eR. alli ilit.liatolill et-irr-ll\ 1loan1s ha\t. inflated in~tCrest ratc that add to 
111c cos. lr ; )il tatiin is ma t all lI)Iosl)hatc raosI .ILto]c. ;Al c-tiill Material 
ts',.II IIolatitlioll I') illelit l o s ores Ina1 beIlcse than ,or import

td riLk tllkl alrC it s t It %Ml1at1i1l11,i ilnlte'lrlational fr.'eight rates. The 
tollbind-ef t ofLthleseC acAtor- 1r11\ jutibIC tie -CllonlitCs LLddsirahil

.it\ 1 trlill/1 r1 it deposits. \langl\ oft thete',t- Considerations ark' nt1 
limt.'d ito dest-.iip inw, torrrtrc,. Afthiirtrl ith desclopiit , countries air' 
lll)( ", Mail) CoiCrllI. 

I ris rpaicrt-a\Ill els."the' toIss-, lt licc ,Sroutes and tlir prclitnillar pro
dt(tt tld ti inOii ,CS.It i tLuIdcs tiSC that arC bing eva,'OllatlCd Under tile pir

uiui (tWtIhe lintcrlittt al l-1. d Wlr \ ericulttLral I)C\Cl]pniCllt (IFAI)). 

I'llispllhlt. priu(lluct alternlkie for sIuI-Saliarall Africa 

'hloIstMrChte -k lia, itia usts and aNut S9% of the tltl production is lMr
 
Itr i,,tr ululirtllactur.,. illcludiill, direct applicaitioni to the soil 1101 As a IC'r

S/er. thec 1rc ()I pihsphlte roc-k has pruierssl,et [tolll olle meal to [mncl\
 
,
;'r uluuI rnck, to( atcidulattd rock prOlclt,. to ija\arlt HlCIrlll pltSihateS. andltrrrll\ tto r1,iiderulr hinh-at ls} IS. \\tter-so~lb t-ep~rod,ut. .lkac~hlt pogress, .~ l 

asses't. has been+ hrrct,_' dt , tire t lplt '\it\ f Iple , and less toler
juice ti 1tie iiint cit*t t s ,I t.ie .ockS ilc tl i arls I9)3,(s.adkai.lc's ii 
nrrole ,nd b ut iat.l n te 'nlir Ilas iro\ Idd indtrsirs \\ith ra-ss Iallte
ll , Iiis-ir p rit, c tiLr'lt o)n , i.ch tIl, prsui, t Clcrlaiturl \.isatcr-Sollhlic 

Ilh<iii )ilmttc Ciutl)(tinld are Iarc,sel.Such runi;-uuiul.Is tili/e S eijos. ; tia ll
1.t!+c+ ill rl ,plil ttir il aid o.litl'l)tltii l t' t , s r tle hIiCi grad. leSS
" ihiluclIpet)ruitlt ,: riitlUlI\, th, bulk iil trl\ s suMuirldls l ho,' hi e lphr
till/r u , r ,thr l h\ thic, rielO-:iii;ufs ,ttSfol'ilii rS. ( lic'lrit'u l ;tnil tht'riiil 
lurtilr/crs ili aa arc .K %silil Iiril pIudrrULrl \lliOUS Irckitntlts. aid althouigLh 
Iin i u tlt tts ale l t , IM)'lI (si th I trtili c/CrIl)IliP ite is coniSt Illlre l I1Sa 
I' rIo uCtiS (I al 1I ). 

I Afri'cai . ') aSI 11iIIt10 iib-S lllaraii cot i eslIIt.,Sin1lle'! suprCpi,sl)hIt,a)S ( h(SP 
beenL the tiadtiIiialll phosphaiIt' fC'rt ili/Lr. I fl\\ CVCr. ill rccent lihe a ail.caris 
abilits ofl triple SUipCrplio)SIhatIlC (I SP). dIianiIiliiLl ,I)hltitC ).),andin (I 
other co ipotiid (NIP )ir NlK ) Certili/crs hIsI diiinishld SSP'. inIl)ortaiic. 
Neverthieless. .5P coot inues to be used along witht other specialty flertiliiers 

http:runi;-uuiul.Is
http:I9)3,(s.ad
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that are tailored to requirements of specific crop types. In the following para
graphs, the possible product alternali-es are discusscd in light of the cheni
cal analyses of selected sul-Saharan iphosphates (Table 2). 
SUb-Saharan .-Africa has enough identifled phosphate resources (Figure I) 

to be sell-suftIcient in the production of fert ili ]J.jers 12 1lowever, only the 
large, easily accessible deposits are being exploited. nlainh for tile export
market. Sniller ofl' materials isolated orresources frtili/er raI in areas 

landlocked coot)Ui ries are rillarri( n,
stages ()ilsndy. development, and exploi
tation. ()Iten these deposits have signiticalnt ecornormic i isadx anrages. inluid
ing high transportatior costs. which limit tile use of the Ore nd its, lrodcts
 
to domestic oW reioal markCts. Lxparded food l)rOductiOrr in sub-Saharari
 
Africa w\ill reir eeCstabhlishmlent 
 lCall
rhl of fertili/er industries that lSSlrC a 
sustaine1d aridlrinterrutbl le Sulppl\. lhe op)tirlrum use of the most appro
priate fertili/er is one of the cheapest and most effective ways to increase
 
food product ion.
 

I)io 'ct aplficatlion 

)irect application of fi nely ground phosphate rock may be one of the cheap
esl "I's t SUi )1)y pIhosplhorus t crops grownr inthe tropics and strbt ropics.
In some easCs rinely ground rock is as eflective as the m ore ex penusi xe soluble 
prisphatc fertil i/er. whereas in oth1ers the full poteniial of' the rock is not
reailled x\ithin a gix en tulle less" sormre soluhlc plhOs)hat is added. either 
nriiXel \ilh tre1 rnwk or dcri\ Cd fl-oml tire rock b' partial acidulationr. 

lec'atnse o1"its rinltrdiCtahlC \ luC to0 agricultlrC. thC Use ofphosphalte rock 
fr direct applic'atiolrr IaS bern a suIct of mru,.mr t.tlrov.rs\ NIaIII\ fatctors 
coit ibitc to this unpredictabilit, and some of the irirportairt Ones are riieri-
Hned here. llosphate rocks var,, \ideCl\ in thieir ieacti, it\ and subsequent 
algrolrroIic value I 1171. .\gronorric resjioise to phosphate rock depends 

l'1 r l rtnSIMhrC i/Lii I \.Ii )lt'x t10Il It'rlllicr,l 

NtI)11iMil 11 JAM IA 11 46A 

imoiit iiiah ritNi al 5)-55
 
iI I u I1 tliarct 46-48
xIii hlxvpl 

Si igk xiircirtiN xI ;.lC 16-22 
N ilntiqitMNW' 15-30 
I'h,I
rIltC'ruLtk 
 26-33 

http:t.tlrov.rs


Tal .: (2henl cal anal%,sc of elctced soh-Sahara phosphates-

Chemical analyses Weight ratio 

Location. countmr 

1P,. (.S. (a -Al. Fc.(INIL(-) Na,) K,O CI F S C(0, Si(. ( e,).. 

I2)o5 

A1,03) tFeJ3). 

1P2(15 

A lO NIgO) Cao 

1),o5 

(\%.I "o) 

(abinda. Angola 
Nlekrou. Benin 

Kodiari. Burkina F-aso' 
Ri'er Delta. Congo 
Tilemsi Valle\. Mali' 
lnknosn. .MoZ4rhiquC 

Parc \%. Niue,-' 

Tahoua. Nicer 

.Matam. Sencga 

Taiba. Senegal 

Thies. Senecalc 
MinjinQu. Tanzania 
Hahotoe. Togo, 

Sukulu Hills. Uganda' 
(hilembwe. Zambia 
Dorova. Zimbabve 

3 .0 
29.3 

25.4 
32.) 
28.o 
3 0.3 

2S. 
28.I) 
2S. r 

3.4 
32.)0 
29.0 

35.7 
-, u 

!7.1 

33.1 

4.5 s 1.) 

1.) 41.5 

2. 34.5 
1 52., 

4.2 41.4 
N-A 45.) 

2., 
1.5 431 

4.5 44.4 

3.1 51.2 
12.0 9, 3 

5.6 41-

3.1 5.6' 
1.2 49.5 

1.4 30.5 
0.7 50.2 

2.() 0.40) I.1 1 182 0)04 0.0)), J. 
I.S) IL) .I) ) 1 I).) I I) 100")1- 2.S 

3.1 3.4 0.2. 1. I0 )2"3 N 
0) 1u.71 (,.43 1.2 1 )2 NA 3." 

2.1 , .52 . 7 1.- I 0I)r- 3.1 
0.31) 1l)) 11.45 I.7> 0-03 011$ 1.6 
1.0 I 1. 0 (11 1 ). ,3 0.1)4 I U)14 1.5 
2. 13.) 1 20 NA N.\ N\ 3.8 
1.S 2.11 1.60 10.36 ll6, ).Oi15 3.3 
I 1.() ()16 1.2) 1).116 N\ 4.0 
1) 2. 44 l)14 I1 0.114 1)115 (I. 
1.2 0. 32) 1.31)O 75 N- 3.1 
IL I. 10. 1H020 0.14 0.03 ) 

.,S)) ('.,So 0.)4 1).3' 1.21 0.U0 1,1)2I.0a 
I.I) s.0 's.3 N-\ . 11 1.J41I 0 
0.58 2. 0..7-6 .S0.0(1 7 1.6 

0.46 2.2 

01.1 1.3 

.04 1.0 
I Q2 5. 3 

1.33 2.4 
1.22 5.)) 
01.14 1.2 

11.2) 1.1 

1 122 2.') 
0.101 1.7 

1).Os I1.5 
.1 3.1 

"IS 2.1 
0.31) 

NA 0.80 
0.0)5 5.4 

I.1 0.06 

22.6 0.06 

26.2 0.26 
0.40 0.02 
9.4 0.29 
0.1 0.02 

21_5.2-20.10 

7.4 (.54 
12.9 0.13 

2. ( 1.05 

2. 1.26 
9.4 .07 

3.7 0.0(6 
6.0 0.04 

30.2 0.35 
5.4 0.1(0 

0.07 

0.06 

0.27 
0.04 

0.30 
0.04 

0.10 

0.55 

0.19 

0.06 

1.26 
0.18 

0.06 

0.04 

0.83 
0.13 

1.38 

1.42 

1.36 
1.60 
1.45 
1.48 

1.4) 

1.57 
1.55 

1.37 

(.33 
i.44 

1.47 

1.31 

1.7$ 
1.52 

t 

Anal.wed b% IF1X(. 
Ciltrate soluble P,( )5 measured in neutral ammonium 
I 'sed to prepare IF.AD e\perimental materials. 
NA = not asailable. 

citrale solution. 

lron-allUn1 inutn phlosphaCtes. 
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/A Sedimentary Phosphates
 
0 Igneous Deposits
 

/"t ,uu /. Pho~slhaic (oCtlrreflCcs ol1sjh-.Saharan .\fric8. 

strongly on soil type and to some extent on crop and climate. Factors such 
as time, method of application. and particle size can also alTect response. 
Ihosphate rock otten has a more la vorable long-term rather than short-term 
response. making economic and agrononic eCValtlatloll rather di'f]icult. 

There are certain advantags olground rock ir direct application, particu
larly lo [lie developlmlnt oIohighly react ye rock deposils in landlocked re
gions and/or in proximity to imlportanlt agricultural areas olapl)ropriate clop
varieties and soil type (acid soil). U nder such circu nistances. this approach 
mav ofAer an attractive alternative to conventional phosphates because of 
these factors: 
I. Relativelv low cost. For example. in 1979 the delivered costs to the Carmer 

of bagged, ground Kodjari rock (Burkina Faso) and bagged, granular, im
ported TSI) averaged around $400/tonne P., and $1,000/tonne 1,Oi, 
respectively [25]. 
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_. latively simple technologp and use of locall CxpC'rtisC i r ope'ration. 
3. 	Low capital costs 1251. 
4. 	Low Cllrg reqkLi ircnlCIl - 1boul onC-tlhird! that o1 TSP 141. 

S.I1w of rocks u tiiSLiablC folr othc\r i)C O ' i)rocCSsIng. 
0. 	 I iodntliOil costs 1tha arc' not too scnsitive to the ccoloniN of' scale. 
7. 	The i)ossii l o' a q ick, and perhaps the clicapesI . x;a 1o start building

a<basic phosphatec indlustr\ in aidcx e'loping7 countr\ . particularl$• where a 

loc:al phosphate deposit exists. 
'I he llain cisadantagcs of' diiccl\ applied rock are these: the lack of 

predieCtaibilitI of a.iMrnolmlic xaiLC: limitiion to acid Soils,. CxcCpt for 
alamiill lltm in sphates 11t i rclatix el I, ), coiiltent com pa red With FSI 
o1 il"11ninin iphO aiitCS: ill dif''iciilties in handlin,. shipping, and appli
ctil ind tLuC duLinssC1 i)rlCisi to <ss be allc\iatedto ,. 'hI (ile liLine caln by 

a'iitilatiim. "[he.ai\lahle dti inlicat thlt grniiulair I)YodLuctSL ICless flcC
tliC tflii f'ini'l grou'n i rock during hC lirst \'C' of1a))licaioiun. (ilrinLle.S 
madc h ili luble salt bindersfiisaggregatc and disperse in the Soils and 

i'~oaich the etfc'iCICns' of' 1Ilxl c'runld rock. Ilo\\e\Cr. ,tnic water
solulelC bindcrs ia\ Iclad to irrc\cIsihC aggloilmeraion. lFurthe1r. gl-anulatioln 
iilcrease1, the cost of' prOdLicts bh\ a)out '1 -$(2)itonnc deecpncding on the 
binder and local conditions Ijl. 

In 	 spite of the potential ackan aics (if'directl\ applicd rock and el'orts b\ 
II)( aid others to p miIote its use. it acounltcd f,0i' a rclatixcl, small Ilrac
tion of1' t1hC tol I'( ) consUmeC in sub-Sa ihaian .\li'i. The rocks that ar 
rCOrIi'td to he in is as a1dircCt Ipplicaion ,oiII'c includC (C'ablindl. Angoli: 
IKodjari. tuikina Fasir: 1iflcnli \'alile'\. Mili: and 'laihoui. Niger. 

l)espite thi , iclatil\ Small shirC (&fthe totl market. it is fbelieved that 
the Ii rcctlv applicd phosphate iock xi IIbecomc in important I'ertifizer imate
rial in SLI-.SaNiia n .\fi ca aS the l' ncamnc'ita1ll f'.ictOlS a 'f1cTtilng their agro
nomCiceficinciCes bcCOimC bC1Cttr eicfined. 

Ibemanlt' a/U',t'c pllmplhac. 

Thermally altered phosphates are materials that can be prepared from a vari
ety of iaw matCriaMls the p 1 dCVeloping countries:to meCet l-hosp1aIte needs of 
the' repe-CSell I ICeel o1' tchnology that partially fills the gap between direct 
applicition o1 ploIsphatC i'ock and conivcntional clhcm ical f'ertillmer techilolo
gy. Some fhlctiis that i neiconiigc the use of11C,0 pe aretIs of mat'erials',; 
u ndiesirable propeisic' f dli iidige lln s phosphates (low reactivitv low 
grade, composition. etc.). the speciic ag1rono1lic conditions (soil, climate, 
crop), and poor trislortatilll lic'ilitics. 

Hydrated iron 111d a in inInl phosphates (crandalli te, wavellite, millisite), 
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whcn calcined at about 55fl(Y constitute a class of thermal phosphate for 
dircl application. ( alcination removes the water of hydration and destroys
the ur stallinity of the phosphate inneals: thus. it makes them available to 

ants. This process has been used 10 treat ores icar Thies, Senegal. The 
"as-mi ned OiC .ontaillS abOlni 29'P I. ), oi a dr basis: after calcination it 

iltain,, aronnd 32'' P ( ) (lablc 2). The calcinCd product is grou nd to 95% 
sm;allr than (. 15 nim and markcted nader the iradc name "hospal'. Solubil
it\ and field iest data sh(w iliat this product has good availabilit on acid. 
neutral. aid alkaline soil,, 1. 

\iicr clas.s ol phosphatic fertili/ars call bC prepared flonu pflliUl- and 
Im ipcilniuni-gradv rocks h, ihcrinall promted ractions in the range of 
1I(1(I- 14% ( itai dcestro\ apati allostructures aind the recomhination of 
W(Pii int Miloc cactixC ecompounds. VariOus inorganic rcaganis (fable 3)
111a\ h.. t,,Cd 1 plromotC the decomposition of ilt. rock and c\0\xC Lioto o 
I Hn: the Iesult inn products contain \\atCr-insolIblC but citrate-soluble phos-
Iphtes.i .spltc t1. \,idC choic Of iCacailtS. l)rOduCtS Call eca CO1\CliCilltlv 
,IMpil on the ba,Isis of structural 1form and co)position, as illtstrated in 
IA&l 4.
 

Nost of these fCertili/Cr sblstance.s ha,,C a long histor' 
 (f tCstinlg and use inl 
an!en but their cacrC,-jinteusi c l)rOccssi iig and inleriior pr)Odluct dulalit y ICtIitWr. 
Ill t(cIparis,,on \\ith chcinical len ilrcrs has c restrict'd thcir importance to a 
rclaticl, minlt1or fraction of total phoshllatC p)roduction. fIu\ er%this costnw 
Ictor- is soiltc ha.tt oflset b\ the ad ait agcs Of cising ln llCi iCiatCd low

L.Ilt lpl1OSlto[h-ttrocks aitci chcaper reagents titan are recqiuired in wet chemli
eill t)l1 5,.sCS. Also.Itheir sloxs-r.lcasc charactcristics and rctainecd con~tents of 
,,McuIars and ii icroiulitricils maeenhance their UsefulICss in soie agricul
ural practlices. 

/, / / i'? //i I rldlIh(,'hAc I',IIU~l,ilh 
ol/,/ l wv<,l/' 1/o,11.s 1<,. 

Kx )I c M'..p mi (Na . . \1, %-ilwawt,+ Alka li p h osp h ait s 
I)I', lilt I s ii,lriU ( Nt' .\lt IP(()CM) 4 ulL111 

( .,,JI'.) re it,. . +, 
N, ( (CA( I.( 10.( ;ipg ( .),)2 

,uilkiy, (.Na. I'. Nil , (aS i,.2112( ) (gypsunI) 
s iiih, (No. K tljpv) Ng(NaK),(S( ),)_*41 I()Ikdw ,id(,, (M ,.K) I(',I('l,'bllt1 
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I lh IlmalL fac(t1I icofhigiil-a aI s IboLut 9O 'o thle0n Iert1IIi ierS 11OW COtII5U mes 

phoSp hatoc rock raw ma te ri al. withI phosphoric acids probablyv being thle most
 
iportant111 iiiicFil~IcdacIC I F~tCnlSIvc d'scriptilolls of, phosphoric acid pro

LkuCtIo(i [lrOCCSSCS aFC \ ,C1i doL-cuited I28.2 1.and no attemlpt will be made
 
to C1IahoaiC on themIl. InIicad. elects of' SOMe cheICaII l quliItN I'ICIOr of'
 
p)I; Sj)1IItC rock I'm c-rcs' pho1(Shic0-L aIci (WtP:\ I rOdtictioii Will hle
 
JiscLISSCd. takIle 1) cois.liaionL,111 theC chemial'1 compIosition1 o1 thle sub

Sal-ia)I IC I Ii t 1f1C2).114 llacs 
II the \\IP.A. theC ( a ( ):P~ I ), \keildi ratio above all(r~let~4)I ranlks 

iiCIS .ns ef1ec I c c 
.\heihIii ( :l IT \\c1!f iIS4W Slito.Icantl\ i-,ititti thanl I A6 the 

SIfniLIIh- Aciii r.C(tnrelneiC 1li.\ fleCOICl LHiiCOMMIR'djc. Ithe ( a ( ):I),( I., \%eigllt 
th Ill(i Iince to total 

IIIr hc 01prtieit's1KJIil):iCll t pr OCS niCs11C (ble 

mtM4 4 iiiie.if i41 1..;1 11p1 I.() ISo thalt i(arlxI 

() dl0 il' 4.1'Iiijll-h)4aijl M! II) ILT l h\ IC -1 ,1olI iV pear
10ho rijUiiiet. hiii thIisn"ax nt()t hLe ieiclIneaffl\ M'reCMi0irlICaf\ feaIsible. 

pal4.lr\ i mvS4ie. 111C aIfrfitioiial Coststio(1Ikiithor1)4Iuaie-It\ Ior capti\cCuse. 
oMII I IV PccentS must hC %oCuheI~k acajuIISI aIdded hciiefeIationI~ costs to fi-nd 

t11o.ISI CO44141(11(Il jpr44ccSS. flCiiet4tii O)IS 11M he unavoi\dableI f~.Ies coMis 

11 Ilk' O)III-CIItiatl IS 0 i 111ol)) ikct5.Opci ii al)4i 

iil "1111 IMLU'Sul;iiIes are111Il1li1i i llI I-c II I)C I ptI-Ctiarlv trouf 

1( NmuIiv) a1 Ri1111iiai4i c', nanvrspnil1 Its11 prlldli4.is. are 

tht1115i I ck I Ic 

4 .1ate Mg 

4~~~1 lciwarn t'S)hI telie gSilica 

Sitlicaies 

\V;) \ 1. I'4ger/I4 1.1( 

V...54 i i 1hcratI com polln IiS in11tJIOSp)ii (41k ma\ swhppl\ pai I or atl IoIie necessairy rec
ilanti. 

http:prlldli4.is
http:iiiie.if


13.1) 

1mr iostprccirilatcd siuigcs in phospiIoric acid. scaic Ioin1iion in acid con
ctntii loll Ctliipmlnt, 
and insOILIhit' comllponnids in ai11nit . IIMSh7lsphaic
 
p)oidncLis ctL. I 10i. Phosphatc conc'cniiratcs \\il i1r1on and ainnnm clnllents
' 

At)C "-i-arcC nnatila'iivc fMr tplhosphor ic acid prodoction since the\ dc
tIcdaSc til plant capacii\ antd ()I'c tccl asc liltr Is ( ) Ircco' c\. \n accpcted
 
I c I) , \ () ):I ()I rti). h\ iniLd str\ stanIdarid is ahM lt().15 (rh-less114.
 

in tiltIc actI)r sIa Lc (i)tilt'he p Jl ,pilll'itc 1cT asI 111SII
atiI pILtIid citonl, al ll a -
I~t ll", C'( l)l /l O f'thet F'()',C;,ILIS-,C" J r ill ;ILt IlllLItl1 .it l,11i It) CuIpI1tillC x\\ tr l
 

anM,l II I 'l
111 Iitcr-C10111. 11 InC' S OWil.N1,1 .'1tNIS 11l1nn \ int.otli\ ol'colnc'cn
tr~ilcd mitc .',c';lc 1,01I'I
d !lll i lv~ i't, l, 
 11 II llthe c'(m c'cnlrallon CCtllplllelCll. 

'iiic"-,'ii ll(iCclls, ill IccIt'SOl in'sl)ltiks illilli\ 1hr10l_ I\ Ci IC'(Nlg-caicilc
 
alti tiloitlllltc') M W tll tit' alaiiic itSCli
, aiC(Il'ltuILc ()I' I I J.I s rocks:LI1i\ 

tttil~lil~llll, lllal!ltc'stlntil-i)t'llt' Ctrl(lliC'S alC' bcnc'fit"iaicd i)reducet lc diet
rlicntacI I oI llallt'Sitliil d11',) ti'Trc .c siliuric acid co(mSllpliion.
nittnC 


ilit ItillMliin (l \I1, I i lli'I Is-Sla',lln apailics \alitcs \\ ttc\ andlrallgcs 
t\ c'cnll0'ii (,Nckii. Bcnin) and ,J.3'i (( 'hilcilhIc. /allibia). lih dc

sIic d (Ici( ) , \1 (I 
 . OIIt: ) aiti ill tlh rock Ior \\.\ production is
 
I (,rI ,' I I5 [.
 
ill \\I).\ liot)dtiIoil. iIliiaii Jlitprtilcili, ili liaris' fr ltlh prcscncc ol
 

IlklcI I\ ,i/ wi as 1'10111 ai , siica. W hclltldcd tiqitic silic'a j-'I as \\t1i t'lcitCnLc )fil 
I liiici IsI)Sics'llt ill lillilS sifIliCint ito)llili)c\ IltC 1lu)riuC rt'CitasCdiiring 
;Siiduita il tl l talilC(M Iha<,l it 4..int atIns ds),aNir iicrasc alkalil
 
ISifi<)tili('; ititc' l i l , ,I.r, aitcll I ilT
l is ilt' aiti l the . gvC bf asu ol'iciclI'litliil ) IliM %he 

uILIkuiloIi dIM lc'taIrilhit\c' ai(Ic 

1,111o'd. 111llMldo". LMIi(ridl H -l]tl.ti-LItCS I()Ml11Mt. T hese ir' 
d rillc lla<leffec t'onlthe filtration Iale.s. 

5)I;lI I ti IW)llht' ()&O')Ml",C, Ml/t_'il.ir tILtlar/
grainks atslas all a.llra l\c that
 
i111\ CI(i)lC' plaIM~ C'qilHMnlt. 

1)(1tihlc ('hhlridc ISunIdCSIr'dhlC Illp)hl.lp(iic ;icid iCCI1hn0hig I)M'ILuSC 01' 

itS cililsi \ c'acltiO ll I t'ttti lllicii Mtii 'Iir.i runic' h.nl<,SMititlnd 'Lc ll)i'O( ratl-

S II L' l I III ( ()A l I i 1 III ll uOftitl 1.3,14) IIWI for 

kllll I I I l ld I 1.3 1 .127 
1 x,l wlI k -1,;!!lI 1. -. 2 5.34
 

H ,'I1
1 1,h .47, 2.71.4 

Ri',ci tihli ( O~li(t t.JA) 2.8w ,h 

PI~CIl10 1 ;111le 2 101r CO)l lIClt,t'h)Cuillaililill ,'St, 

I I Ii1-1 1CIItilI, Id I Mt IC1u1 I' .l.t'dI Ihe a Ialit'a rock.Oil c 1 ill ss, OfIliet 
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SOtirecS of' chloride In sc(lililitar. rocks are-LtheC ex apo1itelts orII01eIsidueIs 
fro-m sewater that mla\ he used III hent-Ceiatioii Steps. Both ofI these Sources 
Can he uuImIIII edI(h \ as ie tix\ji rh x ahr theMhe Inl muIcouS rn)cKS. 
eli'ide I is ili presenCt Inl tile atlatite as alsubs"ltiuni fitu1ride and mlay 
ietCuIreI titeirilial treatitc to rc(liic Its e'mccilatioil 171.Il tlic'iral. chlIoride' 
&''iitclit\ hi10!I.tI th;IjOH pi1il enti hLnt tollratc'.l becauske eOIl''sion1 Nates 

hcom ce~i Im kimlinili 'tiile tel. 
I lie pre.sece- k'I m'ir i ic cailn'i ill phosphate r''c k. 'aSe l)I'()lCiellS (ILiC t0 

tt iaiiiiii in) \\lP \ jr'ImititiiM 111(1 CI'tttiI\1 reoilces realctur umie InI\ mudIL 

re'reaselhwt kIiil I d Slw[' &,tiItiiti dthe'IN (tt iiic arto tCY ~hsiItImIonC0 
'of\\i\ ii~ ths iakes h lpr'Jiic c' dsilrlx les esIirabe too t linc a 

lt~lifeini! OMi 1Ii''uWIit dilli1111 daeiIl)i 12t'j. 1k-1iiii1l tieatint at4(1
)it!'ifaIIIt CN(M 11ti*lslinild iviii()\ 1et eailooii.- ICaiii hariouebxaoult 

I ''lislallSai eio"dl-rt Icepabe 

I L~.Ibhs e dhscl11Isuqi IS i.'ct thati. aieIl-mii 1e1(, 1) contenlt of theC 
r'ock. () i -t. )I- 1ii l)Mort iisc o sclicitII k-t Ifactor I;is 1111 l1t [(itol iutoi p 

,it Ii Ii'th( " 'li I Lido1)io'v1( es afeck.t ilie rclaiI\ ce iiem \t l ciie fl' tloiS
ploate I-okks ta Iotilies kisC \krootilaiia oii~tt~ (mi ile basis of ()Il 
ieu ' P I ra I. IC Ielk ' iioiltr x ieSt'liioaroi on ime chiiicil L*,ie-
IOis be aiMCs IMCkI ii spCcific. rleILss. th1CW\ roes Med ld-i)kIooIIlct Nc\Ix 

OII''Sj)hIILit IMILPi,1 is st,1M Ill$' t) Io)lIiT h)hIooSiiilate xCoiioelratc tlxii 
 ~m 

Jin ilillitoii t\ cmoitxiit Ispossloe I lhis IS Jesut itI! Ill J itoxerI'1) I e Ctixrs Ill 

illl\ hk:iw1'1cIateol ok Ill Ilit \\ P \ primctlIoi iPiiI)III C;Illiatcdth\b 11: D( 
ant1i OOhICes. tIich atplinl 1hii.'iot be ocleicol himploocessing local ores that maxit 
IMI) heeLTtOnMCIIltidl ,iirliiica.l 'Idlto ''V tilit\ StoeC0iCaIoiimS. I it- cohloil-
It' ti cisnil las 'line shicll It pkli IS based ()It thc ads ailtacs illo tlisadtvamitag
es ofiii iwi 11IiCitii1i jihC s IMst iilcieastoiC ;ieio CMItIihlij1(imu ass 11tl'1 i 
timui it tht. t~itioIhI(l s c lt ill''s i kit ai'w 1i ri ]o'stsIS lit i1o1oti oiiiin. t t 
ourt IShald it uth c pottlltj cftIhciic ItIplooressi lit! IS ail'tCt h \ eL''\ s and 'ii 
(liiici hIlahtti. I lit. 'i eit littdoI a )imitItULiai oMe CMI hoe tICtimHiiMIeLI h\ 
ciiijiaimieL priniiv110ilSillli! x slteistaitii ') tit)aiH'iletei-S \I iiiaCLI( 
ai)!IIoiacii aiox111oM eetoi tim best aIIIe and1((d 'oresI(H ilit. h1 te iflemit. if aII\ . Of 
iIictirring addiitIMM~I tOPsts )- theniC(IS co tl te II()I'' miiproox as m Oit cOsof 
processing the1unheiic1iamelkd ore. 

Ill tile ease of' siiCetous ores. theC use Of los-grade rock aldds to theC 1111otimit 
ol inert 1material caiedC~ throuLgh the' \system. Iis Can1Increase the require
ments f'or rock grinding. L';tite capacit\., and Solids disposal. Silica also Can 
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ir ras crosiojn llriolums ith agitators and puinlps. )ecreased henel cliation 
caIlital and 0I)Cratine costs and a signiicanil reduction in phosphate losses 
during rinfcijattion arc niagir ef it,s to processing unbcnehlciated siliceous 
(lies. .-\I,). tl ,SC orcs i,1;ills %,ill ColltrihtUc 0Jnl\' a siia ll amllIO tll of Illetal 
iilii)itii-S d.1uring' a'ItuIliol. S0ote CxnIplS of Suh-Saha;liii pho)sp+IhatCs 
thet llla be ,.aldidatcs Ir acidUlation inl anl tunbhcnclficiateld form11 arc Parc 
\\. Nigcr. and Nlckiro. licniii. 

.i,",\11(II-ph/OPhlc 

Bcta'sc Yd) (CssC' i ide ;F. hlC Wiv ticoilCranc, for rock coJposilions, 
Ilicc Iriice'ss illa he the' only Iractical LIs for sole illdigeoIS Sib-
Saliaran rocks 1or local or rceional markets whcre grade specil'ications are 
lcss imiportant than cLs and aailabilits . SSP has aln imlpressiv list ol'adtan
lagc,. Fmr c\allpic. it ilnsohcS a SimllC )r0ce'Css that rClulirsC little technical 
skill and small alpital insc'tinicit. and it has excelcllnt fcrtlili/r characteris
tics, that ha\C hCCbe 'tdaiard
na Ifor nany Cars. (This p'rolduct also sUlplie'.s
CCOindars cLaIcinil and SniLlfur as, \('l aS lh)iosp)lhalC). Th Main diisadvantagC

is the loss grade ( 10-22%'j ) ). "hicfi resulls inl a highcr unit delivery cost 
ss h compallircd \\ith ilorc concentrated tertili,'ei. 

SS' plants can be .instilled in locations hCrC (I) both stilIfur and phoS
)hite aric dcllcicint. (2) imllN are earL.ce and expensivse. (3) byptrodct Isulluric acid is availa lc,. and (4) phosphate deposits or- markets small.arc 

l hCe' condtion, see1 1to occur ol'tn ill varioIs desl ellill 
 coLintriCs that
 

nCdC to CX\lhit IhCir indigCnUsl rock re(oUrcs.
 
Becausw c phosphatc conlitcil ofI 1 arics s ith 
 the giadc of' the rocks.
 

aclors that dccrcasc pade'. sich as sillica contient aid ca'ciul-tO-phoSphate
 
iati.diinish the' nUtint cntMill 
 o"01 the" dittt. Ion)I and aluminum con
tllt can oIl\ he tol ralCtd \\1 thin c rlaill litinit. A Std\ f1'tihe t.SITIc' of 

,\arioii f'actoi , o111the' prodluc'tionl ofI SS1from 15 rock sourcs sIhowed that 
dcreuases" il \ater-SOUC hoshate, andt ilcles in citratC-solulC ihoS
philtc \Cisr dirc.tls 'lated It C iron and ailllillUlll conl ofl the' oreC1S
studicl. Ihcc d al ',ios sih t.scdthat .SM mdc f'rom inCotis rock sources 
c)iltailiiilI! reClatil\ hlgh amN1100ts of iron1 and ltlslloilsllsldlel shsC - iIsc ol\CltllI \ rl-,0llh sphaic altcr 4 

than 
sccks )I storagc. that
 

ila c Iroll edilllln llr r reC, ' Iofl I sCiCti\ts aboutl ) +80''! collas1era[,Cd 7. 
\tIsiii. il that lladc frolrll actisc, soUces a\cragcd aot ill90 (1Uli Ver
"MIn). 

In 'sic' al)atitC cOiicClratiCS Ir igiCLus rock, iron has a ser,lll significant 
dlclterioulsl lect ill supliosphate proccsing. For Capilll C. in laboratory 
tsIts ssitih a. miu-aharal ignlcous colicellratc. an increase ll iron Ollcltnt 
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'lt,r'ot2. H '4.cct of,I :c , ,( I1 ,t l lt l lii on I ( tO -%.ct k iLltt 5S p tt hltuct'tci 1l, iI h, ll 

Ca uscd a -,sItettiC(dc'easC in availahblc p losplhatc (Figure 2). The decrease 
in a ailabilitv resulted Ilrni :aIeriofl ofas aihable' p)hosphIatC 1( all unavail
ailil' foriii during cunn i iiiding riiM (if thWe apatite concentrate apparcntl. 
redluccil l i slol l ali ns I irett' 3). 1 -1)( has, iduntified an additive that 
'Aill reCdL'c ICs 'I'roIn if] solleC OreS. tieIICO cS sem llt hbeltrl'ates nmore 
se siti\C ti' siHoreIrv t IS tlan seliill nI.tar'\ O'e , Containing. the Same1C 
lvcl of illipritis. .P uIado ft,ll) a Florida cincntrat (skdilllntary ) eon
tainil about1 2"', rOn hI0\\ , Abot 9) c.versioli to available phosplate 
alter 4 \\ ceks ol'curing. \ hcreas the proiduct miade roll ts\o igne11OlS Conlen
trates price scd at the alle- tlIe 'h w\S ou V "()con1 ISio n. 

,The granulation (fl SP 1oftn dep.iend O local ire'If'rCnc. In many Cases 
1n glantilalr SS' i, a c ptaCle. \ alIo P, icalll,' ,o1' chl ic',l Compoun1HIIS Call 
be add CL 1 sIIJtpplt 'eC Ildalr or IIliUt r1-ienlt e.llteentS ill eitherl lo6rml1. 
(;rantlation canl he aceoIIIp)li,,Ied after dtinin. Or. a'ter1 curing -- the mo t 
p)op)ulll prIactic'e in iot coilnCIVal laits,. In )onilc '.ICS, Sl' iS Used to 
produce granIlar comtipound fertili-s or hulk blCnd. lFC0n01mics often lil
its SY lroduction hllplants that scr\,. local market,, where suitable raw 
materials arc asailalc and importation of more"CConcentrated or alternati\e 
materials is I'lliir C\pensiSie. Spcial agiiomic circt.1lances reuiring 
sulwfur as a nitrien can make SSI! more \altiablC than non1t-sullur-con tai ing 
alternatives. 



237 

96 

0.9"r Iron p) 
9C6 

88 

81) 

N0 82 814 86 88 90 92 94 

%(w0 of Rock Smaller Than 0. 0 .15-min 
(:125-niesh, Tlyler) 

I Hc, II I k p t i t~ I i I\ J!Li,l i1 CC H %. (I I) llIN IL11;1 I d 11401111( m-

Iw ( ) I 11iI)IC S(I)' C111hC MAldIL' h\ ZaCIdLaI jon10Of pIIOS

"k; 1: '1 toIIi INLI'A h II StICl1 *111 ~1 SSP. Z(IOLI1I11i(21 MoIlal
 

m 14~d0 (1'1h 3h" ( I I M 111 1i\1ILc. I hk tCLISP, S~I1~ I)CCaLISC II
l~iei~iIh 1ucmiis \\ IthlIl~iuC )hN~Ih ZILi IML11 11 \L \\]III 

I'llll sItIA e Ieil I)L 111;Iuhn i t IIIiel 1) I(0, Int uPHitellri 



IS11 is thc Ihighest p!iadc oftaihiI2J1etiliicr that Call he deivcIiVL'(:l i t.from 
chi \ I0 -o.,)INI IhIIphalc rock. ThC pcrccntagiC oh' jihiospIaic ill Hih prIOd

uk. Idc[ I\ cd I hm IlLc gmruIII 01' fli\ttIIc \ 11iCN livni 251!'( torock p)o~ll ofIlC 

-;)" (ICIl~kIIij mi Ill). Ilk c-raIc. lic caliumi~n lmiIC.: I)IlIaIc raio. andI 
tlhk n1p1lIIIN CIMllkIltI ' 111[ I id~ anid jock. Ill ICl IaI.151' I-)rdoc(.d lioni 
Ilmk-iidk-I itk L d!INCNIllhIIICI IplII)IliII ()l It,, pho)pIhaIc fromi tlic rock 

mo.iLll I)ILLN iIji IlL klILml CliwiIl IIIL IpsIIIhItc ock as \LLCII as OmskNC that 

Bikl L l l 1 1 1 kI l L'1 0 1 II l J , L I ) HI I )I( I L L N Nl lw U la c i la i lt . a l f i lk ' I l O-g 

IIilLL I) I LI lNi a Ill NIC. 11mch 11 l ii J) aIl IIlI~III hasI aljIlia m -il 6 
mI k. Ii m)11 k IMIt INNi OIl I IICpi us. I ill -L Y 1 Nlh1 I il -~ ai [111 1 I lIL IL haIk 

LplTi1L II N I IL tIiI ll p lll x111 I L'SI il ki N lILt N lii Ill i Lul~k .01IL 

I I,.lM l tll iIIIIII ICN IE! t.d IlLk tk llaLL LIml.lIp 1sp lIl. LIIlid l ISL Il II 

Ca ll Ik N (d,11Li Il ItIllIIMILIW IWIL N 111lI iNLd N .11k iN Il-k' . Mi I 1 kI I)Wi 1(1 I hC. 

mLImIiI (dllILL'NNIIi~ Il- hN t.Ilk h' IIIIN Iilk IN I N IIiI MiI t CI~l d UIII'Ll d toL 

k.IIi Ih htt. W IL'L'Il~kt IIL 'N IIUC (dIIL11 IWI I s,~L\\ia I i.IiCA N SIlIllL ('Il L'I 

"(hIX IilN It\ I, 11k NIl ItkI Ih , MiLL L'\t llh \Ci NLtL IM). wt1 k hulL Md N NI'I) 11thNllid 

Illa ', p ICNI C~lIk pI 11Il'sk.ll htlL) ll I~IlL ImyilI Nc 'I i 1akI caL'I-hi'lI n IIIl\L 

whd N11)HLatil'lthill11ILII l\l( Li Nt 1
k 1)11'ld l Ilhl Il Il' l L. \I)Il'i -Icll'L'IaII 

MIL11. ,Ph1L'IhI~ IL ',IIh l
 

huhilhlht. [(d11 iMiiii Luil lilt. NC iL'I lI 'iL' [[ I' i- .IIIILinL'1 11hill III
 

Iii-l1h.1l' I I [III' L'I IL'NN111 111CCNIII 

! mII 

Ii~llNPlI~iL IcoL( II miL' t"lL'LIL'hIC. lliIC du SLIlL.hl L'\iI.-I [ILL hk.k I pI t l) 
ipiLi c tha Im "ilii i' llla ui n twkI'S iq 1uc ',[Il, su I o i a Ii( c\IiC ia ! iis to.-p 
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tinmes as much denning time as thai derived roin sedimentary ores ofcompa
rable grade and particle sie. (Similar retention time increases also may be 
necessa ry in the reactor 0f dilrect-sIlunTrv processes that prodtCL TSP.)

[he effects of iron and athlnlinmllll on the prodution of "I'SP are shown by
tihe FOllowing examples. An igneoLS rock f'rom :\sia with a rather high illpotl
t 'olteni (3 0.4"o 1)P( 4 8. 3 "o (',a(). 4.0% Fe0) ). and 1.9'!6 Al( )) \\,as proc
essed ito a "I )tLodnct that conltailCd 4). I P.).o - 73. 1%Iof which was 
, Water-SOlIWc and N7.W"' axailabh.. And 5,4" of the rock's P ( ) was con

' eI:ted into the a\ ailaIc loirm. It wvill h noted that this test W,:is successful 
i,,en tltoiiehl mu f I \I.( )(:), 
Silinlai test 1sn- tnn c ti\C lki.diari (tIrkina (24.)" P(),, 

the ratio c .. (Al.,,as rclatixel\ high ().I 7). A 
[illi' .'rock laso) 


S.2" , ( t I. -.
 l'", 1c I . 5. 7 
i lI ):. mid 2 ".7 ,, .Sil ) esultid in a technical 

tiliIje" tllll piiidtlcd xiick\. niitltalt h Io)l~dIl't afl'ter it xIS (leii.d. [he
tlli ractix ., naturtd' this r.ck cMiscd iiInSlAII\ hlng fluid IlldIet illCS and 
rcstltcl ti Il tu)dntl x,ithi Ix1 phosphate axallabilities. Ihc high iron and 
: 1itlh cMltlltl, thi,, iuck ehltcd in aumiiti (i o,. constant Ic\el or \ater
',0IldiC phosphate ltirint lilig hilil tle' citrat'-soluble phosphate in
erl ',l,.f. lie irm ard aluirilr cintl'<nts of thesC tx) saplIcs Seem to l'ol
h, txle.' Iittciml nd I)ce. N\tlnl. and Shrarpies I1 that combinCd il'On and 
;itiltliIIll isiIcs N.,liild M)[ C\~CCd 5.(fl Ior good xater soldulility nd 7.54 
Ii niimd a\aillhnllt\ xat pins tr'tllC-sIlhl phoSphaitel. S\ indicatCd 

atboc. the !ll} of imul-itics ti P(P ) Ia\ ble a more eaningllgful criterion 
thiii the ,hsifurtc x;ltIcs. \cceptable x\vighi p,.rceintages of impurities thus 
deticise Inriall\ xIitli the iLade of lnick, 

I lie h.ex,.' () xxtcr-Irls-,hhl lIll ;illd alniinun phosphate reaction prod-
H(h IIn IS' thalt P, IccC.ptal)eL \\1hitL ,i,,.ct I) agiro onltic l)eri nalince has not
 
hceii est" huhied. Il rea', \\ tllt 
 x.r\ hilrgh rainfall, these xxalcr-insoluble phos
pltc', itia'\ he ad\aitaqct ls, ll tillis 
 IClills to bC deloInstr.ated. Perha)S

lii)il. virexi'k Is eltded Ito 
 de'inc thie l1.)irtiMiis of \water- and criteria-solulC 

i1h1i1t acctablC \liOLStha Ilta C I C tlndel ag'OIoliC conditions. Such 
filil rics could be imnportant ill assesing the effecti\eness of a numbl1er of' 
fCrtihicr materials. 

/xiril4/lt '//lt[(hud Ipil/l)iOII[' ro]k
 

Ihe SUlperphoslphate industrx was born wvhCn the technology for acidulating
boneS \as d.C\ eloped ill te earlx I Sl)lls. ( xer" the l'xt 1(0(0 ears the technol
(rex \\s IIlixF ed and prodlctionL exp,:andCd 1121.\S experience w'as gained. 
hareer ,CilIit eiccial t.jintitics t Ihe jIlOdiCt .\cr'. IllalUfaCtlled. and 1he 
-,l it.', ii' phosphate rI'\\ Imateria.tls xveC Cxpalded to include a xalietx of 
r(icks Iiim \ariiis geloraphic locations. Tie exIeriec'e gained frorn this 
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acid requiII red to full V acidlIihte that part iculai r phosphate rock. Thus, if a 
pxI rIiculi r 1i1IhV acidIulaeLd rock requires 604 kg of 1()0% suLI c acid per
tonne of' rock, a 5)%acidulated prodLiCt WOUld use 302 kg of 100% sul furic 
acid per tonne of rock. Beca use PI\ PI products contain a maixturc of 
monoca lcit111 p~hosphate (1h110drate I phosphate, the amo1ntand cI icalIciu 
of, aailable P( ) (water- plus citratC-soIltlc P,(),) produced per unit of' 
stlfLuric acid m1ay igher in prodLcts. A plothe hlain fullv acitulIaIecl of' thea'ai able P,() prod ucCd per t.il t of sulIfhi ri c acid (FiguIe 4) fbr Kodjari rock 
shows thal Ile prLcCss is both cHiCICnt in its use of acid and toleranl of' high
levels of' impu ri tics tindCr .- Availahle phosphate mayproper conufi lions '. be 
more apprOpriate thfaIl iotal P,( ). in descrihing the agronom ic usefilness of, 
such l)rocf Lcts. Significant sullti r sa vinigs can resulft fromIlAPR.For exaM ple, 
a 50% 1.APR- product! that is 8(% as cff*ective agronomically as SSP repre
sents a saving of 40% in sulfuric acid osullptionIIf r it of' procLt.

Another advantage of'PAI 'is process tolCrance for low-quali ty lilreactivC 
ores. A specific example is the Kodjari rock described above that is Ihigh in 
iron and alinll im aid conuid not be made into a satisfactory TSIP prodLict. 
Several partially acidUaCted ilongra n Lhi r and graILIahi r products were made 
from this ore by using varying levels of acid ulation (20%-5()% acidulated with 
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sulfuric acid). Some results froml the nongrantlar studies (Figure 5) show a 
general increase in available P:() with increasing levels of acidulation. A 
COmparison of the wiater-soluble and available 1P20, data in the figure shows 
that the cit rate-solu,.C 1),) is an1 important Component in samples stored 
longer than I day. This is CpcCtCd Ifrom underacidulatcd products that con
tain dicalci um phos)hate. The decreasc in availablC phosphatc is tlhought to 
r'sul t 0rom1 ox ides and Ihyvd rox ides thatrcactions with thc iron and aI uminuin 0111 

occur il the oe. 
The iion and al minum reaction producLts may be partially or totally cit

rate insoluble and thereby ca use a decline in availability. These undesirable 
reactions seem to he complete after about 2 weeks of storage. and availability 
reiTainus constant or improves sIightll during the 6-month storage period 
(Figure 5). Tests confirmed that acid ulation levels greater than 50% of this 
rock resulted in wet, sticky )rodticts. 
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(ranular w-.\1PR im )nudIle Irom this or' Ni c gsin i iCantlvproduc s (1-3 were 

be)0tt1r than tl longranlularl)roCucts (F:igure 4). 
 ,Vate r-solulc and available,
IJ)(), \\Cr Signilfcilt\ iniproid in all prd(.lucts. This may, ha\c lbeen due to 
bctter mixing, oft thle acid and rock prior to g'ranulation aid to the minlimal 
rcitml (fl, iro)n anld aluminuiml to0 b'1rnt citrate'-ins<oluhl co.in n id)lds. l\ig
the product miilkcdiatl altcr the' acidulttion-grantlatio stp dcreased the 
olume Mcthc' ti\ liqid jhI prscent inl the' Lr.leC- a10 dcreaseLd tile 

P)teitia.t or the tImaid alUnllilultIll p)ha-,t's, to re'act. Seeral sLib-Si,tharanl
Ilht),hpiltcs \''r' ueCd tl p(roduce granular PI'l h\ a procet.', developed b\III D( , (I ale ). \", ni taii cous i'du lat ion and grat tilah I I tlis prcess allh 

lion f( ld, t littc tck [+liin, t\ plal c<,lM Irciatl lll ationll 'nh1.guratioll
an~i .cftuitlli~lt. 

I.AITI) IO(rots shIld he lCss, pes, e to j)UiLtItCe titan are Iull\ aCidItulat-
Ctd stijCt1'rhsiatc, acid [ir M'.hcause less I is, cdtiirc ealh+'. ab1)ut I.7 
toIln s (s)I,Hll trtt a',I.t l is ide tIsi l II t ) pItiutlc +eI hillI e ol" )hosp)l'hate, in 5.5j

'I is q.itlntlt\ t (cdj i I ,) ,-.l t i tlot;I
I tlt-' c tllsittI (I"t.' c)st oIf SS 1 pro
dctitm,. hrieie. ttet ionIt. hld be tnn to pirIlt' duLIctioun of" 
atlioiill k.CItitll can acic 

Ili c0 I) t l )it a ilId.
 

I h' ilciia t ilndcrtacitilatod see(s, lS be 


ccptale tit ell at1 sinilcani h5 ings in 

d LIC lS/s 10 i1' htobcotll ' o '-Ilt-' a 1la 
ti\C. \t I)r'I, I there atc ' sc \c ral I.lr(n)l I p)r()dLl cu.rs. itti IltC I.I b e iI)Cas 

-drall t it ict'si ii )rlduceru anid to all s Ilipiigi dc, , cttltCrtliC', in tit' 
N iddlc Ilast Iiltatin\lrcUai'. lil' ltc'r rdlc's LISC ' ll p)ocsse'CsC that ha\cbeitccl lUii"il d'chlped ti tatit opecratingz conditions to the uniqlUe 

ciairacieristics (l' tite inldigeoius ores being Ircatcd. 

li is term is Used to desc'rihC ll r iili/es that c1onliiil 11ore t han one of the 
threecV iri Mir\ nUlli'nts IN. 1). K). Varied grades arc lbrmullllated to supply
ciilf'rCuit lotfnrti)-tiOl thl ' nu1t'ici lts required Iby \airiouLS ciops and Soils.
(oilitllt It'rlili/c(rs itiaV Aso conitain t' iltr and/olORI scCOlndar\ 
illiCi)Ittlitricii CHL-itiCt a\vhu illn itaOltillic ltd ,a been c'slaUihidhC. 

NN it il tilt csti I Okinet on lacilit is In sti-Sallallil \lrie'i IttiuceCC 
iMl\ inwtc.-ntiitil llitcrials. sith .ls SSP I 1P. or ioalllht1loiiUill IhoS-
I)hitC. or ditblc-itutricui ittatcrial, lik' 1)-\I. \lltough \ ciAi'luIL the"stri i1 ailt erilals Ustiall\ oit) ilot slply ll tilt' ict'CSSar\ ilutricnlts Colr 
acihic'\ iilt nl llii l \ ic'li. 

(mlnpllld clrtiii/c'rcs till) b' l)l'arCld h\ Smill)\ miliilg (Illk blending)
ti1\ ililtrials oI h\ itO it' cilipc,\ "wC't" oi "c'hnichaIl griiajulation methods 
12 1.hi eitic', Las to c'llSireC goodtorgLI . handling. and appiic'atiol proper



-Lac(y Parilll, acidulated phosphate rock products prepared t01 agronomic cNa:iuattu under IF)(-lF \I) proicci 

Rock source 	 Intended ('1ch1cal anal%,scs Ray, Materials 
acidula t ionsb (onsumpuions 
(0) 	 Total \\ater- A\ ailable S 

I'.A ). 	 Rock Acidd 

(%%t0) 	 (tonne/ 
tonne product) 

Kodjari, Burkina Faso 20 21.2 2.4 5.8 2.1 0.852 0.076 
Kodjari. Burkina Faso 30 20.5 3.5 6.4 3.3 0.824 0.101 
Kodjari. Burkina Faso 40 19.2 5.3 8.2 4.7 f. 771 0.137 
Kodjari. Burkina Faso 50 18.0 6.5 9.5 5.6 0.723 0.1161 
Tilemsi Valley. Mali 15 25.2 2.5 7.5 2.9 PL) 0 0.080 
Tilemsi Valley. Mali 30 22.7 6.0 11.0 5.5 0.810 0.136 
Parc V. Niger 25 23.8 5.4 8.2 4.1 0.818 0.096 
Pare W. Niger 40 21.6 9.3 11.4 6.8 0.758 0.142 
Pare W. Niger 50 20.2 9.9 11.8 7.8 (.723 0.169
Matam. Senegal 	 25 22.3 4.7 7.9 4.4 (801 0.130 

Matam. Senegal 50 19.8 8.0 10.8 5.2 0.711 0.227 
Hahotoe. Togo 25 28.6 7.2 10.6 4.8 0.785 0.112 
Hahotoe. Togo 50 25.0 11.7 13.9 7.1 0.714 0.204 
Sukulu Hills. Uganda 25 30.3 6.1 7.1 3.5 0.820 0.122 
Sukulu Hills. Uganda 50 25.3 14.0 14.6 7.8 0.681 0.198 
Dorowa. Zimbabwe 25 24.8 6.3 7.5 6.4 0.785 0.210 
Doro\Na. Zimbabwke 50 23.0 8.8 10.0 7.9 0.725 0.239 

Products in granular form. 1-3 mm. 
' Percentage of sulfuric acid required to produce SSP. 
c Summation of water- and citrate-soluble P2O. Citrate-soluble P,05 measured in neutral ammonium citrate solution. 
d Based on 100o HSO,. 
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tics. it is essential that th' finished products (conlpOunds or straights) be in 
the 'Orni (of"Irorlg, fce- flowing granules. 

Sni1c pod(t
cs imade 11o indigenous resources that might he used incompound I'crtili/cis airc ain ionialed Superphosphaes. nitrophosplhates,
and NI'K Ilitliliicr, hascd Oil phosphate rock. 

- NongranUlar s i pe rphosplhatC cal be ainimoniated by using various nitrogen
Lt ions {aiimonia, a1monium nitrate, and uIea). A1iioniatioll of'SUlpcrphosphaIcl decreases its water solubilitv. but this may not be important

i' thic a%vailahlc I .( ) is used as Ihe criterion for marketing the product in local 
or regional arca.Aniioniated ISP may have only 50% of its available 1)
il the \watcr-solLble lorn1. and onlx 2(% olthe PJ,( ) in am moniated SSP mayhC ,alcr 'oliilc. ( )xcracidulation of pnLdtic's may be used to achieve faster(,onI\Ci'SiO1 and bctter amnioniatioli capacil. An.-moniatCd superphosphate
colltaliils t\\o )prinlary nutrients. and it also has good physical properties andin1pnixcd corlpat hil it\ in mixtures with other fertiliier materials, particu-

LIr l CI. 

l)artiaiIx acidtilated pYrOducts that contain dicalcilill phosphate or other
cit ralte-s i hic phases also arc goid fbr blending. Ilowever. these salts usuall,
conta in lc\xcr acidic hydrogen ions in their form ulas and thus have lower
alilloiliation capacitics. The (I1iatities and tyl)es of' impurities that often occur in indigenous Iphos)hale ores indicate that partially acidulated prod-
LIt s aCit good technical and econolllic choice. Ainmoniation of' the largely


Citrate-solL blp roducts is not 
warranited for the reasons stated above. 

- Nitrophosphate processes using the indigenous ores of developling countries
ha\c been somewhat limited although plants are established in several coun
tries - Turkey. Pakistan. 
 ('hina. India, and Colombia, to name a few. The
historical trend 
 has been ani increase in nitric acid acidulation processes
x len I the price of' suIilr rises above a certain les el. The principal advantage
of nitrophosphate processes is the d11ual plrlpoSe served by the nitric acid solibili/ing the Iphosphate rock and Iroviding fertilieer nitrogen in the product. Further. some of the iiilrophospha te processes can tolerate a relatively
high level of iron and aluminum in the rock.

The siin plest process is aiallIlogous tL SSI product ion in Whichil)ihosphtlle
rock and nitric acid are converted to mon ocalci uin phos)hate monohyd rate 
aniid calCitlI11 nitrate. A ty pical product Might con taini 8% nitrogen and 16% 
phosphate. The loss' analysis and the hygroscopic character are serious disad
vantages for these products. 
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Most nitrophosphate processes involve dissolution of the apalite in the 
rock to lorm phosphoric acid and calcium nitrate. Calcium u,sually is re
moved by precipitation or ion exchange from ihe reaction mixture prior to 
a miimon iation. The degree of calci urn removal determines the grade of the 
prold uct and. to anl Cxtel., its solubilities (water- and citrate-soluble PO). 
Nitrophosphatc processes have been Used to process indigenous ores in de
\elopi ng countries in Asia and Latin America. 

PI'/phalc rcA-basd flAro'4,fl-ldh)Sl)Ihri.SlIarSjU/f (.VlA'K) Ie'rtilizers 
-- FleCfeasibility olf usiring iidigenous phosphate resources. regardless of' quali
t\. can oftc be enhanced it' the phosphate is incorporated into the overall 
fertil ier Sippl,, straregy for l particular crop or region. Such a strategy usual-
I\ in\ol\cs the use of lie three primary nutrierts - nitrogen, phosphorus, and 
polassiurn -- as well as a number of secondary and micronultrients. 

lhc rixin or cOtI)Ouing of phioshIliatC (ground rock. acidulated rock, 
or phosphoric acid) with other ntrient SOlrcCs. such as urea.|. a.1111111011.ItIII 

Ii'Itc. l)otash. and kicscritc. is not always feasible. In somne Cases, chemical 
rcactlh ri s between the ingred ienCi tots call for cc rt a iin precauitiois with respect 
mixing. processing, aid storing the product. 

I !rca iS CxpecCd to rCrna in tle most avaifable source of nitrogen in the 
devyeloping world. IliccforC. thCrc is a contr inuiii ng need to iderrt ilf 11hospha te 
materials that are cornpaible with irea and other ingredients in the corn
)ounds. This riech is iurtlicr amplifled hi the expansion of' tile agriculture 
sector ill the developing world, anri oftei shrinkiig rural laior force. high 
Crir,, costS, and inadeuIiate transportationi farcilities ar1d inifrastructture. 

.\cOgraniti ted proIiduct coi r ining P,( ), from phosphate rock and nitrogen 
Iroml uraC.! is I polCntiall\ economical NP fI'rtilizer for sLII-Saharari Af'ricari 
coinltriries. Tie N:I',(), ratios inrtile product can le varied depending on tile 
agronomic needs, rock reactivity. and soil characteristics 13]. IFI)( has deii-
OtlstIraltcd proidluCtion of s(IchLIrodutlsiL sinrg tIiree rock sources varyinrg ill 
reactivity, with no apparent dif'f'c rrCice in Irod uct (iuality and pi'ocessiing 
conditions [I I. 

[he use of supcrlphosphate-type materials with urea has been suggested as 
a possiile alternative. Ihowecer, siuch a ni ixt ure tenilds to 'eact to f'orri art 
add utC. This react ion is accompanied by tile release of water, which is very 
troulhicsolic beca use tile rate (if release is ulite ui' ilnedictable. Ilr soriie cases, 
depending upon tile characteristics of thlie Sricrphiosphae it ocrs rapidly 
- IIring the granii lation pro':ess, for exal le - aind leads to overgran li lt ion. 
sticking, plugging, and the general ipsefting of' tile irocess. In other cases it 
may occIr slowly arid inani h'ist itself weeks or months later in the form of' 
deteriorated and caked irodclids. Several technII iqures to avoid this have been 
proposed, icurdinig dryinig or arnrnorr iat ion of' the suIperphosphate; the 
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added cost and lack of reliability of these techniques are cited as the major 
reasons for their limited adoption. Ingredients other than superphosphate 
(potassium chloride and some magnesium salts, For example) in some urea
containing compound tenilizers may also adxersely affect the processing mid 
storage charactenisiics of the products. although the reasons for this phenom
C1ill'tre not h scleaCrl\1understood. Mixtures of urea and supcrplhosphate 
arC usuallh avoided, especial ly if long-term storage is anticipated.
SoupCephoslha tSeIChas been largef replaced with ai10moniIll phosphates. par
tii larix )P\ because it is the most compatible source of' phosphate for 
milin\\ ith urea. As with sUperphosphate. the characteristics of the phos

phosphor c 
phate may still influence tie feasibility of' m1ixing tile a n111111 phosphates 

phlate rock used to produce fice acid and the ammonium phos

iuimin 
x ith rea. 

'lhc agrononic potential of'some sLi-Salilaralil soils islimitcd b\ deficien
cies inhoth slfur and pfhosphate 1131. The water-solubile P () souirces such 
as SSI' and PA14R have been found to be cf'f'cctivxc inthese soils [231. tlowev-
Ir. tile product ion of these fertilizers requiii res the use of' sulfuric acid, Which 
iila, not alI,a\s he a\a iablC. ()lie prodLict xxith good potential is a mnixture 
of phosplhatc rock and element sulfor. Traditionally. sich a prdict has been 
difficuIL to produce because 0f exp)losioi and fire haiarls 181. but current 
IFI)( research isattenlptirg to allev iate these problems through raw materi
als iticdprocess nodification. 

Economic potential 

The economic potential of an indigenous deposit depends on many factors 
[201 including (I) market price, (2) quality and grade of the deposit. (3) loca
ion of' tle deposit relative to the processing plant alnd consuming area. (4) 
oust of mining and heneiliciation (if' required). (5) quality and grade of the 
blhleficia ted prodLict. and (6) eiviioilmental 1ficlors. In recent years increas
ing importarlce has been given t environmental problems. especially as they
'elte to th destruction ano alteratoirl of xxihldlife habitats andIpollutioil 

0I' natural water SUilipliCs.
Ille potential ecorlonlic, of mining a deposit for domestic. use is related to 

the alternatives Of using itllpl(rted ore or imiporeld 1'ertili/er based oil the 
piojected demaid for phosphatic fcrtili/Crs. \ con pltc' study evaluating
these alternati es is a prerequisite to Opeining Ora Mine. Such a study should 
.Ict imin e whetler pihospliatclefetilier cal be inaintu'ac'tlred frocn domestic 
ttC and delixered to domestic fitrmiers at a loxwer cost than Would be reqLired
\v ith imliported ore. taking into accourit wie value o foreign exchange needs. 
The stability of price and sUPll y 0if iml pited rock and also the secondary 
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benefits to the national economy of mining a deposit should be assessed in 
formulating the final recommendations. 

For the purpose of this paper, two case studies have been selected to illus
trate the positive and negative impacts of using indigenous rocks that may 
be low in cost but that also represent significant problems. 

)ircct application in Mali 

Ill a cooperative project, tile Government of Mali and IFDC" have been test
ing phosphate rock for direct application from the indigenous deposit at 
Tilemsi Valley. The rock and somic dreved products (15% and 3% PAPR) 
%,CrC coin pa red witl ian ported TSP on cCorn. rice. millet, colton. SorghLilm, 
and peanuts at various application rates at 10 locations in s\ eral agrolimatic 
regions in Mali. All Cconomic analyis aS made on the crop data collected 
diring I ,) 2, the first-vcar trials of a 3-+car project. 

This analsis shov'd that all of the phosphate materials tested increased 
crop .iClds and tie frirIIr's net return. Assunting that TS.FP costs 50% more 
per kilogram of ) ( ) and l.AlPR costs 6 (%-94( more than finely ground 
l)phSl-hatC rock per kilogram of P. ). the economic analysis showed that 
linclv ground rock and PAlFRs produned net retiurns that %wrCcormparable to 
those from tihe imported TSIP regardless of thle mtllhod of application. For 
Soie Trops farinrs can maXinli/C net returns hw using a basal alpplicationI of 
ground phosphatte rock follosmed h small annual applications of water
soluble fe.rtiliCrs (TS" ). 

)ata frorn the 198;3 growing season have con fi rimed tie good agrororn ic 
response obtained with Tilenisi Vallcy ground rock. although sonC effects of' 
drought have been observed. A..\so. a new grinding fScilit,, has been effective 
in reducing the incain particle si/t of the finely ground rock from about 0.I60 
111111
to about 0.(76 inim. The result has been iinl lOvcd agroiioiCitesponse 
and more choice in tile tirinc of' application. The cconoinic analysis of the 
1983 data has not been conpleted, although preliinary yiel daLa show a 
very positive response to tlit direct aprlication of fincl. ground rock. 
('hanges in inuternational Cturrencv Cxchllge ratts during 1983/84 are also 
positive famctors fIvoring use Of' the indigetnous rock because all iniports 
(superpllOslhatC andllsulfur) havC b'come ioic t.XpCllsive. 

Il future work in Mali more attention will be givten to tile Cvaluation of' 
grouud TilcinsC Valley rock and its econonic perforlalce. This may be all 
important decision considering tihe fact that an indigenous supply of effettiVe 
phosphates, the limited opport uil ties f'or gaining f'ore ign exclange, and the 
small (about 10,)00tonLCs/anii Liin) phosphate ma'rket seem to make it im
pIractical to develop a more complex fertilizer plant for producing 
superphosphate or F'AF'R. 
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I'lltia0t w duhzw in'mphuu'et cw ic 

Surt\vs have shov,n Ihat sub-Saharan Africa has large areas covered by int'kr
tile ( )\isols and I Iltisols. Ihosphate is considered the most limiting plant
nutienl oIn thesC soils. IlD( hus been working with various national and 
itteriational groul)S in evaluatine the role of' indigenous p+>hoslhate , ore's and 
modif'id lroduets Made Il011 these ores in increasing the fertilitv if such 
soils il the tro(pics and subtropics. ResI.,ults h-om 1tcIhnic.'al, agrononrtli. and 
LCMitMliC studie.s have idetilied HIt.thiods oI utili/ine local materials as po
te.ntial phosplut sourcs ol Soite infcrtile acid soils. 

Ii,'cl.g und phlosphate rock can he used as a I'Ctrilicr in Certain ;a1
llolltc Sittiation" ()Il acit)IlS ,hltcrC It IS a sourc o" both phoIasllate and 
liillc. I loe', cr. tile iipact of,,iirt-appl cat ion rock on c1)rprodultion Imal 
he ralher hos if the rock has a loss rCacti, it\ (citrate-soJhle 1) ( )). Partial 
acidulation (f thle rock Caln sulStalitinl, icreasits ,,at.r- and citrate
solu~ble l) I Ictens andttlhts has t\a graL't er iliIIIIdiatit ll itlcrop pro-

In 1 W~scases pi-elCitd 1forICoitparisoi. 1550 uicaeisc scdiitcitars iocksof dillf'rcit h-it s1ub-afiaaitl \ficauradCs S,,S %crc idilatC d ssitlh ulluric..acid to ablt 1 ()I tihe thekoretical ICqiitet'Ill for podu'e S.. Ibhis, 
acidilitim lfsl WSAs crhosen because it is the taiimtun at ,hiichlta satisacto
ru ploduct (al he ploduced v, lie oml,, thel tic of rocks is used. lithcr im-
Ipthd ,utluri acid or sullUric acid localf\ tll,,anilittuCId htrot iill)orit.d 

,sulfur couldheusd. \ pritnlr anal, sis indicates, thal it iItiIIht he more 
eCOMIIItlib_;l tuIIr thle acidI abiiuIf;I h locall,. Importing; hulk sulf,1tr rather 
thaii s(,lftric acid han s a nta ,"S il s, pl. transporttation. and handling.I he t\\(o products lmt diff'Ierent (ores of rldes, ha,.CS aboIt the Samlie total 
P)( ) colntnt bc.ause ofI' \ ariatioiS in the acid: r ck ratio. [lie, comparative 
lUIluictIon CoutMoillis ( I able 7f shums that a 5 , partiall, acidilated prod
tlct Ildt Iront rock .\ costs about 3(o llo thall the product made from 
rock I. altht the' cst.,, )itributitm from acid cMSuil til fr rock 13is 
3(0)" more than that lor rock A. -lie major difference occurs in the cost of

rock 'romi these ts, sotIurces. An analsis of the rock ctOs sIo\s that the
 
Mining cOst 
 is the stMil (abo0ut $ 0/'tonf.,). h)(1t tie transl)Ortat ion Cost Ior
 
rock \ is more thtan 
 three and a hall' times the cost of transportation Ifor rock
 
1B.I he di fl-rcu'es octur hlaus of the distanc's htveen the 
 )oint o1' )ro
duuctiot and the agricultural (market) area. Rock .\ reCeitS a favorable 
fre'icht rate (ahot $Sft,!)6/tOjn./km)Ibc'ause hackhaul cargoes are available,
lIuIt the disltanc' is uIlh Iartfcr than for rock 13.Road conditions can also 
liimtit the uslh. Iruck si'. and this afltsw the delivred costs Iwr tonne. rhe 
iultOrtaiLte (f trarnsportation for the economics of processing indigenous 
l)1 Sl)hIIIat oreCS ill a given situa.tion calnot he overemphasized in developing
e-tmntries Ilcause' Of its impIact oil tie f asibilitv of the project. 



Tahle 7 Comparative manufacturing costs for production of PAPR using twvo sub-Saharan phosphate rocksaAh 

Rock A Rock B 

Basis Stonnc Basis $lonnc 

Raw materials cost 
Rock 0.S5 tonnc .c S65 tonne 55.30 0.75 tonnc , S25 tonnc 18.80 
Sulfur 0.062 tornc a S260'tonnc 16.10 0.068 tonnc a S310 tonne 21.10 

Subtotal 71.40 39.90 

Conersion costsc 65.40 65.40 
Total cost 136.80 105.30 

Product analyses (%%t Rock A Rock BOu): 
P,( ) 20.0) 20.0
 
\Vacr-solublc P,( ). 7.7 10.0
 
AN aiablc P, I(). . 11.9
 
Frcc %%atcr 2.0 2.0
 

b 60.000 tonncs per annum: sulfuric acid produced from imported sulfur: 1984 U.S. dollars. 
1-Fixed plus variable costs. 
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('onclusions 

Ilriduction of phosphate fertilizers in sub-Saharan African countries, as a 
u oup. has lagged behind its use. As a result, these countries are importers of 
ph phatic tertili/ers. This situation, combined with rapidly increasing needs 
and the prescnce of most of the required raw materials, provides an opportu 
ii it\ IMr suh-Saharan African countries to establish phosphate fertili.er man
u.facttritig industries and thcrcby help improve their ecotonlies. 

flhosphate rocks of sub-Saharan Africa \ar\ in PJ), Contentrea iVitV. 
and ttualit\ and require dilfCrent processing techniques. aC h tiue. 
Ibiste ci. has ccrtain advantages and disadvantages witll respect to agrnomrt
ic requirerients and process cctorniis. I)uring the past 1(0ears. IFI)(' has 
ttained considera ..\pertise indeveloping pirocedurs needed fOr making 

such decisions on a nuIher of phosphate ores front suh-Saharan Africa. In 
sonie cases proicesses are riodiied to accori iodat,: tile pcculiaritics of a 
speci fic ore. At other times produnt SpCcificatiotlS are adjusted to alow for 

-CS(
tle use t'IocaI su rees. Inall cases. ho\wcve. tile ulti .lte objective is to 
provide lo\,C cost tertili/cr to tile reers. 

Inl this paper examples of' alterniative processing techniques for sub-
Saharan properties have been discussed along withI somc of the advantages 
and disad aitagcs of each process. Also discussed are some non-process
related factors that Must he considered ill tile overall evaluation of tile cCo
nlomnic potent ial of a deposit. Ilr particular, transportation has been cited as 
a specific problem that is evident in landlocked countries or large countries 
where facilities are limited. 
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Phosphate reactions with tropical Afiean soils 

.\. NMokk un,,e 
S.t. Chien 
E. Rhodes 

Iltroduction 

lhosphorus deficiency in tropical Afric:in soils is a major factor that reduces 
fo00d prouctio, iI the region. In some soils of the savanna zone of western 
Africa. the deficiency is so acute that plant growth ceases as soon as the 
lphIsphorus stored in the seed iS exhausted. 

Relatike to work on other nutrients, much more effort has been expended
by research \orkers in tropical Africa primarily to define the areas where 
phosphorus deficiency is most acute and to overcome the short-term effects 
of this limitation through application of manures and fertilizers. For exam
ple. as early as 1937, Ilartley attri biuted the excellent crop response obtained 
\,it] small dressings of Iarmyvaid manure in northern Nigeria to the phospho
'us contained in the 1mnutirc 1291. After more than 50 years of research, we 
arc still trying to determine the right type of phosphorus flertilizer to apply
and the best way to manage it. The problem is compounded by the fact that 
its solution involves knowledge and application of both physical and chemi
cal principles. 

Granular fertilizers are most commonly used by tropical African farmers. 
The agronomic effectiveness of' water-soluble granular phosphate fertilizers 
is dependent on the chemistry of' fertilizer-soil interactions. Because of the 
characteristics of' the colloidal systems in tropical African soils, phosphorus
is not only a nutrient but also a soil alendnlent. 

In this reI\ \'v. We examine the characteristics of colloidal systems of tropi
cal African soils and how these affect the behavior of different phosphorus
fertilizers. We also discuss how a knowledge of fertilizer-soil reaction can be 
utilized to estimate the phosphorus needs of tropical African soils and crops. 
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Characteristics of tropical African soils 

S ol mIil tl l,'.l'~ 

Among the soil properties that have been found to correlate with phosphorus 
behavior in acid and neutral soils in tropical African regions, the chemical 
andil mineralogical composition of the clay fraction is probably the most com
mon. The soils of tropical Africa fall into three groups on the basis of their 
mineralogy: 
I. 	 Fine-textured. oxidic, base-rich Allisols. Oxisols, and Inceptisols typical of 

the East African highlands. 
2. 	('oarse-textured, kaolinitic (often with plinthite) highly compacted 

Alfisols and 1Iltisols typical of the savanna and savanna/forest transition 
regions of West Africa. 

3. 	Strongly acidic and highly leached, weatherable mineral-poor Oxisols and 
UItisols characteristic Of tile low-attitude tropics. 

In a stuId' of eight representative soil profiles from southern Nigeria, 
iallez et al. 1251 IM nd that kaolinite is the predominant clay mineral fbr all 

tile soils studied. IlaI loysi te occurs in freshly wealhered materials, and 
smectite is present in poorly drained, lower nllmbers of the toposequence. 
(i ,,bsiIe occulrs ill soils dciived f'rom creta.CCOLIS arenacCous rocks in the 
Iligh-rainfall areas. In soils derived from basalts, both aliminum silicates and 
aluinL ilm1 oxides are i)CSCnt ill am1orphous forms, while iron oxides are 
lredominantly in the crystalline forms of goethite and hematite. Some 
altiiinn for iron su bst itu1i ltion was present in goethite in the clay fraction of 
some Nigerian soils (37). AIlthough the amounts of aluiminmum and iron 
sesquioxides may comprise only a small percentage of' the clay fraction in 
tropical soils, which usually ,re dominated by 1:1 layer silicates, these oxides 
and hydroxides of'aluminum and iron are oflen very important to phospho
rus sorption and release. This is especially true in the fine-textured oxidic 
Alfisols, Oxisols, and Inceptisols where inmobilization of large amounts of 
added soluble phosphorus (fixation) is possible. 

Sttface c/Uiri. osoil minerals 

On the basis of the electrochemical behavior, soils may be conveniently clas
sified in accordance with two well-known types of colloids: (1) those with 
constant surface charge and (2) those with variable surface charge or constant 
surface potential. A mixed model of soil minerals containing variable charges 
with small amounts of constant charge has been recently developed and test
ed [74,26]. 



In general. agricultural soils of the temperate regions are characterized by
surfaces bearing a constant surface charge, whereas soils of the humid tropics 
are characterized by surfaces having a variable surface charge which is deter
mined by tile potential-determining ions H' and OH. Examples of p1-
dependent charge minerals are tile oxides and hydrous oxides of Fe (hemia
tite. goeth itc, lepidocrocite) and Al (gibbsite, boehm ite). Among the 
phyllosilicates, kaolinite. halloysite, and Al-interlayed chlorites are the most 
common. 

The surlfce charge of minerals with constant surface charge and constant 
surface potential is related to surface potential through the expression: 

2nvkT V, ie ()d 

where: 	 Y = net surface charge density 
n = electrolyte concentration
 
; =dielectric constant of' the medium
 
k = Boltzmaii constant
 
T absolute temperature
 
Z = COIIItIe lol valence
 
e electron charge
 
(1) = surface potential 

For constant surlace charge minerals, surface charge arises from ion substitu
tion in the interior of the crystal lattice so that the charge is constant and 
permanent. For minerals with constant surface potential and a pH-dependent
charge. 	 the surface )otential is related to H, concentration through tile ex
pression: 

(1) = (RT/F) In (HI'/H,') (2) 

where: 	 R = gas constant 
F = Faraday constant 
I-l' = hydrogen ion activity 
H' = hydrogen ion activity at the zero point of charge (ZPC) 

Lquation (2) can be simplified to: 

(l) = 59 	(pi,, - pH) mv at 25"C (3) 

Thus, equation (1) can now be expressed as a function of pH: 
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1+ 0 1-
OH2 + OH2 OH 

OH \j/ OH + \ / 0 Hj 

OH2 OH OH 

/"Ac \ sml plc model ol \ill5rlalc sujlacc Cllargc mineral (NI = Al or Fe) (adapred from Rajan 
ct al. 1031). 

2nr-kT '1, 

(5- -n --T-) " sinh (I. 15)z (p-, - pH) (4) 

For the minerals o' oxides of Fe and Al, surLface charge arises not from re
placements within the clay lattice but fiom reactions on the surface and the 
edges of clay crystals. At these sites there are surlace hydroxyl or water mole
cules that can gain or lose ITl', de)endiig on tile pH-l, and hence vary the 
Surface charge. A simple moldel can be depicted as shown in Figure 1. 

/'l'hP/h1(' .7/iO) ).I variable sirface chagte minerals 

.1uo ard Fox [40] attempted to classify some western African soils from Nige
ria, ogo, and Liberia according to their P-sorplion capacity as related to soil 
mineralogy (ablie I). I)csilicaled amorplhous material sorbs the highest 
a.olIllt of P whereas (ILIIrZ SOrbS tihe least. 

Since it is generally accepted that amorphous oxides and hydroxides of' Al 
and Fe in tropical soils are mainly responsible fr P sorption and since these 
minerals are classilied as variable surfiace charge Minerals, the following dis

I/ih' / (lassificarion oI soil I'-sorplion capacity as inllucnced 1v, soil minerals 

Standard ]' Scale t sal Imincralog encountered 
lcqtluilcllclit 

(pg P/g soil)
I IO Vet' loss (u rtl', organic matcrials 

I10O0 Low 2:1 class. quar/,. and 1:1 clays
100-500 Medium 1: 1 clIs \\ith oxides 
500-i],0{)() High ()xides, moderately weathered ash 

> 1,000 Very high I)esilicared amorphous material 

Source: Jto and Fox 1401. 
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oil, OH, 0 

oOil -
0 

Ci - -.OHJH0 

uOH '01
'M- I , .Oo ( 

OH' 0 I / OH o 
) H IO 1/, OOH] 

of ,2 0 " -214,0 

H. OH 10 
NI 

- 007 ' o 

0 o ll ' 0 

OH 

/Ii,'(H 2. ( lianges in charge and pissible changes in conlfiguration following adsorption of phos
phit, on tilesurl,-lice of'a lil.taloxide. 

cussion will be limited to only tihe P sorption by variable surface charge min
erals. 

A simple model 1or changes in suflce charge and possible changes in con-
Iillttrat ion olllowiring sorption of' phosphate ion on the surfice of Fe or Al 
oxides is shown in Figure 2. It be seen(an111 that phosphate isclosely and 
chem ically bonded 1o tile SIrace of' Fe and Al oxides by specific bonds. The 
reaction iay be regarded as partly a displacement of' water molecules and 
part l a displaceent of' hyvdrox'ls. .\ i important f'alure as shown ilFigure
2 is tlie trans'orriia liollof thle phosphate ion from that sorbed in the 
ionodenlate ligands fbrrm to that illthle bidentate ligands (or ring StrUC oLe)

forr1. Itingston el al. [301 sLggested that the phosphate sorption in the foroter 
fbrm is reversible, whereas tile latter f1rm fhvors irreversibhi lity. In other 
words. the phosphate ion in thle latter lbrm woutld be less likely to be 
desorbed and hence available to piin . Another important characteristic of 
phosphate sorption is that sorption increases the rn egativxe charge on the so r
fIC of' Fe arid Al ox ides. This melans that it becomes inereasingly dilficult 
for each additional i ncrement of phosphate to be sorbed [61. This max ex
)lain thl e f'fct of' pr vious phos)hate a)plicaliolls on decreasing tle slope of 

phosphate sorplion isotherni as shown by Fox and Searle 123].
Rajert et al. 1631 proposed a model to determine Vh ich groutps were reac

five when )hosphate was adsorbed at dif',rent concelrtalions oii a hydrous
Al oxide sulitce. At low concentrations phosphate mainly replaced water 
groups, btt as adsorption i increased and phosphate concentration increased, 
more hydroxyl groups were involved. At the adsorption maximum, phos
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H2P0 4 A 

AI-1-2 p04 I2-
Al //; 

OH"' 
-AI- PO 2+" OH" ._H AI-H 20"2 

'2"AI-=O2 + H2 P0'I -'- >A-H 2 PO4 -+ H20 

Figure3. Surflace reaction of phosphate ion with a hydrous Al oxide (after Rajan et al. [63]). 

phate was mainly replacing hydroxyl groups. A breaking of a hydroxyl bond
ed to two Al ions occurred when phosphate adsorption exceeded the ad
sorption niaximum (Figure 3). 

Phosphate ions can be adsorbed by Al and Fe oxides when the oxide sur
lice exhibits net negative, net positive, -- ,et zero charge. An example of 
phosphate adsorption by Fe oxide surface with three different charges is 
shown in Figure 4. For more detailed information on the mechanisms of' 
surface reactions of phosphate with Al and Fe oxides and hydroxides, see a 
recent review article by Parfitt [61]. 

lPhosphate sorption characteristics for some Vest African soils 

Use of' P-sorption isotherms for determination of' 1)fertilizer requirements 
and for establishment of 1) fertilization practices has been advocated for 
West African soils [53,40,4]. Very limited current information exists on 
sorption characteristics of soils in the Guinea and Sahel zones of West Africa. 
We, therefore, conducted a study on the 1P-sorption characteristics of some 
major agricultural soils collected from different agroecological zones ranging 
from the perlunid to the Sahel in three West African countries (Nigeria, 
Mali, and Niger) (Figure 5). Some of the soil properties are shown in Table 2. 

Lvperimental 

Measurements of sorption were conducted by equilibrating soil samples in 
0.01 M1 Ca('l, solutions containing P concentrations ranging from 0 to 25 pg 
P/ml for 6 days at 25°C. The amounts of P sorbed were calculated by differ
ence. The P-sorption data were then fitted into the following three sorption 
equations: 
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a. AbI)e) the ZP(C-oxide Surface Negafiielh Charged: 

FeF
 

oiC O 0 

o 	 0c + FL. 0 O-P-&- + off 

F C 0II 

0 O 01 	 0eC) jCOH 

h. At the ZPC'-( ide Surl'aeS c 	 ilh Net Zero Charge: 

Fe Fe0 

0 O + I: PC), 0 0- P--Oil + H 

Fe 0eOl1
 

O 1l 
 0 Oi 

1.1e 

C. ilehu the ZPC.i bide Surace a th Net doi e e harge s(f: 

UI 	 e 

C) OH 0 OH 
_J \.1 

X ' 	 0 
Fe It, Fe0 

0) C) + H.P0, 0 0- 11-04 + 110 

I e 0OH1e 


C) off 0 


KYv	 
OHl 

Figuire 4. P~hosphiate sorption 	by re oxide atthree different surface chargcs (after Sanchez and 
Iiehara [69]). 
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67 
I''',L HI 
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6 6COn..,. 
77 2500 7 Egbeda 

l'Lor'. A.frica.l{cation of,Soil samlples colleccd if) WVest 

Il/omiir equalin..
 

C/X = l/kX ,,+ C'/X 
where ( = P concentration in solution, X = amount of P sorbed, X,,, = p 
sorption maximun, and k = a constant related to the bonding energy. 
I'udli'h equalion.
 

log X =a log C' 
wllere a and 1)are Constants. 
I"emkin!c'quaiion."
 

X =a'+ b' log C 
where a' and b' are constants. 

O/servalions 

The amounts of P sorbed by the soils varied widely (Figure 6). At the P rates 
used. sorption did not seem to reach a maximum even at the highest rate of 
P addition (250 pg/g soil) for any of the soils except the Sadore (Niger) soil 
whose P-sorption capacity was already saturated at the P rate of 100 pg/g 
soil. )ifferences in I 3-sorption capacity among the soils also widened as the 
rale of P addition increased. At the lowest rate (50 pg P/g soil), all the soils 
except the Sadore soil appeared to have about the same magnitude in 
i-sorption capacity, whereas a distinct order of difIferences was observed at 
the highest rate of lPaddition. 

The 1-sorption data of all the soils. except Sadorc, were fitted to the three 
equations by regression analysis. The Sadore soil was not included because 
it had only two data points for fitting to the equations. The results (Table 3) 
show that the three equations are all able to describe the sorption data ade



Table 2 Some physical and chemical properties of the soils in tropical West Africa 

Country Location Soil Clay pHa Organic Cation Oxalate-extractable 
order 
 C exchange
 

capacity Fe Al Mn 
(%) (%) (meq/ 100 g) (pg/g soil) 

Nigeria Kaura Namoda Entisol 10 6.20 0.13 3.71 1.656 161 45Deba Habe Alfisol 14 6.54 0.88 10.23 1.072 307 253
Jos Alfisol 22 5.33 1.53 3.79 1.716 720 110
Samaru Alfisol 9 5.85 1.08 4.15 1.913 240 82Egbeda Alfisol 20 6.00 1.04 8.73 1.745 640 872 
Onne Ullisol 18 4.30 0.64 2.86 2,277 1.345 76Kaiama Alfisol 7 5.93 1.14 5.65 1.744 586 253Mali Samanko Alfisol 8 5.75 0.43 2.75 1,499 350 265Niger Sadore Entisol 4 5.53 0.17 1.00 259 68 22 

a Soil: water (1:1). 
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Figure6. Phosphorus sorption by the soils. 
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quatly as judged by their highly significant correlation coefficients (P 
< 0.0 1). The Freunli(IchI equation appears to perform slightly better than the 

I-angiluir and Temkin equations tor two soils (Kaiarna and Sarnanko). 
It is interesting to note that thec Freundlich plots for all the soils, except 

0(111, are parallel, possessing a relatively constant value (0.35) of slope as 
Shown InFigure 7. A regression of the intercept (a) of the Freundlich equa
tio1 ver-sus SOiHA or01all the Soils resulted in the following relationship: 

at= 4.49 - 0.45 pH-, r = 0.87** 
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Thus, a unified Freundlich equation for all the soils, except Onne, may be 
expressed as: 

log X = 4.49 - 0.45 pH + 0.35 log C 

This equ,ation implies that the Freundlich sorption isotherm of P for many 
Allisols and Entisols in West Africa. for the purpose of comparing their 
11-sorption capacity, may be constructed by simply measuring soil plI alone. 
More soil saml)les are needed to test further whether this relationship holds. 

The P-sorption maxima, as estimated b\ the LaingnliIIr eq ualtion for the 
soils u.sd in this Study, ranged from 36 to 244 pg PIg soil (Table 3). With ithe 
exception of tle soils froil ,Jos and ()n nc, ill the soils can be considered as 
having a rclativelh low IP-sorption Capacit'yi, particularly if conpared witI 

ilany soils froMll tropical Latin A.-mCrica I151. The va1luCS, howCve., are. in 
agrecllent \l ill those ohlained by Ellwe/or and Moore 1201 (aiAxodelC t 
al. 141 fbr Nigeria i soils but are in Cli lo\Cr than the valies obtained h\ 
Rhodes Ii411f6i Sierra Letonc soils. 

Relatioilships bct.eeil soil properties wxith lP-sorption n.\ inla as estimat
cd h\' tile I.anlgluir Cqualion (Tabhle 3) were examlined hy linear regression 
analysis. Positi\c signiflet.anut corrtlat iolls were found with clay content and 
oxalate-extractable Fe and Al (Table 41). ()ther soil )1r0ic'rtt.s such as soil p1, 
organic (', cation exchange Calpacity ( '(.E( ,In were) and oxalate-extractable 
found not signilcantl\y corretlatcd with P sorption. 

lthough the relationships between P sorptiol and soil properties lbr the 

liorus sorpion dlata of' iheIOhh 3 Iho hoils as illed into three sorption etqualions 

Soil P sorption (orrelation CoeelhlcJel, r" 
IllWi 1in_ __ 
(ig Plg soil) La.lgnuir Freundlich Tem11kin 

Jos 244 0.994 0.996 0.992 
(lnnse 233 0.996 0.995 0.995 
Fgheda 178 ).993 0)9)9 (0.988
Saillalko 172 0.986 0.998 0.975 
Sanlall 152 0. )4 0l.99)8 10.99 I 
Kamanma 135 01.985 0.996 0.974 
I )eba I alle 133 0.995 0.995 0.997 
Kaura NaloIda 112 0.998 0.)999 0.999 
Sadorl' 30 -  -


IBlascd Oll Ih" I gi Uliurequatiol excep lie SadOre soil in which Ihe P-sorption ll.maxiih u was 

actiually ieasired I ti re 6). 
r = (.95) In = 5) at 1) 10.01 

http:signiflet.an


West \fricanii soils appear to vary fRom soil to soil, it is a general observation 
that amorphous Fe and Al as extracted cither by oxalate or dithionite seem 
to bhe ilm aon Clomponents responsible for P sorption. In this study, the 
c rrclation bctweeln oxalatc-extractable Fe and AI was not vcry high (r
(ho7h. although it as statistically significant (1' 0.05). When the 
lP-SOIl)ti0fl I1a\XiuIa \\ere correlated \itlh the SLmlI of o.X\alatc-CXtraclablh FC or
AL. the correlation s as significantly inlIproed o\r that \ilh oxalatC
cxtraclabh IC or \1 alone (Table 4). This suggests that using the suL of 
o\alatt'-e.\tractah.l Fe and Al instead of oxalatc-extraclablc Fe or Al alone 
la\ beIa bcttcr \j\ n estimate the Is-sorlion capacil\ for the soils in tropi

cal \\e.st Africa. lhc prediction nlght be inpros d even further if the organ
ic.' maicr-comphl.xed Ic and AI are also incladed. in that Le Mare 1431 found 
that1P so b .d in the nonexchangeable furm vas highly correlated w\ith orgal
iC iflatltci-Coinl-elxCd Fe and \. This iaameter. hoci\.'. wraS not measured 
in this std\. 

The rclatiCl\ lotM I'-sorption MaXima inlply that the so-called fixation of + 

applied P in an, substantial quantities is unlikcl in these soils. Indeed, the 
International Frtili/er I)CclopmCn ('enter (IllI )(') field trials in SadorC, 
Niger, sho\cd that millet grain ields increased significantly from 3() kg/hl 
to 70) kg/ha \ih tile first incrment of onh 6.5 kg P/ha and reached the 
maxilunl yicld of' 1.2)) kg/ha at a rate of' 13 kg P!ha (unpub7lishCd dala). In 
Samnar. in the Northern (Wuinca sasanna of Nigeria. Moks\unvc 153] ob
seru ed that al)pro.XimalCly 65 kg P/ha \\as required obtainto nmaximum
 
mai/C \ld. TlC higher P' rCqluirCme.Cnt f6r maximum crop yield on the
 
Sainalr soil as ComllparCd with the sadorc soil can bc explained 1y the higher

P-so)rption capacity Of Sanlarn (Figure 6). ()11 hand.
the soil the other f)
application tate high 6)(0 kg W/haas as was required to otlain maximum
 
ni/c yhield in the ('errado region of' Bra/il 1271.
 

Ii,/ .I ,III I lCtLc11Aiiiu1 L'Jcm'i ' ,I l l -,mplil ulnial l a\lndl811d soil propIrlics 

sm fl l1(lll ,,/ ('oC'fH 'icnvil. I 

P1 ( 0.45"'
 
( 11 ll( 
 M 1.5"{ ,

1 
 (4l.483" 
)\ulac-IC .7 9P 

I )xalaic-.. fl M.7')i
S)\8lah'-\i n (1.I XX' 
IIxtdiC,.-(ii t \) (0.X76h 

Significant al 0.015 Ictvel.
 
Signilicali at .101e
l el. 

ns =No signi tical. 
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('hemical reaclions oi"phosplIate fertilizers isith soils 

InI ordC t)tL nderstand tiul LIsefLIIIess of phosphate fertilizers in promoting 
is
plant glI0Vth bth if) the Short 111 and the long run. its mportnnlt to under

stan(] tile nattie ofl tle so! lion toriled whenI1 fertilizers are added to the 
nteractions hosp~hatC"oil. the hcblt% l tile f1w solution and soil constituents, 

and the ilhilit\f tile prodtLis of these intCralCtions to release phosphorus 
int) the soil solution follr uptake by plh1ts. 

Rcatlto'l
s , Il ( /c i'r'[llani' e .i,' 

he primar. cos1nstituent Ofcoinmercial phosphate fertilizers is monocalciutim 
phospha te mionltld rate (NIt 'P)- ( aIlI ,P() ).II.,( ). Th phvsicochem ical 
prtIt,ss that are+ initiated 'Ahen a granule of pIhosphatC fertilizcr containing 
Ni(I' Isplaced ill the ',(iIhasc been the st1jcct of intensive investigation. 
Nia1n, t' tile Carl, ICSetl1gatlOis ,.creldone hy scientists at the National Fer

p ellctt rIcte.ssCe 
sullllllli/od bs It ufIa and Iavlor 130, and Iltmlrran 1351. 1 pon contact 

Ilh/i/r I)',.tc ( enter. Valh., AI..uthorit\ . These haV been 

\\,Il tile oil , NI( P dissolcs rcadil,. its rate hCing alected h\ the rate of 
lilt0CllltI Of" 111tiltur lrtiil tle suTOlnding soil. AS tile grallUl disso\es., 
nlot clleoltoff lilstll is illIespoIIsC to motiStlre gradieltS that are rI-cIetd 
inl part h dillerceICCs ii \atlr pressure+C bet\een the granni. site and sur
rioundiing Soul IlIi'ure N). lindsa\ and Stephenson 140t observed that rnois
ltue llo\lCllt in() tle uolt t a %r t'llnid %ssatueandwater v\por. 
l)issolution tif N( I' is accomplanliCd b\ partia.tl hvdro l+,ssis. I he solution that 
is leerleld is saturated witll respec t to dicalciuI phosl)hatc dilldratC 
(l)('!P)) - ( tlll( ).21 I ) and tindissodcl NI('P. This solution, known as 
tile metastahh triph letnt so lutitIn (IIPS). is, highly enriched ,.'ith phos
phatt ([able 5). l.indsav and Stephenson 1401 estimated that approximatclv 
2 It of le original P in the NI( P1 remains at the granule site as newly precipi
tated I)(D'l). The dissolutiton of N(T is dCpCndent on tile soil insofar as this 
mcd inii is tihe so0)1rcC of Moisture. I loscver., tile formation and comlposition 
of, NTlS are independent of' tile soil. 

Raci'ons in soil .siiraiudink.l'rli.crirait/'.s 

lecause of' the high concentration of' 1 in MTPS, a gradient is created be
tween the granule site and the surrounding soil. MTPS moves out as a liluid 
intO the surrounding soil in response to this gradient. The contact of MTPS 
with strrounding soil initiates a series oh ciemical reactions. As a result of' 

http:partia.tl
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MCP Granule in Soil 

IGranule 
I ra ul 

~SoilH20 (vapor)I 

Solution.
 

DCPD Residue 

P/Po 0.90 P/po 0.99 

I,,urc ,'.Iissolulion ol a gianuile of NI( ' in Soil wals ile lormation of' MTIPS and a residue 
of' )(1'1) (Iindsa [441). 

the high acidity of MTPS (Table 5), large quantities ofAl, Fe, Ca, silica, and 
other soil Constituents are brought into solution. In acid soils the quantities 
of Fc and Al dissolved are substantial. The soil immediately surrounding the 
gralnule bccomes partially depleted of its readily available components as 
MTPS continues to sweep through it. Farther out from the granule site, the 
p1l of the advancing solution increases as more cations aire dissolved. This 
Increase in p1l promotes tle" precipitation of' products of the reaction of' 
phtosphortus and soil colnstitulentS. 

I)icZalci tim phosphate dihydrate is one of the most important initial precip
itation products of MCP not only at the granule site but also throughout the 
surrounding soil. IhC a1ou nt of' )CPD formed at the initial reaction zone 
dlepends on tile calcium content of, the soil. 

The formation of MTIS ceases when all the MCP is dissolved. Because the 
wvatcr vapor pIressure of' MTS is approximately 90% that of' pure water at 
25 ('. water vapor continues to move into the solution long after MCP has 
dissolved. The condensation of' the water vapor into the concentrated fertiliz
er solution retained by the soil capillaries results in its dilution and causes a 
f'u rther expansion of tile reaction zone. As tihe fertilizer solution cones in 
Contact with fresh soil, additional constituents are dissolved, accompanied 
sin1Uluta ncousl v b\ )rCci pi tation of' ('a,. Fe, and Al phosphates. Lindsay and 
Slephenson 147] observed that precipitation of' the phosphate conotinlds 
accelerated as the pll rose above 2.3. As the p1] rises, the environment of the 
reaction Zone is controlled by tile initial reaction pIod ucts. In time, these 
initial i'Caction products dissolve at the expense of more stable phosphate 
compounds. The aloun o1fphosphorus in solution for plant uptake is gov



ti mat!t 
ne discussed more fully later. It has beenr obsCrved 146) that le and Al which 
are solIIili/ed b\ the acid solution are n.'rall. carried in solution away 

erned lI v i he Solubi litof these react ion products. This Subject vill 

from the Ifertilier granule site. ('loser to the ftertilizer site the conceltration 
oI". teldS to be hiher thanthIe ontceltratiOll. hih indi'ats that an1h .\l 
l-lh)1i,5Jhiatc associat i01 o.iIIdI Occui closer to the frt'ili/er grnule site thatn 
\\,l,d \Il-phoIsphate asSiChtiOII. lhis obsen ation has implications o6r crop 
nu1ltrition0. It ,lLgCSt, that \l-phoSpliat reaction products lla, be rlcaticl\ 
inure inil)(,rtant 1(or 'sul))l\ of1telt' 1) to the crop1 tha lc-lp t e reactiM 
pIroducts not oIl\ bcueILIC \I products areC less stble [391 but also bcILIs 
the\ \ould occur throgll hotlt I larger voIlmeI of soil. 

("+/a
I1111 pIhmphIahc 1/ -crl'/j:i'r'.',lu\ phoFC utolUu 4h1auI' ]i,/i'Zer" 

,\l st colniiur.cial phosphate lertilliers in in tropical f\lrica arC calciumuse 

lnh1splItc (e.g.. Iingle' and1
s sp rhosphIt triple sulperplhosp~hate). aM1nrnri
uln phosphates i.. lo alloll Lm hll) M-oslhateand u11111ollilldia phos
phiaNt-). M'WMI1toiuI1d g'a:n1+ ular I'rtili/crs containing potassium salts. We ha\ 
thu lr Ir xit, tieCdissoMlutioM o& l( Tl in calcium tilpihatUs. The disso

,1tnt1lM (d M111111111,till hloIIsphate has bLeI ilterpe'te'd in teis of the thRT
component, A+.tcii NI -I' ( ) -II(. In this s\stern no lh,drol, sis i precilita
tIoi (Wclr's 131. Ilie ii.tlisiii Is tHa oI as1ingIe congrunlt dissolution of' 
the ainioniuni phosphati salt. No residusC r left at the f'ertilifei site. Sev
ral]tlocesses liax\ srrmlloccur Illtalltousl\: 
I.l)iltusiiir f'the diSSol, CI lentlili/r ill soil water away f'ro the aPlplica

nutn1Site. 

/ bi ' Satuialuc( ,oltlmm,oI ltiusltmtic taltsat25( 

Sdl i.ltll'auratdS sotluion 

Ill ( omlposilion NI 

(a NI. 1 I' 

(a( II A,( ).j) -It t1 1 

(sta lIhilptc , I,. tlSt 
CaOl11( )I I,.lII<J I ,('alIIP(; 211 1( 

t.n0 1 .34 4.( 

(I i)CiSUIxr.u iipnt)OlhHI. MlrI PS) 1.48 1.44 3.98 
NII111I I )1 4.00 2.90 2.90 
(NI IdlIHP1) 8.(8 7.62 3.86 

Source: I uftmau and Fa\1,lor1361. 
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2. Movement of soil water from surrounding soil toward the application site. 
3. Reactions between tile lrlilizer solultion and soil constituents.
 
The composition of the saturated solution is shown in Table 5. From 
an
'igronoinic :;tandpoint, Ternan 172] observed that inl P-deficient soils early
growl h response was recorded and. occasionally, higher crop yields resulted 
fromi applicatlion of amini phosphates than from ca lciuim phosphates ofumotiLi 
ciu ivalenlt P con tellt. Engeislad and Termain [18] attri buted this phenome
non to the fIct that the residue of dicalci urn phosphate, which const itlutes 
20"o or more of applied P alnl which remains from su perphosphate granules,
reduces immediate P availability. 

Comlp un/d (iratlcrI"'rtiliz'rs 

The behavior of comlpound g. .,ular flertilizers when added to the soil has
been summarized by Huffmhian and Taylor [361. Studies involving mixtuTres 
of M(P and K('I show tihat, in the presence of' \water and depending on tlhe
initial composilion, the salts ('a(-lP(I01I.H ,, ('alIP() . Cal 101.2-1O,( 'aIKI I(1'(),,I._211 , l.K I 11( ). and IK('1may be present. ( )f' particular" inter
est is the preseiice of'lie calciuim OplaSsiulinl phosplhatc. The format ion of, this 
salt deprCsses solution pll Ito as low as 0.5. In such all acid medium, tile 
dissolutition of'catlions and otlhcr soil Cnlilstit uCnls is intensi fled. 

II 'al r-I,,xhdub/,I'/lIPerlifizer's: 

l'ImO.phaIe' Roc.k (I'R) 
- Several counLries in tropical Africa have deposits of PR. Direct application
of' leilv s2rouiid IRs f'rom local deposits seems to be an economic means for

ftili/ation [73,54,41].I 1' Apatite is thel principal mineral in ITR, but the
apaltL' in each PR should be regardedias a distinct mineral species [I 10]. The 
soltilitl of' apatite in soils is governed by its chemical and mineralogical 
properties and by tile properties of' the soil.

lhe dissolition of acarbonale apatite may be represented by the following
cqciliIIhri tIi reaction I[101: 

'a,I.II.t..N Na,, k,Mg,,I,,( O , ( O )Fe,,114, 

(10-0.42x)Ca 2' + 0.3xNa, + 0.12xMg 2' + (6-x)PO 4 
-- + xCO32- + (5) 

(2-0.4x)F 
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In acid soils the 110.,'- ions and other anions react with H' as follows: 

POa 2H11. HP( 4 (6) 

+21-1CO + HO + CO, (7) 

FH HF (8) 

These neutralization reactions of phosphate and other anions in acid soils 
have been shown by Chien [10] to provide the driving force for the dissolu
tion of carbonate apatite. Thermodynamic calculations suggest that these 
reactions are spontaneous. 

Another important apatite mineral in PR is hydroxyfluorapatite, and its 
dissolution can be represented by the following equilibriun reaction: 

(P0 4 ),,(OH),F,_, .OCa + 6lPO4-Ca, 1
-' + xOHl + (2-x)F (9) 

In acid soils, the neutralization of the anions with IH ions is the same as that 
of carbonate apatite with the modification that hydroxyl ions replace carbon
ate ions in the following reaction: 

OH+ HI H,O (10) 

The neutralization reaction provides the free energy for dissolution of apatite 
in acid soils. 

Unlike water-soluble phosphate fertilizers, the phosphate concentration of 
solutions generated when PR reacts with soils is relatively very dilute [68].. 
Such dilute solulions are not expected to participate in precipitation reac
tions as was the case with N'IP. However, release ol' phosphate from PR into 
tile soil solution is usually followed by reactions of the P with the soil. 
Adsorption-type reactions have been identified [15]. In a study undertaken 
to characterize the nature of reaction products 5 years afler PR was applied 
to a Colombian ()xisol. (hien [I 31 found that 2.5% of the reactive Sechura 
PR and 20.9% of'thC u react icte Pcsca PR remained unrcacted. However, the 
rate of PR decomposition in this x isol \as apparent ly faster than is usually 
the case in temperatutire soils. It was concl uded that since only a small frac
lion of the original apatite was tin reacted, the reaction products were largely 
responsible for the residlal P available to the crops. The exact nature of these 
reaction products is yet to be characterized. 

Fus'ed PIosphaie. 
- Fused phosphates such as Rhenania phosphate are made by heating PR 



271 

with additives such as alkali carbonates and silica at temperatures in the 
rangec of 1200'-1 400°. The product of fusion is insoluble illwater but solI
hiC in am inonjiurn citrate. The following equation illustrates the chemical 
plroceCs involved in the production of Rhenania phosphate: 

A 
('a ,( +PO,),F, + 4NACO SiO, 
6('aNaPO + 2CaNaPO. 2CaSiO- + 2NaF (I) 

The reaction of' Rhenania phosphate in soil is similar to tile reaction of PR. 
Increased soil acidity increases tile dissolution of fused phosphates.
Engelstad ct al. [1 7] demonstrated that in acid soils Rhenania phosphate was 
as good as TSP. In laboratory studies, ('hien [12] observed that moire
 
water-extractable P was maintained in an acid soil treated with Rhenania
 
phosphate than in the same soil treated with TSP. Silicate 
 in Rhenania 
phosphate decrea d sorption capacity of'the acid soil enabling more of tile 
dissolved P to remain as water-soluble 1). 

Partially acidutad phosphate rock (I'.IR)
 

As previously noted, tile agronomic effectiveness of PR is determined by the 
properties of' tile soil and the chemical and mineralogical properties oi
PRI. Jnreactive Rs dissolve so slowly 

the 
in the soil that tile almount of' P re

leased is insu f'ficient to Support the growth of' fast-growing short-season 
crops. It is possible to im prove the el''ect i veness of' uiireactive PRs by react
.1g them with port ions of' the sulfl'uric acid or phosphoric acid that would 
ha\e been req uirI'ed i'odnCeto SUl)erphosphates. The prod ucts obtained in
this man ner are called PAIR. Depending on an acid ulat ion ef'ficiency of' 
100% and the acid used, the material ma.ufa1ctured during PA IR prodiiCon
consists ma inlI un reaCtei IR andof' the a water-solo ble Ihoslhate comn
poullii d.Nost often, however, tle material pi)odceed consists of' tlie Un reacted
rock, a water-soluble product, alld a nimber of otlher products, some of' 
Which are so! uhle in al nonilill citrate andi some of wici are not. The 
water-soluble corn ponIen t is usu~allv mnocalciulll phosphate mol(nohydrate, 
and the reactions of this compound with soils have been reviewed. 

Where PA P, has proved as effective as tlie Si)erphos)hate for crop f)'0
duction ,there has been no agreement on tie roles played bv the water-soluble 
and tll reacted rock components of PAPR. Although this controversy is far
 
rlon being resolved, Mokwunye and ('hien [56] provided data to support tlhe
 

findings of' Mclean and his colleagues 152,4I1 that there is an interaction 
bt\eCn tile water-soluble P and tile unreacted PR iil PA PR when added to 
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Source: Mokwunye and Chien, 1980. 

I,,:aw '' \V;l -\Il.li;clahlc I' il lvmo Nigerian soils after I week's shaking at 20'C with near'ly 
etiuIal , of tlal ]';ts tile or as partially acidulated.tllltllOtl mixture of I'SP and phosphate rock 
phlosp:hate loc.k.
 

the soil. In laboratory studies, it was found that when water-soluble P was 
added ill equal aimottnts to different soils and the soils were incubated for 
Varyi ng periods, aMou t P higher PAPRthe .11 of' water-extractable was in 
treated soils than in soils treated with TS (F.igure 9). The addition of' PR to 
iS P rCsuLltCd in an in crease in water-extractable 1).The r,- ts suggest that 
the presence of PR inPA.lPR and in the TSP/R mixti'le slowed down the 
immobilization of water-soluble P by dissipating some of the acidity pro
d uced during M ( 'l'hydrolysis. The presence of PR served as a source of base 
for the highly acidic NITPS atnd thereby reduced the quantities of Al, Fe,and 
Mtn solubiilized. 

(htamjcs in reaction products wilh li/me 

It was pointed out earlier in this review that the initial precipitation 
products, of which D'PI) is a major component, are metastable. In time, 
these products change into P compou nds that are more stable and less 
solble. In calcareous soils, insoluble calciun coml)ounds such as 
octacalci urn phosphate (()('I)) and tricalcium phosphate are presunied to be 
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formed from the breakdown of D('PI) [51,59.211. In acid soils one could saywith certainty that )('1P does not form because during the breakdown of
calci urn phosphates such as D('Pt) (a possible product at the granule site),
the phosphate is remo vc frorn solution by soil constituents such as Fe and
Al faster than ()( 'I' can hc formed [511. The rest of the picture is ILuzzv. Thereis eidcncc to suggest thal the abundance of Fe and At in solution in acidsoils results in1the frna.tliOll of am1orphous Al-Fe compounds [I 6.70]. These
compounds ha\e been presumed to be converted to variscite or strengite
upon aging [34.45]. However. in a series of experiments, Hsu [32,33]
concluded that conditions for the lormation of' variscite do not exist in thesoil undcr normal conditions. To (late, no crystalline Al-P and Fe-li reaction 
prodiicts in P-fcrtillized soils have been isolated and identified.

()n the basis of solubility principles, one would assume that the presenceofHigh anmouLnts of' Al and Fe in many acid soils would encourage tile forma
tion of Al-P and Fc-P reaction l)r'od(Lucts. It is probable that these are notdiscrete At or Fc phosphate compounds but conglomerates of' amorphous
Al Fe-I'. Furthermore, the environment in which an acid soil occurs would
determine the dominant reaction product. Some acid soils have relatively
low IC and Al contents (Table 2). The erosion of )CPID ma' be slowed (lown
under these conditions, making DC)PD an important conItriIbutor to the long
term 1,nutrition of crops. There is obviously a need to identify the reaction 
products of' P fertilizers and tropical African soils: this knowledge is necessary in choosing tile phosphate tertilizer and management practice most suit
able for each environment. 

I"Losphorus needs of tropical African soils 

L'ra/uao of unative soil phosphorus 

Three factors govern the ability of soils to supply phosphorus to crops: (1)
the concentration of phosphorus in soil solution (intensity factor), (2) the 
amount of' phosphorus present in the solid phase in equilibrium with phos

I)horus in soil solution (capacity factor), and (3) the rate of renewal once theconcentration of' phosphorus in soil solution is depleted, e.g., as a result of 
plant uptake (rate factor).

Various chemical extractants have been used to estimate 'available' phos
phorus. (teng and Acquave [60] extracted 48 dif'ferent soils from differentecological zones in Ghana with ten di fferent extractants. The mean value was as low as (t0) mg P/kg soil (using Morgan reagent) to as high as 8.77 mg P/kg
soil (using I citric acid). Rhodes [651 found that the mean value extracted 
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by Bray I extractant in higly weathered Sierra Leone soils was 10.58 mg Il/kg 
soil. Although chemical extraction methods have the attraction of involving 
halirly simple laboratory procedures, they require extensive correlation and 
calibration with crop response in the field. IIngeneral. satislactory correla
tions have been lfouid with most extractants from time to time in tropical 
Africa and none has been found to be always su itable in all areas 1281. 

The chemical potential of monocalciIt ni plhosphate to estimate the phIos
phorus stat us of soils, as suggcsted by Schofield 17 I]. has been successfully 
used 142] to provide a reliable index of' available phl1osphorus for cotton in 
I Igan11da. 

More recently, phcosphoruIs sorption tcChniques. which take into considera
tion the intensity/capacity rClationV. have been utiliZed to predict the phos
l)horus needs of' soils and to estimate the external p1hosphorus requirements 
of crops [22]. I ising the in tensity/capacity relations. Nok\\'unvC [551 reported 
that relatively low levels of' phlosphorus (50 kg P/ha and 25 kg P/ha for an 
Al fisol and an lI st ilsan mnt1. rcspecti'VCelv) were required to maintain an 
CqiliIi bri um iphospho)ruls concentration of' 0).2 kg/ml. Propoilionatcly higher 
rates of 35 kg l'/ha wcrc rcquired to attain an Cqili ibri uni phosphorus con
centration of' (H)12 pig/il in a Typic 1I,inhriotlhox in Sierra Lcone [66]. Ap-
l)rc'iablC variations exist in the amOllunt of" phoslhorus ,sorbed at an eCquilibri-
LIn solulit ion Concettrat ion of' 0.2 p.g/nil. From a st uidy f' soil p0rofiles fiom 
Nigeria. logo. and Liberia. n1o and Fox [401 showed that Alfisols and 
I ltisols derived from basalt haV,' the Iihighest phosplorus req uirement coni
pared with .\lisols. Illisols, and hydromorphic soils derived f'rom acidic, 
coarsC-tCxturCd parent materials. 

ExtractioIn of lphOSl)howith anion in several locarus resin has been used 
tions in tropical .\frica (e.g.. Miaida [49]). Resin-extractable phosphorus, 
xvhiRlh rellects the intensity. capacity, and rate factors, gave the best correla
tion with crop )hospho)rus uptake for savanna soils of' Nigeria [5] and for a 
wide range ofWtropical Af'rican soils [67]. 

The critical thresholds of' phosphorus deficiency for six tropical African 
soils as determined by both chemical cxtractants and anion resin are present
cd in Table 6. 

.'valuation oI soil phosphorusafier addition of various sources ofphosphorus 

Phosphorus uptake by crops is principally a function of the atliount of phos
phorus in soil solution. The usefulness of' a phoSlhoruIs fertilizer is thrclore 
ncasuIred in terms of' its ability to maintain aIhigh enough conceti'ation of 
phosphorus in soil solution to sustain crop growth. It is also critical to moni
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tor the ability of the reaction products, formed when the fertilizer reacted 
with soil constituents, to continue to replenish soil soltion phosphorus over 
the long run. 

Mackenzic [50] added monocalciul phosphate (Ca(H,, toAO4)) some 
I lisols from Sierra Leone and incubated them at room temperature for 0,

5. or 12 \ceks. l)uring the incubation period, the samples were subjected to
wetting and drying cycles. At the end of each i ncubati on period, phosphorus
recovered iw the Bray I extractalt was me1C.Sulr'd. The results are Slullm1la
ri,,ed in 'Iable 7. lPhoslphoruS etxri'aCd dcCli ned with time. However, in all 
cases. tile addition of 50 ng P'/g of soil was sufficient to change the soil tests 
to levels at which to phoslhorus f'ertililers would be expected.no response 

There is strong evidencc, espcCiall\ in West Africa. that phosphorus fcrtil
i/Cus ha\C a sitrong residual cf'fect 1751. Mo>kwunyc [53] found that the buffer 

. cltI) S1/11 h \1 Oil of LiliICthrt'j~iicildhod icnoc,, 

iOLp(kct ()\isolI \LIr l ICu Iliso l \"crtisol lnrtlisol IlnceJtisotl Alsol 

(pl)ifl) 

ui P 15 8 15
)kl'II).hn I' 30-40 30-40 20 25 

SMountldr I' 60-95 85t1Lja '2 10 15-20 I 10-15 15
I)all I' 60 50 
\\' ~ "icr riclahi I' 0.50 0.25 0.20
 
48-hu cIln-dC'sorhcd 1) 10-15 10 
 17 10 10-17 I0 

, 'ii .\thilLd fillU Roche cil al. 1671. 

I H 1ICcll of, lie oil phosphorus exIriclahle hybay P1 

So l HL.cS pI I' applied Inubation period 

0 5 12 

(pp) (weeks) 

Ntokoldc 4.0 0 7 8 8
50 47 36 30 

l',c ,lauln 4.5 0 21 21 22 
5(1 61 53 41IlIncuia 4.1 0 7 6 6 
50 48 44 40 

Niall 4.0 0 8 9 9 
50 48 40 37 

.11',, Cc ' k'n.'ieI 5101. 
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capacity of an Alfisol at Samaru dropped. I year after application of 150 kg 
PO ,/ha, from 13.44 kg IP/ha per 0. 1pg/ml to 5 kg 1P/ha per 0. I Pg/ml. Conse
iuCtly, the amount of phosphate fertilizer required to raise the equilibrium 

phosphorus concentration to 0.2 ftg/ml changed from 50 kg P/ha to 29 kg 
P/ha. 

Results from use of chemical extractants such as Bray I extractant on soils 
that have been fertilized with water-inusoluible plhosphate fertilizers have not 
lent themselves to un iform interpretation. For example, tests conducted in 
Kansas as reported by ('hien [II] showed that Bray I solution was very 
useful in measuring the release of' phosphorus from a Florida rock to forms 
hat ou ld be regariled as available lfOr plant utilizat ion. Iowever, Peaslee et 

al. [02J found that the Correlation between the plant-avai lahbilIity coeflicient 
ralios and Bray I extractabilitv coefficient ratios for lowa soils to which a 
Florida rock had been applied was very poor. As suggested by (hien [I I] 
phosphorus extracted from soils treated with phosphate rock is partly from 
tle reaction proilducts and parthl from the Unireacted apatite. In a field trial 
conducted in Sierra Lcone (E.R. Rhodes. unpublished), soil tests made 12 
imontis after appl ica t ion of 2(00 kg P/ha in various forms to pigeon pea 
showved thlt Biay P2 ext racted mr1C phosphorus than did Bray P I fr'on soils 
treated withIphosphate rock (Table 8). Partial f'ractionation using the Chang 
and Jackson [8] )rocedire showed that Fe-PI reaction products were in the 
greatest abundance. This would tend to suggest that the use of Olsen's P test 
(0.5 .lNaiHCO) could be a better choice in these soils [71. 

Roh'olorgttiic phosphorus ini soil testing 

Although mineralization of humus is thought of primarily interms of the 

'.,Isr'ay and1I ,/ I parlial fracionation of phosphorus (Clhang and Jackson [8]) in a njala 
plinthic palcoduli ircaic d wiih phosphate ferliliiers 

itl'1.nx
:iehl plot ni Bray P l Bray P2 Fc-P AI-P Ca-P 

Basic slag 10.2 17.9 91.3 65.6 17.0 
SinglC sUlcrphoIsphaitc 14.3 23.4 105.0 844 14.0 
North (Carolina rock phosphate 8.0 19.) 76.3 62.5 46.3 
Senegal rock phosphal (laiba) 4.0 12.5 59.4 46.9 66.5 
Phosplial' 11.1 19.10 126.9 68.8 17.2
 

IntrCItcd 5.0 6.8 55.0 
 46.9 7.4 

l'Ioi)haI is cilcineid alu iiunu phosphate froin Thics in Senegal. 
Sourer: RhodIes (utnlhblished). 

http:itl'1.nx
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amount of nitrogen released, in iact, a complete range of inut'ienlts, both 
macro and licro,ISis released. Ap)reciable amoii1s of organic l)hosphorus
have been reported ilsoils of West Africa..Acquaye [II lIound that 46%-70%
of tile total pIhosphlorus in difelren t soils iII (lana was in organic form, and 
-n\\CIor ald INtorC [ I91 Ireported a range of I 7%-72% for soils throughout

Nigeria. Although sav\anna soils contain less organic mattel than do forest
soils, tile organic phosphorus released (filling humLS mineralization in the 
SahCl i1a\ bc particularl. i'mplortallt to cIo) production andlla aCCOLInt for
soil )irodulcti\ it\ Increa.ses hleir organic IlattrCI' levels Ila\ Cbeen IaisCd during
f'allo\. In general. Ihoekci, saanna soils contain less organic phosphorus
than do soil" froml ile fo0rest /Ol [2,57).

.'Since phospho)ru1s is usuall\ taken up as the orthophosphate ion, the rate
of tlilcrali/ation oflorganic p)IsphoMus is a crucial factor in determining the 
contribuiion oIfifganic ph)slphorus to plant nulrition. Measuring the rate of
ninerali/ation ( ()rganIc phosphorus is one phase of research that has not
"cLVi\Cd LdIqCli allt1loiI. In the Savanna and Sahel /ones of' West Africa, 
tiLt ate,, Inlieratli/amlion (lringof' humus tile cropping period is estimated to 
bC hetL'cn 4"' atid 5 {S ,3,X.')J. Most 'hcnmical extriction I)rOcedures are
comIcer \\\lith ofthcXl a',c'im)of, inorganic forms of phosphlorus,. and there 
;II Instanc's ihcccrops ha'C l'failCd to respond to phosphate Iefrtili/ers al
thouglh soSiotest data suggest thai phos)horus should he limiting in such soils 
IFIX : CrmilieCr Rscarch rIogram in Africa. Progress Report, 1984).

\Vhere research has bccn done. m inerali/atio, of' organ icphosphorus has 
been used as an index of )hosh()rus avalilabilit. For exalple, .\depetlu aind
'ore\ 13 rcortcd that phosphorus nlinerali/ed during cropp'ing with 111.aize 

in a greenhouse correlat.ed signilcainl l\ i' = (0.90) With )hosp)hlate tall.ke by
Inai/c for soils fromilhtC Nigerian savanna region. In Kenya, Friend and

Bi:'ch 124J rcpoitcd significa.nt coriClatiCoiin 
 btcween olgalnic lphoslhorus and 
phos)horn Is Uptake h crops. lheCrc amfC instacees. however, where poor correlations have beten ohtained 157,315]. ()bviouslv. there is need for fuiirther' 
studiCs to assess tihe significanicen If orga nic phos)horuis in determining the 
ploIspho)rms needs of' trolical A..lIca i soils and crops. 

Iliosph Iris deficiency in Soils of' tiopicaI Africa severely linits Crop proidic
ion. Ihe agronoie effectiveness o lIhosphatc I'rliizers is a fu nction of' the

cheia' l reactions between tile fertilizer components and Soil constituien ts.

Ihe natuI' 0oftile Colloidal systems in tropical ,\fiican 
 soils controls the

bChavior oflphosphate f'eliliem's in these soils. Thus imllobilization o- f'ixa
lion(If lhosph Irsis encouiage(I I tile fi ne-textuired, oxidic. base-rich 

http:significa.nt
http:correlat.ed
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Alfisols. ()xisols. and Inceptisols, whereas the low surface charge densities of 
the coarse-tCxtured, kaolinitic, strongly acidic and often highly weathered 
. Iktisols and ()xisols enhance crop response to even small doses of phospho
rus ferttliizers. 

he a mount of phosphorus in soil so!ution controls the uptake of phospho
rus y cr'ops. [he agrononlic val lC of a phosphate Certililcr is therefore tie
liendent on its abili i to maintain a sufficient qunanltitv of phosphorus in soil 
solut ion for uptake by the crol). Sc ha bCn dCvelCopd toeral Ichnii iqCies hC 
test the n,li\c phosphorus levCl in the soil and 1t teCCmintilC the quanltitS' of 
I'rlili/Cr neCLtCd to Cnhanlltc' crOp groMth. Although 11orC time consuming 
hC Ich n iqLiUCs that take into consideration the relationships between the 

am11oun11t Of pho10sphorus in soil solution. le hlosplhous in the solid lhase at 
Cequilibrium Wilh that in solultn.ion, and the rate o1 replenishment of the soil 
solution )hosphoruS Seem to hold m1LIuch11 for assCssing the p1hosphopIromisC 
rus rClquiremCents of lropical African soils ani crops. 

linall] . the roic of, orgm,!nic phosphorus as a priiniarv Source 'ofinorganic 
l1hlohrus lor crops inMust te c ii,idered. The need for additional research 
oin this and other crucial aspects of the chenistry of phosphorus in tropical 
\frican soils cannot be overemphasized. 
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Agronomic evaluation of phosphate fertilizers 
in tropical Africa 

.\. Biationo, S.K. Mughogho, and U. Mlokwunye 

Introduction 

For over 50 years scientists have acknowledged the harmful effects on crop 
product ion of dcficiencies of phosphorus in tropical African soils, and efforts 
have been made to ( I) assess the extent of phosphorus deficiency in the soils 
S13.27,36,35. 14,17]. (2) estimate the phosphorus requirements of major food 

crops [10. I, 1,9,28.22,3 1]. and (3) evaluate the agronomic potential of vari
oLis phosphate ferti liters including phosphate rock from local deposits 
[2. 15,.16,30.32.33.20,41,29.40]. In spite of these efforts, little information ex
ists on the role of, fI'ert ilizers in sustaining plroducti vit of tropical African 
soils. There are three major reasons for this paucity of' in formation: (1) the 
experiments were carried out with low management inputs including use of' 
low-yielding local crop varieties with poor response to lertilizer: (2) the ex
perimen ts were primarily ann ual trials; and (3) the experiments were carried 
out with little attempt to relate resu lts to speciflic soil or ecological conditions 
[231. 

Field studies were Undertaken by the International Fertilizer Development 
('enter (IFDC). and a major goal was to investigate means of' improving 
ferti liter use and fertilizer efficiency in order to increase crop production in 
tropical Africa. More specifically the objectives of* the phosphorus research 
program were as f'ollows: 
1.To assess the extent of' phosphomrtis deficiency in tropical African soils by 

evaluating the response o!'cerCals to phosphorus f'rtilizers. 
2. To evalut1.e the potential of' indigenous phosphate rocks f'or direct applica

tion oir production of' phosphate fertiliters at minimal cost. 
3. To develop management practices fI' a more efficient utilization of phos

phorus f'ertiliZeers. 

' ;
,.,-,Ai ,. .,,. "; "", a ,, _.-,.. ..
,i;',4 
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Methodology 

Benchmark ewperinis 

The experiments that were set Lip in 1982 by IFDC in collaboration with the 
International Institute of' Tropical Agricultre (IITA) and the International 
('rops Research Institute for the Semi-Arid Tropics (ICRISAT) were de
signed to eliminate the three constraints listed earlier. They up illwere set 
ikenne (Nigeria), Mokwa (Nigeria), and Sadore (Niger) in tile humid, 
suhhtu in id, and sCm iarid agroecological zones, respectively, to study, among
other things, the general response of the primary cereal crops (maize and 
iiletl ) to phosphorus fertilizers. Since tie rainf'all pattern is bimodal at 

Ikenne. maize was grown during tile It St season and coWpea was glo\vn dur
rig the scCond (shorter) season. At Mokwa, where the rainfall pattern is 

Un iinoda, a Iia i,,e/c\Wpea irintecrop system was adopted. Sole crop millet 
was grown at Sadore in Niger. At hoth ikenne and Mokwa, phosphorLs was 
applied at the rates of' 0, 30, 60, and 90 kg P,(),/ha il tile form of' single
superphiosplhate (SSP) ill each of' 2 years ( 1982 and 1983). At Sadore 1) was 
appleld arm1ual lvl (1 82, 1983. and 1984) at the rates of'0. 10. 20, 30, and 40 
kg P ),/ha ii the form of' SSP. At the two sites in Nigeria, nitrogen was 
applied at tle rate of' 120 kg N/ha in the form of' urea and ini two splits.
orie-third at time of' planting and two-thirds 4 weeks after planting. Potassi
urii (90 kg K )/ha). magnesium (I 0 k-, Mg/lia), and zinc (2 kg Zn/ha) were 
applied ui fbrm lv to all plots..\t Sadore the N rate was 30 kg/ha as urea, and 
K was applied at 31) kg K2,0/ha to all plots. 

I'hosphate'crtilizersource l'(ahation 

A second objective of the benchmark experiments was to evaluate the agro
nomic potential of different phosphate fertilizer sources, including phosphate
rock (PR) and partially acidulated phosphate rock (PAPR), in tile three 
agroclli ratic zones. At both Ikenne and Mokwa the agronomic potentials of' 
Togo phosphate rock (PR) and partially acid ulated f'or'ms of' Togo PR 
(PAPR) were compared With tile perform a rice of' two standard commercial 
phosphate f'ertilizers. ,SlP and tripICle SUlerphospliatC (TSiP). All ) f'ertiliZers 
were applied at the rates of' (), 30, 60. and 90 kg P,()jha. An additional 
t'eatmiient irvolving IR at three times the annual application rates (0, 90. 
180, and 270 kg P,()jha) was included to study tlie influence of'a relatively 
large dressing of 'R oii building up and sustaining the l fertility status of the 
soils as well as on the subsequCent crop yield. At Sadore, Park, W phosphate 
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rock and its partially acidulated forms were compared with TSP and SSP at 
the rates of 0. 10, 20. 30. and 40 kg P,(),/ha. A triannual treatment ofthe PR 
"as applied at rates of 0. 30, 60. 90 and 120 kg PO/ha. Nitrogen, potassium,
and iinc (where required) were applied to all treatments as previously de
scribed. Each PR was acidulated at two levels, 25% and 501%. A streak
resistant maie variely IZSR was the tent crop in the Nigerian sies; in Niger, 
(IV'I millet varietv was the test crop. 

In 1983, the evaluation of'logo PR and PAIPR was expanded to a second 
site in Mokwa is \well is to Sarakawa. Togo. EvaluLation of Pare W PR and 
lP:\l, was also expanded to (ioberv and Mai-Gamji in Niger. Evaluation of 
a third phosphate rock "as IPAPR (Kodjari) was initiated at Saria in lurkina 
aso using sorghuin and nilet. The 11rates were (), 30. 60. and 90 kg P,(/ha 

at Nlokwva: (0. 2). 40. and 8O kg l',()ha at Sarakawa: A. I5. 21). and 40 kg
P1)/ha at (bcr\ (I, 3 . 60. and ) kg P,(Alha at Nai-(iainji: and 0, 15, 
31). 45. and ho) kg PA ) /ha at Saria. Nitrogen was applied as urea at 121 kg 
N/ha at NMok\a and Sarakawa and at 30 kg N/ha at Goberv and Mai-Gamiji.
Ihe trCaltncilts at Saria reccived N 60 kg N/ha (as urea) and K at 44 kgat 
1K( )'ha (as K,S( );). 

Ihromgh a codlaborative arrangement with the 1,Jniversity of Nairobi. lests 
were begun in 1983 at the hligh altitude of Kabete. Kenya (I .941 m) on the 
use of l(ogo IPR and PAPR for hyhrid maiie produclion. Bea ns (l'ha.veo/ll.s 
spp) \\ ere in tereroppCd with the maiie. The P rates were 0, 90, 180, and 360 
kg J) )/ha. Nitrogen as urea was applied to all plots at 50 kg N/ha, and 
slf'fCicin t 1K,, ), was applicd to Sulpply 30 kg S/ha. 

S\the nletwork giCw.\peperiments were set Up in I984 with the aid of' 
scientists from national research institutes at Nteje, ()werri, and Zaria in 
Nigeria: Njala in Sierra I.conc: )a\ it in logo: Tounga and Miagaria in Niger: 
nlild YlltdLmnl (Sapu) in (iaiibha. Togo PR and AI.\PR \\ee evaluated ll all 

the sites in Nigeria. Sierra Leone. and logo. The 1) rates at Njala and SapLU 
\\ere II. 25, 5). 1(R,and 2(h1) kg P, )/ha and ( 15. 3. 45. and 61) kg P,)/ha.
reslpctivCl. The in Nigeria Niger asrates and were pre\iously described. 
Maike was giow n at Nte.e. I)\ erii. /aria. N jala, l)a iC,and Sapu. Millet was 
gro\vi in ltlunga and Migaria. In addition, groIlndntS \were grown at llapi.
lilelmsi IR and P.\IPR acidulated al 15% and 311% were used at Sapll. All 
trCatIelllS rCCCid adeteliLC Support nutrition. 

A ralnd lllidcoi CiCplt hehlck design was used for all experiments. 

lt.rn vl'I (,vl'lllloll (?/'l' li-liliz..vr - N~t,,vria 

In 1983 diammoni itim phosphate (DAP) was introduced into Nigeria. In re
sponse to the wishes of many consumers, particularly the World Bank
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assisted Agricultural )v'lopmlnt IProjects (A.-l)Ps). simple experiments vcrc 
designed to C\,aluate lil pirformances of' I).-\Ij SSP, 15- 15-15. and Togo
lAI..1 at 5Y%acidulatitn I A5(0. rhe trials werc set up at kole. lkare. and 
\do in the -kiti-Akoko AP)1) in ( ndo State of soothxl\\cstcrn Nigeria. JPhos-
t)luLI ritS v, Cre . 3). and 601 kg 1P,1 )h. .\11 treatnients rceived potassi

tit as K( I at the rate or()) ki IK( )/ha. Nitro)gcn as IIL'a \;.s applied to )AlP.
.S1'. and .A.5( treatmcnit in a'Illl)llltn to eqeill/C the N Contained ill all 
matcriiI inc lC'iUL: - 5 at each'I 15- rate of I' apiication. Nai,c (varilet 
I ZSR) \\ as the test iop. AIhr these cxicip cni \\c'rc set Up. teir Manage
nicnt \\a, h;.andcd xrc to staffl' the lkiti--Akoko AI)'.

In It+',;4 the n1nLbllloClF sItS \\xan incrcasCd 1t incliudC Ilor in the ilorin 
-l )l' and Bida .lnction in theilida AP)l'. 

A- a ntdoli1cd comhipltc bhck design w\'as used 16or all CXperiments. 

]r')m - 'Yt ] va / lUa l lo l PI ' li ' r-l iliz e r - , ' L r 

C'-ts condlctd in plrc",ions . cars (see I(RISAl Annual RCportS 1982. pp.
30'-30," and 1983. p. 315). had shown that (I ) \\hilc prcscntlv eXtended 
imllp)oCd millet cultix ars had \erx little or no advantage over. local varieties. 
letrtili/Cr increasCd \ ICld, of' both local and imlpro\cd clltivars Signifeantl\
and (2) it x\xas prol'tiablc to alply 1fltilil's. In order to better understand 
I'cfrtili,Cresnse under armnCOnditiOns, tests \\c e t lit) to concentrate 
iuainl, oil Phosphatc ftilie.r response. 

A raIndomlied split-pl) dc-,iIn \vas uscd to test cii ili,cr rspolnse in trials 
t)il t, mllnajCid b, researchers and farnurs. Plot si/c,, x cre 25) i'. l\\o 

sOIrC of' Iohor(pllus'l. SP.11dand laltially acidlatled 5()") Niger Pane \V 
ph phate \\xre al o el1'of ((. 24.rock. ciUparld loit ]r cl PI) 12. and 36
kgdihal tiing larier", traditionll \ariClic . Ilhirt\ kilograms of nitrogen \\ias 
applied as calciiuunillllil l llii lillc on ;ll trcalnicnl. he ii itrocen \wa, 
applied ill t\xo Split lose's. applo\iriatcl\ 15 da\ s aftcr seedling clcr'gence 
and alpproxilllatclx 31) dax s ltIr. I he p hu x.\as!, broadcast bt not 
illp)ratCd at the timle (fl plot la )oui.2-4 \ccks befltrc planting,. The tests 
\wCr condLictd in the fiClds (of about 31) farmlers ill Cach of' fLll' villages 
\xxhere basClinC studic , arC bcintt coiducted. Lerlili/cr application \%,Is done 
h rICealrch t'chnicianils. \01ile CallCeirs planltd the pilois and carriCd out all 
tire culuiiral plracticsC ill th1eir radilional xxax. 

.SI('II.1S la / i'.xi 

Statistical analyses were done in accordance with the objectimes or the pro



iJcct. Ir each ol the indiidual SitS andl n a agregated ,asis to riale the 
rc.carcliuS to ir1a\v !I,ieral cniciisirms Ior Ia i :tgrocc, logical ,'ons.for 

e 
I ).lltih'roin each -ite \,cr, aila'.d acorditn t( the L'jcIi 

llaoi',r ol 	 trlitiOn .,and for -,Csp '\p.Iiiiclital ')n-, 

dCSign 
[ 1 1hc trial. ti Itillo.'nit i\a"., .I )oMS),dtI0 lIh, ,lesreo rirle Obtaining a I-CSe 
l/tu i l of1',\ iold to IlIILeasrn. Irtes of ' ) tf[-diiilcrilt Iflri ,sil0orLis otLii'Ccs. 
\1 (lealcr.I ii.e"pe tli csig-nll-,. 	 "ie i.Cwd \ Z', a conlpclcl . randofli/.(d 
hi,, k klslin 	\\ ih diiTlrcrit rririther o1 rcjflioia!Cs 1:,dictated h\ the site \aria
twi4, lIe b1Lasic model for th! dcsign is: 

\\ here: Y 	 represe isk the ; Olid from the II' trealment and j replicate. 
represent' thelicit on the ,genera llca n of the i, phosphorus 

S OLI lCe, 

ji rcpreseii .,the clle'k-telof hc Ith licate.: rp 
i8 IpI lLSuIIs IeI'III'II tal . as site.ariation, ire C'\ l , wiated \\ ih each 

,
ii,aI Irili the leslll d 11u1c o\ ,I ()I\ ar iranIfor each site. riutipe 'ollplari
'C
soi" \\ rcI 	Ide he\\ eII tIrItl''IIItS h\ uSiin the Wailer.-)LI)naIn 1-lest. 

I 1W iR) rise telliln ol h i)hi)iiosiio LISSo alld crlopp})illg SyStelIIfol 	 rLII'ce 

\\,a', ilcUihited h),el1ill._ r1C,nJOn e.'ItatiOnS CStirliated b\ g lerall linear 
I i,models iha\c th rnnr: 

t . /,K 	 II (2) 
'Y I 	 I i '1 I (3) 

v,he'e: ' epresctts the ,ielcl of the iV observations for the k'' 

)hosplhoruLs ',()lI'L'.
 
t. y andi u,.rpren parameers to be estinated in order toll rie 
e\alIatC the e cl of the sources osc the range of the rates used. 

ji represents tle general nueanrs for thlie experimental mies. 

'Ii'anaksis 	for agroccological ioneswas done b\ c()ntbiniug the' specific Site 
data rl)rLscnrtati\c of the /MnCs dulring the .ears o e'xpeuri nircnltatiOnl. ( 'are 
\\as taken to c\aluate tlho)se sites With the Sa.le s)UlcS anid rIaes arnd thilS 
asrid con unded eflects and hiased estirates. 

I he tatistical model used to gi\e general cor i 0uisiosfor the 
agre'cological areas has the fllowing form: 

+
N ,I = pi , I- iI ( [)I f I ((1 ),k t + (Y )j, ± 'ri1, (4) 



where: represents the Cffe'cl of rates and sourcc of phosphorus.
 
fi, represents the cffect of tile re
iCplicatCs. 
( rcprcs.nts a1n CrIor term to tCt the phosphorus SOuIrCes. 
UQrepresents thc clect of the V site.k:"e\pCrintCntal 
(W pe ts f ' nter.Itioii (llo1fsit' 1 s)URCS. 
y rcprCnct, the effect olfth I' car. 
(7 rpiesents tthe ilelt .'1 a ) \l lA' SOuIrcs. 

I')IsCII lei'0coE p ti ilil err'lor termll. 

To combiine sitcs and .car it as considered important to cvaluate the vari
an'cs on eLch] siIe and \car to be consistent withi the basic assulpt ions of 
the general lillcar Imodels ,.0i respect to the paralrc-,er Cstinates and Crror 
WiC'lli.
 

Sinc the rcsponsc'icd to phosph orus sources is related to (ile ,,1nounlIt of 
phosplorus a1rcads present in the soil, ailinear model was developed which 
IaclatCd the percCntagC of crop)yield to soil P as measured by Bray extraction 
procedlie. The percent \icld is defined as: 

Z ='Z%ield Yield....without... applied P,o .\ I l = ... ......... .. .x 1 0 
Yield with applied P1 

This index represents the crop response to supplemental P derived from the 
P sources. The model relating this index with the soil P has the form: 

Z,= Q. + R.LnP,k + r (5) 

\\here P,represents the soil P test and fuk the change in Z where there is a 
change insoil P for the different P sources or agroecological areas consid
ered. 
Basically: 

I = =h (6)61) Pi 

The analysis to evaluate yield response to P sources in sites belonging to the 
same soil orders (Soil Ta.\oIv),)was done by combining the sites and years 
within a defined soil order. 

A combined analysis of variance was made using model (4) for each major 
unit in soil classification. A general response function was developed for each 
P source within each soil order. The response functions have the following 
form: 

i yklnXkY,, = 3,, + utD,J + 61k (7) 
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where 7y represents the elect of the k",source and uI represelts the effect of 
the j" site and year. Statistical tests of significance were made oil lhe est
mates to evaluate hlpotlhsis on each of the P sources. 

-rn the rcsponse fu netion (7). an agronomic index of' cficiency was ob
tained. Ihe aglOnom1ic index lias the following r:n ; 

\li IN (8) 

\hcre inllmost of, the cases ?< referred to the estimate obtained for the SPP P 
s0OiCC, and J is tihe cstimaic for any other 1) sources. A statistical test of' 
significance \as ladc oil the agronollic index. The statistical test used was 
a i-test. based on the gencral hvpotlhcsis: 

II : $, - 7 =1 (9) 

\ basic analysis on residual P elt'ect was made by using the model shown in 
Cq1oat on (7) and the agronomic index in model (5). A more detailed work in 
statistical modeling is being developed to evaluate 1)residual effects. 

Results and discussions 

('/l+/; rt'lrlzlll;# illhwchmark .site's 

AS\previously statld. the benchmark experiments were located at Ikenne in 
the hi1 inid Forest region of Nigeria. Mokwa inthe subhliid southern (uii nea 
si\.inla region of Nigeria, and Sadore in the semiarid Sahel region of Niger. 

lhic Ikenne expcrinmcnt \\as located at the research station of the Institute 
of' gricultural ,esearch aid Training, I nivcrsitv of Ife. approximatcly 5() 
miles north of the Nigerian capital Lagos. The wear bcfore the experi'sit\. 
mnilt \was cstablished, . he soil was croppld !o soybCalls. Single 
superpl)es>pliate had becn al)picd to the soybean crop at the rate oif 6() kg 
P,( )ha, lkec1ie h is a bimlodal rainlnill distribution with a total annual prc
cipitatioii a\eraging 1,7() iini. The soil bhelongs to the Alagha series which 
are derivch frolnl alalaccotIS, Pllistocene. sedimentary rocks [9] and is classi
fied as an ()xiC PalCustalf ('oi lol.\oomy) [1 The soil is deeply weatheredI 18. 
and has higher contents of' anorphotis iron and aluminum than that at the 
other henclimark sites. 

The trial at Mokwa was located at the research station of the Institute for 



,\gricultural Research..hnmaduii Hello Uiniversity. Nokwa receives ftrm 
1.30 to I 0) mm of rintalta sear spread over 5-7 months. The rainfall 
diStrihution patternl is unimodal. l)uring the 1 I croping sesion, the land 
%\,asused for a hCrti.ide trial on kenaf. I had receiv u fertili,,'r at the fate 
of ( ) kg P.( jha. Ili ,oil. v,hich isdrjied front sCitatiCred. soft. coarse
urained lcretacols sandstoe. belongs to the l)angppe series. It is classified 
according to .S('l IlI/. I ll "asa l' Itpic 'alstall"I 81. 

I le C\periul atSadol. as locatCd at ilhI(RIS.! Sahel ('enter. The 
land had 

alt \\ 

hCn pre,,iOnsl', cropped b\hlocal farmerCs. p)rillalrilv to millet. No 

rcCOrd of preou ertli/atioin \%as knn)\. ( )nthe as.crace. Sadore has about 
das',,-,\sear lI(N) rain\ a an annual rainfall of Iess than ifW))1mm. The soil 

i,deni d fon aeolian ,nd dCpOsits and is classifid accordirl! 0 lVstu'! 
h'/1fl'i a l o \ '.sit tion thc heri ,lallIient. descrpl Of .nchilark trials is 

pi elsteltd 1.inrle,. 
Some_ Of the c2m1ical andphical cha.racteristl., Of tle three Sites are 

presented in table 2. \s sonhl be cypected. tie Iiuhie"t toranic mattel con
tent iS issociatCd %\ilb the hunid lhoest en,, irOnie.nt aitIkcni.. sshCrCas the 
o leatter coten't at SadoreC \'sth lo sest. Ilhe nature ('parlnlt mlateri'
il',Uratl.laffct t hedal' Inlt Of total 1) inl thet ils. \lso. 1) content in
crease.l %\ith IllncasinL Cl ctnlllt. Bc.ause of pies0 Iou, fCrtili/atio.<n.lhere 
%\iasnoldil'rmc il the' initial Br,a I I Content, o' the Iknnc and Nloks-a 

.Suil, hni tIle threC .it.,ha\ itnegati,, delta pIt [pllj - (pI (a(l,) -

(p lI1I ( ))I. I Ili liOl)Ct. . CL lVd
til.f \vith the fctt that the palelnt materials are
 
c(,llis-teXttired sCdi mentars 
rocks and aedian sands. is largely responsilic
 
fOr hs lP-Sorption capacities.
 

]cAOl'w' fihll'xun.fi'" 11u1Ic' uid mil/' 

Ihbe mtLiltiy'ar avera.g iereioin estimates for yield response functions of' 
mai1e and Millet to phtosphtorus appl hCd as SSFP at tile three benchmark sites 
arc presentedl in Table 3. liccause SSP is tle most Icadits a\ailaICbl 1mci'
cial 1) fltililcr inl the regions of the henchmark sites and because .ield of 
cereals in soic soil, in these Cn' iIrOtIIltS has beel kl)wn to btoe limited Wr 
sIll'ur deficiciics, the r.'Sl)oISe (f tie cereal cropls to S.' P has bCC used as a 
model in the discusions that follosw. Both maiic and millet responded signif
icaitly to phosIhorus applcation,. Th higher geieral Ifrtilil (If the sites Il 
the hum1id and sulbhuin+id regions has resulted in rclativel, high yields wten 
all actors except phosp horus s'lI: nilimiting (b ->--0). 

The re'sponxse function (If maie to SSP at Ikenne and Mokwa is presented 
in Figure I. A consCluCncC (f tile initial higlh frtilits level of the humid 

http:fihll'xun.fi
http:irOnie.nt


Tib/c I Benchniark c\pcrncnt,,: ,it dec,,ription 

Soil series Location .\groclimatic 

/one 
Rainfll Pr\ ious 

nanagemcnt 

Parent 

material 

(Classification 

Alagba Ikenne. 

Nigeria 
Tropical rain 

forest 

(mm) 
> 1700 Ferilized 

and cropped 
Sedimentar. 

rock 
Oxic Palcustalf 

Danggappe Mokwa. 

Nigeria 
Southern 

Guinea 

savanna 

> 1200 Fertilized 

and cropped 

Sandstone Typic Paleustalf 

Sadore Sadore. 
Niger 

Sahel < 600 Local farmers. 
unferilized 

Aeolian 

sands 
Torripsamment 

Table 2 Benchmark experimn,'s,: some chemical and phxsical characteristics 

Soil ()rganic 

matter 

matter 

pH 

I,(1) (a0[. 

Total P Organic P Bray I P ECECa Sand Silt Clay Texture 

(00 (ppm) (me/1I 00g) 

Alagba 1.66 5.9 5.3 135.92 35.20 11.8 4.14 72 7.9 20.1 Silt loam 

Danggappe 0.41 5.8 4.8 62.60 17.61 11.2 1.85 76.9 10.4 12.7 Loamy- sand 

Sadore 0.29 4.7 4.1 40.84 7.04 2.4 1.14 93.6 5.2 1.2 Sand 

a ECEC = Effective cation exchange capacity. 
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Saharan Africa. 

forest environment at Ikenne (Tablc 2) is that less response is obtained for 
each unit of P ,(), applied in this en vironment than in the subhurnid ecosys
tcm. For example, for 2 years when the treatments wcre applied, the addition 
of the first 20 kg ,(Oha increased yield by 13% at Mokwa and by only 8% 
at lkennc. 

At hoth lkenne and Mokwa, 981% of' maxinmum yield was prodtuced ,tthe 
application rale of 60 kg l:( )iha. Although this rate SlOLild not be regarded 
Isopti nual f0r the virgin or newly cleared land (bcauIse of' the hiistor\ of' 
previous f'tiili/ation at both sites). thc generally low phosphorus rcu ire
ment in these Altisols iiust be poinItd ouLt. 0)n a newly cleared land at the 
same site lkeino, ,ang and Osiname [221 observed no significant yieldat e 
increases of' nai/c beyond the application rate of' 90 kg P,(),/ha. The low i' 
CquiremCnt of' thC AltIsols is the rCsult of' the rClativelv low P-sorption capac

ity of' the soils. Similar observations have been made by Fox and Rang [8] 
f'or these Alagba series at Ikenne. 

Application of' the first 10 kg P ()ha as SSP on the Enlisol at Sadore 
increased millet yield by I 7% averagd over the 3 years the treatment was 
applied (Figure 2). The importance of P f'ertilizers in the semiarid ecosystems 
is amply demonstrated by the rcstIlts of'the benchmark trial at Sadore. Thus, 
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L 72(0
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S681) 

(i(;)(i-o Millet 
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0 10 20 30 40 

P20,.- Rate (kg/ha) 
/'ii'ow' 	 2. Response funclion ol i illCI h ) Sphoph0FUS] sC 	 irid i -Sahaiai \1]i. 

the yield of millet when P was absent but all other factors were nonlirniting 
was not significantly different from zero (Table 3). Ninety-eight percent of 
maximun yield of millet was obtained at a 1) rate of 30 kg P,O/ha. The very 
limited capacity of this Entisol to adsorb phosphorus was pointed oL t earlier. 

The relationship between soil P levels (as measured by Bray P I extraction 
)rocedurC) and the expected increases in yield from applied fertilizer in the 

di fierent ecological zones is summarized in Figure 3. Thus, if the Bray Pl 1) 

l 	 RcgieCSSiOU CSiMICals for .yield response funclions to single sUpcrp h,)sph aeC (SSP1)) at the 
benchmark sitcs 

\arlatc Function I lunlid h Sutlhumid5 Semiaridc 
- h, f L(1)In X, Ikenne Mokwa SadorC 

Intrccpt 1,, 	 3.4 14.67' 2,877.5() 624.6 
551' i 5., , 83.00' 130.32' 45.321
 

Significant al t1h0.01 I,:\ci.
 

Maile.
 
SMilIct.
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Ifigurc 3. C'ritical soil 1, Ic~cls associated Nith 111i,/c \ICIldS it) 111,J0- iagr-OCCuhgical /ones 

Su}-Sah Iran Africa. 

level is 10 pm, addition of P fertilizer would raise the yield by almost 301 
in the lower P fertility environments of the sbhunid and semiarid region
On the other hand, in the relatilyIli more f'ertile hum id ecosy stems. at th 
same level of P in the soil, additional 11i'ertilizCr would raise the yield b\ onl 
I %. 

The lesson to be ICarned from l esC trials is that ph{Isphorus is ndLICied I*C 
suslainCd fod production in thC humid. sublmLid. and semiarid zones C 
tropical Africa. llox Cvcr, because of the natture of the iarcll malcrials of th 
soils and the colloidal sstCmsIpresen 111c Cuantitis oftet. P f0rt iIli/Crs neee 
to obtain maxi innuin crop yields arc not high. The mth that tromical A fricai 
soils have utnquecnchablC thirst for phosphOtirs mLax be finallv put to rCsl 
especially for these ..\l'i SOIS and lPutiS( s in \Vest Africa. For quiIIte some timt 
the belief in this myth stymicd x\ ork on tilhe IresiLal \alue of P fertilizers ii 
tropical African soils 1371. \Ve take note of that Ihcrethe fact are pocket
within all ecological ones \vhCC hiiglh CoIICnS of allophalnC alld olher allor 
phous materials result in the sorpuon1 of large qluantitiCs of phosphorus, bu 
these arc tile Cxccptions rather than the rule. AIso, it is evident that one car 
build 1p the P)l'rtlilit of these soils hy repeated applications of 1) fertilizer 
as shoxwin by tle low 1) rcqluircments at Ikenne and Mokwa with a history 0 
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previous P krtilizatiion. Ihe residual value of P)fertilizers in these soils will 
be exam inned in another sect ion of th is report. 

Thor recsIspcclcd Or eonIi rned deposits of pihosphale rock in at least 27 
countlrics ill sub-S}liaraln \fricia. FiII'l\ gioliIIIJ phosphate rock may be a 
\iab' alt-'aati\ cL' 0c \pcSl\ c iiported phosphate Icrtili/lrs. Ilowever, tlhe 
agigrlini i'ilC ctl'ctii\ ciicss ()I tihSpliatC rock is dependent of the soil. aI,,J the 
characIriStics of iC cip to he gro . I his saction of the paper deals Wilh 
the rCsulIs t1 aer'ooinic' !ills Mill dil'l' Cnl cl~Crops, and in difl'ere'nl soils. 
pIiilaril\ in \\csLt \iica. 

lhcre hl i ccil ;iantin bcI of tliiLS cSleci-ill\ in Li-all''oli)oiC \V'est :\f'ri
ca. \\hcrc tic ailti nic, clct'li \ cCess ofthC phosphate rocks ocCurring in the 
rcgiol has been =ae;ild 17.1. I ). Ich.2).,4OlicScln is that apartlfroilm 
lahoua (Niccr) and I lCii (Mali) i)Iphatecks the rocks arc not suitable 
for dirCk applicatioln. I hC inICtL'ti\Cless of the \flricainill ocks is due to Io\ 
rcail'tii\ Mllh iCSt1s ill ht'lir inahlil\ to sil\)l)1 1Pin alCqualC amountS in 
thC soil sol1tionlito Sl'.Aain ilC ei\lh o1 Crolps. ()no \\ a\ to i)\ciCOC the 
prohliI ofl!\\ sohluhiti\ is ti)partiall\ acidulatC the rock. Tlie agrononic 
v\,rk oillIIR has pr,)duced conlicling_, results.. Sonc v\orkers ha\c I ut-nd 
P-APR to be agnrinuicall\ as good as colcCntratCd s, CrlphosphatC (TSP) 
c\Cn al lo'\ dCjrCs 1 aeidu(tlatioii 125.26241. ()1i the other hand. in a series 
of sC~plriHiCns \\itll p, \IdCred PlAlR,. Trmnan [3839J found that APR was 
inferior to I SP. 

hC rCer'ssl, CSlinatCs f tile response f'UnCtions o1' Togo PR. PAPR
 
250 (P \25. 
 APiI'l, 50% (PA5). SSP. and TSP at the benchmark sites at 
IkCnic and N ok\\a arc presented in Table 4. At Ikenne maize responded 

lnl\ to alpplication off the walcr-soluable sSources (51' and TSP). HowCVer, the 
rspia i PA5(0 at okwaW"as highly significant. Apparently. because of 
thc rclati\ cl\ high fcrtility o tlhe \lhagba soil. the contribution froll the insol
ouble s"olice.s \as insulffiicnl to show tip in lie stalistiCs. It should be noted 

'icldthat Iccls with all soIcs were high for the region. I)uring 1982 and 
I)S3 " heli the ticallmen ts "crc app)lied at there was noIkcnnc. difference 
bc\\ cCn the arononi(. ClliCicinics Of the rock and the partially acidulated 
fiiis as shown b\ the agronomic effciency indices (Table 5). Hlowever. 
these producs were signilcanlltl inlfcrior to SS P. and TS1 was the best P 
fertili/Cr fbr the .\lagba soil. This obsClVation lends to conIill the findings 
h\ Kang and ( )sinamc 1221 that maize crops at Ikenne alway's benefited from 
Ilesll\ applied SupCrplhosplhatcs even lthough residual P fertility was high. 
Such bcncrits were not derived from the less soluble P forns in these trials. 



At Mokwi, Togo PR and P-,25 were inferior to SSP. PA50 was 85% as good
as SSP. 'i eld of' maie with PA5() was not sign ificantly different from the 
,il,.t \%i11hSSP (Table 5). 

Parc \V PR and P.\ PR (PA25 and PA50) were applied for 3 consecutive 
Car, at Saduor. lH1C data in [alelc 4 suggest that millet did not derive any 

]I /'/ -4 Rc[H'r,MiuIi L' llllT\ UT til L'9UTI("[t) IIITLIi(U]P, t) J~iphosphors Stule inllma.jor 
k .l'q.',I cj C111,|I':11C, I \M .k%[IL ,I 110 0 1 0 II0 ,)[0 1' O I C l I j l 

\ itlC I liunl I11h1d ' Ih, SluhIAuIrLu d SerI H.iMaI' 
h , "l) InN, Ikenne NIk\\a Sadore 

TIltCCtb 0, 3.41 t4.t7' 2877.5'9 24.6 
I'llt'iThC roik annu;d (I'R.\) InN 4 6.32 7.70I -.11)9
 
S\.5 InX, 45.17 50.8 6' 15.12
 

I' \5Tl IIA , 40.05 11).20'1 34.01 
InX4 83.0-1 130.32'1 45.12, 

I I1' InX 131.92- 1().LOS 40.08-' 

R-
 59.52 33.16 16.0 
589.42 727.26 192.57 

N 3.1 80.00 2.840.30 650.27 
N 183 196 431 

'tg'illfilC.II M tile .()IIcvel.
 
N+,auc field.
 

Millet field. 

Il,h'5-\grOnllOnnc elticiensC index for plhosphoruS sources (as compared with single 
stiperplophate) in major agroecological areas illWest Africa 

I' SOMrcC lilmid Sublhulid Semiarid 
Ikenne Mok\ka Sadore 

P1h1w,pliale rock (WR..) 55.8;1 5.0~ ) 

I' I all% ;AcIdUlatled oho ldth;1tV 
vock .5"o (1A251 54.4z 43.6 33.41) 

' all ilaciddtellhd Tiltlplale
 

ottOk 59' W \)O) 56.0; 84.6 76.4'
 
)ltI Cae1 19)1l ,J r)1IIlI (I S') 158.9' 77.6 103.0 

S1I cIIN[ Tc-tl I alil 
cId
MC;in e 3,299.33 3,104.5 656.03 

Sipo li t at 1.115 I-e l.
 
S igniflicalnt a.l(0.01 !ex'el.
 

http:3,299.33
http:tg'illfilC.II
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benelit fron tile apPiCatiol o1 linCl\ g,'ouIId rock. Acidulation incre'ased 
clliciencv ffronl 0% to 76% at 5('' acidulation), but the yield of PA.50 was 
sirWihitica nll inftrior (' = IO.1t) to \ ich of SSP (ahble 5). iecause of frl)isturC 
lirn iltols during .. of the 3 \cars ofI the trial, the less soluble I fCorms per

lim,.d l'ati\,el poorl\ at sador. 
l)urin I Q3 and 1984 the c\aluatiom of logo IR and IAl\R ",ascarried 

Milt iii adlitional sites in Nigeria. Tl . aind Si.ria lt.fonc. Ill Nigeria trials 
<'Cl 'et Lul II l thl i tlt ll(l-t1 ril ( it ea ,,lla 'c itll (at arlia) and thle 
'-, iitiICi ( iliia '-, anila legion (%I\ k\\) and in I itisols iii the forest /one 
(N'iet dil I )\. ri . lIeh.trial in I otol .\a'- on a \llso'i-,l at Saraka\\a. and the 
t in I c \ a atierII ac. on n 'Itiso)l N.1ala. Sonic of the properties of' 
IIt-e il), are Ipre'e.nted in I ale (. I \I. ..Id resorse.. (df ilial/e to the P 
It i]lli/ , S it Ilicsc site", I,, Stil inalI ,ed in I ale 7. \t e, r\ ,site. Ill i/.e Ie
',poi<ld li!Ill\ Sie:niiifieantl\ to I) Ic.ltil/ilo . drat atl/in thtile \, l' rtility 
(in th ii i/ tIUrIl state) ( i te I IliS, ls and Allsfls of the hnt~id and 
'snlthnIillid ,illIt< 1iei,'gI T I_'errltl ld lfrlv () comtiparedPRl 0l0) 

,\it11 i the t\1cf ,iies Ii 4)
SIP ( iiiiiiea Nijcrii (lieur Partial acidu

the ''l ltc e.lltI\lati'uii lilicTt;i-el AVirea ,s,. I lie a1rtl'llflliC elft.i cl indCX 
of I', ill th. \lis'ls )1 siilihi:iii, \\es \'lica \\as Ni?'"o cotl ared withPAN 

51. "Ihi .ll C t\ itl\,ss \\as stattiCall\ equtl to that iS.S' CI able 8). Across 
till, thegoiceed to ls. p i li ct I'eTtilii/e s ii lttaillilg+sulfur is (lelli0l-
Strattd h\ tile sellfialith l(' I efhcieIl \ iiid. Ilr 1S,'SP Ilir -L5).

lT f lt' I piffu ied lIitil\ bette il tilte I Itisols thnill Mfisols. 
I ieC ht'\\ei I)1\ IILueS of' tile I Itisols AptIeIM1lth eitciiiiraged greater
sltllhll/atiun (d the 1lt s this'tck. 0ite.fl'I'aCt. lM\<\e Cr.lilai/ \ ilds \,itlh IPlR 
and IPA.___ \\.'crc sit lwiit i 11iV1r0r 1t tk)llffse \,,ith Sf' (I able Nand Figure 
('). 1 he ayrml ef.lcleitc,\ PAN) "sableti irtile\ of I'.\.<) ' '' N). ildicating
 
that uiter these acid ffllfditifflls l'A( caii substiltut 
 for 5Sf' with no redfuc

ioni Ill l idlis. 
-\t Saipil. tll I )\i(sl In tile reion'f(an i\ C aitb1i;i. the agronttli efc-* 

II\ clIeSS 01' lilHSi IT atI l'.\I'R I IA I5 and I'-\30) \\ras moit trd. Maime 
and !i'iiitlulits \',srec 'ri\\ , id th itt)olts i, OIt 'dd lig,l\ Signiicantly 
t' 1)I f1itili/:ition (lIah '9). - lhough I,9N4 a LIt\ ,air ill\\as this location.
 
IlitF rou lile',lii I'T \saS 74'' and 9)2'' Mflluitu .i
d as t as 5!' Th nmt_and 
'roiullldlhits. iCSeeCti\Cel\ lIis Colfflits tC Ie iine11off Itibout Ct al. 140W that
 

I ileimsi f'1< 
 is rati\ e enough to be u.d for direct alIlli.atioin..\Lidulating 
the rock at I '" did not i i.i its l)rIrrlee,111C MI llai/e (Figi ire 7) but 
raisefi tht'eficit\ ti I)8N!o (Figur N) on gr iiindiuits most!likel hcausC 
of theVulfur eoitteint 141. Ihow, cr, at 30'' acidulatiion the agroiomitc indeX 
CilIiret.d with '1 ilncreasetd to 9Q ( able I)) or mai!,. 

WitI tie assi stanec of the inStitLut National dc Rccherclies Agrononlique 
dt Niger., ,'evral trials werscet tip on Alfisols in Niger to cValnte agronornic 



Tabh 6 Selected chemical and ph%sical properties of soils at some of the P)e\ aluation sites 

Ecological 

zone 
Location Soil classification. I.t'SDA ()rganic 

matter 
Total 

N 
Soil 

pH-
Available 

Bra\ P] 
P CEC Base 

saturation 
Sand Clay 

(ppI) (meiL 1(g) (i)0 

Humid 

Subhumid 

Semiarid 

Ikennc (Nigeria) 
Overri (Nigeria) 
kole (Nigcria) 

Ikarc Nigria 
Ntcic (NiLeria ) 
Njala iSierra I cone. 
Kabetc (K.n\ a) 
\lok\\a (Nicria) 
Sarakai\a (loco) 
Zaria (Nigcria) 
Bida Junction 
Sadore (Nicer) 
(iohery (Niccr) 

Mai-(iamIi (NiLcr) 
Sapu (Gambia 
Saria (Burkina Faso) 

Oxic Paleustalf 
Ultisol 
Alfisol 
Alfisol 
Iltisol 
Oxidic Plintic Paleudult 
( xie Paleustult 
T%pic Palcustalf 
lpaleustalf 
I\ pic Ialeustalf 

Allisol 
Alfisol 
Alfisol 

Alfisol 
I ltic Eutrustox 
Alfisol 

1.06 
2.17 
1.02 
.83 
.99 

5.2 
ND 
.41 
.52 

1.02 

ND 
.29 
.30 

.11 

.9 
ND 

1).11 

.13 
.11 
.08 
ND a 

.3 
ND 
.06 
.032 
.1 
.04 

0.02 
.02 

.01 

.041 
ND 

5.2 
4.3 
5.5 

5.5 
4.7 
4.0 
5.88 
5 
6.6 
5.8 

ND 
4.7 
5.2 

5.6 
5.3 
ND 

l.8 

4.22 
8.50 
7.94 
3.-

8 
15.79 1' 

11.2 
9.71' 
3.5 

ND 
2.4 
2.6 

3.2 
8.26 
ND 

4.14 
2.30 
5.(i7 
4.01) 
1.26 
ND 

24 
2.22 
3.45 
4.7 

ND 
1.2 
I 

1.3 
4.7 

ND 

88.71) 

90 
,s8 

74 
61 

ND 
NI) 
2 

69 
93 

ND 
60 
55 

58 
59.14 

ND 

72 

88 
86 
86 

ND 
57 

ND 
82 
85 

ND 
92 
95 

(3 
68 
ND 

20 

7 
11 

9 
ND 
19 
79 
7 
6.8 

17 

ND 
2 
2 

3 
7.3 

ND 

ND = not deternmined. 
' Available P determined with Olson method. 
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i:lo 4 Mai/c ield response to phosphorlul Sources i) .\llisols I lh (tie d 5a\'maflh1Mloes 
d'" Ii-L'l1t . 

lI/i - Mai/c Meld response to phosphorus sources in major soil orders occurring in West Afri-

I' SnuIRT Function Alfisol AlIsol liltisol 
= h,,, Z(1), ( uincaG- Sa vanna West Africa 

SavanlIa West A rica 

Ilit6)t , 1,59 1.291 2.636.04- 1.136.50' 
Ih,,phalc iock (P1RA) Inx 136.28' 23.91 89.33'
 
'IIrli \l ic'itilalCd
 

phi)uplitc rock 25"o IiA25) 
 Inx, 21 1.28 i' 156.281 134.14i
 
IlrliUllh AiLIthlit'd
 

Isplat rock S)'!i (PAS)) lnX3 
 267.81P 171.16i' 199.59;'
 
hllyif IIipcilp 
 l)phitc (SS1') InN4 373.41" 2(t8.351 193.24i' 
I Iplc' uiiIshatc (ISIP) iN - 119.51' 
1 .77 .62 .52 

822.11 686.37 448.77 
3,797.10 2,332.36 1.547.34 

N 207 369 206 

SIgihiIcaLitl a 0.)1 level. 

http:1.547.34
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,or Niaie yieldt response to)phosphorus sources inlldsavanna Allisols in West Africa. 

Fable(S Agronomic ell'icienev index for mnaize yield response to phosphorus sources in majorMean. Yield 	 (kg/hasoil orders occurring in West Africa 

P)Source 

I'hosptiat rock (PRA ) 

Partiatlx ai do td phesph ae rock 25A%(PA25) 

Patiails acl iulated pliospha te rock 50%1/
(PA5O) 
In . miperplosphatc "I)(T1) 

Single M aperphoplda 	 rSS ep)h 

Sign ilicant at thle 01,05 level.
 
Signilicant at tie eiieinlevel.
 
SSP was used as standard erWilizer.
 

Allisut I ltisol 
Savanna West Africa West Africa 

1141 46.21' 
75.0'1 6941 

82.2 103.3 
57I3 

2,673.08 1,784.08 



2,00 
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1,00 e 
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P205 Rate (kg/ha) 

//' ' N i,'i1%r / C'(l I'Sl)lOlSC 10) pho pIoIu S,Otlrc.iS ill 1:i isols in \V.'es Africa. 

)l, and grotlI,<'i<cS by fnli/ n hl Is I-) phosphorLls sources Of an oxiso! in ( ian ) a 

Fulnctioni t. Yield response
' b ", Y1(),X, 

laime ( iroundnuls 

1It 'cl II~18.52 9 10.35 ' 
lh ti",,lim tik (I'R \) InX, I 85.72i' 25o.77-
IHrlhd1~\ ;l.ldulk.llCd p~hosphate 

i ,,k I *t ('\1 5) IiX, 180.41,, 301.57, 

30', A'\) InX3 238.31P 273.55' 
>ntlth'f ,I.itsu c)1r I)ph (SSI') iX4 249.50! 279.7 1'
 
SIi1 l tl) h I,IhLvJosha.L
C (-l'l) InX 5 246.52i' 284.571 

0.68 0.22 
308.45 374.32 

1,023.01 1,710.85N 243 122 

Sigiolicant at the 0.01 level. 
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perrmna nce of Parc W IR and 1-\40. The response by millet to P fertiliirs 
i" l)resCnteLd In Table I I and the res)OnSC functions f6r the different P soure
cs are shlon In Iignre '). \t all sites in Niger. the response to 1) by millet was 

higlhly signilicant (lahlc I ). Ihe perol'trmance of the partially acidulated 

products iin proCd %i\lh incrCasC in degree o1' acidlIation. The agronomic 

' 
I 10/Il \c'()l0III("CIIifLCL\ 111e1x forI 1 i/ C MIid giOunllt IC'J,,11N, Io phoSphinrtis SourlCcO 

Ill lll oislI ill ( i}illiliqi 

I' AooIcc\grono lic lt-CwiCIIC ilICX 

Mailc ( iroundnt 

Il'osphil c rock (PR \ ) 74.4'1 91.8 

l',lIiall\ alidUli tllhp hkphIc,I rock 15% (P.\ 15 72.3;1 107.8 

P'lIialls actldulII('d phiophilc iock 3"lt('A."!) 95.5 97.8 

I I iplc LUlc~lphl l)h1 1 11') 98.8 101.7 

lt'CM1.\Ild I"rcI) lo', SSI' lglhi) h 1,157.72 1,744.95 

"S 1 \ a,, used as ,landitid lfrtililcr. 

http:1,744.95
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clfcicncv inidex lprcsented in lalc 12 shows that ilnclv ground Parc W PR 
is inf'crior to SSI1 and to the partiall aciduhlatCd Io11s of' the rock. At 50% 
ac'idlatiO., thC agro1omic cflicicnc\ inde.x incrcawcd 1o 93, which is statis
ticall\ cilal to the pcrlorilalcc of' S.SP. These tcsts d1o indccd Suggest that 
P-\IR at 0'4 acidulation is a \ iahlc altcrnati\c fcrtili/cr for Niger. 

lhc ..'St, Ior a trial oIn SOglhtilim ill Burkina Faso arc includcd in Tables 
IIind 12. Koda ri IT. PA2. and PAY) wcc cval uatcd. rhc c tfcofacidu-

Iationl isclcarl\ slo\1 l thO' c'sp) nsc funclionS fOr the diffCCnlt 1)f'rtiliel'rS 
(liguorc I). Ihe agro)iomwic cificiene index (1able 12) of PA50 was 109% 
compI)ar'd with 02'0 folr the fineCl\ grouild rock. 

Iew(1(Ia O'I-tii/i'c. !I' l'//eth',,I 'at be,In ark .ires 

\ noteid pre's ions. one of the Ireatnients incltided in the benchmark cxperi
ilient, a phophatc rock hasal! applied at three times the rates apllied ol 
an annual basis. lhis trCatient (designed PRB) was an attempt to raise 
subita lial lv the P)fertilitv of lthe soils with one large dressing of*phosphate 

l 1Ild lc'",pollst n1 ;111S ,lz MI 	 IIai/l 'I (illilt l1d illll 11 )lllIMlIlUlSSt~lltst II llISO I h ''ll liN1lid 

Itguni ti \Vt'm \ liica 

I %, Lt' 	 -uIIcliln N il'ci Millc'l Solghtliti
Y' L-(PX, xlfiol. .%11"iso1: .%l1iso1: 

Ni'r Niger' Ilurkinai;iFa 

iok WR 
Pilrllilllb a.cithilalt't Iplwsll k-a 

1)" 
IhphahvI 

481.22, 
33.47' 

374.671 
59S6 h 

1 -J 12.30}' 
101.71" 

tick 25"'I '-\2)
P~iliwll) acidullilcd phoslphalc, 

Ix, 75.68k 121.68" 

' k 41 o W"\41I) Inx 86.421' - -
'l lill lkiI I lllI I 
itk Sn'' II' \Si)) 

,h)IIIIiC 

In,\ - 92.29'h 177.84'' 
Sillglt 5iII))Ithl )I 1dlC' SSI') ln\5 115.371' 98.84'' -
I ripl IW rIl)I 1o)11diALt (I. ) INX, 107.9411 104.8114 163.37'' 

1-2 .44 .28 .24 
.X 233.85 189.03 469.47 
X 641.90 636.39 2,006.95 
N 222 435 83 

Signilicimn al ic 0 5.111 l.I 

S.ic,, liCl ' VI \;5i1 c'illiltid. 
Si Mihclt M 2.5]and 11%\50\\'ei c\idaIletd.. 

http:2,006.95
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I ,"itIr /0 Sorglii i \ icld response to phosphorus S(utccis in inl \llfiolin est .. ha. 

to phosphorus sources in alfisols in 
tilesemiarid region of' West Africa 

P' S)IIrcT Mitlet Millet Sorghum 
Alfisol: Alfisol: Alfisol: 
Niger( Nigert Burkina Faso

i'hosphate rock ('RA) 
2 9.0 

b 
60.3d 62.3a 

I'atti.1ll acidula ted phosplhate 
lock 25ii (1'A25) - 76.5P 7441 

l'irtiall\ iacit litted phosphate 
iL'k 40(% ().A40) 74.9 -

IilltiilIN acidullated pho'sphate 
rt k 50", (WA50) - 93.4 108.9 

Triple superphosphate (TS1') 93.5 106.1 -

la//Ui /2 Agronomic efficiency index oF millet and sorghuainl 

MCNI I d resplonse (kg/ha)
 
Singlc Superphosplhate (SSI') 
 754.88 705.80 5,375.22 

Sigllfi ilntillthe 0.05 level. 
Significillt altile0).01level. 

ites Mhclic PA4() was cluathld. 
Sites ,here l'A25 and PA5 wcre evaluated. 

'IS!' used as standard fcrtiliier. 

http:5,375.22
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rock. The success of this practice depended on the capacity of the soils to 
p)romote high residual eftecti eness of 1) feltilizers. 

The response by mai ic to the basal application ofTogo PR at Ikenne and 
Mokwa is presented in Figures I I and 12, respectively. Compared with the 
Ies)onse to SSP alreld\ discussed (Figure I). the application of the large dose 
of PR maintained the yield of ma iZ close to the maximm. The yield of 
m111ie dCcli ned in subsequent yacars. hut even at Mokwa in 1984 ;, was possi
ble to obt:in 2.000 kg/ha of mli/c from the fertilizer app!icd in 1982. The 
performance \as more inipressi ve at Ikenne where, with adequate moisture 
supply. the mai/e yield in 1984 was over 3.400 kg/ha. At both Ikenne and 
Mokwa the response of lmlize per unit of P)applied as PR was lowest in the 
year of applicationl. This is not UlexpectCd considering the large dose that 
was applied. Response per unit of P increased with time as the figures clearly 
indicate. 

)IIsing the 1984 yield data for all P sourices all the expected value of' 
remaining in the basal treatments. an agr1om ic efficiency index was calcu
ated to coinpare the basal tre-attment with the anntul treatmCltS. The results 

are presented in Tahle 13. In the relatively rich environment at lkenne, all P 
sou rces were able to niaintai n the 1Plflrtility of' the soil. Substantial residual 
ef'fectiveness could be observed for all P1sources even when applied annually 
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ltI1/3 .\gIono ic eflicienCy indeX for evaluating yield response to residual effect of P 
sourccs applied annually (using 1984 ield data) 

I' So rue Alfisol Alfisol Entisol 
Ikenned Mokwad Sadore" 

I'hiiflIatc rock annual (PR.\) 93.4 83.6" 1 18.7h 
Partil 	 acidulated 

Fh()",Fh ih.rock 2 Sl!(IPA 251 ' 93.3 75.5 110.59 
'
 IPil M i[C'ndhlit(cd
 

plhosphlate rock 50% (PA50) 98.4 98.7 118.2 b 
Single superphosplhitc (SSP) 3.0a103.2 I 12 0 .3 h 
I riple superphosplite (]S1) 	 b101.8 

74 .6 114.9a1
 

Mean Icld. kg/lla
 
I hi)pllalt rock I)
basal (1PR 3,546.44 2,057.09 513.96 

Signlif1icant illtile(.05 level.
 
Signihicant althe (.11 level.
 
Basal IR treatment takes as standard.
 
Refers to niai/e yield.
 
Refers to millet sield.
 

http:2,057.09
http:3,546.44


and in small doses. The best environment For basal application of PR appears 
to be in the Afisols of tile subhunmid region. Residual effectiveness of the 
basal PR treatment was superior to that of tie annually applied quantities of 
PR and kas overwhelmingly superior to that of TSP. 

The situation is 'IiIe'rcnt in the Ent isols at Sadore. It would appeal- that 
lack of adequate moisture imposed a limitation on the residual value of the 
basall% applied phosphate rock. 

Significant residual responses to 1)fertilizers have been reported in many 
locations in tropical Africa even when the rates of fertilizer applied were 
ruininal 128. 1'9,34,221]. In areas wNhere rainfall is not limiting, it may be prof
ltable to take advantage of'the 11igh residal effectiveness of P fertilizers in 

these soils to practice basal fertilization. More work needs to be done on the 
rates of PR for basal fertilization and the effect of the chemical and miinera
logical properties of PR on its use for basal fertilization. 

l"ar-/tr'lcvaluat n of I.firtilizers: Nigeria 

Man countries in tropical Africa are landlocked. A suitable fertilizer for 
these countries should be concentrated so as to minimize transportation 
costs. )iamnon iln phosphate with 64% nutrient content appears admirably 
suited to fill this bill. 

The response of niaie to I)AP, 15-15-15, SSP, and 50% partially acidulat
ed logo phosphate rock (.\50) in Alfisols in both the forest (Ikole and lkare) 
and sa\anna (t1ida JuLnction) /ones of' Nig,,eria is shown ii Table 14. The 
iesponse was high s gignificanit for the partially acidlai ted phosphate rock 

Maic \icit iC) op fll tlt', Illlll-]', lsI i/,' 14 lcTu1L'd 10 rt Y'-, In Cl i iii Nigt'lra 

P mmit., FsIunction lilda Ikolc Ikare 

1b ,X, .Junction- h" . I9'83 f 1984) (I1983 f 1984) 

nrcl.cpt, 804.83' 1.075' 3.543' 
I 5- In 0.68 382.42 230.70 
I)alirnnmlomim pholphate I)\) InN, 137.17 350.33 285.07 
I'arllallacdiurt'd 5))'', 

1'.\50) InN 771.27" 1,288.28' 721.84" 
SHngilc Sut'fi)lIt)h0S ¢I' (SSP) InX 74 5.6 4 i' 905.98"1 529.33" 

R - 0.56 0.6') 0.94 
.X 530.69 1,053.65 588.24 
X 1,369.00 2.014.72 4,041.41 
N 39 75 75 

"Significant at ihe 0.01 level. 
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and SSP, whereas no response was observed for DAP and 15-15-15. The 
response curves bases on data for 2 years each at ikole and lkare are depicted
]n Figures 13 and 14. Figure 15 depicts the first year's result at Bida Junc
tion. At Bida Junction, PA50 was equal in efficiency to SSP. How:ver, both

15-1 5-15 and I)AP were significantly inferior to SSP (Table 15). 
 The same
situation was repeated for 2 years in the humid forest region sites at lkole

and Ikare. 
 At both sites, PA50 actually performed better than SSP.All other factors being equal, it appears that absence of sulfur in [)AP and 
15-15-15 resulted in their poor performance in these environments. The need
to apply sulfur-containing fertilizers to many soil-crop systems in Nigeria has
been recognized for a long time [12,3,21,5]. This need was met by use of
ammonium sulfate and SSP. Acidification problems caused by application ofaImon iii sul Itc and the high cost of'SSP, which is a low-analysis fe.rtilizer,
have led to efforts to adopt high-analysis fertilizers containing little or nosulfur. The results obtained in these farm trials coupled with the poor per
formance of TSP at Mokwa (Table 5) are reason enough for second thoughts
hefore making a wholesale switch from SSP to the high-analysis fertilizers.
'As conclusive as these results are, however, there is obviously a need to
expand this type of trial to more sites so as to more accurately delineate those 
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areas where lack of sulfur could reduce the effectiveness of phosphate fertiliz
ers. 

Farm-level evaluation ofP fertilizers: Niger 

In 1984 rainfall was 369 mm in Fabidji, 422 mm in Gobery, 215 mm in 
Sadeize Koira, and 160 mm in Samari. I his was substantially lower than the 
long-term average in all the villages. While sufficient in the southern villages 
to allow crops to reach maturity and be harvested, the rainfall in the north 
(Sadeize Koira and Samari) was only 60% and 46%, respectively, of 1983 
rainfall. This was insufficient to allow a harvest, particularly as 33% of the 
total in Sadeizc Koira and 16% of that in Samari fell in September, too late 
to be of use to the millet crop. Thus the farmers' tests in these two villages 
produced no yield, as was true of virtually all the farmers' fields. 

Because of the drought situation millet grain yields were very low. Mean 
grain yields were 44%-130% higher for the fertilizcd plots than for non
fertilized treatments, except for the lowest (12 kg P,O)) rate as PAPR in 
Fabidji. However, these increases were significant (1) = 0.05) (using two

60 
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tailed t-tests) only at the 24 and 36 kg P),() levels except lor PAPR which 
was not significant at the rate of 36 kg l.,)la (Table 6).

Niultipie regression equnations were fitted to the pooled data from the two
villages in order to quantifv the effect of the treatment and nontreatment
variables on grain as well as straw yield. Table 17 contains the descriptive 

a/, I. \1rt nic cfllcicuc:,in\ASfo maim io P fierti-ieis in ftarmnl-lc\cl trills ill Nigeria 

I) Soiicc, 

Agronomic ctficicnc, index 

Bida junction Ikole Ikare 

] 515159.0(oh 42.2 1, 43.581,
 
)iatnloniunl phosphate (I)AP) 
 18.40' 38.671' 53.51

Pilrtialv acitell,1d (PA5)) 103.43 142.20' 136.37" 
Mean ,icld of single 

superplhosphate (kg/ha) 205388 2,546.57 4,4)4.12 

Significall it the 0.05 level. 
t Significanlt ala t ' 0.01 level. 

SS' as Standard fertilizer. 
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s+tat1(st5c and tihe regression coCfficients. Thk rcgreVSSi equalio)n or giain 
\icd shows that the (m1allilt. of phospholtrus was highl+\ significanl ( P -- 0.)1 
in Cplalinling yield. I)Cias in seeding, soil organic nul'r. anld silt en'Ii o1 
the ,oil. as well as lack of 'adcquate rainfall wcrc also Iiighlg\ signilicaiit Cx

i ,olil;.Itot r\ \atiabl cs. It iltCICStili ' t) nte 	that1 tile S11'1,'1 variablh as a.t.t 
,lositi\,e sign and is .iit+i1cant (I ().0). 'lII result, \, hMi-h appears strange 

at first Sight. is in line1\ 1i1retlIts obtalined also Ir sorghum in Burkina Faso 
(1'. Nlatjo - I'rsoual ((m llmUutiot.t)l. It would appel. that at ,r' IO\\ 
lc el ., , 111fe."st:ttnlt ',oil . tilhlre a positi',\d ."/i n iild 1(m, .'rtilit i ight be 
cI)irlclatli )et,.,teu j)r/fl Mid .ildd. results. popullatioou eraii I nlik-, oh

iill - _', us thLe shil, l-ilSuillbllh did mlt Sig ilu'i.'anlls, atlct
 
',iclds. but hild il'ainoeC did.
 

Ill I IarT 'I'slo (loot ,htl\\ 1 \,, I\l stras ,,iM as the depCIIdent \rial

hlh. (Il\ ;inlitll and thelt il \maiialls (prepl:lt Bra. 	 I't phoosplooru, oriaitic 
matthl. 'il4 l santl fr.till \ c c sill'iiiflcalll (I, 11th). 

In )rdr t leterinin thd o) afctLd Luaillcl s,lietter urce hiS).,l)liTs 
SS1ewlI. the ,.+ liatiot \\;I,, kil ) tll I hillar alihlc ()i (n - 140). lhe 

et itine' .'tultuIt1(11I (l 11o) hl 11 i e slttfl s"- iticaitt \IIiiat leCs at 1) 
. eccpt Im llit, (d)I 1 SlphOuS '-,eiilllIcante ICel (ol0l+)Id to 

I.22 	 illiomuuh th' rcg,.,uil tict~ ict l 1IauCd alt.OSt uilhangCd (4.35 
ISl",,' 3). lrCICt 11 (tltlllll\ \, -, s gIlii ilCt (1) - ().()I). t i15,. Ih. ie 5i1/C c 


IfidhlialiiLg hiat ;S,' PaC ,iiiflcailtl\ hi11lici \ eidS thai I'-APR.
 
It can d rui(',I atal\s+is, that the quanti\, of phosphl orus
h cMonludeWh1 the 

P'I c',cl 	 Ilbldh ~l) (~ ,', 

I.\IITiSI I.. IIR 	 S I 

Mean S.I). Mean S.I). Mcan S.I). Man 	 S.I). 

( kgtP.,( ,/ha) 	 tkg/l ) 

12 140 1tt 21M 122 1t) 	 1 i' I)o 44 84
24 22)* 72 2()* 123 2101* 	 tI 32I4 + 14 

131)21h ) 122 2344k o 240* 29n) 4(-I 

SI 4- 25 2(1 ( 

Notc: I'It) thItII tItIS 04 l,1li Ilt.MICtt' 1 ' fiCIiCC 01t IllIll \iCt(dS hcti\¢ Cnof th tcxCt/sourccLi 
ootfi'llii li tn lilt-I/t1) illC' l111o'1 tSii g lI\%-laiCd I-Icsls arc * - 0.(05 0.01, *** = 0.01. 

I lit' lil itltd 4kg'ilwi ( iltil' pIlii , Itll /ClO I1 v.lc 140 + (5 and 130 4+ It) in Fahidji a11d 
( Olft'IV , \p tiz l, 
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applied is Well is tile SOU'cc did signilca ntly affect 1iillet grain yield oi
l1rncrs' fields in a rainfall-del cit ear. w.hen tile rainfall was sulfhient to 
)btai l sonic oulput. Allolig I1OI rtmnltc variables, a1 u1.nt o" rainfall.

tle delay iI planting aftcr thtile first nlajor rain. soil conditions, and the 
amnonllt of bird dallage \l'c inmportalnt ill explaining yicld variation. The
r-,ult, siggCst that if .AR is to be usCd, full incolrporatIiol into the soil is 
a reqIired tcchuhloh ,. CspCcialls ii raiflltl-defimt. .ers. 

Partial buldet analysis was used to examiinl the eonomics of fertilizer useunder 1t cldlitins prvc\ailing ill It 4. Sincel rcgr'ssion anaiysis had indi
catcd the iIlm rtait-'tcc (f' date of llaiiing.I ai ifall. 1id quaiitit\ of 1'ertilizei
in C\plai unn \ icIds, the 1aruiers wefrc di idcd iiito 15 grOLplS lsed on these
t itcrllI (\s, h \ illauge localion replacing rainfaIll). The characteristics of tihe 

-PrMl)5 mtc shos-.in1 Table I. 

,I'i, / it, [ i ilkI llci ll .1d 11illllt lC li aNuIIlc' n i11iilci t Ill [ahbdti ant( ObCly:hCI 

I ,l, l i, Inim Mean S.D)., ( ocI"Icie t 

1,11!1 . w hdI)clx, Ill l 1l1h Ml kt g h a 2 m l) 12 1 . ,"it I l ( . s 4.1) 5.) 7.29 

I lil,,, I kg P,( ),!ila .(1 t13.5 

I llllS ' IP '(3Iulcd 

4.6
 
kg IP, ),/hi 51 1.3 5(07.8 0.0Y ll u l, l ql) [1 , , n1l1
illl11iiiii h'lilihll 9.0 7 . 3 -5i)1.7 2.2 51.1

.2 

Ph~tktxl', \ ilh '11I<c,lqt I silly l ant1;11 " *001.4 1.5 1.393. 2
 
inh1 rill <..'c,i.it v1 h\ ' Il lbo ,r 0 
 23.4 13.7 6.0II l, IiiRilrhi.itiiix, i< N 7.7 5.4 128.3
 
I cidlk. \ IIh 'lid diilllag' IN) 
 16.0 8.6 -24(.5'Ii I;:I" B1,11\ P'I )pp I 10).9 12.4 -0.4
 

I, pI II 
 5.0 0.4 23.7 
,ul mr!!i ill 1 l %)i 0.4 0.1 214.1Sitl lI" 'ilill i 1.5 0.6 38.4 

2.8 1.3 -30.8 
S ui 'l il lit'1,111 

it lihi sik.k u'it illi N 95.1 1.2 3.3
\\ I ( , 6.4 1.6 6.8\\ailai lc "til a cr 111) 2.1 (0.8 -1.1
0 1111 
 111m11 05.0 19.2 2.4. 
( liLNlill1 

-1,043.2 

R 
0.4 

1 7.30,t t 
96.8N 

196 

" lan.od clt]tt,aliioll. 
= ( . 0 l no ll)'i \l of, 1: * --0.0)5, . 1)11, 0 1.0 0 



)n the average. financial IcLiInS wcre positi\e for all gron ps and were 
hi1,h'st at 24 units phsphoru s when the cIop was planted on time (within 4 
da,,s atter the first major rainfall) (.lternative ..\). Late planting resulted in 
suIstantial decrCass in net rc~ nue. particularl\ in Fabiji. Where total rain
fail %\aslmowr than in (h0hcr\. .\t utisuhsidiCd \world markct prices (Alterna-
Il,,,' net rCturns \,crc\ ,I stl;ntiall, hut rCmainecl positiv'C 1Ir allI). reduce.'d 

ol'tips illthe higher rainfiall village ((io e' r). ,hile the ,\erCe .negative for 
Lite lplantl crops in :aliIji and with 36 kg phosphorus evn hen planted 
tin lilmC. 

,

IJ' ]C\t+'. H LS,0 lllt"*,.+ l\,Cpfl 'W'4.III onl,Li!" IIf. tof phtp*pIj ll 1t1C t ' )illlu'lI l illlid I,a IClt'll~ IL "10lI1* 

,t!ilain\ ic iid.and iIhi\ ut ( il Usc ll a in icti(ii tuillti idiin etiClSc \\ci t Nigel. 

1)5 
\It ( I) 1I 

1I 2 5.1 1.4 2.3 2.0t., 3.3 tl.0 1.2 
2(,5.(i 4. 6 3. I 1.3 ().91 2.1 1.t 1.() 

120.7 2.1 1.6 0.7 0.4 1.0 0,6 0.) 

ii 2. - - - - - 

2 IS.7 1.4 1.2 0.5 0.3 0.6 0.4 0.7 
21 142.2 1.4 t.1 0.5 0.3 0.8 0.4 0.7 

W 151.1 .- - - - - - -

I2 207.) -. 7 3.3 1.4 0.9 2.2 1.2 2.11 
2' 2(,4. 4.7 3.5 1.5 0.9 2.2 1.2 2.1 

,288.2 3.8 2.8 1.2 0.8 1.8 .0 1.7 

i5. - - - - - - 

i2 IIX. -.4 3.1 1.3 0.9 2.0 I. 1.I 

21 (72.2 4.4 3.3 14 J.9)2 1.2 2.0 

A8S.4 3.4 2.5 1.1 0(.7 1.,0(.9 1.5 

Q, ha IQ . c",ps phinctd on nmc. ie.. mtiii-iii - t 	 nI IrI manois iip i rin1lit1. 
!' HII HlC ; l' + h tlh u i+
 

,

I Wi Mll I1 I)\ ItMll (lII \ <qlW lil onl I)ll )I+~it0li1ICllIll/Ci ki (tic( thieftllhMI\lig it11clliali+,tM 

' 

V 1)liid ktCl lullL( l 1,a ani <ll i~ 6S k!,) t'dmM i tM 11I 1i k!,). I 'Ind +qiu h Icl'tili/cr 

I l itt, kr hi IP' i(I i I 

I k ' i l N ' tIdi l,- hI L iI I 

,

J)I ,fi'l l l tl i l l l l l l f d l l j tC 11 1 , l \ lt'\W 11dt hC lIlil/t'l ( tlh Ipill('. 

I I) llc t' h -1 111id l iI I ll' ICltlIl/t'lll i lkt'lJIMll 'ldlll 20"11\ tl i11\\IlldPt'lt IMllt'" 

I .It ll"" rt'a,,t' M Alkt 1l 10u ,itlln Mldt +1;\ r prices,.Inlthid it ), kit", \\uld mia ketl leutifli/ 



In order to examine the riskiness of' fertilizer use under tile low-rainlii 
conditions, a number of other alternatives were examined. If farmers were 
forced to accept governmnelt nilinimum prices for their grain while paying the 
unsubsidized fertilizer prices (Alternative C). net return would be negative
for all farm groups. If there was a 20% increase in world fl rtili/er prices
(Alternative E). even the 36 kg/ha dose would yield negat \e returns in all 
localions. It is co rcluded that phosphorus fertilization of farmers' traditional 
varieties up to the level of 24 kg lP,,/ha is like]y to be financially and cco
nom icaliv profitable. provided there is sufficient rainifal to harvest cropa 

and provided farmers plant their millet crop on time.
 

Summirary 

For 3 years (1982-84) several trials were conducted in sub-Saharan Africa to 
(I ) monitor the extent of phosphorus deficiency by studying the response of' 
the principal cereals to P)fertilizers in different agroclirnatic zones, (2) evalu
ate the agronomic effectiveness of' various P fertili zier sources including phos
plhate rocks in(igenous to the sub-Saharan rCgion. and (3) st udv 1he effect of 
management Ipractices on 1ert IiiCr use and efficiency. SCveral national and 
international research organi/ations participated in this effort. 

There is widespread deficiency of phosphorus in tile soils of sub-Saharan
 
Africa..-\cross all agroecologi cal zones, cereals responded lighly significantly
 
to P ferlilizers. BecausC of the Coarse 
 IIatLIC OF the parent materials and 
bccausc the resulting colloidal systems in the ()xisols, Ulltisols, and Alfisols 
have low adsorption ca paci tv lyfr phosphate, large (lIranititiCs of P fertilizers 
are not needed for maxiIi unLcrop production in these environments. Phos
phorus dCeficiency was lCast in the Iurn id forest region and greatest in the 
semiarid region. lloever, maximIurn response to P)fertilizers was obtained 
in the suhliIId savanna region. 
The results of several trials demonstrated the need For use of 

sul furconta inirg 1) fertilizers. There are indications that sulfur deficiency
mlay be more prevalent inrtile savanna zones. 
With the exception ofTilersi phosphate rock from Mali, the West African 
rocks tested have little or no potential for direct application. However, par
1ia1l acid ulat ion oflthe rocks dramatically improved their agronomic effective
ress. PR and IPAPR performed best under the acid, wet conditions of' the 
I 1itisols. 

All l)hosl)liate fertiIizCrs producei significant residual effects even at low 
rates of appl icat ion. The low P 'fixation' capacities of these soils account For 
this phiCiomCnon. In the hum id and sublhumid zones, basal application of 
phosphate rock may serve as a means to rapidly build Ipthe P fertility of the 



,,oils and Ihcrch\ take idvantage of the high residual efectiv\eness of P ferti]
i/cfs in these soils. 

Falrifll-c\ cl tests ill Niger during which all culllral operations were carried 
olu t\ lariicrs. sh mc d significantly high increases in millet icld when fertiil
iCrs \ ee apprlied. FL-tili/Cr u was proittablc even in a year when less than 

aeICqatel' rainflall ,.as rceTivCd. Inllthese firll-lecl trials. SSI1 provCd supefi
mi to I'-APR from Parc \V l)hosl)hate rock whCn both were applied on the soil 
stlrtl'lC' %\ithoutl Si)SCtli incorporation into the soil. Method of P fertilier 
al)plcalion significantIfs nilccs its fficient. The Icsulls of an o-goiig 
trial at Saorc sho that in a dry car, nonsolublc or partially soluble P 
tertili/er are inllcccti\C lilICs in.ofporrate into tile soil. 

I 	 I IWNC -', CltrC , IF)( soil sciciisis and ('RISATL" lcsijoco'l and ColnducCd jOiIi 'ccon
iSiS suking al ile IRIS.,I Sahteian (Cencr, Niamc'y. Niger. Ihe collaboraivi ifforis of 

I 	 .1.\tclntir and )r. 1). Spnccr are greaily apprcciaicd. 
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Economic evaluation of alternative fertilizer 
technologies for tropical African agriculture 

Carlos A. Baanante 

Introduction 

Tile production of crops in tropical Africa, which is carried out by farmers 
under diverse soil-agroclimatic and market environments, involves the use of 
various inputs or factors of production. The management and levels of use 
of these inputs depend upon the soil-agrocliniatic and market (prices) envi
ronments and the crop production technology. Farmers' decisions on the use 
of these inpuls reflect their economic motivation in the face of physical and 
economic constraints and tile limitations in crop production technology and 
knowledge. 

The input-output relationships which characterize crop production under
line the existence of a production function. To Formalize these relationships 
a general model of' the production function can be expressed as follows: 

Y = F(X,Z) 	 (1) 

where: 	 Y = crop output per hectare. 
X = vector of' variable inputs. 
Z = vector of' soil-agroclimatic factors. 

Here, agricultural production (crop output) is a function of the qualities and 
quantilics of variable inputs (X) and the 'levels' of the soil-agroclirnatic fac
tors (Z). The inherent soil properties and agroclimatic conditions are beyond 
the control of' the Carmer. The qualitative and quantitative use of variable 
inputs (X) such as fertilizers depends upon tile soil-agroclimatic conditions 
(Z), tile prices of' variable inputs (X), the price of crop output, the production 
technology, and the nature (shape) of' the production function. 

The economic evaluation of' fertilizer technologies should be conducted in 
this context whether data and results from field experiments or farm survey 
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(1aa arc used For this purpose. Inl the Following sections the general approach,
methodology, and results of the economic evaluation of' fertilizer technolo
gies for selected regions and crops in sub-Saharan Africa, using data and 
results from field experiments. are presented and discussed. 

Sllethodology 

"Ih ecoriom ic evaluation of fertilizer technologies involves the estimation 
(arid cornmparison ) of the potential direct net economic benefits that these 
techlnologies cali provide to the farmers and countries. The direct net eco
noi ic benefits of fertili/e r use arc measured by the increment in value of 
agriculIurat otitpuIt associated with the use of fcrt ili/er less the cost of, the 
fert il/er. Tis. the i e detenii ne'i by (I) the response at lgricultural Out
puit to felrtilier use obtainIedt it giVen le\els of use of all other factors. (2) the 
Cost (prices) of fertili/crs. and (3) the prices of agricLtIral Output. 

The respoIse of agriitlral output to fertiiier use cart be represented by 
a1quantitalive conItinUouS relationship bCtween agricultral output and fertil
ier use. i.e., aI 0ont in tLous fel Lil/er response function. For this lurpose, both 

agriculturaNl otttptt aid fcrtilier use must be measured in perfectly divisible 
arid hotnogeious unilts. Moreover, if the objective is to Mieasutre the direct 
beniefits of fertili/er Ilse. the fertililer respotise ftILctionl nust reflect qulnti
talivlv the influence of fertiliier use Oil aIgrIcuItutral outpuL holding all Other 
factors constant. The shape of' tile fertili/er response function is expected to 
chnlige with ( I ) tile range in tile levels of' fertilizer urse: (2) the levels at which 
all other factors of production arc held constnt (including the crop and its 
biological cliaracteristics, all agrocliniatic :rnd soil fanctors. and the quantita
yive,ifutaitativie. and iiiariagerncri t levels associated With the use of all otlier 
ariable iiputs): and (3) the tLIullitv aid mnanagement of f'ertitilizer (use) which 

are all integral part of the icriiliicr technology'. 
Fertilizer response Iutrictions can be estimated by using inf'ormation ob

taintied from properly designed experiments in which quani titatiVC. qualita
tive, and tiiariagerment levels of fecrtilizer Ilse are predetermined by properly 
specified treat ments and attempts arc made to keep all other factors of pro
dutCtion fll.(l I 'acrussall experimental plots.l in general, tlhe levels at which 
some of' these otlher faIctors of produoction are held constant are established 
with tile objective of obtainring iiiaxiniuim yields rather than ohta inirg maxi
riium profits. Therefore, fertilizer response functions estimated from experi
mental data, ilr general, do not necessarily reflect the physical and economic 
constraints fi rmers face. Thuirs, average response ratios computed from these 
functions at given levels of f'ert iltizer use are LIsually greater than those that 
f'armers obtain. These differences are explained mostly by the magnitude of 



321 

tile physical and economic constraints farmers face as compared with the 
conditions tinder which the experiment was conducted. 

The direcl economic benefits of fertilizer technologies obtained by using 
data , nd results of field experiments should be treated as estimates of the 
po'w1l/aI beneiIts of thes,: tcchno!ogics rather than as estimates of the actual 
benefits that the fiimers will obtain. Estimation of potential net economic 
benefits permits a comparison of the profitability of' difl'ferent fertilizer tech
nologies to determine their relative economic effectiveness. 

l~I-*(- r-c.Ypl ls.111t.ilctionl estilates 

In this study, data firom field experiments conducted in locations and sites 
within tdifferent agroclinmatic regions (humi.d. subhumid, and semiarid), were 
tIsed io bLiaiii estimates of' response of' cro ouLtput to (I) applications of' 
initrogen using diff'rent sources of' nitrogen fertilizers (calcium ain noniLiinl 
nitrate 1('ANI. Iirca. and tiIrca surpergranti1les [I JSGj ) Under diffl'rcnt manage

ntcn tonditioiis such as iic of' application (basal and split) and methods of' 
applicatit n(banded, broatdcast a.nd incorporated. point placcd) and (2) appli
Cation,S of phlosphorus (P, ), using different sourcCs of 1) sticth as finely 
gromn d phosphaic' rock and partially acidUlated Togo anId Farc W lhosrphate 
rock. single superphosplhatc (SSP). and triple stipi'lhosphatc (TSP). 

The folhlos, inug quadratic and scm ilog response ltnctiorn mnodcls Were used 
to (1nmatc the responsecof ci'o ot Lput to nitrogen and plosrphorus (P,0)
 
Sin', ihli difflk'rclnt f'rt lii/er tech nologies (nu1Lit
rient sources, time and method 

tfl allplicatiiol): 

(.)utdraItic Nodel: 

11 n
Y =It ±I=Y, F , +i=0,F,'+ e (2) 

Semilog Model: 

n
 

Y q) + XY,,InF, + e (3)i=lI 

I = 1,2,3 ..... n fertilizer use technologies 

where: Y crop yields in kg/ha. 
F, = (Itantity of' N or 11O0 applied using the fertilizer use technol

ogy i in kg/ha. 



IL,f. (1), and 7 ar1C parameters of tihe response functions, and e is a 
random error with inormlal properties. 

Iil order to obtain response unnction estimates that could be considered rcp
resen tat ive of each agrocl-nrIa1ic region, data frloml seseral experiments were 
pooled. For this pi rloSc. tests Of' homogeneitIy of var ances were conducted, 
and the estimating mlodcls weie m1odiled h\ Incl udinog d 0-n(PI variables
 
i1 l ilt rct ' tile rIS'OISC IlflctiOiIs to ICCOuIIIt for tle variability in
 
crop .ields amio, Cxpcrintalcl sit.s that is related to flactors other than
 
lcr1 ii/cr use.
 

l-rti i/cr 	is)OnIse ilnetIoll Cst ilMateS Canl be LSCd to coItlC tile IgrOlOm1-

Ic ind c\IaMuaon-\tIi of' t'el'tli/cr tecliologies.
co L The agrollollic and
 
CC011oIIIeC Pci aiic of citli/cr tec'iiohogies depeids upon the magnitude
 
and rcliabilit\ of feCriIr respone uNC'tionl 
 estlila s. lertil./cl" response
 
ILIIit.I -,\uill' para1. lIL'h.'
eliabhc eter I a s l c ting error 1
 
needCd to )ruperiC \ C'ltlIct tle.'a uI-' 


aild edI arIIe 
Ihiii. aldid COnomlli c e\,altiori of flcrtll

I/Cl [to, h esh. l'rIitr esCimatof(the l.' j) I'uICtion canl be used
 
It) aIIMin' IciiilI/cr let +
;l)iaulo iCs in 11et , the ir tlilinle1 c f'et'iVe CSS
 
(t tchclliki e11ci M ,)I ) lt
o I . [oLr this tIr L'oc.ratios orliti\ c
 
aerIMIniC (ictitxcllc,,IR , \1 ) can be calc.ulatLd and their variability ex
plained in tWrllis (d suit and adroclinIcIMlcr,.
 

I he cuTIluilnc C,liatlun t th
ultrucn phuspthr., fcrtihi/Ter tCChinoho
gies \\as 
 i ."-,tl . SCllil)g Or 

rcpllIuil IiiItAII Ii(dels,. 


lIddClh \ 	t£4,Ct )IC t rlLl. itadrate ertl'ililer 

I ius. the iIcthOdolog. for both of' these cases is
 
de.'scribCd ill the f1h(,,lusin1 sCtu r'i s.
 

Il this case. elP(rinicintal data and ordinary least squares were used to 
.stimate the scmi hg model (3) and to obtain, for given fertilizer technologies 
I - I and i 2. tile tiilo\,ing 'rllii/cr response function estirmate: 

(i f1 -0 11n. ' .lF f C (4) 
(S ,)I(Sy ) (Sy.) 

wshere: 	 (). yl. a1d y,arC pa'allletcr estimates and S,1,S7y1 .and Sy, are tile 
standard errors of Irllese cStimates;s: is tile piedicted yield in kg/ha, 
and C'the predictintg error or residual. 

This response 'nMnct ion Cs!imate was thCn used to conduct the economic 
evaiuation oI r'I'tiier technologies I and 2 as Follows: 
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lirst, the profitability or net benefits of both fertilizer technologies can be 
estimated by imposing unrestricted profit-maximizing conditions to the 
response function estimate (4) at given prices of crop output and costs of 
using each fertilizer technology. 

Let
 
1= price of crop output in US $/kg and
 
Pt = cost of using fertilizer technology i in US $/kg of plant nutrient.
 

Then, the profit-maxinizing conditions 

6Y Pf1 82Y 
- " < 0 

6F Py 62F, 

permit an estimate of the profit-maximizing rate of plant nutrient (P, : 

~~~~ >0.(I) 

The variance of' at given level of prices Py and Pf, is 

Vr(F.*) - Vr(y) 

and the standard error of F*say Sv*, is 

PfY SIly) 

The reliability (variance) of the estimated profit-maximizing rates of plant 
nutrients (F,*) depends on the reliability (variance) of parameter estimates j, 

At the given prn./t-,na.jimiin,, rate F* the gross benefit of fertilizer 
technology i. (GB,*), is determined by tile resulting increment in crop yield 
(Ai'Y') and tile price of crop output (Py): 

(,lI*= Py .AI* 

where: A''"*= it * InFl* 
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and, the estimated net benefit (NB*)is 

NB*= Py °AY*- Pf, • * 

Hence, at the given f, Py, and Pf, the variance of net benefits is 

Vr(NB*) = Pv2 
* Vr(AY) 

-
or, Vr(NB,* = (y. InF * - Vr(,) 

and tile standard error of nc: benefits, S N*, is given by 

SII,*= (1y. In,) • S,. 

This shows that the reliability (variance) of net benefit estimate NB*depends 
on the reliability of parameter estimate 91, and that, for any ,,,tile variance
 
of, net henclits inerca sCs as the pnrice 
 of crop output (Py) and/or the rate of 
plant ntltrient I-*i ncreascs. 
The magnil idc of the 'arilance (tlandard error) of net benelfits is of cx

relliCi i poltanie in cond netl'lg the CConOll1iC c\aluatioll of fertilizer technologies. 'his a Ination can be properly conducted only if' c.linalsC./ab/ 
of net benelibs for Ihe di fleren t tech nologies are oblaincd. Unreliable esti
maltes o1 'Ct 
beChIs Can casil\ lead to incorrect conclusions about the profit
ahilit\ of fcertili/Cr technologies. 

\ clea.r i dicalion of tile relability of, net benefit estimates (NB,* and of 
tile probabililV of a fcrtilicr tech nology i is indirectly provided by calculat
in-the probahilitv of losscs (Nil < 0) associated with the use of this technol
og. Ihc' profitallfitv of' losses c'an be calculated using the probability distri
but ion of NB3* I loxevcr. it is important to note that this probability of losses
 
is a conditional probability for the given 
soil-agrocli maltic environments and
 
crop producntion ICch nology that c'haracCric tihe experimncit or set 
 1'experi
inicilts uIsed to estimate tlie f'rlilizcr response futtion. Therefore, Iis proba
hi litv of' losses does not n'cessa riyI incIu dc ihc 
 ihtllfl ityv ol iosscs associat
ed witl] stochastic climat ic foilcto'S. Experimental data over a period of
sevcral \Cars wotuld Ile rcquired to cstilmatC thc' total probabilitv of losses. 
Silulatlion modeling lay provide' an additional way (if including the in i
cII'cc of stochastic climatic licors to calcul a tcethe total probability of losses 
and to provide better reconllmmendatliolls on fertili/er tise. 
The probability (list ribution of the t statistics with n-k-I degrees of frccdom 

(n observat ions and k independent variables in estimating model) can be 
used to c'alculate the I)robability of' lossc's. This is derived from the basic 
assuml)tion that the eiror terl of' tile fertilizer response f'unction estimating 
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equation is normally distributed with mean zero and variance Y2. 

If * 0- NB* 

then. probability oflosses= P(NB < 0) < P(t < t*).
Since fertilizer is a "ariabh, factor of production, its profitability is deter

mined b\ the magnitude and reliability of' N13*estimates. Value or benefit: 
cost ratios of ferliliZer use were calculated only to provide an estimate of 
retILIri's to Cx pen di turies in fertilizer. It is well known that, illgeneral, farmers 
use variable inptls to max i izie/c returns to lIitetd fixed factors of production
(N13*) ri tthcr than rCturns to ex1pend itures ill variable inputs such as fertilizer 
(Cncfil: cost ratios). 

Benefit: cost ratio = B/C = GB* 

13f . F* 

.econd, the profitability or net benefits of fertilizer"technologies were esti
llated by imposing restrictions on profit-maximizing conditions in order to 
obtain relable estimates o:, niet benefits. 

The reliabilit of net benefit estimates N13*and the probability of losses are 
ione rsely related to the varance of N13,*(or the standard error SNi.). For a
9i\ eln fcrt iIi/cr response ftnction estimate and IC\'Cl of prices of crop output
and fert iliers, the magniude of S. *Cecreases as the rate of plant nutrient 
applied :F*(decrCascs. I lcec. the re iabiIi ty of' NB3*estli mates is increased and
 
the pro'a,)lit \'f losses dCcreast 
 by adjusting downward the profit
max iifli/i ng late Iitirienlt F, Fherefore, reliable estimates of' net
of plant nu 
benefits werc obtained by adjusting downward the rates of' plant nutrient 
when ever the probability of' losses calculated at pr'ofi t-maxin izing rates was 
greater than 5". The following two criteria or Methods weIe used to adjust 
F*downward: 

(a) lv using the t statistics' probability distribution to find a value of F* 
say Ii, such that: 

=FIIit w ;Fa* F1* 

where 0 < < was setw 0.5 at the preestablished level w = 0.25. This is 
etlLivalent to find the Fa value that satisfies 

P(t < t*) = 0.25, t with n-k-I degrees of freedom 



t*= Fa*,- P*
where: 

The use of the t statistics di.;tribution is based on the fact that, at given levels 
of prices Py and Pf,, F*is normally distributed with 

I yIP l .{ 

13Y y Imean = y,(jly and variance = - Vr (7) 

In this report, this method is used to calculate the 'adjusted' rates of nitrogen 
application in the evaluation of nitrogen flertilizer technologies. 

(b) An alternative and perhaps less arbitrary method is to adjust F*down
ward to a level, say Fb,. such that: 

P(Nllb < 0) ? 

where . is an 'acceptable' level of' probability of losses. A 5% probability of 
losses ( = 0.(5) was used as an 'acceptable' level. 

l3ecause different NB Iestimales and probability of losses are obtained for 
each valtie of F . tile Fb values were obtained through a recursive process of'
appl~roximation. In this process the prolit-maximiing ate F* is gradually e

duced unltil th'restrict ion on probability of losses (. 0.05) is satisfied. 
lits method was used '0r adjusting rates of' application of PO s in the 

e\aluation of plhosphorus fertilizer technologies. 

I. Rc/ay ( 'roppiI/, and /,h'r'l-CroppIun, 
- The previously described methodology was modified to conduct the eco
nomic evaluation of the use of' fertilizer technologies on maize/cowpeas relay 
cropping in selected sites of' Nigeria and maize/beans intercropping in 
Kenya. 

Scm ilog fert ili/er response function esti mates were obtained for these 
crops. and tile nethodology was modified in tile following manner. 

lrofit-maxin izing rates of' plant nutrient were obtained by imnposing 
-max iii conditions f'ertili/er f'unction of' 

hoth crops. Then. i' tile crops included in tile association (relay cropping or 
Intero)pi rig) are designated is crops I and 2, tie profit-maximizing rate [* 
is given by 

prof tI ling on response estimates 

' Pf IIr 
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where: -, and , are parameter estimates of fertilizer response functions 
for crops I and 2, respectively.
Py, and Py, arc the corresponding prices of crop output.
Pfl is the price or unit-cost of using fertilizer technology i. 

Then. the variance of F*becomes: 

Vr(F , Vr(,,,) + , Vi 

The standard error: 

S, S +(p-if1) 2 S7,". 

Predicted increment in yields of crops I and 2:
 
AY* = " I,lnF* , and, Af'* = y, lnF*.
 

Gross benefits:
 

GI3-*= Py, 
 A'*, + Py, * A?*2. 

Net benefits: 

NB*= GBI*- If, F)*. 

And, the standard error of net benefits: 

SNI,*= (Py, • lnF,*) S + (Py, * lnF * 

Other aspects of the methodology are the same as those described before for 
the case of a single crop 2. 

B. tI've of the Quadraic Model 

For til case of two fertilizer technologies, i = I and i = 2, the following
l1'rtilizcr response function estimate can be obtained using the quadratic 
miodel (2): 
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Y= a+ OF + OF 2 + P2F 2 -+0,F,
2+e 

(S.,) (Sol) (S0O)(Sh,) (Sb2) 

Unrestricted profit maximization results in 

Profit-maximizing rate of plant nutrient (Pi*): 

'=(Pf/PY)-,• ,>0, < 0 

20,
 

Variance of P*at given levels of prices Py and Pf: 

I'F1)2 ,' 1P )
" 
Vr(P',*) = (_ [(YR P'P 10 , Vr(OI) + Vr(R,)] 

Standard error of P*. 

sj-*= _ "[S +"(%1;.s,,5f/() [ + ) + S2 
I02F 20 

Predicted increment in crop yields (A'3*: 

Ail*= P,. -*+ 0,- ,*
 

Gross benefits (GBl and net benefits (NB,*):
 

GB*= Py AY*, NB*= GB*-P F*
 

Variance of net benefits:
 
Vr(NB*) - (Py * F*)- [Vr(f[) + f2_, Vr(O)] 

And, the standard error of NB.*.
 

SN,?= Py **2* + s1,.
 

At given levels of prices and F*the reliability of net benefit estimates (NB,* 
depends on the reliability of the response function parameter estimates , 
and 0,. 
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Calculation of probabi II of Is;ses and other aspects of ihe economic eva!
uat ion tinder lest rictcd profit nmxiIIi/at lolNwere made in the same way as 
described previously for the ease of tlie SeiI log model.
 

1his mcthodology 
 is dCsiiiCd to Casily includC cash COnstraintS to Cxpendi
tlre,, in tfCrtili>'Cr'; a1nd lid ICeLIV i rIigCIICIIIS aS restrictioi sIII the mrofit
maxinili/atlol of f'CrtilizCr ise. IIoe\eCr. becauseI of thClack of'dCailCd infor
niation about these constraints in these ctlilis. these restrictions %'erCnot 
included in the ealuation at this timc. 
II the folhuwing sections results of the econoImic evaluation of nitrogen and 
plosploris fcrtiI i/cr technologies arc presented and discussed. 

Fconomic eialuation of nitrogen ferIilizer tec!nologies 

.\ cragc 193 domCstic price,'; of crops and fertilizers and fertilizer response
uilctioln cst imatCs rClevant fr the hu.i mid, suhhumid, and semiarid regions

in 1983 and 1984 were used in this evaluation according to the previously 
described methodology. 

Nitrogen fe tilizcr technologies werC evaluated on maize in the humid and
subhINunidit! regions on inand millet the scmiarid region. Results were ob
tai necd at tin restricted profit-maximizing rates of fertilizer application as well 
as at "adjusted' rates by region, year. and country.

The following average 1983 prices of fertilizers, maize, and millet were 
Used to condtLCt IIis evalunation: 

Slnlr, Fcrtili cr prics Crop prices 

1Urea ('AN LJS( Maiie Millet 

(US $/kg) 

Nigeria 0.1t 0.10 0.12 0.13 -Togo 0.11 0.11 0.13 0.13
Sierra Leone 0.12 - 0.14 0.13 -Kenya 0.30 -- 0.34 0.13 -
Niger 0.11 
 0.09 0.13  0.16 

These prices should be considered as reference prices used to conduct this
evaluation so that results could be aggregated by regions and the profitability
of different fertilizer technologies could be properly compared within eachregion. Considerable seasonal variability in crop prices and even higher
intercountry variability in crop and f'ertilizer prices may actually exist. Theprice of USG was calculated by using a markup of 12% over the price of urea. 
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lhumd re,'io? (maize) 

Economic evaluation of the following N fertilizer technologies was conducted 
across this region: 
1. 	Split application of urea banded and incorporated. 
2. 	 Split application of ('AN broadcast and incorporated. 
3. 	 Split application of I SG placed on hill. 

Fhe results of this evaluation at profit-maximizing rates of application are 
shown in Table 1. and at 'adjusted' rates of application in Table 2. 
These results iIdicate the following: 
1. 	The split application of urea banded was consistently the most profitable 

technology. The highest net benefits and benefit: cost ratios were obtained 
with this technology followed by the split application of USG placed on 
hill and the split application of ("AN broadcast and incorporated. This 
result is very consistent among years and countries and does not change 
when these technologies are evaluated at 'adjusted' rates of fertilizer appli

cation (Table 2). 
2. 	At profit-max Iini ing rates of application ( 100-120 kg of N/ha), the proba

hility of losses was quite significant (9%-16%) and reflected in part the 
high variability' across sites. Therefore, the 'adjusted' rates of application 
were substantially lower (35-78 kg of' N/ha). At these rates fertilizer costs 
decreased proportionately less than net benefits, the benefit: cost ratios 
increased significantly, and the probability of losses was not greater than 
4%. 

.>'1/)Ilh id region (maize) 

In addition to the nitrogen fertilizer technologies evaluated in the humid 
region, the split application of urea broadcast and incorporated was also 
evaluated in this region by using results of experiments conducted in 1983. 
Results of this evaluation at profit-maximizing and at 'risk-adjusted' rates of 
application are presented in Tables 3 and 4, respectively. These results show 

the following: 
1. 	Estimates of net benefits obtained at profit-maximizing rates of applica

tion using the fertilizer response functions estimated for year 1983 were 
quite unreliable. This is indiCated by the relatively high levels of probabil
ity of' losses obtained for all technologies (fable 3). Results f'or 1984 and 
those obtained at 'adjusted' rates of application (Table 4) are more relia
ble for determining the relative profitability of these fertilizer technolo
gies. 



1ij't, 1 Economic benefits, costs and probability of losses of using nitroven fertili,,ers at profit maximizing rates of application. Humid region. Africa 
(maize) 

Country. Fertilizer N rate Yields 
increment 

G ros. 

benefit 
Fertilizer 

Cost 
Net 

benefit 
B:C 

ratio 
Probability 

of losses 

(kg, ha) (US S'ha) (%) 

Year 1983 
Nigeria 

Togo 

Sierra Leone 

Urea SP BD 
CAN SP BC INC 
USG SP on hill 

Urea SP BD 
CAN SP BC INC 
USG SP on hill 

Urea SP BD 
USG SP on hill 

126.3 
106.5 

I17.0 

125.6 
104.5 
115.4 

123.8 
113.9 

1.202 

951 

1.064 

1.201 

945 
1.061 

1.198 
1.058 

156.3 
123.7 

138.4 

156.1 
122.9 
137.9 

155.7 
137.5 

27.8 
40.5 

29.3 

28.9 
42.8 
32.2 

32.2 
34.2 

128.5 

83.2 

109.1 

127.2 
80.1 

105.7 

123.5 
103.3 

5.6 
3.0 

4.7 

5.4 
2.9 
4.3 

4.8 
4.0 

15 
20 

16 

15 
20 
16 

15 
17 

Year 1984
Nigeria 

Togo 

Average 

Urea SP BD 
CAN SP BC INC 
USG SP on hill 

Urea SP BD 
CAN SP BC INC 
USG SP on hill 

Urea SP BD 
CAN SP BC INC 
USG SP on hill 

100.1 

112.1 
106.4 

99.7 
109.6 
104.8 

115.1 

108.2 
111.5 

1,175 

924 
1.030 

1.174 

917 
1,027 

1.190 

934 
1.048 

152.8 

120.1 
133.9 

152.7 

119.2 
133.5 

154.7 

121.5 
136.2 

22.0 

42.6 
26.6 

22.9 

450 
29.3 

26.7 

42.7 
30.3 

130.8 

77.5 
107.3 

129.8 

74.2 
104.2 

128.0 

78.8 
105.9 

6.9 

2.8 
5.0 

6.7 

2.7 
4.5 

5.9 
2.9 
4.5 

1 

12 
4 

1 
12 
4 

9 

16 
11 

Note: SP = split. BD = banded. INC = incorporated. BC = broadcast. 



Table 2 Economic benefits, costs and probabilit. of losses of using nitrogen fertilizers at adjusted rates of application. Humid region. Africa (maize) 

Country Fertilizer N rate Yields Gross Fertilizer Net B:C Probability 
increment benefit cost benefit ratio of losses 

(kg/ha) (US S/ha) (%) 

Year 1983 
Nigeria Urea SP BD 59.9 817 106.2 13.2 93.0 8.1 3 

CAN SP BC INC 35.9 463 60.2 13.6 46.6 4.4 4 
USG SP on hill 52.5 685 89.1 13.1 76.0 6.8 3 

Togo Urea SP BD 59.3 810 105.4 13.7 91.7 7.7 3 
CAN SP BC INC 33.7 439 57.1 13.8 43.3 4.1 4 
USG SP on hill 50.5 666 86.5 14.1 72.4 6.1 3 

Sierra Leone Urea SP BD 57.3 791 102.8 14.9 87.9 6.9 3 
USG SP on hill 49.2 652 84.8 14.8 70.0 5.7 3 

Year 1984 
Nigeria Urea SP BD 78.2 1,090 141.7 17.2 124.5 8.2 0 

CAN SP BC INC 54.2 595 77.5 20.6 56.9 3.8 2 
USG SP on hill 74.0 891 115.9 18.5 97.4 6.3 1 

Togo Urea SP BD 77.8 1.087 141.4 17.9 123.5 7.9 0 
CAN SP BC INC 51.6 574 74.6 21.2 53.4 3.5 2 
USG SP on hill 72.4 880 114.5 20.3 94.2 5.6 1 

Average Urea SP BD 66.5 919 119.5 15.4 104.1 7.8 2 
CAN SP BC INC 43.9 518 67.4 17.3 50.1 4.0 3 
USG SP on h 11 59.7 755 98.2 16.2 82.0 6.1 2 

Note: SP = split. BD = banded. INC = incorporated, BC = broadcast. 



uat,,'
S Economic benefits, costs and probabili. of losses of using nitrogen fertilizers atprofit ma\irnizing rates of application. Subhumid region..Africa 
(maizeli 

Countr. Fertilizer N rate Yields Gross Fertilizer Net B:C Probabilitv 
increment benefit cost benefit ratio of losses 

fk,/ha) IUS S'ha) (%) 

Year 1983 
Nigeria Urea SP BC INC 137.2 1.003 130.5 30.2 100.3 4.3 36 

CAN S13 BD 105.7 936 121.8 23.3 98.5 5.2 17 
CAN SP BC INC 87.4 763 99.3 34.1 65.2 2.9 25 
USG SP on hill 88.3 1.007 130.9 22.0 108.9 5.9 13 

Kenya Urea SI1 BC INC 96.8 869 112.9 62.9 50.0 1.8 39 
CAN SP BD 81.3 855 111.2 52.9 58.3 2.1 22 
USG SP on hill 71.1 942 122.5 51.9 70.6 2.4 17 

Year 1984 
Nigeria Urea SP BD 108.3 1.774 230.7 23.8 206.7 9.6 0 

CAN SP BC INC 113.1 1.776 229.7 43.0 186.7 5.3 1 
USG SP on hill 144.2 1.436 186.7 36.0 150.7 5.2 8 

Togo Urea SI1 BD 108.0 1.774 230.6 24.8 205.8 9.2 0 
CAN SP BC INC 112.1 1.763 229.3 46.0 183.3 5.0 1 
USG SI1 on hill 142.1 1.431 186.1 39.8 146.3 4.7 8 

Average Urea SI1 BC INC 117.0 936 121.7 46.5 75.2 2.6 38 
Urea S1P BD 100.8 1.334 173.4 31.2 142.2 5.5 9 
CAN SP BC INC 104.2 1.434 186.4 41.0 145.4 4.5 9 
USG SI1 on hill 111.4 1.204 156.5 37.0 119.1 4.2 I 

Note: S1 = split. BD = banded. INC = incorporated. BC = broadcast. 



Table 4 Economic benefits. costs and probabilitx oflosses of using nitro Lcn tertili/ers at adjusted rates otapplication. Subhumid region. Africa (maize) 

Country Fertilizer N rate Yields Gross Fertiluzer Net B:C Probability 
increment benefit cost benefit ratio of losses 

Year 1983 
(kg ha) (t:USS/ha) (%) 

Nigeria Urea SP BC INC 
Urea SP BD 
CAN SP BC INC 
USG SP on hill 

0 
48.4 
17.0 
49.4 

0 
617 
227 
769 

0 
80.2 
29.6 

100.0 

0 
10.6 
6.7 

12.3 

0 
69.6 
22.9 
87.7 

0 
7.5 
4.5 
8.1 

0 
5 
8 
4 

Kenya Urea SP BC INC 
Urea SP BD 
USG S1P on hill 

0 
22.3 
31.3 

0 
324 
549 

0 
42.1 
71.4 

0 
14.5 
22.9 

0 
27.6 
48.5 

0 
2.9 
3.1 

0 
7 
5 

Year 1984 
Nigeria Urea SP BD 

CAN SP BC INC 
USG SP on hill 

89.4 

89.4 

84.1 

1.694 

1.634 

1,119 

220.2 
212.5 
145.5 

19.6 
34.0 
21.0 

200.6 
178.5 
124.5 

11.2 
6.2 
6.9 

0 
0 
1 

Togo Urea S11 BD 
CAN SP BC INC 
USG SP on hill 

89.1 
88.4 
82.0 

1.692 
1,625 
1.100 

220.0 
211.3 
143.0 

20.5 
36.2 
22.9 

199.5 
175.1 
120.1 

10.7 
5.8 
6.2 

0 
0 
1 

Average Urea S11 BC INC 
Urea SI 3BE) 
CAN SP BC INC 
USG SP on hill 

0 
62.3 

64.9 

61.7 

0 
1.082 

1.162 

884 

0 
140.7 

151.0 

114.9 

0 
16.3 

25.6 

19.7 

0 
124.4 

125.4 

95.2 

0 
8.6 

5.9 

5.9 

0 
3 

2 

3 

Note: S13 = split. B) = banded. INC = incorporated, BC = broadcast. 



s2. ll mst techmnl-ogics "crc thc split catplcation of ('AN Ib0adcast and 
incorporated and oflca handed and incorporated. .\vCrlagC rCsults Is well 
Is the rcslt', Obtainedif'Or 194 sho\ II significant diff'erences between 

these tmo technologiics in ratcs of alj)lication (05-)() kg of N/hi). net bene
fits.r robabihit\ Hoic. ! e split aipICailln o' S(i pla)icCd on hill 
"i',a not as pi ofi alc. lFmtilaitinig crros in nct benits associat' \ibl Ihe 
sllit ail))ication of t' braditcast and iCii llOratedwLC 0 lgCItoo to 
make an Siglifllicallt illflunclces a out the prohtabilit\ o this teclhnolo-
L!\. 

In this reglnm, ecOnI nic ValatioiOin of' the following nitrogen f*ertilizer use 
tCell 101) ies \as con~ducted: 
1. plit) aIl c ii i 0 f UIrca bhanded (Iurela SP 1I3). 

tIalippliatiilop. t('\N b:indcd (('AN SI I3)). 
. SIlit dptIiItlloin of t 'S( laiceLd Onlhll IS(i SP oln hill).


Ihe rc till lt dl [iiiI, , c ,ilnatlolln Pictll'ci 
in I abics and 0 indicate the fl6

nkiin eefl 1)\t i i etI I li f tinc loee'., I Iu ohlaot llltIil b ilfIS) is tlhc sallc 

*iti -lllli )I*Inc t 1)11 . 1,l I'( banded \lon liilf h t11dC i i pIIc)I)I lotl (-t " "N crc 
li111 m st pltli ahiil kll' Il,!!i' .. \iid. icWiC \\.C i, ,i1,1l ';tin dtti lt'ii cn '

,( )1IIh ' s (~i~I, i i(\ iIcIh IlhLl',<( II I ~I !,c<sICI. l I hc ,IIeL;III ofl l tl I -I '"'( (j) llI Ihl:i Illientil \l.is enlsistleti'. it's', [iftalhil1' tIh;int the 

Il li ,c lilt llnln 'sj! II I l l f II'll IlCal ki tlrlI\I flta I 'III l IatII1 3l) 
i i nI an II 111\ . i h(IIll II 'cf IS ')h Ila h a dI lIh Ictwa , IeL) I l icio .c ilc'llalcdc a11"'dit k>lCL" H lo'pl~tHMllll IaiCSt" d.tl, I i iltl C'hall-T., 111 198,3.CI \\S- ICL IcI I )!s. 

111ikaic', afres lit cillill int ' lllleto i la c o ra 'itfinf llllac lhllIII eh lllatic, 

l\\l t' 1., l1110 1 df t. 
 o d iln 'd h\ [lS1l11! 11C It',J)MiC t'll ll estim a t11)lr llI (bl' k-(). 

111 amountsil tl--X 24 ! ikofl hal \wnld~ hc' pI t ahitlc' idi ,'ailuml rcliti~c'l\ 
ii~l-ll luIh st, icts o1 lllt ll i lll ll tlC ,C"I, , Milltl \if'ris h%\2 ,% 

2(d)k111 ia an p.l'l idiitl t t ' hi < d> I 'i IN sp l a p ic to 
of 1 tck Ict'rlll/cI,, (II, 11 1cI II' 1il 1C Whc'l l-ldrt ll hasi< the' addtiol :lt lcil 

'i(kl\ lidltlTc oft r1.t ll1 !, IhL' Jililolilll &Ilosses (tkOSI of II 'i hl/') thatl M1ight 
(t.Lclir as a. I'L'Stl of illCc'rltllll chlniailitc liaC'lffi (daA.oft raii kfill) ([:l1b t's, 7 
an~d ,8i. 



Table 5 	 Economic benefits, costs and probability of losses of using nitrogen fertiliers at 
(millet) 

Countr Fertilizer N rate 	 Yields Oross 
increment benefit 

(kg ha 

Year 1983
 
Niger 	 Urea S11 BD 67.8 516 82.6 

CAN S11 BD 45.1 460 73.71 
USG SP on hill 39.9 267 42.8 

Year 1984
 
Niger 	 Urea SP BD 26.2 162 25.9 

CAN SP3 BD 29.8 248 39.8 
USG SP on hill 23.7 148 23.7 

Average 	 Urea SP BD 47.0 339 54.3 
CAN SI3 BD 37.5 354 56.6 
US; SP on hill 31.8 207 33.3 

Note: SP = split. BD = banded. INC = incorporated, BC = broadcast. 

profit maximizing rates of application. Semiarid region. African 

Fertilizer Net B:( Probability 
cost benefit ratio of losses 

(I'S Sha) 	 (00) 

15.S 67.0 5.3 11
 
1.0 60.7 5.6 3
 

10.4 32.4 4.1 9
 

6.0 19.9 4.3 6
 
8.6 31.2 4.6 21
 
6.2 17.5 3.8 6
 

10.8 43.5 4.8 8
 
10.8 45.8 5.2 12
 
8.3 25.0 4.0 7
 



Table 6 Economic benefits, costs and probability of losses of using nitrogen fertilizers at adjusted rates of application. Semiarid region. Africa (millet) 

Country Fertilizer N rate Yields Gross Fertilizer Net B:C Probability 
increment benefit Cost benefit ratio of losses 

(kg ha) I S S ha) (%) 

Year 1983 
Niger Urea SP BD 32.5 352 56.3 7.5 48.8 7.5

CAN SP BD 32.0 405 64.8 9.3 55.5 7.0 0
USG SP on hill 23.7 208 33.3 6.2 27.1 5.4 1 

Year 1984 
Niger Urea S11 BD 14.4 119 19.1 3.3 15.8 5.8 4 

CAN SI BD 10.2 128 20.6 2.9 17.7 7.0 5
LTSG SP on hill 13.3 109 17.5 3.4 14.1 5.1 4 

Average Urea SP BD 23.4 235 37.5 5.4 32.1 6.9 2 
CAN SP BD 21.2 266 42.6 6.1 36.5 6.9 2
USG SP' on hill 18.5 158 25.3 4.8 20.5 5.3 2 

Note: SP = split. BD =banded. INC = incorporated. BC = broadcast. 



Table 7 Average economic benefits, costs and probability of losses of using nitrogen fertilizers at profit maximizing rates of application by regions. Africa 

Regions Fertilizer N rate 	 Yields Gross Fertilizer Net B:C Probability 

incrcntent benefit cost benefit ratio of losses 

(kW/ha) (IS$'ha) (%) 

Humid Urea SP BD 115.1 1.190 154.7 26.7 	 128.0 5.9 9
(maize) CAN SP BC INC 108.2 P34 121.5 42.7 78.8 2.9 16

USG SP on hill 111.5 1.048 136.2 30.3 105.9 4.5 11 

Subhumid Urea SP BC INC 117.0 936 121.7 46.5 75,2 2.6 38

(maize) Urea S11 BD 
 100.8 	 1.334 173.4 31.2 142.2 5.5 9 

CAN S1P BC INC 104.2 1,434 186.4 41.0 145.4 4.5 9
USG SP on hill 111.4 1,204 156.5 37.4 119.1 4.2 11 

Semiarid Urea SP BI) 47.0 	 339 54.3 10.8 43.5 4.8 8
(millet) CAN SP BD 37.5 	 354 56.6 10.8 45.8 5.2 12 

USG SP on hill 31.8 207 33.3 8.3 25.0 4.0 7 

Note: SP = split. BD = banded, INC = incorporated, BC = broadcast. 



Table S Average economic benefits, costs and probability of losses of using nitrogen fertilizers a adjusted rates of application by regions. Africa 

Regions Fertilizer N rate 	 Yields Gross Fertilizer Net B:C Probability 
increment benefit cost benefit ratio of losses 

(kgha iS $/ha) 	 (%) 

Humid Urea SP BD 66.5 919 119.5 15.4 104.1 7.8 2 
(maize) CAN S11 BC INC 43.c 518 67.4 17.3 50.1 4.0 3 

USG SP on hill 59.7 755 98.2 16.2 82.0 6.1 2 

Subhumid Urea SP BC INC 0 0 0 0 0 0 0 
(maize) Urea SP BD 62.3 1.082 140.7 16.3 124.4 8.6 3 

CAN SP BC INC 64.9 1.162 151.0 25.6 125.4 5.9 2 
USG SP on hill 61.7 884 114.9 19.7 95.2 5.9 3 

Semiarid Urea SP BD 23.4 235 37.5 5.4 32.1 6.9 2 
(millet) CAN SP BD 21.2 266 42.6 6.1 36.5 6.9 2 

USG SP on hill 18.5 158 25.3 4.8 20.5 5.3 2 

Note: SP = split. BD = banded, INC = incorporated. BC = broadcast. 
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FECO11i011ic 01,11luaf ion of p0isolmis fertilizer techniologies 

Thi lt'OjCCtjXC \Ws 10 CUaiicIC OX p)Otential List Of indigenlous SOLtirCeS 0of
i)hlosphlic I'ock to Xuiijf1IX ji10SjhIlitiLs for' CrI-1 IlI-OdUtiOn ill Snh-Sahlaranl 
Af-a FOr this iJ)Y5OC tuiLcolti' COA0X af n.at ion Of IIIClv gr'ound p~hosphIate

wok ((HilR f and Jliitiaii\ acduliacci I)lOsI)Iiktc rock (PA PR)pro0dulctS. IanuL
factUrccid IVOIl Pl-C W and 'IoFo I-SphalNC rock oreCS. Was Condiucted to detrI--
M1ine anrd CGItlIiare thet p)oicrI t a! pof01i taiiit\ (I01'CC jwIOdCIStilts l thIiIlel)r1-'
itah~lit Of' SSP' and [I '. 

[[Ic i'\i'i fIMIICtX alrC 11(1 CO ICIVtr ,1cafla~ilahIC ill Afhicanl COun[trieS.
aind the LISt oI rItl p)loSp)Ilate r-ock ill crop) pIOdUc-tion is \Cerx linlited.
I ImoWcXL. thc ici'caCL 11,C o01IIIs )I TdS If i)i105)IAMIe rock to satisfy
tiL alIricijittiral LACieIaid f6OEi)lIflil11llrav ita1\c all iIIlt)ortaii impiact m i 
5u1aIingX of1 fI(IignC cwhaLbIlg.c ipIl li and OXCI-ali CCOfl0illiC CIevelop)
IL-11OI tIhese Ci01111 O1cX.
 

I1he hX pi1o)fatL' fcher-1/l
log(III pI~odiOtS XXCrcL ex aiated as alternative 
XCIIIC oI* IiIfXlil11 (Ii iI61 j lociictrorr; 

1. ilLR \\ tjoInld I)hfi(ffatc roc~k (( WR I 'c\L 

.2.. I gI~LIio dI)iOIflatc rlck I(IR I ogo.
 

. i'IIL. \\ 25"(1~ fjliiajf\ acidulrated l ifoIflile rock (PAP\IR25 Pare W).

4I. It _ prrtilfI accilrawd~ ip ilpate roc (I'AIR25 logo).


21l 
5. 	 PaiLc \\ 5( 1 , parrralf aciduilated phlosphlate rock (PA~\PR 50 Parc W).
w. lop) 904 parr iaff atiaedi phophate rokA (PlAPR5J Togo. 

S. 	 I SI'.
 
,\Xcr~ilc I 9)N t'N4 crop) arnd I' .( 
 )prices of Lillflent fcrtililers used ill this 

LXalrat 1(11 alLreX' 01(ill lahiC 9. Since lxiii iaiiX acidulatCi phosphlate rock
 
p)iOdcit1 arL 110 tr 
 I)Iiucid Ill tilCSt' countries. 111 iL' iCS (costS) of1'he1C'P,() 

XuiiI)IliCd fI\ S51' I 1CI pcc'. oI P ( ) ,uippficd h P1AI'R50 i':PR40. and 
lAiRM "I assuinlLd toIXcw he LcfLma to SN'. -5"''. andL 7(Wi'K iesp~cLti~cIX. of 
the pic 01I)()If )i Xti~)ICd h 5SP. A.nd PuLctihL s (It 1) ), tIII)pIficc ih\
I'AIR25. 1)i' and "m~ti11115 ( WIT aXXsrmcd to1 he cjaa to WIK'. (M andc
30u''. itXJILctiXLIX. of tihe LIcnvqIoni ng costs ofI' .( ) sulppiieci he SS1'. 

Inl the 16iioMving SL'eillits. ieCSHilts Of tihLeconom111c edaiuiatiOnl Obtained 1)w
tiitIIrIIiCS,.c' roilXSanlfocatin(I%\ ith iii each co)ItlX ate llscotCld aiic dis
cuissecd. 



Table 9 Prices of phosphorus fertilizers and of crop output by countrv. 1983/84 

Countries Prices of fertilizers Prices of crops 

TSP SSP PAPeR 50 PAPR 40 'APR 25 PAIPR 1i PAIPR 15 GPR Maize Millet Cowpeas Beans 

US S kg of 1',()) (US S/kg) 

Nigeria 
Niger 
Togo 
Kenya 

Gambia 
Sierra Leone 

0.22 
-
-
0.90 

-
-

0.55 
0.42 
0.59 
0.90 

0.85 
0.53 

0.44 
0.34 
0.47 
0.72 

-
0.42 

().41 
0.31 
0.44 
0.67 

-
-

0.36 
(.27 
0.38 
0.58 

-
0.34 

0.38 
0.2-, 
0.41 
--

0.60 
-

0.33 
0.25 
0.35 

0.51 
-

0.17 
0.13 
0.18 
0.27 

0.25 
0.16 

0.13 
-
0.13 
0.12 

0.22 
0.24 

-
0.16 
-
-
-
-

0.30 
-
-
-
-
-

-

-

0.38 

-

-

Price ratioa - 1.00 0.80 0.75 0.65 0.70 0.60 0.30 

a Ratio of price of PO from different P fertilizers with respect to price of P.O. from SSP. 
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Estimates of the potential economic net benefits and costs of using Togo
PAPR50, SSP, diamnmon u phosphate ()AP), and 15-15-15 as alternative 
sources of phosphorus on .arepresented It) anda11/ic in Tables I 1.These 
est irlates were obtained at proft -naximizing ratcs of'application of I),(). 
res!rIct.'d by a probabilit of, losses (let benelfits less thall zero) not greater 
li;.n 5'. ThIIus, the economLic CvilualioloftlhCsc frltill/craswas conductCd on 
the basis of reliable cstiiaCs of IlCt bCnfiiS. [hc 'CSults shOWn iII Tables 10 
and I I irid icate theh1lwil"inL: 
I.o1go PA P,)) and SS, eer rihthe ostIprofitablC sOlrtcs of' P in aill loca

ions except NIok \a ard Ikcnnc. I \ PR So) \sas the Most profitalelC SOlrCe 
of1 P) at Role. M lunction. fillowd byILRare, ad tida SS . At Zaria and 
Nlokwa cattlc ridnch IocaLiot .ho\cwecr. SSI was iore prol'itable than 
PAR5)). In rlost locations. ditcrricCC be\eccn the prolability of' 
P)\1100)aid '\cre iot Substltial.P SSlP 

2. 	I)Al lnd I15 5-1 5 wCrc ICs I)rOItabC SoLrCCS of I. [le res)ons of 
ll;alr\ IClds 1o I)A' and IS-15- i)hosphorulk',IS II in two1 riot significant 
Ikole aid Ilitla ,lunction of h tlhre locations ,here these fertilizers 
55crc testcd. Positlc aid reliable CsliatCs of' nC hcrcfS, 1fthCsC fr'ili,-
C'iS %'%rc obtained orlt a lkarC, hut they \Vre substarltiall\ lower tlhan the 
nct bernchifts or'PA PR5(i arid SSI. \s pointCd Oilt Car lici, the bciclifrts o1'I) 
are not \Mli sultlr-frcc P)solics as )AP> alld 15-15-15 inlr'li/cd h 	 sUCuc 
lhese ell\ Irolllicieis. 

3. 	 Rcsults f'or lok\a AI.t 1 and kcrici prCSCnitd in Table II. show that. 
ICcauSC of' low (arId statiticall\ iot signitficanit) response to J) in these 
locations. Ile benclit cstirialcs were low and, in almost all cases. highly 
unreliable (large lhiobabilil I( losses). It' ratIes ofIP ,() applied are r'esrrict
cd so that the probability o ' losses is not grcater than 5,i. then. in Most 
cascs, it would riot irve bCCI irofital]c to appl\ 1)ll Ihese Iocaliols. The 
poor r'esporrse to P)applied al thcsc sites ila\ be Cplairied in ternls ol'soil 
(e.g., )r'evious fCrtili/er applicatlion). agroclilialic, and crop maniagerient 
I'IctorsIhat aff'e idyields maiz iIi thcsc sitCs.th If' 

4. 	 Estiiiatcs tained lhr the Nlokwa cattle ranch site indicate that all phos
phatc f'Crltilie'r prodctlis wCre iighl\ prolitable in the first crop of maize
buit thir residual bneClIts (second crop) wer ri01t statistically significanrt
(large I r bahilitv of' losses). At this site. SSP was the Most profitable 

lhrC \cr
sOulrcc 01*P aid h c ro significani differences in the proltability 
of 	 PAIPR . P:\I'.R2., arid (iIIR. 

5. 	Increntns in elds (fri about I )1(1I kg of maize per liectare can be ob
taited by apply ing 60-90 kg of I,(), per hectare. Higher rates of applica

http:P:\I'.R2


Location Year Fertilizer P,05 Yield (iros, Fertilizer Net Probabilit. Benefit: cost 

rate increment benefit cost benefit of losses ratio 

(kgha) fUS S ha) (00) 

kole 1983 PAPR 50 Togo 60 4.273 555.50 26.4 529.10 0 21.0 
SSP 
DAP 
15-15-15 

60 

0 
60 

3.477 

0 
1.575 

452.02 
0 

204.80 

33.o 
0 

13.2 

419.02 
0 

191.60 

0 
0 
3.6 

13.6 
0 

15.5 

kole 1984 PAPR 50 Togo 60 903 117.42 26.4 91.03 0 4.4 
SSP 
DAP 

0 
I1 

0 
513 

0 
66.70 

0 
2.4 

0 
64.29 

0 
0 

0 
27.6 

15-15-15 11 513 66.70 2.4 64.29 0 27.6 

Ikole 1983/84 PAPR 50 Togo 60 2.290 297.73 26.4 271.33 0 11.3 
SSP 
DAP 
15-15-15 

60 
0 
0 

1.611 
0 
0 

209.43 
0 
0 

33.0 
0 
0 

176.43 
0 
0 

0.1 
0 
0 

6.3 
0 
0 

kare 1983/84 PAPR 50 Togo 60 1,283 166.89 26.4 140.49 0 6.3 
SSP 
DAP 
15-15-15 

60 
60 
4 

940 
506 
318 

122.28 
65.88 
41.45 

33.0 
13.2 
0.9 

89.28 
52.68 
40.57 

0.3 
5.0 
5.0 

3.7 
5.0 

47.1 

Zaria 1984 Togo GPR 90 812 105.57 15.3 90.27 0.6 6.9 
PAPR 25 Togo 
PAPR 50 Togo 
SSP 

90 
90 
90 

1.431 
2,314 
3.150 

186.14 
300.90 
409.55 

32.4 
39.6 
49.5 

153.74 
261.30 
360.05 

0 
0 
0 

5.7 
7.6 
8.3 

Bida Junction 1984 PAPR 50 Togo 60 1.371 178.29 26.4 151.89 0 6.8 
SSP 
DAP 

60 
0 

1.325 
0 

172.36 
0 

33.0 
0 

139.36 
0 

0 
0 

5.2 
0 

15-15-15 0 0 0 0 0 0 0 

a Probability of losses less than or equal to 5%. Rates ,,application of P.O, are also restricted b\ the maximum rate used in the experiment. 



Table 11 Economic benefits and costs of using phosphate fertilizers at profit-maximizing rates on maize. Ikenne and Mokwa. Nigeria 

Location Year Fertilizer P0.5 Yield Gross Fertilizc- Net Probability Benefit: cost 
Rate increment benefit cost benefit of losses ratio 

(kgtha) (WS S/ha) (%) 

Ikenne 1982 PAPR 25 Togo 38(0) 295 3836 14.0 24.36 28.6 2.7 
PAPR 50 Togo 19 (0) 113 14.71 8.7 5.98 38.6 1.6 
SSP 35 (17) 474 61.63 19.8 41.85 14.4 3.1 
TSP 51 (35) 639 , 3.19 1 i.3 71.92 11.6 7.3 

Ikenne 1983 Togo GPR. annual 90(0) 259 33.80 15.3 18.50 31.7 2.2 
Togo GPR. residual 90 (55) 655 85.21 15.3 69.91 11.1 5.5 
PAPR 25 Togo 33 (0) 400 52.12 12.0 40.16 26.5 4.3 
PAPR 50 Togo 0(0) 0 0 0 0 
SSP 45 (0) 595 77.37 25.0 52.41 28.4 3.1 
TSP 67 (0) 882 114.77 14.8 100.00 25.5 7.7 

Ikenne 1982/84 Togo GPR 90(36) 394 51.30 15.3 36.00 12.7 3.3 
PAPR 25 Togo 23 (0) 123 16.09 8.2 7.84 35.0 1.9 
PAPR 50 Togo 0(0) 0 0 0 0 
SSP 36 (0) 365 47.54 19.5 28.00 19.7 2.4 
TSP 53 (0) 484 63.05 11.6 51.42 16.5 5.4 

Mokwa ABU 1983 PAPR 50 Togo 74 (0) 467 60.72 32.5 28.22 26.0 1.8 
PAPR 25 Togo 32 (0) 312 40.64 11.6 29.08 8.4 3.5 
SSP 90 (90) 982 127.71 49.5 78.21 4.0 2.5 
TSP 90 (0) 643 83.62 19.8 63.82 7.6 4.2 



Table 11 Economic benefits and costs of using phosphate fertilizers at profit-maxirniing rates on maize. lkennc and ,okwa. Nigeria 

Location Year Fertilizer POj Yield Gross Fertilizer Net Probability Benefit: cost 
Rate increment benefit cost benefit of losses ratio 

(kg/ha) (US S/ha) (%) 

Mokwa ABU 1984 PAPR 50 Togo 60(0) 364 47.43 26.6 20.81 30.9 1.7 
SSP 90 (0) 790 102.70 49.5 53.20 12.3 2.0 

Mokwa ABU 1983/84 Togo GPR 57 (0) 129 16.83 9.6 7.22 37.7 1.7 
PAPR 25 Togo 42 (0) 191 24.91 15.3 9.61 32.7 1.6 
PAPR 50 Togo 79 (0) 506 65.83 34.7 31.13 10.6 1.9 
SSP 86 (86) 705 91.70 47.4 44.32 4.1 1.9 

Mokwa ABU 1984 Togo GPR 90 (90) 1.027 133.62 15.3 118.33 1.8 8.7 
Cattle Ranch PAPR 25 Togo 90 (90) 1.140 148.21 32.4 115.81 2.0 4.5


(annual) PAPR 50 Togo 90(90) 1.123 
 146.10 39.6 106.50 2.9 3.6 
SSP 90 (90) 1.522 197.89 49.5 148.39 0.4 4.0 

(residual) Togo GPR 78 (0) 194 25.29 0 25.29 43.0 
PAPR 25 Togo 81 (0) 429 55.80 0 55.80 30.0 
PAPR 50 Togo 90(0) 762 99.11 0 99.11 12.7 
SSP 83 (5) 677 88.04 0 88.04 20.4 

Figures in parantheses are profit-maximizing rates of application of P,0 5 restricted by probability of losses less or equal to 5%. P,O rates of application 
are also restricted by the maximum rate used in the experiment. 

4--. 
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lion of P_,OA should have been included in these experiments in order to 
determine economically 'optimum' rates of application. 

AIaize/( "iwa reca cropping 
- Estimates of the profitability Of using alternative sources of P on maize/
 
cowpea relay cropping are shown in Table 12.
 
These results indicate the following:
 
I. 	The tL,,e of all P fertilizers, including Togo GPR and PAIPR products, was 

profitable in all sites. This is shown by the magnitude and reliability (low 
probability of losses) of net ben.,fit estimates. 

2. 	At Owerri and Ilorin, Togo PAPR50 was more profitable than SSP. But 
at florin, DAP and the NPK compound 15-15-15 were the most profitable 
sources of P. This is due to the higher yields of the cowpea intercrop in 
plots where shading by maize was minimal. These ftertilizers, however, 
were not tested on this cropping system at the other sites. 

3. 	Results obtained by use of response function estimates calculated from 
pooled data for the Mokwa (1983/84) and Zaria (1984) locations show 
SSP followed by Togo PAPR50 as the most profitable sources of P. Here, 
important residual benefits of Togo GPR were obtained. The total net 
benefits ,f GPR (annual and residual) were higher than the annual bene
fits of PAPR50 and almost as large as the annual benefits of SSP. 

4. 	 In all cases, the profil-nmximizing rates of P,O, were restricted by the 
maximum rate included in the experiments. This indicates that it would 
have been more profitable to apply 1)at rates higher than these maxima 
(60 and 90 kg of PO, per hectare). Higher rates should be included in 
future fertilizer experiments on this cropping system.

5. 	Although the increments in yields associated with the use of P are much 
greater for maize than for cowpeas, the differences in economic benefits 
are not as great because the price of cowpeas is about three times as large 
as the price of' maize. Thus, the economic benefits of P fertilizers on 
cowpeas production are not as small as the increments in yields appear to 
indicate (see also point 2 above). 

In Figure I, the net benefits u fTogo PAPR50 use on maize and maize/ 
cowpea intercropping are compared with those obtained using SSP. It shows 
that in most locations Togo PAPR50 was more profitable than SSP for both 
maize and maize/cowpea relay cropping. This implies that it would be eco
nomical to use PAPR50 rather than SSP if PAPR50 can be produced at a 
cost such that the cost of PO, is about 20% lower than the cost of P,0 
supplied by SSP. 



Table 12 Economic benefits and costs of using phosphate fertilizers at profit-maximizgin rates' on maize,'cowNpca relax cropping. Nigeria 

Location Year Fertilizer P'Oj 

Rate 

Yield 

increment 

Gross 

benefit 

Fertilizer 

cost 

Net 

benefit 

Probabilitv 

of losses 

Benefit: 

ratio 

cost 

Maize Cowpea 

(kg/ha) (US S/ha) (%) 

Ilorin 1984 PAPR 50 Togo 

SSP 
DAP 
15-15-15 

60 

60 
60 
60 

1.022 

784 
1.408 

649 

108 

94 
326 
367 

165.35 

130.17 
280.85 
194.60 

26.40 

33.00 
13.20 
13.20 

138.9 

97.2 
267.6 
181.4 

0 

0.3 
0 
0 

6.2 

3.9 
21.2 
14.7 

Owerri 1984 Togo GPR 

PAPR 25 Togo 
PAPR 50 Togo 
SSP 

90 

90 
90 

90 

431 

491 
1.091 

777 

111 

137 
258 

296 

89.72 

105.19 
219.47 

190.11 

15.30 

32.40 
39.60 

49.50 

74.4 

72.8 
179.9 

140.6 

5.2 

5.6 
0 

0.1 

5.8 

3.2 
5.5 

3.8 

Mokwa and 

Zaria 
1982-84 Togo GPR. annual 

Togo GPR. residual 
PAPR 25 Togo 
PAPR 50 Togo 
SSP 
TSP 

90 

90 
90 
90 
90 
90 

354 

497 
590 

1.005 
1.357 

527 

61 

82 
26 
29 
78 
89 

64.52 

89.26 
84.68 

139.73 
199.94 
95.35 

15.30 

0 
32.40 
39.60 
49.50 
19.80 

49.2 

89.26 
52.3 

100.1 
150.4 
75.5 

3.4 

0.2 
2.7 
0 
0 
0.4 

4.2 

2.6 
3.5 
4.0 
4.8 

a Rates of P,0 5 are restricted by the maximum rate included in the experiments. 

-13 
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Net Benefits 
of PAPR 50
 

(US S/ha)
 
330. N.B. PAPR 50 > N.B. SSP 

300. 

270-	 Ikole, 83-84 

240-	 Zarla, 84 e 

210

180 Owerri, 84 ( 

Bidaf, 84 i 
150 Ikare, 83-84 . 84e * Maj

' 	 J •M a ize 

120 lorin, 84 ® 	Maize/Cowpea 
Relay CroppingMokwa C.R., 84 

90. 	 Mokwa ABU and Zaria, 82-84 

60-

N.B. SSP •N.B. PAPR 50 

30
450 

30 60 90 li 150 180 2i0 240 270 300 330 360 390,-

Net Benefits of SSP 
(US S/ha) 

I"g'ure I. (omparison ol net bcnc fits of Togo PAI'R 50 and SSP on maie and mai/C/cowpca 
rclay cropping (Nigeria 1982-84). 

7'ogo 

.Alai:e 
- Estimates of the economic benefits of using phosphate fertilizers at profit
maximizing rates, restricted by the probability of losses (net benefits less than 
zero) equal to 5% and by the maximum rates included in the experiments are 
presented in Table 13. The results shown in this table for the Davie and 
Sarakawa site locations indicate the following: 
1.In both locations. TSI and Togo PAPR25 were the most profitable sourc

es of P followed by PAPR50 which was also profitable in both locations. 
SSP and Togo GPR werc substantially less profitable sources of P. Be
cause the response to P was low and statistically not significant, the use 
of these last two fertilizers at the I)avie site was not profitable. 

2. Profit-maximizing rates of PO,were restricted by 	 the maximun rates 



Table 13 Economic benefits and costs of using phosphate fertilizers at profit-masimiing rates restricted by the probabill. of losses. armaize. Togo 

Location Year Fertilizer P'O Yield Gross Fertilizer Net Probability Benefit: cest 
Rate increment benefit cost benefit of losses ratio 

(kg ha) ( 'SS 'ha) (%1) 

Davie 1984 Togo GPR 0 ) 0 U 0 0 
PAPR 25 Togo 80 b98 U077 3t4 60.37 1.0. 

0
3.0 

PAPR 50 Togo 8 624 1.2- 37.6 43.65 4.3 2.2 
SSP 0 0 0 0 0 0 0 
TSP so 606 78.87 19.2 59.67 1.0 4.1 

Sarakawa 1983/84 Togo GPR 80 451 58.63 14.4 44.23 3.3 4.1 
PAPR 25 Togo 80 1.389 180.67 30.4 150.28 0 5.9 
PAPR 50 Togo so 1.289 167.66 37.6 130.06 0 4.5 
SSP 8) 955 124.18 47.2 76.98 0 2.6 
TSP 
 S0 1.526 198.40 19.2 179.20 0 10.3 

Probability of losses less than or equal to 5%. Rates are also restricted b% the maximum rates included in the experiments. 

..
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included in the experiments (80 kg of' P:0,/ha). Higher rates should be 
included in future experiments to determine economic "optimun' rates. 

3. Increment in maize yields of about 600-700 and 1,300-1.500 kg/ha was 
obtained at the I)avic and Sarakawa locations, respectively, as a result of 
applying 80 kg of P0,/ha using TSP. PAPR25, or PAPR50. 

•Sw'rT .L'o11I 

.AhuL'-c 
- Results obtained for an experiment conducted at Njala are shown in Table 
14. H ere the magnitude and reliability (low probability of losses) of' net bene
flt estimates clearly indicate the proIftability of using any one of these feril-
I/ers. It iS profitable" to use any of' these fert ilizers, including Togo ( PR. 
I1oxc er. SSP ald IPAPR50 were tile m1ost profitable sources of' I), and tile 
diff'rence in net benefits between these two fertilizers was not significant. 
logo PAPR25 and 6iPR were significantly less profitable sources of I1. 

Gambhia 

.1llize 
- Estimates of' econornic benefits obtained using results fIroni an experiment
conducted at Sapa arc presented in Table 15. Large and reliable estimates of' 
net benefits were obtained for all 1ertili/er products incluIded in this experi
meat. 
Tilensi PI.APR30) and SSP were tile most proftab1le sources of' ), and 
the net benefit estimates of' these two fertilizers were not significantly differ
ent. Tilensi (GPRand IPAIPR 15 were significantly less profitable sources of P. 

A suLrmary of res'dlts for logo, Sierra lCone, and Giambia. comparing the 
n,'l berelflIrs of SSP \with the net heniefits of PAPR products, is shown in 
I:igir'e 2. These results show the econornic advantage of using PAPR prod
ucts rather 1han SSIP, giVen the costs of SSP and the PAPR products used in 
obtaillirg these estimates. 

Kelow' 

11aiz/'ansintercropping 
- Estimates of' the economic benefits of' using alternative sources of' 1) on 
maize/beans intercropping at Kabete. Kenya, are presented in I-able 16. 
These estimates were obtained using results fron two experiments conducted 
at thiis location during tile first and second crop seasons of' 1983. Here, as 



Tah' 14 Economic benefits and costs of using phosphate fertilizers at profit-maximizing rates restricted by the probability of losses, amaize. Sierra Leone 

Location Year Fertilizer F'(). Yield Gross Fertilizer Net Probability Bnefit: cost 
Rate increment benefit cost benefit of losses ratio 

i kg.ha 1I S S/ha) (%) 

Njala 1984 Togo GPR 200 572 13741 32 105.41 0.2 4.3 
PAPR 25 Togo 200 894 214.65 68 146.65 0 3.2
PAPR50Togo 200 II55 -,,.39 84 193.39 0 3.3SSP 200 1.294 310.73 106 204.73 0 2.9 

a Probability of losses less than or equal to 5%.Rates are also restricted by the maximum rate included in the experiment. 

Table 15 Economic benefits and costs of using phosphate fertilizers at profit-maximizing rates restricted by the probability of losses. amaize, Gambia 
Location Year Fertilizer t'O, Yield Gross Fertilize Net Probability Benefit: cost 

Rate increment benefit cost benefit of losses ratio 

(kgiha) (LWS S'ha) (%) 

Sapu 1984 Mali GPR (Tilemsi) 60 777 171.09 15.0 156.09 0 
PAPR 15 Mali (Tilemsi) 60 775 170.63 30.6 140.03 0 

11.5 

PAPR 30 Mali (Tilemsi) 60 1.105 243.20 36.0 207.20 0 
5.6 
6.8

SSP 60 1.145 251.92 51.0 200.92 0 4.9 

a Probability of losses less than or equal to 5%. Rates are also restricted by the maximum rate included in the experiment. 
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Net Benefits 
of PAPR 50 

(US Vha) 

N.D. PAPR > N.B. SSP 
220-

Sapu, Gambia, 84G200-
sNiala, S.L., 84 

180

160

140 Sarakawa, Toga, 83-84 

120. 

100. 

80"
 

Go-* 
Davie, Togo, 84 

Toga-PAPA 50 
j Togo-PAPR 30 

40" 

20-

N.B. PAPR > N.B. SSP 
0

450 

0 20 40 60 80 100 120 140 160 18 20 220 240 
Net Benefits of SSP 

(US S/ha) 

igui'e 2. Cornparison olfnet benefits oflogo PAPR 50 and IAPRT 30 with SSP on mai/e (TIogo, 
Sierra Leone, and (;iniia). 

would be expected, the use of phosphate fertilizers was more profitable in the 
First season than in the second one. Higher availability of P in the soil ap
pears to have reduced the P response in the second season. Togo GPR, TSP, 
and Togo PAPR50 were. in that order, the most profitable sources of P in 
the first season. And net benefit estimates of Togo GPR and TSP were not 
significantly different during this first season. 

The economic benefits associated with residual effects (season 2) were 
quite important for all 1)sources. Estimates of' net benefits obtained over the 
two seasons show that TSP was the most profitable source of P and that 
differences in profitability among the PAPR products and GPR were not sig
nificant. 

The results of this experiment clearly indicate the economic importance of 



Table 16 Economic benefits and costs of using phosphate fertilizers at profit-maximizing rates:' on maize eans intercropping. Kabete. Kenya
 

Location 
 Year Fertilizer PO Yield Gross Fertilizer Net Probabilit. Benefit: cost
Rate increment benefit cost benefit of losses ratio 

.Maite Beans 

SkgWha) (US Sha) (%)
 

Kabete (season 1) 1983 Togo G13R 
 356 1.028 309 245 96 149 1.2 2.5
PAPR 25 Togo 167 "7) 314 214 96 118 1.9 2.2PAPR 50 Togo 152 5S8 448 23 109 128 
 1.1 2.2
TSP 142 981 408 274 127 147 0.4 2.2
 

Kabete (season 2) 1983 Togo GPR 
 907 52 128 0 128 10.6 2.3(residual) PAPR 25 Togo 1.272 69 179 0 179 3.7
PAPR 50 Togo 1.017 122 168 0 

2.1 
168 5.4 2.0TSP 1.394 143 222 0 222 1.5 2.0 

Kabete 1983 Togo GPR 356 1.935 361 373 96 277 (2 seasons) PAPR 25 Togo 167 2.051 383 393 
3.9 

96 297 - 4.1PAPR 50 Togo 152 1.605 570 405 109 296 - 3.7
TSP 142 2.375 551 496 127 369  3.9 

a Rates are also restricted by the maximum rate included in the experiment. 
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the residual effects of phosphate fertilizers. The application of these fertiliz
ers 	in the first season provided significant economic benefits during the first 
and second seasons. An implication of this result is that, disregarding the 
source of P, it may be economically sound to apply this nutrient only once a 
year in this high-altitude humid part of tropical Africa. 

Niger 

.1illet 
- Results of the economic evaluation of' phosphate fertilizer products on 
millet in different site locations (and \ears) in Niger are presented in TFable 
17. 	 These results iIn(licate the following: 
I. 	TSP was the most profitable source of P in all location1s. In the Mai Gamji 

site the net bcnclits of ISIP were riot signiflcantly different from the net 
benefits of SSl. 

2. ( ornparisons of nct benefit estimates of SSP with those of' tile Parc W 
IPAIPR products (PA PRS( at Sadore and PIAPR40 at the other locations) 
are sho\n graphicall\ in Figure 3. These cornmparisons indicate that (a) in 
all locations 55,P was more prolitable than eilePAlPR )r,)ducts, but differ
ences in ncr belnefits \were riot signi ficant at Sadorc and (b) Parc W 
P-PlR4() as not )rofitablC a1 TlInga, Serkinyna. and Magaria becaise 
of lack of significant res)oInsC of crop output to PAIPR4(. 

3. 	Signiflca ri ilc bci its of residual effects of' Parc W (II R were obtained 
at tihe IMai (iainIi sire. Ilowevr., ailnual applications of GPR and 
lA 1)R25 wc'r thC ICast prolitable sources off ) at Mai ( ainji and Sadore. 

4. 	 In al most all cisCs irof l-rna.iinIXiziing rates of application of1P were re
stricted b tile ImaxiirIil i ratCs inclutided in tlie cxpCiimrents. Higher rates 
of application should he inclided in futur Cxpci mernltation on the use of 
phosphate fertilizer techiologies on in illct in Niger. 

Suiiary and conclusioiis 

An econorn ic evaluation of alternative fertilizer technologies was made by 
est iriat inrig arid cornpaniring the direct economic benefits of tilese technologies. 
Estimates of these benefits were obtained by measuring the increment in 
value f crop Output associated with tile use of' fertilizer at economic 'opti
mum' rates of application, less the cost of' fertilizer. Thus, benefit estimates 
were determined by (a) response function estimates of crop output to fertiliz
er use (nitrogen or phosphorus), (b) the costs of' fertilizers, and (c) the prices 
of crop Out)ut. 
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Net 	Benefits 
of PAPR 

(US 	 S/ha) 

110-
PARC-W-PAPR 50 

100- ()PARC-W-PAPR 40 
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10- Sadore, 84 
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Net Benefits of SSP 
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/l9,'zi Je ( omparison ot the net bentefits of PAI R 50 and PAPR 40 with those of SSP on 1nillel 
(Nigeri 1982-84). 

Quadratic and semilog or simple translog response function models and 
experimental data were used to estimate the response of crop output to nitro
gen and phosphorus (1),O,) applied using different fertilizer technologies (fer
til
izer prod ucts and time and method of application). 

Nitrogen fertilizer technologies were evaluated on maize in the humid and 
sulbhuinid regions and on millet in the semiarid region. Average response 
function estimates obtained by regions were used for this purpose. 

Phosphorus fertilizers werc evaluated on maize, maize/cowpeas relay crop
ping, maize/beans intercropping. and millet. Response function estimates ob
tained lbr each site location in different countries were used in the evaluation 
of these fertilizers. 

Average 1983 domestic prices of crops and fertilizers in different countries 
were used to calculate the economic benefits and costs of the fertilizer tech



Table 17 Economic benefits and costs of using phosphate icrtilizcrs at proflit-rnaximiling rates restricted bx the probabilitx of losses. 'millet. Niger 

Location Year Fertilizer I_,O5 Yield Gross Fertiliier Net Probabilitx Benefit: cost 
Rate increment benefit cost benefit of losses ratio 

(kg'ha) USS $ha) (%) 

Sadore 1982 Parc W GPR 0 0 ) 0 0 0 0
PAPR 25 Pare W 40 238 38.19 10.8 27.39 0 3.5 
PAPR 50 Parc W 40 338 54.08 13.6 40.49 0 4.0 
SSP 40 405 64.85 16.8 48.05 0 3.9
TSP 40 446 71.51 8.8 62.72 0 8.1 

Sadore 1984 Parc W GPR 40 168 27.01 5.2 21.81 0 5.2 
PAPR 25 Parc W 40 120 19.29 10.8 8.49 0 1.8
PAPR 50 Parc W 40 165 26.54 13.6 12.94 0 2.0 
SSP 40 178 28.50 16.8 11.70 0 1.7 
TSP 40 146 23.37 8.8 14.57 0 2.7 

Sadore 1982-84 Parc W GPR 40 124 19.88 5.2 14.68 0 3.8
PAPR 25 Parc W 40 180 28.86 10.8 18.06 0 2.7 
PAPR 50 Parc W 40 252 40.37 13.6 26.77 0 3.0
SSP 40 291 46.68 16.8 29.88 0 2.8 
TSP 40 296 47.47 8.8 38.67 0 5.4 

Mai Gamji 1983 Parc W GPR, annual 60 426 68.31 7.8 60.51 0 8.8
Parc W GPR. residual 60 288 46.19 0 46.19 0 5.9 
PAPR 40 Parc W 60 752 120.46 18.6 101.86 0 6.5 
SSP 60 927 148.38 25.2 123.18 0 5.0
TSP 60 991 158.60 13.2 145.40 0 12.0 



Table 17 (Continued) 

Location Year Fertilizer P.O 

Rate 
Yield 

increment 
Gross 

benefit 
Fertilizer 

cost 
Net 

benefit 
Probability 

of losses 
Benefit: cost 
ratio 

(kgha) (US S/ha) ( 0 ) 

Mai Gamji 1984 Pare W GPR. annual 
PAPR 40 Parc W 
SSP 
TSP 

40 
40 
40 
40 

157 
210 
300 
204 

25.24 
33.71 
48.12 
32.78 

5.2 
12.4 
16.8 
8.8 

20.04 
21.31 
31.32 
23.98 

5.0 
0.1 
0 
0 

4.9 
2.7 
2.9 
3.7 

Mai Gamji 1983/84 Parc W GPR. annual 
Parc %VGPR. residual 
PAPR 40 Parc W 
SSP 
TSP 

60 
60 
60 
60 
60 

250 
182 
493 
630 
609 

40.15 
29.18 
78.94 

100.90 
97.48 

7.8 
0 

18.6 
25.2 
13.2 

32.35 
29.18 
60.34 
75.70 
84.28 

0 
0 
0 
0 
0 

5.1 
3.7 
4.2 
4.0 
7.4 

Tounga 1984 PAPR 40 Parc W 
SSP 
TSP 

0 
0 

60 

0 
0 

213 

0 
0 

34.14 

0 
0 

13.2 

0 
0 

20.94 

0 
0 
4.3 

0 
0 
2.6 

Serkinvama 1984 PAPR 40 Parc W 
SSP 
TSP 

0 
51 
60 

0 
228 
206 

0 
36.62 
33.00 

0 
21.4 
13.2 

0 
15.18 
19.80 

0 
2.2 
0.6 

0 
1.7 
2.5 

Magaria 1984 PAPR 40 Parc W 
SSP 
TSP 

0 
60 
60 

0 
344 
298 

0 
55.19 
47.80 

0 
25.2 
13.2 

0 
29.99 
34.60 

0 
0.9 
0.4 

0 
2.2 
3.6 
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nologies. The prices of USG and PAI'R products, which are neither produced 
nor commercially available in these countries, were calculated using general 
cost of production estimates. The price of USG was calculated using a 
markup of 12% over the price of urea. And the prices of PAI1R products were 
calculaled as a fraction of the price of SSP, depending on the level ofacidula
lion. In lerms of prices of ). the PlAPR50, IlAPR40. PAlPR30, PAPR25, 
and PAPR 15 \ere considered to be 80%,75%, 70%, 65%, and 60%, respec
tirol,. as expensi ve as SSI. The actual costs of PAPR products may vary 
depending on the type of phosphite rock and the costs of (iPR and sulfuric 
acid. 

In order to use only reliable estimates of net benefits Ioconduct the eco
noni rc c\aluatlion, two alternatiV e etlChods were used to inm pose restrictions 
on profit iax iInizatlion to adjust downward the rates of N and P,O and, 
thereb\, redu'e the stanldard errors of net benefits and the probability of 

,sses (nel benllefits less thani zero). To evaluale initrogen fertilizers, the proba
bilt\ Lfistribution of pro t-nmaxinmiing rates al given prices was used for 
downx ald aI titmienl of he rates of nitrogen whenever the probability of 
IosSCs was greltilr Ihin 5U. \n alternative method was used in the evaluation 
of 1)tcrtili/els. Ir this case, the restriction of probalililt of losses 1o greater 
than 5Io vis c\plicitl\ irlioseCd to calculate P. ), rates and net benefit esti
matcs. P,( ) rates and net betJfIlts were calculated through a iecursive pro-
COSs (Of al)liiiation whic'h 'oil tinies to adj ust downward the profit
ilaxlllni/ing rates until this restriction is satislied. 

Refiable net bcrcfilt cst i males. obtaincd utnder these restrictions and the 
restriciirin yI Ma\inX11111i rates in the experiili posed Ithe nutrient included 
Iments. were then used to show the relative profitability of fertilizer technolo
gies. 

,'ilrogel
 

The following main results were obtained in the evaluation of nitrogen fertil
izer technologies: 
1.For maize in ile Itimid region - the split application of urea banded, in 

rates that va.rv front 35 to 78 kg of N/ha,was consistently the most profita
ble N ferlili/er techl!,,)gy followed hy split applicalion of US(i (point 

placIierl) and the spili applicat iu of 'CANbroadcast and incorporatcd.
This result is veryConsistcnt ailOlg yea rs ind cOLitr1ries. 

2. 	 For mnaize in the stuihunrid region - average rsuilts for 1983 and 1984 
show that the spill applicatiW. of ulCa banded and the split application of 
('AN broadt ast and Hicrporatcd, inrates of' 60-65 kg o:' N/ha, were the 
most proitable N ferltilizer technologies. Results for 1983. hlowev'er, indi
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cated that tile split application of USG was the most profitable technolo
gy. Net benefit estimates obtained for all fertilizer technologies in 1984 
were larger than in 1983. 

3. For millet in the semiarid region - the most profitable N fertilizer technol
ogies were the split application of CAN banded and the split applicationof urea banded at rates of20-30 kg of N/ha. Net benefit estimates for 1983 were considerably higher than for 1984, but the results on relative profita
bility of the fertilizer technologies under evaluation were the same in each 
year. 

Phosphorus 

A summary of results on the relative economic effectiveness (REE) of different phosphorus fertilizer products with respect to SSP, calculated as ratios ofnet benefit estimates, is presented in Table 18 by country, crop, site-location,
Ond year(s). ()nly reliable estimates of net benefits (probability of losses less
than 5%) were used to calculate tile results of REE shown in tIiis table.(iven the cost estimates considered fbr the PAPR products, the following
general con eluIs ions max' be drawn from these reseItls: 
1.The use of logo 1.IR50 on maize was (a) more profitable than SSP inmost locations of Nigeria and at both locations in Togo and (b) as profitable as SSP at the Njala site location in Sierra Leone. It was more profitable

than SSP when onused naize/cowpeas relay cropping at Ilorin and()werri in Nigeria but only 72% and 88% as profitable as TSP when used on maic/beans intercropping in Kabete, Kenya (SSP was not used inKenya). Results for inillet at Sadore (1982-84) show that Parc W PAPR50 
was 9(0% as profitable as SSlP. 

These results indicate that, if PAPR0 could be produced and supplied
to flarmers in these countries at a price about 20% lower than the price ofSSIP. it could be an econiomiically effective and competitive source of phos
phorus for these crops.

2. Parc W P,.I'R.Io was tested only on nillet at Mai Ganiji, Niger. Average
results for 1983/84 at this location show that this fertilizer was only 80% 
as profitable as SP. 

3. rTog(o I:.I1R25 was less profitable than SSP in most locations and crops.The use of this fertilizer on maize was 43%-78% as profitable as SSP inNigeria and 72% as profitable as SSP in Njala, Sierra Leone, but substantially more profitable than SSP in Davie and SarakawL, logo. The use ofTogo PAPR25 on mai ze/cowpeas relay cropp;.,g in Nigeria was 51% as
profitable as SSP,and on maize/beans iitercroppi ng in Kenya it was 8 1%86% as profitable as TSP. Results fbr millet at Sadore (1982-84) show that
Parc W PAPR25 was only 60% as profitable as SSP. 

http:P,.I'R.Io


Table 1E Relative economic effectiveness (REE) of P fertilizers with respect to SSP. by country, location, and year 

Location Year 

Crop 

Relative economic effectiveness with respect to SSP 

PAPR 50 PAPR 40 PAPR 25 PAPR 30 PAPR i5 GPR TSP DAP 15-15-15 

Phosphate 

rock 

Nigeria 
Ikole 
Ikare 
Zaria 
Bida Junction 
Mokwa. Cattle Ranch 
Ilorin 

Owerri 

1983/84 
1983/84 

.1984 
1984 
1984 
1984 

1984 

Maize 
Maize 
Maize 
Maize 
Maize 
Maize/cowpea, 

relay cropping 
Maize/cowpea, 

relay cropping 

1.54 
1.57 
0.72 
1.09 
0.71 
1.43 

1.28 

-

-

-

-

-

0.43 
-

0.78 
-

0.51 

-

-

-

-

-

-

-

-

0.25 
-

0.80 
-

0.53 

-
-

-
-

-

0 
0.58 
-
0 
-
2.75 

-

0 
0.49 
-
0 
-
1.86 

-

Togo 
Togo 
Togo 
Togo 
Togo 
Togo 

Togo 

Togo 
Davie 
Sarakawa 

1984 
1983/84 

Maize 
Maize 

43/0 
1.69 

-

-

60/0 
1.95 

-
-

-
-

0/0 
0.57 

59/0 
2.32 

-

-

-

-

Togo 
Togo 

Sierra Leone 
Njala 1984 Maize 0.94 - 0.72 - - 0.51 - - - Togo 

Gambia 
Sapu 1984 Maize - - - 1.03 0.70 0.78 - - - Mali 



Table 18 (Continued) 

Location Year Relative economic effectiveness with respect to SSP Phosphate 

Year Crop PAPR 50 PAPR 40 PAPR 25 PAPR 30 PAPR 15 GPR TSP DAP 15-15-15rock 

Kenla a 
Kabete. first season 

Kabete. second season 

1983 

1983 

Maize/beans 

intercropping
Maize/beans 

intercropping 

0.88 

0.72 

-

-

0.81 

0.86 

-

-

-

-

1.02 

0.63 

-

-

-

-

-

-

Togo 

Togo 

Niger
Sadore 
Sadore 
Sadore 
Mai Gamji 
Mai Gamji 
Mai Gamji 
Serkinyama 
Magaria 

1982 
1984 
1982-84 
1983 
1984 
1983/84 
1984 
1984 

Millet 
Millet 
Millet 
Millet 
Millet 
Millet 
Millet 
Millet 

0.84 
1.10 
0.90 
-
-
-
-
-

-
-
-
0.83 
0.68 
0.80 
0 
0 

0.57 
0.72 
0.60 
-
-
-

-

-

-
-
-
-

-

-

-

-

-

-

-

-

-

-

0 
1.86 
0.49 
0.49 
0.64 
0.43 
-

-

1.30 
1.24 
1.29 
1.18 
0.77 
1.11 
1.30 
1.15 

-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-

Pare W 
Pare W 
Pare W 
Pare W 
Pare ' 
Pare W 
Pare W 
Pare W 

a REE with respect to TSP rather than SSP. 
Note: REEi = net benefit of P fertilizer i/net benefit of SSP. 
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These results indicate that, even it' PAPR25 could be produced and 

supplied at a price 35% lower than SSP, it would nct be an economically 
effective and competitive source of P lbr these crops in these countries. 

Moreover, since in almost all site locations PAPR50 was more profitable 
than PAPR25, the production and SUpply of IPAPR25 cannot be consid
ered as an cconomically Feasible option unless PAPR25 can be produced 
and supplied at a price substantially lower than the one used in this evalu

at ion. 
4. P.-1PR3() and '.11PR15 products manufactured using Tilemsi phosphate 

rock from Mali were tested in just one exieriment conducted at Sapu, 
(ambia. in 1984. lHere, the use of IlAPR30 was somewhat more profitable 

than SSlP, and PAIPR 15 was 701% as profitable as SSP. 
was most locations and crops 

in thCse coutrn tries. With the Cxcept ion of resurlts obtained 1 r maize/beans 
intercroppi ng ii Kabete, Kenya, 1983. and fr millet in Sadore, Niger, 
1984. the rcsuIts presented in Table 18 clearly indicate that, even if GPR 
was supplied at prices 701 ; fawver than ,"SP,the direct application of' GPR 
was stibstantiall\ less profltable than SSIP. Also, in most locations it was 
less profitablc to use (;PR th an the PAPR products. 

RestIIuts f'rIa i/eC/hCns ill tCrcropping at Kabete. Kenya, appear to indi

cate that. for this cropping system and the soil and agroclimatic condi
tions in wlhich tiis e.xIperimerit was cond Ctd, it ray be economically 

sound to use (ilPR. TSP. Ofr PAPR only once a year to produce good crops. 
Fcorom ic bCifIts associatCd witI) residual effects in the second season 

5. The dillrcCt applicat lon of ( V1I evaluated in 

)were (liite important for tile sources.
 
In consideriing the results and coIncltrsions preseIted above, it is important
 

to keep in mIind that only tile dircct bencfits of fertilizer use have been in
cluided in the evalUrat ion, I lowevcr, tile use of' domestic rc;ources of' phos

phate rock by these countries tol produce and supply phosphate fertilizers 
such as PAPR or SSP will result in additional secondatry benefits in the form 
of' savings in foreign exchange, employment, and self-suffliciency ill fertiliz

ers. 

Notes 

The prohahilily of lIsss is il lact the ItevCl of significanrce al which tie null hypothesis. Iho: 

NB, 0,II. iouldhe t.icilced, n.\l I thite licniative hipoilhesis is Iha: NBl > 0.
 
Io liC case mi an he
of Ml illllelntotls inlrcitpping. mthodological ovelletls Call C ade by 

Cslirualin, nOill 1h1i1*'fliiti/f rspol se ltonc ion1s o0l'hothi Crops using Zehlner's asymplolically 

f tll Ilthl li11i0110dlOf t'-,lli in,
 
i.ltlics ill lil' tO"S, of plodICtl'l{l0i l0 Ihi. , l i It
(Of P\AI'R 11MI 11 1S IiV onlthle" ISSLIlIlltiOil. 

IhIoss tei. ile acinal coss of Al\ P l'{ vairye iRg On the type of' rock ard the relative %ira(lIt)C 

costs o1"(;PR Mid sNlfuiIc acid.
 


