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1.0. INTRODUCTION

1.1. The Objective of the Report

The objective of this report is to describe and delineate
the different effects which occur as a consequence of choosing to apply
mixtures of Fertlllzers 1nclud1ng rock phosphorous: rather than:to apply

. soluble conuent10na1 fertilizers in Upper Volta. And, furthermore, to

=1 e argue’ ‘that the nature of these effects may vary with changes in rainfall

and/¢t’ soil characteristics. The report is based upon an investigatien
and eynthesis of information using awsubjective analysis. to categorize

the ‘elements of these differences. The information.was collected through

SRR “liferafurezeurueys_pf experimental station bulletins and project reports

i+ of fertilize studies, as well as, professional discussions-with :other

SR ”réééarchere'fbgetheruwith a review of the physical properties of- fertili-

~.zbbs“and soils. The report is prepared and presented because the author has

4iti -pbeérved that in the Fbrmulatlon DF policy positions for. rural development

in Upper Volta, there is a need to recognize the differences between the
attributes of rock phosphate based fertilizers and those .of soluble con-
-3 yentdénal - Fertlllzere, and thereFore, to understand the impact of these

~7differences upon the fermlng and economlc systems. - St Al

£
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Al 1.2 The Econumlc Env1ronment of Central Upper Yolta - Ajgg

_ The major: argument for the use of rock phosphate’ Fertlllzer
rather than so’uble conventional fertilizer is‘that a larger proportlon
of the market value would be retained in the Upper Volta economy and that
low producticon and del;uery.eoete could be maintained.

e e hImplemehtetioh'of aiprogram of increased cereal production based
oh“importEd Fertilizer usage isiprpblematie within the economic environ-
meft  of Upper Uolte, fconpmic conditions do not currently encourage
the’ ekport of cereals. " It would be difficult to earn the foreign exchange

""%~neeeSSEry to pay for 1mpertingiferti;izer. Creating a system:of iricreased
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cereal production based cn locally produced Fértilizar would require less
foreign exchange and is currently more economlcally attractive. The local
production and distribution of Fertlllzer would not only make cereal

yield increases phy31Cdlly paaswb;e for..the. rural’ sector, .but also increase
the urben or industtisl sector's ablllty to pay for the locally produced

cereals which they would Tike to puruhasa . However;- tha local production

"oF Fertlllzers will require cc“31dereble quantltles of imported equipment
- &nd muterlals, especially petroleum DrOdUCLS. 16 offset this cost it is
P necessary that the. pragram of aales For locelly produced fertilizer be
“accompanled by increases in cash creD pdeUCtan in areas of Upper Volta

'”“Where caah crop .production “is currently low,

R

Vo

The ex1stence of rock p“osphate ﬁep051ts in Uppér Volta and the

13p0551b111ty of their-use as fertxllzer reoreqcnts 8 31gn1flcant oppor-
: jtunlty for the 1n“rnased 1ntegratlon of Upper. Volta into r991onal agricul -

i tural markets, as. well as ‘for the ;nuegraulon of the. Fural and urban

'sectors It is a base.upor” whlch Uonnr Velta can deuelop a relative

advantage 1n the production of’ ce;taln agricultural eommodltles for

: whlch such a relatﬁve aduantage has not prau10usly exlsued

L1;3{ The cereal Production Environment
hIn-the'céﬁﬁ;éi porticn of Upper Volta, soil characteristics
vary with the location of the soll in, the. toposequence. 'The lowland (bas-
fond) . SDllS are heavy clays wnlch are relatlvely rich in phasphorous

and- have good_exchange cavacities. lhe physlcal charabteristics of these

. 50118 result in drainage. problems wh*ch make ‘them difficult and expensive
v to cultlvate._ hevertheiesg, the satu“ated lowland soils -are used for

‘Tice productlon and the heavy soils located next to the saturated soils

are used to prodice late, photooarlod-scrslt*ve sorghum, On the slopes,
the 50115 are more gravelly and may have good moisture holdlng character-

'1st1cs, 1f the lateritio layer has broxen dGWn, 0r- poor: m015ture holdlng

T
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=4 capacity if they are over laterite rock. In either case, phosphorous is
§ likely to be the limiting nutrient for plant growth. Nitrogen may limit
\ \:{ plant growth or not, depending on the level of organic matter in the soil,
and therefore on its history. Higher up on the toposequence there are
hallow sandy-clay soils of poor structure. They are usually deficient

in phosphorous, and may or may not be deficient in nitrogen, depending

s e . —————

on their histories.

The gravelly and sandy-clay soils are more prevalent than the
heavy soils, and are therefore mOTg important-in crop produetion. The
cancentration of plant nutrlents [(nitrogen and phosphoroue) 1n these

. .. 8oile are low and their m01eture retension’ capac1t1es are - poor but they
.-;: can be- 1mproved This is ev1dent from the ylelds of .garden plots around

the houses where household waates and animal manure are commonly appllet:f9

and from the euperlor plant growth on termite hills.

i L

1.
. (X3

Cereal production in central Upper Volta eanﬂbe divided into
3 categorlee. o T

l Lowland areas where production 18 llmlted by 3011 management

1

: L L problems -and nltrogen deflClency, : R
A '

2. Improved upland soils where productlon -i8 llmlted by avallabl-

ity of anlmal manure, and
3. Unimprowed upland sails where prodUction'ie-limited by low
molsture retenaion capaolty, low phoephate content; and L

flnally, Tow nltrogen content.'~

. . T
e e ‘_\.,(..1-]

- +xTbhe farmer 8. tradJ.tJ.onal strategy for cereal productlon on these
a latter fields 1s to accept low yields per unit area and to try to
: cultlvate larger areas. The factors limiting the total area which a 5
man can cultivate are the eapablllty to weed the area and. the capablllty
to plant the land before weeding must be started. Thus, the: factors
limit the areas which.can be cultivated, and therefore_11m1t the production
from these unimproheo‘upland fields.

coelune



In this report, physical responses are specified for two classes
of environments. This classification will simplify the discussion of
the profitability of fertilizer mixtures based on rock phosphate. The
first. class 13 characterized by higher rainfall and better soil moisture
reten51on capa01tles.‘ -The second class is characterized by lower rain-

fall;and,poorer soil: moisture retension capacities.

MWhile the division of central Upper Uolta into two environements 4
may not be 1nadequate for maklng rccommendatlons for farmers, it w1ll be-”5
shawn that this smpler lelslon has important 1mpllcatlons for the mcthod
of distribution rock phosphate to the farmers. The nature of the distri

'~::!’.'

bution, systems is the policy question, The 51mple division is both e

el
Rk SR

pertlnent and Useful .in, obtaining the necessary answers.'

e

1.4, Phosphate Fertilization in the Unimproved Uplands

b
. Jdoe
oA,

_ Mhat then is the Justlflcatlon for UtlllZlﬁg phosphate Fertlllzer in
the exten51ve cereal production systems, glven that it is ﬁ9351ble tc upgrade
the physicel characteristics of many of these SOllS 'to the. p01nt where they
can, be cropped intensively? e )

IF one is to bu11d on the traditional system in a step-w1se T
Fashlon, phosphorous fertlllzatlon must be accompanled by.good weeding
and timely plantlng. 'Good Weeding., and tlmely planting would allow
‘farmers to actually achieve yield increases without 1mproved soil t
nutrient status. The constraint of weedlng precludes a general change to
-the practice of preplanting plowing for fields using an extensive production
_strategy and limits the, p0531b111ty for incorporation of the fertilizer
into the 'soily ‘This is turn limits the response which one can expect from

the use of any Fertlllzer under exten31ue productlon conditions. However,
THorenr

N S .



the return from the overall package of soil improvement techniques which
is necessary for upgrading a soil to the point where it can be cropped
intensively may be lower thanthe return from either the traditional
system without fertilizer or the use of fertilizer in an intensive system,
but return from the phosphate fertilizer alone may be higher. The returns
from any of the conponents of the intensive system may be quite high in
the presence of the other components, while the returns from the whole
package may be relatluely poor. . Thus, ‘one ean.eiﬁecf farmers to expand

R e _thé ! area whers’ they “tultivate 1nten51vely if and.when they acquire the

h resources to expand; nevertheless, they Wlll ccntlnue to cultivate on an

exten51ve basig until the" reacurcee necessary for the transition from
Tf exten51va to intensivé- productlon are, avallable at a cost to justify their

utlllzatlon _

zuuainguinteneive production fechniaﬁee.the reepense to the phos-

phorous appllcatlon wepld be better.. HaweVerf one can nat'recommend a

G general transformatlon to intensive cereal: productlon because, although
o ‘the'returns to the phosphorous .may -behigher in“the 1ntenelve systems,
mriite o Ti°F the retirns to all af the inpufs used 'will generally be lower than either
P the retlrns to the 1nputs used,-in. the: traditiohal syafema or the inputs
-used” in the 1mproved extensive system..: The returns’ to any of the indivi-
apt e dual components ef the intensive system:can be' qute hlgh ‘while the
returns 3 the whole package taken together may be unacceptably low,
Although one can expect a gradual increase in the portlon of upland soils
RER which are cultluated 1nten81vely if the cTelative prlces For the materials
4 - -and equ1pment tend te decllne, as they:have’ over the past decade, extensive

P product1cn on unlmproued uplanda will .continue to: be 1mportant

At . vt

e i In general, a fertll1zat10n program for - the upland1801la would
" allow one to malntaln q011 fertility at a level where one‘can benefit
* from investment in improved weed1ng techniques and From investment in
some basic soil er051on control measures. : This level may be in the 600-
'800 kg/ha’ range, Adopt1cn of improved weeding techniques and improved
' . water usage p“actlces ehould not .be allowed to result .in long—term degre-

» ;. . . dation of the chemlcal fertlllty status of the soils oF the area.
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2.0 BENEFITS OF THE USE UF ROCK PHOSPHATE AS A: FERTILIZER ™ THE SHORT
AND LONG TERMS: ., < ., Ty

.,'_,r ! . .)

,' .“')

2.1, The Phy81cal Characterlstlcs of:, Rock Pho_phate and Uther

Phosphate Fertlllzera whlch Determlne the Nature of Thelr

Yield Responses Qver T1me - = ’.34 o '“hﬁ‘ ",‘ S o o

e __._.-._-.-—.-.—_....-_..-_.-._.-.--_.—-._-—_.—_..--...__.—.-....—"-

2.1.1. " The soils of West Africa and Central Upper Uolta ‘and Thelr e

. Phosphate Response Characterlstlcs o Lo,

—————— ____..-——-_—._.—-——..-__--_-.—-_.

The land surFaceu from Wthh west Afrlcan SOllS were formed C o

have undergone, ln the past heavy ralnfall and leachlng of" nutr1ents from -

the 5011 Thle is partlcularly true of the .upland so1le°_ ThlS 1each1ng

resulted 1n removal af phosphoroue, calcium, and other 1mportant plant

.; nutrientg, and thue, formed soil types which are not eonduc1ve to the

retention OFWSUll nutrlents In the sem1—ar1d tropics thlS process ‘has v

i,

stopped with the- paealng of the heavy ralnfall levels. ey ?rys_”'dﬂlﬂ

The depletion DF phoephorous and ca101um when the 5011 is ac1d
is due - to solubilization of the 30115 phosphordus and calcium. The‘
a01d1ty of soils through geologic t1me depends on the nature of the rock
froi which-it., was formed. 1In central Upper Uolta, most, soils are Formed
_ frof* granlte, which is an acid rock. Thus, the 30115 of central Upper Volta
“havé a- -particular., tendency to be both acid and low™in phoaphornus and

T aloiums

N .
T i

‘>When;the.bu§h land.ie eleared,-burned, and. cultivated for a
number of years, the reserves of plant ‘nutrients. from organic matter and
B ashs’ of the; original cover are depleted Phosphorous is the first plant
.inutrlent to become a llmltlng factor in -plant growth and therefbre the
flrst limiting. factor in productlon. ‘Presently, the Farmere use efficiently
) phoaphoroue containing manures which are- avallable, and plant crops
“which ‘produce most eff1c1ently with ‘low levels OF soil phcaphorous. Phospha-

" rous efficiency tends to determlne the cropping ‘pattern of the Farm. Millet

. ;
' ¥
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7is one; of the pr1nc1pal eléments of thls pattern ‘bécause 1t is able to

produce where the avallable phosphorcnsconcentratlon is relatlvely low.

Although phosphorous deflclenc1es are widespread -in. central i
Upper Volta they are neither homegeneous or universal. There are, .
general statements which'can be made about phosphorous deficiencies For
“the. leFerent klnds of ‘soils which - -are used in agficultural productlon.
One such generallty has already been mentloned The location of the

‘field. in the toposequence is an important determlnant of . plant response

L g phoaphorpus fertilization. ' In the lowlands (bas-fonds), 501ls are less

acid because of impeded -drainage  and slower water movement.,, Clays accu-
mulate, and, the higher cation exchange capacltles af these clays
dlacourages 5011 a01d1flcat10n The basic cations ‘lost.. by the soils higher

~in the toposequence tend to- accumulate, as do the phosphates Wthh have

* Been. leached .away . From ‘the surrounding acid soils:

Another genérality whlch can be made about phosphorous ch1c1en01es
is that newly cleared fields will be less deflclent in phosphorous than

' fields whlch haue been under.cultivation for long periods of time. Fre-
frquently howeuer, ‘the fertlllty of land which has just been oleared and

the .importance of bush fallows ,are Over empha51zed 'Even, tha growth of

the bush vegetatlon andthe; animal feedlng is limited. by, low 8011
phosphorouus, Good yield responses to the application- oprhosphorous
fertilizers can be obtained on land newly cleasred from bush fallow,
Although phosphorous levels in the soil decline with cultivation the
initial levels are low by comparison to the quantities needed for good

plant growth,

The seoils of the fields which are normally manured each year are
another important class of exceptions to the general rule of serious
phosphorous deficiency. In contrast to the newly cleared bush fields
on manured fields,.(particularly the fields around the family compound)

there is;a possibility of building up large reserves of phosphorous in

* -'1";'::._ . uu-/.oc



..the soil by applying more pheéphofous each year'than one crop can extract,

- The existence of, such Flelds "does mot diminish the importance of phos-

phorous f'ertlllzatlonn The phosphorous content of the animal manure used
on these fields is relatlvely low, and on a parcel of land which had not
been as heavily Fertlllzed in the past, the other plant nutrients in the
anlmal manure pould be more effectlue if used w1th a phosphorous fertilizer.
One phengmenon whlch ‘doesé! not .oceur to a great extent in Upper
Uolta is phosphorous flxatlon. -In-some soils Found in the humid tropics,
extreme acidity combines with high- concentrations of iron to create con-
dltlone where scluble phosphorous is transformed into insoluble compounds
1n ‘which the phospharous becomes unavailable to plants. The soils of central
Upper Volta dg,not have a chemical compcsition such that soluble phosphorous
in the soil could he'treheformed into insoluble components, which would then
not be available to piahté; The residue of both soluble and rock phosphate

fertilizers tends to remain?available_ﬁbr,pptake by plants in subsequent

' ryears. There is variability in ‘the availability of the phosphorous in the
" soil but only very small amounts need to be in soluble form for plant use
“at ‘any one time. The transformation of soluble phosphorous into less soluble

. forms 1nsures.that 1t w1ll be ‘péssible to obtain growth responses with

additions of soluble phosphate fertilizers, even in soils where residual’

levels of phosphorous are relatively high.

a",Jhe phosphorous From:el;,phoephorous fertilizer is relatively

“‘immobile in the soil. In order for the plant to obtain its phosphorous

needs, its roots must come in contact with the particles to which the
phosphate ions are attached, and the plant must actively transfer the
phosphate ions into the interior of these roots. The greater the concen-
traticn of the phosphate ions in the soil, the larger the amount of
phosphate the plant can effectively contact and take up. In contrast,
nitrogen compounds in the soil are quite mobile. Nitrogen compounds

move toward the plant along with the water which it takes up.

oneless
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The upland soils of central Upper Volta are not only low in
phosphate, but poor in structure, and therefore plant rooting is usually
shallow. The problem of low phosphate concentration is aggravated by
poor plant root penetration. The pocrer the root growth, the more
susceptible the plant is to suffer from phosphorous deficiency, and the
more responsive it will bsmjfijfﬁi_pgogpbate~+%&ﬂs r in the socil mass
that it does contact. Some of the ill effects of poeor soil structure

under low rainfall can be compensated by application of phosphoroug
iZer. if [ L

2.1.2 The Characteristics of Rock Phosphate and Soluble Phosphate

Fertlllzers 1n Use

"~ In natural phosphates such as rock phosphate, the phosphorous
is ohemlcally ‘botind 1nto oalolum compounds In. ordsr for the .phosphorous
‘to be transformed into usable soluble Forms? these calcium phosphate
ﬁcompounds must react w1th 'the soil solutlon and .decompose chamically.

The rates ‘of these chsmlcal decomp051t10n reactlons are determined bys

fl) ths size oF the partlcles of rock phosphate;-
2) the pH of the soil,
3) the concentration of phosphorous in the soil solution, and

_.4) the concentration of calcium in the soil-solution.

Carie ke

'Ei‘The'sgallsf_ths,psrticleasizs,,the lower the pH, the lower thg‘phosphorous
conos‘otratioo 1s the soil, and the lower. the caleium concentration, the
;l‘grsats: will bé the rate of decomposition’of: rock phosphate. In additien,
:¥ the reaction only proceeds when the soil.is moist, so that the ‘reaction
|' p:ooesds fastsrﬁin the areas where the .rainy seascns are longer.
_ Because the chemlcal decomp031tlon of the rock phasphate depends

' fon'ths concentratlon of phosphorous and calcium in solution, an ‘equili-
“hbrlum-lsuel of phesphate concentration tends to be established in the

soil as the rock decomposes. Soluble fertilizers move intc the soil

°solutlon almost as quickly as.they come into contact with it. The concen-

tratlon of phosphates in the soil depends more directly-on:-the quantltlss

. . 1
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of fertilizer applied. In the short term, the equilibrium concentration
will be lower for rock phosphate fertilization than the‘}evels'ettained
through the use of soluble phosphate fertilizer., With fime, the phosphorous
applied in soluble fertilizer ie transformed into less soluble compounds

in the soil, which may be no more available than the rock phosphate. In

the long .run,_phoephate levels in the soil solution may be eimileé for

both types, assuming that applications of phosphefe ferfiiizefe do: not

continue.

The amount of caleium in the two kinds of feftilfier is another
substantial difference between them. Rock nhosphate has e much higher
caleium concentration than the soluble cotton fertilizer commonly used
in Upper Volta. The low level of calcium in the soils of central Upper
Volta tends to increase the.fete of decomposition of the:rock phosphate
fertilizer. In fact, yield response to the calcium released may exist
quite indebeﬁdently of the yield response to the phosphorous. In addition,
the release of calcium from the decomposing rock phosphate will have a
tendency to inhibit soil acidification at least where the pH values are
below 5. Soil acidification is largely a bl—product of calcium loss under.

these conditions.

Because the rapid solubilization of rock phosphate is promoted by
low pH 1éﬁéis and promoted by low concentrations of phosphorous and calcium
in the scil solution, concéntrations which are well below optimum for
plant growth, it can not serve as the only phosphorous source for very
high yleld system. The addltlonal time for solubilization, and the’
additional quantities of phosphorous fertilizers which would have to be -
applied to achieve really high yields, would seriously reduce the sclubility
of the rock, and render it less productive, where its productivity is " -
measured by the increase in ‘yield per hectare for esach additional uni:t of

rock applied.



The role for the rock phosphate is in making limited yield impro-
vement on the shallow upland soils of Upper Volta. Under these conditicns,

the principle consiraint limiting the .practical utility of rock phosphate

.. 88 a fertilizer is soll m01s, o> and Lhe swcun epplled and brought into

q‘r.cootact with molst oOll C tivation prectlceq ueed to 1ncorporate the

roqk.phosphete 1oto the 3011 can be modified to redu this constraint.

'Z,l,B. The Acccmohutlon to Phoaphste DeflClency or Trsdltlonal

‘ Productlon Systens in Centrsl Lgper Uolta.

Factorlal Fe tlllzer yleld trlals ccnslstantly 1ndlcete that

' J_ phospﬁorcus is the most 1mportant of the magor nutrlent elements for pro-

: du01ng the first 1ncremencs oF yleJd 1ncresse.“ Within the tredltlonal

sub51stencs system of crop produotlon lltLlE pHOSphoroqs 1s lost ThlS is
1n marked contrgst Lo nltrogen, ﬁhlch 1s VOlltlllzed and lost when nltrogen—

contaln;ng orgenlc mstter is le t to dry on the surface of thu SOll The

“relstlve 1mportance of ptosphorous, calc1um and pota581um v1s—s—uls nltrogen,

. is, demonst“ated by Lhe practlce of fleld buxn'ﬂg, The nltrogen wasted by

- thls practlce is uopsrently oF less pctentlal beneflt o the Farmer than the

,fphosphorous, calclqm end pocas31um released by burnlng._

LN
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© Man not‘only altcrs the ﬁhosphofous)cycle by butoioj'tﬁejuegetative

..matter from fallo /s and crop residues, but elso by, transportlng phosphorous

From h1s bush towards h1s compounds Thls phosphorous is 1n the grain which

hg harvests snd tskes home in the stalks and hsy for hls anlmsls, and in
aoimal waetes whlch are moved toward the compound as the anlmals walk home
in the svenlngs with full ctomachs. Much of this movement in unlntentlonal
but con81dersblc choice is exmrc1ced by the farmer in dec1d1ng where large
anlmals Wlll spend the night, and ubere the accumulated msnure of both large
and smell anlnals will be usad in thc sorlng, as well as 1n dec1d1ng where

the household wsstps W1ll he u“sd

‘a S . ol -, .
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2 1.4 Tlmlng_Fertlllz r Applications for High Return

) Sorghum yleld responses for rock phosphate based fertilizers
and far soluble fertilizers, for three different patterns of application
in timevgﬁdzqu three differept levels of nitrogen application, are
presented in Tables l.and 2. These data form the basis for an economic
comparison of the relative benefits: from different patterns of application
in time, as well as thé comparison of benefits from different nitrogen
levels and forms of ﬁhosphate. Certain of- the data is taken from the results

of féﬁlicated trials on farmers' fields in Upper Uolfa, The values of the

'*respcnses to “scluble fertilizers on good soils in.the first year are from

the results of tnlals of three years with about 100G replications per year,

Dbserved by the Natlonal Fertlllzer Service (FAO cooperative program of

‘the Voltaic Dlrectlon des Serv1qes Agricoles, DSA. The first year data

for rock phosphate responses on good soils are derived from the soluble

:Ferfilizer responses by assuming that urea - rock phosphate mixtures will

give 60% of the soluble fertilizer yield responsé;whgre the nitrogen and

phosphorous concentrations are the same, as was observed in trials con-

- ducted diring, 1977 and 1978 by Phosphate Project of the Voltaic DSA.

The data qu_succeeding years are less substantiated éﬁdffrequently

based onexpectations rather than observations. They are subjéét to dis-

.cussion, therefore, the validity of thé results presented here rests on

"theuassumption that the relative magnitudes are generally correct.

For ‘annual applications; sorghum yield responses are assumed to

..1ncrease each- year. The mangitudes of the first and secgnd year responses
: ”are based on cbservations made by the Phosphate Prbject The responses for

.Jsucceedlng years are based on the assumptlon that the percentage 1ncrease

will be smaller, and the assumption that the maximum yleld 1ncrease attaln-
able under current management practices is 450 kg/ha. The base yleld is-
assumed to be 450 kg.

coolaee
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TABLEAU 1.

ACCREISSEMENT DE LA PRODUCTIVITE DU SDRGHO EN KG/HA SUR DE BONS SOLS
. PudR Z FORMES DE PHOSPHATE, 3 NIVEAUX D'AZOTE ET 3 MODES D'APPLICATION

Ze annde 3e ‘année

13

. Engrais utilisé

Ire année

4e année

“Composition chimis

que (N-P)

Composition chimi-
. que (N—Pj- ,

pomposition chimi~-
que (N-P).

Compesition chimi-

que (N-P)

0-25 {15-25 [35-25 |

0-25116-25 35-25

T0-25 15;25-%35-25

0-25 |15-25 |35-25

Application annuells

= soluble

- PB + urée

BB 250 450

58 165, 297

109 310 450
81 231 415

<130 372 450.

S 105 . 300- 450

143 405 450
130~ 372 450

Application bi-annuelle

I| - soluble
T - PB + urée

B8 250 - 450

58 165 . 257

450 45- 113

52 s52. 126

120 343 450
100 280 450

70 70 150
55 65 143

Application unique

| -.soluble

—FB + urée

88 250 450
58 165 297

-~

52 52 . 126

45 45.. 113

30 30 30

45 4545

18 13 18
30 30 30
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The dataiis even less reliable ?or.soils with poorér moisture reten-
tion capacities. A 4 year yield trial done by IRAT at Saria provides the
most concrete data. The yield response to the annual application of rock
,phosphaté mixtures were shown to increase annuélly by a uniform increment.
‘The first and second yeaf responses to applicatidn of rock phosphate without
nifiogen’are substantiated by observations in FSU trial data, This inform-

ation has been incorporated into Table 25

.The residual effects are substantiated by IRAT data from the 60's.
The magnitude 6f the residual e?FegtS have been scaled back to correspond
~to the 950 kg base yield. Recent results fram the Phosphate Project also
S.support‘the magnitude of the feéidual effects; as do the :general patterns
of decllnlng responses observed in long term experlments in temperate

countrleb.

The benefit to‘cost ratios calculated for the four year streams of
income aﬁa Expenses are presenﬁed in table 3'through 6. . The only costs and
prlces 1ncluded were those of the fertilizer and grain in Quagadougou (all
soluble fertlllzers at 90 CFA/kgs rock phosphate at .30 CFA/Kg; and sorghum
at 50 CFA/kg) leen that other costs are not included, all tenefit to cost
”ratlos glU&a relatlve benefits in the eyes of the small farmer, whereas the

10% rate is approprlated for national planning.

'TaEles 3 fhrough 6 indicéte that one can achieve reasonably high
'beneflt to cost ratios w1th soluble fertilizers, either by using high rates
of nltrogen (urea), or by dlstrlbutlng these fertilizers over time to

allow max;m;zatlon of the benefits from the residual effects. The adoption
of tbejhigh“urga alternative therefore is a high risk. Using annual
applicéﬁions éhe;bannot attain a benefit to cost ratic of 2.0 using soluble
fertilé%eféraf any rate of nitrogen (urea)-applicatioh. This would not be
true if the 450 kg/ha maximum response restriction did not exist, and
substantiaﬁes the aésertion that the profitability of soluble fertilizer

i

eoddous
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TABLEAU 2,

ACCROISSEMENT DE LA PRODUCTIVITE DU SGRGHO EN KG/HA SUR DES SOLS MEDIOCRES
POUR 2 FORMES DE PHOSPHATE, 3 NIVEAUX D'AZOTE ET 3 MODES D'APPLICATION

Engrais utilisé

- 1lre annde - 1. 2e année Je annde 4e année

Camposition chimi; {Composition chimi- :Compqsitiop chimi- |Composition cchimi-
due (N-P) I . = |que (N-P) Clate @-8) - (N-P)

Application annuelle

0-25 | 1§;é§|_%5-2§ 0525 | 15-25 |35-£§ 0-25 |25-25 |35-25 |0-25: ié-ﬁs-{Bs_zs

- soluble 65 185 . 344 81 229 F358 97  275. 350 107 | 302 350
- PB + urés 25 . 49 ¢ 80 50 - 97 - 160 75 - 145 240 100 -© 195 320
Application bi—annuellé : o .

- soluble ' 65 - 185 344 38 61 93 88 253 350 51, .76 110
- PB + uréde 25 42 80 40 .- 66 -l08 65 130 - 200 51 7 76 110
Application unigue ] . L :

- soluble 65 . . 185 . 344 38 6L .- 9325 25 25 20 20 20
- PB + urée 25 © 7 49 80 40 . 66 - 100 30 .30 30 - 25 25 25

£ R i




use depends on improved erop management and maintenance of very high
yields (1500 kg/ha) The figures indicate that the current farmers'
practice of dlstrlbutlng’auailable fertilizer over several fields in alter-
natinj yéars~is indeed more profitable given the existence of a yield
plateau at 900 kg/ha. R

.Fdr‘pooref;soils, all mixtures of rock phosphate plus urea have
better benefit to cost.ratios than soluble ?ertilizers whereas soluble
Fertlllzers are not acceptable under any of the appllcatlons patterns.
Unly sihgle applications of rock phosphate {ance every four years) proved
to have a benefit to cost ratio of more than 2.0, and this was subject
" to the condltlon that future benefits are not depreciated to nearly zero
with- hlgh 1nterest rates; This has 1mportant implications for extensive

cereal.productlonias will be ;ndicated in the following section.

By, incfeasingglevels of nitregen application on poorer soils,

(see Table 2) one will decrease the profitability of using rock phosphate
mlxtures, whlle 1ncre331ng rates of nltrogen application will increase the
perltablllty of us1ng soluble fertlllzer (see Table 1). This difference
. has discouraged agronomists From recommendlng rock phosphate fertilizer in
Uppen Volta, because;the agronomists have focused on high yields possible
+-with high nitrogen abplication'rates. The, poor response to nitrogen can
;”be oﬁe;cdme by using massive doses of rock phosphate (500 kg/ha) in the
l;first year. Such applications increase dramatically the yield response to
?;nitroggn; but only at the cost of decreasing the benefit per unit weight
;.;of the'phosphate; Initially such applications are not justified for

;"domestlc cereal. production, However, they might become more economic in

. the future if market conditions were developed to balance crop exports

with nltrogen fertilizer 1mports.

N A3
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TABLEAU 3,

RAPPORT EENEFICE.COUT POUR LA PRODUCTION DU SORGHD SUR DE BONS SOLS A 10 % D'INTERET
CORRESPONDANT A 2 FORMES D'ENGRAIS, 3 MELANGES D'ENGRAIS, ET 3 MODES DiAPPLICATION

Composition chimique (N-P)

Engrais utilisé

0-25 =" :15-25 35-25
~2plication annuellg ; .
DL ~ ““soluble | 1.15. 1.66 1.63
I -PB+urée .. . } ,1.81 2.37 2,12
Application bi-annuelle { ;
- seluble i 1.56 1.75 2.07
- P53 + uréde : 2.52 2.44 2.57

4pplication unigue

- goluble Sl .72 1.68 2,17
- P& + urée 3.14 2.43 2.45




’

RAPPCRT BENEFICE/COUT POUR LA PRODUCTION DU .ORGHD SUR DES S0LS MEDIJCRES A 10
CORRESPC.IDANT A 2 FORMES D'ENGRAIS, 3 Mii ANGES DFENGRAIS, ET 3 MJCES

TABLEA.

4.

" Engrais utilisé

Composition chimique (N-P)°

0-25 15-25 15.25
Application annuelle

- soluble ) 0.85 1.22 1.26
- DE 'F Urée h ot :l e 1919 1905 loUl
Application bi-annuelle

- solusle e 1.24 1.39 1.56
- PB 4+ urée - & 1.67 1.37. 1.22
Application unique o

- soluble . - y 1.34 1.38° 1.67
_ PB + urée . . 2.08 . 1.39 t1.14

% D'INTERET

DTAPPLICATION
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/ TABLEAL 5.

i

RAPPORT BENEFICE/CGUT'PUUR LA PRCOUCTION DU SORGHO SUR DE BONS 50LS A .30 % D'INTERET
CORRESPCNDANT A 2 FDRHES-D'ENGRAIS, 3 MELANGES D'ENGRAIS, ET = MODES D*APPLICATION

Composition chimique (N-P)
Engrais utilisé

0-25 15-25 | 35-25
Application annuelle . . ) .
- soluble ' 1. 1.09° | 1.57 1.62
- PB + urée - 1.67 . 2.18 2.03
.Application bi-annuelle . o _
- soluple . 139 | 1.62 1.97
2,32

" -~ PB + urée T 2,16 |  2.20 .

Application unique 1 .
- soluble . - - w3z o155 2
- P8+ urée . - . N 2.44 2.10 2.

e et




TABLEAU 6.

RAPPORT BENEFICE/COUT POUR LALPRQDQCTIUN‘DU SORGHO SUR DES SOLS MEDIGCRES A 30 % D'INTERET
CORRESPONDANT A 2 FORMES D‘ENGRhIS,.3_ﬂELANGES D'ENGRAIS, ET 3 MODES D'APPLICATION

" Composition chimique (N-P)

Engrais utilisé. )
e 0-25 - 15-25 35-25

, __-,,Application aﬁhuelle:;m__

- soluble’ S A VB N ST B W
—PBwurée - % | f:L0a. {:10.92: |- 0.88

_Application:Ei-annﬁellef__‘ L o ‘ , .
- soluble ) - 1.02 -] . 1.28. 1.50
= PB '+ urde o ' o o138 0 f- ila - 02

Y. NS [

l... Application wnigque . . | _ .. _ | . o
- soluble L . ; 1.10 ¢+ '

" .- PB + urée ’ k.53 1, .0.92
T ' e .
. ! .
- . h: S P
o L o !
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3.0 St UF'RGCK PHOSP ATE FERTILIZER IN EXTENSIUE ﬂNO INT:hSIVr PRODUuTTGh

5:1. Improv1ng the Product1v1ty of Extensive Productlon Sub-systena and

the Genera] hﬂ“acterls+1cs of the Extensive:Productior suo—systcro

3.1.1. The extensive production systems of the reglon hdue evolved
in an environment where :very low yields per unit area are expecbed The
farmers‘ strategy is to plant large areas and this exten81ve strapeay is
reflected in: thsir choice of agroncmic techn;ques. The pr1n01ple cons—
traint to. exten51ue preduction within the traditional uystem is weed coﬂtrol
The amount :of. tlwe available for hand h081ng detdrmlnes the area on whlch
the farmer can produce crops effectively, Farmer 5 are an%1oua to plaﬁ*
early because-sarly weeding of major bush fields and the plantlng ope"atlons
for some activities of intensive crop production occur ‘at the same tire of

the year and. therefore compete for the manower auallable.'

Within this context, the farmers' psrceived need is to beféble tolu
do more weeding so that they can cultivate more land. Currently, the mest
cost effective means aof increasing area’ in "the central ‘zone is to purchase
a donkey drawn cultivator 'or hoe.’ The donkey drawn hoe,‘"hcue Manga”‘ is?'

the most popular animal drawn implament in  the zorie.

+To use the: dnnkey drawn -ho2' to weed, it is ne“essery to plant 1n
11nes. The, us..~1 .imeans of:doing this operation is to rémove all but the .t
two, putside teeth from the hoe, spread the teeth to a spacing of about A“j
60 cm and. mark or furrow tw1ce whera 2 teeth are used. The farmers derlued;
an addltlonal direct agroncmic benefit from planting in thlS llttle furrow,!
The seedlings come up better because their roots are deeper, in soil Whl“h ’
ramains moist lcnoer, and because 'the furrow Tumnsis adilidihal Vater onuo

the young plants. s

coslenn



To speed up. the- marklng process, “one imoroﬁehlent to this system
is to use a larger anlmal to pull the hoe and to. mount a bar .across the
top of the hoe with . 4 teeth on 1t The farmer can then mark in both
dlrectlons, leav1ng a criss—cross pattern in the field. Planting 1n thlS
' square grld .and cultivation-in both d1rect10ne with the animal drawn haoe .
would allow him to .eliminate almost all the hand weeding.’ A greater ‘
amount oF hand cleanup has-to be done when one uses .the donkey drawn hoe
to hoe up and down the rows- but not acroes them, .. . yﬂ'
Currently, the extensive’ oereal crop productlon eystem doee not
use any plowlng. Even when- animal. drawn plowa are avallable, the' farmere' :
percelved need to plant early dlscourages the. farmers from u81ng the plow.,
The increase in yield levels are’ Frequantly so laow. that’ ‘the ‘absolute -
magnitude of the 1noreaaes “in response to plowing are not Juetlfled 1n the
farmers' opinion. In addltlon, they are discouraged butthe delay an their ??
planting schedule if they were to plow. 8011 fertility and ‘8oil molsture .
retension capacity, limit yield o Buch an extent as to reduce the economle
- return to plow1ng - (Investment in the removal of these. constralnta to )
productlon is treated with the dlscueelon of 1nten51ve produotlon 1: . . !
strategies). -
P : AR
When the phosphate is applmed to. the eurFace of the soll and 1ncor-
porated elther by hand or with an an1ma1 drawn hoe, it will be" mlxed only ‘
with the top .3-5 cm of soil. - O P o
The rate of decomposition of Tock phosphate in. the SOll -even-in AW]M{H:
its flne ground form is very much determlned by the moisture content of the
soil. The rate of decomposition of rock phosphate will be lower- where ‘it
is hoed into the soil than the rate of-decomposition where it is plowed
into soil. In addition, there are less plant roots present at the surface )

because the upper part of the soil mass is freguently dry even in the

rainy season. When the rock phosphate does break down, the phosphate
which is released will not be taken up as quickly as if it had been lower

coslens



in the soil profile. The soil’ hee e very hlgh afflnlty for phosphates

and very little movement in the 5011 oan be expected The crop plante
themselves are fortunately eble to ‘solve the problem, at least in the’ 1ong
run. Phosphate is taken up aotlvely by the plant IF the phosphate is
unevenly distributed in the 5011 the plant Wlll selectlvely absorb phos— ;
phate from where the concentretlon is hlghest The plants’ will therefore ;
transport some phosphorous dawn the ‘roots at the end of the eeaeon in rather
easily available forms. Insect act1v1ty ih the soil is another potentlal

source of downward phosphate transfer.

Most of the FSU on-farm experlmental trlals have ueed relatlvely
shallow incorporation, (frequently lees by 1ntent10n than beceuae of the M
difficult of plowing in the Fertlllzer on emall plots) The results of

these trials are encouraging. There 1s no 1nd1cat10n thet the ehellow

placement of the phosphate is a barrler to 1te economlc eFFectlvenees. R

I -J .

In order to be used 1n the exten81ve system, the phosphate would "
have to be applied as a side dre351ng at the tlme of the first weedlng. -
This is usually the first cultivation of the fleld. Appllcatlon oF rock
phosphate fertilizer as a elde dreeelng prou1des even lees feuorable ‘con-
ditions for decomposition than the shellow preplant1ng appllcatlone whlch

are normally tested. The delay in eppllcatlonmay not be ee 1mportant as

it would seem because the surface would be dry for much of the Eime botwesn

May 20, the time of planting, and June 20, the date of the first weeding.
The first weeding takes place when the rainfall normally becomes regular

and thus the phosphate rock could be effectluely broken down 1n the surfacef'

.

soil.

3.1.2. Fertlllzetlon 1n Extenelve Productlon Sub—Systems

[Tt

Less frequent appllcatlons of Fertlllzer are- generally more
profitable because of the beneflt derlved from residual effects of the
fertilizer. When discussing yleld responses, to fertilizer appllcetlon
over time and the optimal time of eppllcatlone for maximum benefit to the

farmer (in the case of soils with poor moisture retenelon cepac1t1ee) less

uoo/eoo
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frequent applications were the critical factor -in deciding pgo?itebiiiﬁyo;,

A large portion o?:the'soile ueed for agricultural production in*UpPEr“‘-:;ﬂﬂ_i' T

Volta are of poor quallty, and ‘might not support the profitable transform—.ﬁ
ation to high yleldlng productlon sub—syeteme° The average yleld 1ncrease
over the four year perlod for a single. appllcat;on of 100 Kg of rock .’
phosphate without urea is, 30 kg per-'year, (Table 2) ~The acoeptanoe oft.
infrequent fertlllzer appllcetlone 1ndlcates that yleld 1ncreaees will. be
small in absolute terms, even through they mlght be large in percentage
terms. IR ' - 5

On’ good ‘soils there' dan be.a real choloe between 1nten31ve and
extensive productlen technlques. "High Fertlllzer apphcatlon rates seem,’
profltable end High yield levels: ‘appear, to be economlcally attalnable
(Table 5) “For ‘soluble Fertlllzers,,the profltablllty is contlngent on-
very hlgh nltrogen applloatlons, but .are aesooleted with both hlgh risk . to

the fermer and problems with foréign. exohange° The high beneflt to cost

ratios 335001eted ‘with 1nfrequent rock phosphate eppllcatlons in extensive _" 
production sub-systems are- therefore a partloularly attractlve ‘alternative ;?""“

even on good soids... The mean annual increase ‘if productlon over a four year AN

perlod ‘on. goad,, SOll 15 not ‘much- greater then that on poor SDllS even -

though the! $1x5t year response is much better (44 5 kg/ha per year). One !

is malntalnlng an env1ronment in which phosphoroue 15 very ‘much the. 11m1t1ng
factor’ of- productzon, aseurlng high yield reeponses on a ‘per kg basis to

-

phosphate appllcatlon. SR YU R

' Good spils have an aduantage OVEL poor.soils in"that- bi- ennuel
applications of rock phosphate seem highly profltable, Although}the LIt
average annual yield increase under a strategy of bi-annual rock ohosphéte
application is low, 67 kg/ha., the strategy has the major advantage of
flexibility in that nitrogen responsiveness would be better than for less
frequent applications. Because the phosphate levels in the soil would be
relatively high, the farmers could profitably add urea fertilization at any

time when the higher risk seemed warranted.

N
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Those who might doubt the importance of national fertilization
strategy which would increase yields by 30 kg per year ehould consider the.
following figures. Upper Volta has approximately 2.2 million hectares of
land under cereal cultivation. For.purposes of simplicity let us assume
that 2.0 million hectares:(90%. of .the total) are used in the extensive
production of sorghum-and millet and that an application of 100 kg of rock
phosphate would produce an average of 30 kg of extra millsr per year as we
have assumed for sorghum .(at high yield levels the response 'of millet is
markedly less than thet of sorghum,. but at low yield levels this is not
true). The surplus cereals produced would be 64,000 tons per year for a
national applicatiom of 50;000. tons. of phosphste,. The average cereal
deficit for Upper Volta.over the past few yesrs has been of this order of ..
magnitude. A program of rock :phosphate. appllcatlon in exten51ve production
has the potential of ‘making-a SUbStaQtlﬁl,QOntE4bUt10n to a solutlon ‘to

Upper Volta's cereal producticn problem.

On peorer soils, rock phosphate suffers from the disadvantage that
the major yield response is in the second yeer. The beneflt to cost ratio
at higher intérest rates is reduced substahtrelly (2.08 for single appli-
cations at 10% vérsés 1.53 for single applications at 30%') This provides
a major justificatioh’ for.some naticnal subsidy elther on the cost of the
fertilizer or on the'cest: of financing. P0851bly the EESlESt and most
effective from-of subsidy would simply be to sub51dlze the delivery of the
fertilizer to the villdges. "This would be partlcularly effective during
the introduction period before the role of the rock phosphate in farmers!'

production strategy becomes clear to them. Nevertheless, the introduction -

of a major program of rock phosphate usage need not wait for the developme ./ -

of a source of funds for: subsidy. The: returns arc sufficiently goocd on
soils of good moisture ‘capacity to encourage farmers to use rock phosphate

Y.,

even where they discount the future beneflts et 30y



This is.an appropriate point to interject a word of caution about

pricing policy for rock * phosphate -fertilizer. * 30 CFA per kg has been

used as the price ih all the calculations in.this report. This is ruughlym p

2.5 times the world market price for phosphate .rock, and reflects the..

cost of fine grlndlng and the high cost of local transport. ‘However,

if volume productlon “canfiot be achieved, 6ne will probably not<be .ableitoi+ -

keep costs below this level. Success.of -the systém depends on high:volume.:

usage which wgula:pérmit lolier costs of distribition-and commercialization, - - el
as well as lower ‘costs of mafketingioffthe potential surplus. 'iThus,: the .

major argumenf forieubeidy'ieﬂhot“to golve problem:at:the farmerf's.. .- . ' 7 =

level, but to enable ‘one to-athiele the-economies’ ‘6fgpale” neLessary for -
national euccess, : : ' S
.-!.“”::;. ey N

::(i:%ﬂ}‘j;-:_ o R T . . L A‘ .
Anothst word of caution ‘coneerning the sources of the nitrogen: and

potassium for crop production is also ‘mppropriate: The assumption support-;

ing the establishment of the yield increments 'is that ‘thege elements wodld
assure that this remains the general case. - The traditional practice of
intercropping cowpeas with cereals must ‘be encouraged, as sheuld the
traditionﬁifeiaetice 6f rotiting peanuts with -cereals.: Crop residues
should not B burnéd, as the nitroden ‘éontained in then is lost-in burning.
The residﬁég}eeﬁld be fed to-animals and the manure. recycled. : The .farmers®
returns From such pract¢ces would incréase as the level of. phosphorous: i

in the SDll 1nereaseuﬂ‘" T L ST REE o

" .'i"j'._:." !

.

Presently, infrequent’ fertilizatiort with rock'phosphate fertilizeri.s i i+ ¥

seems to be the fertilization strategy most worth considering for poer:-.:-

soils. 0On better soiléhthere i& a real choice ‘as to whether one:should:. ... .-

use en intehsive or extensivé system. “Everi-oh dood soil the extensive:.
system has the advantage of ninimum cost; low risk; high- returm, .and’ less~'

change in current ceTeal’ produetlon technology. T L
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The poor returns for intensive cereal production stem from the
rather arbitrary calculation of maximum yield at 900 kg/ha fequivalent
to a yield increment of 450 kg/ha in Table 1 and 2). This figure is
intended to show the limitations of Voltaic farmers' current management
techniques. T

The arguments presented here are intended to indicate that Voltaic
farmers shculd prectlce 1nten81ve cereal productlcn on areas similar in
size tc those lend areas they currently use fcr 1nten81ve productlcn.

It 15 1mportent to reallze ‘that soil Fertlllty 1mprovement and weedlng for
exten51ue productlon shculd rank before varletel 1mprcvement and plow1ng
on a scale of 1mp0rtance renklng the technclcglee necessary For ‘the
transition to intensive cereal 1mprovement

e r '
2302. The Charecterlstlce cf the Tredltlcnel Inten81ve Cereal

_ Prcductlon sub-eyeteme in Central Upper Uclte and

P0551b111t1es for Improu1ng thelr Fertllltz

Nearly all famllles 1n the central pcrtlon cf Upper Volte
practlce “some 1nten51ve cereal productlcn° Most cf this 1nten81ve prcductlcn
is a98001ated w1th the u1llage flelds and gerden plots. The malze 1s pro~
duced cn an 1nten31ve baele, w1th 1erge appllcatlone of anlmal manure,

.aehee from the Famlly cccklng Flres, and houeehold refuee.. Sorghum and mlllet
alec are grcwn on an 1nten31ve be91s on v1llage Flelds rece1v1ng appll-
catlone oF anlmel manuree.. ed ecrghum Frequertly is fcund in the Flelde l
of thoee vlllages lecated hlgh in the toposequence where the 30115 are eandy
or gravelly. The relatively early maturity of the red ecrghum is an advan-
tage because the moisture holdlng:capacltlee of the scils are limited.
Angther aspect of the families intensivé’ cereal producticn is baeed
on utilization of numeTous tetmite hills'in their fields. The termites™
bring’ Up the subsoil, which is chemically rich and-callect’ organic matter
from the surrounding aréa. Uhen the old’ hllls are knocked down they provids
a fertile’fiedium’ for plaht growth, but’ they haVe poor physical soil struc- "’
ture,* In' prder to’ Take 'theé soils of the term1te 'hills permeable, the
farmers‘pilé stalks' on the hills. This: 1mprcvee the' chemical staté of the
goil as wdll as aldlng in walter penetratlcn and in’ keeplng the soil moist.

y . 1 . 3 i B +
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Few 1nuestlgat10ns of. yleld reSponses From the: tradltlonal 1nten31ve

(AN

cereal productioniave been made. However, one can expect. that yleld .
responses should be similar to those obtalned from projects at experlment
stations. The results of one: experlment done in a field us1ng the

i
traditional 1nten31ve‘methsd 1s;presented in table 7,

- Currehtlyi;yheh'Farmefs'heVE'ebcess'to‘Feftilizer they apply ‘it on
this kind of intensive prsductioh.' Frequently torn and sorghum are inter-
cropped with: cptton on the very best Flelds. ThlS comblnatlon allows the
farmer a cereal, crop “for- his awn use -and a cash crop with whlch to finance

the Fertlllzer. However, the total ares oF thls intensive productlon 1s

“fivsmall, including only 3% of .the farmer's Flelds under 1nten51ve productlon.

“ - On a natianal. -hasis this emounts to66,000 hectares. If productlon levels

could be’lncreased by 300 kg Der ha - from th91r exlstlng hlgh level, the total
surplus produced would be 119, BUU tuns.. The annual ceréal deflclt For Upper

Volta has been above this Flgure for seueral years, thus a pollcy of ferti-

t‘llzlng existing intensively cultivated flelds would not be sufflclent to

“alleu1ate -the: national problem. ‘ S

"‘ﬂ ylelds. -

S B " good soils the transrtlon from extensive to intensive

~c0nt1ngent on 1mpr0vements in erop and soil management permitting higher

..-.')"--':..‘ \ ) . . ! ‘.;

B2y Chagg;ng_From Extenexue to Inten31ve Productlon on Good Scoils

oo
LE o, 1

productlon eppesrs to Be. Fea51ble “and profltable as .well. Annual applications

of rock phosphate(urea mixtures show’ ‘benefit o cost rstlos "of ‘more than 2,

aven when the income and’ expendltUre streems are dlSCDUntEd at 30% (Table 5).
Conversely, returns from the sppllcatlon oF soluble Fertlllzers annually

are not profitable, and therefore’ would, not achieve. the 900" kg/ha average

level which has been designated as the lower llmlt,of ylelds corresponding i

te 1nten31ve productlon. Economic returns of soluble fertilizers are
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" TABLE 7.,

YIELD INCREMENTS (KG/HA) OF SORGHUM EOR TWO MANAGEMENT LEVELS.
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315
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Preplanting cultiuatién;
100 kg/ha rock phosphate °
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There are two limitations Edwéchieving intensive p%éaaétion usina
rock phosphate fertilizer. - The first llmltatlon is a physical problem, '
angd-the second is related to the economlcs of the national cereal market.

The flrst 1ndlcates that the expectatlons for increased yield on intensively
cultlvated flelds could be unreasonably high ‘in the long term. One might
not be phy51cally able to achieve the highest yield levels on a year after
year basis because other mineral def1018n01es may develop such as a gefi-

ciency in potassium.

. In establishing the ‘tables of yield reéhéﬁses (Tables 1 and 2)
potagéium was not mentioned. However, within the four year time span
.described, and given the relatively low yields, potasssium is not likely
to limit growth, because other management factors are more important in
determining yield. After 5 years in intensive production, potassium
deficiencies may start to limit responses to phosphorous and nitrogen.

This would not happen with the soluble cotton fertilizer now on the market
which is formulated for long term soil fertility maintenance and contains

adequate potassium.

Mixtures of rock phosphate and urea do not provide any potassium.
The soluble complete fertilizers, such as the current cotton fertilizer,
would perform better in the long run and continue to maintain relatively
high yield levels. Unfortunately, low profitabilities in the initial years
would preclude their usage on cereals where potassium would rarely add to
productivity. One might speculate that fermers could produce intensively
for a few years using the rock phosphate and then allow the fields to return
to extensive production, retaining those areas which the farmers' own sup-
plies of potassium might support, or they could continue intensive production

using the cotton fertilizer with potassium.

Soil acidification and the depletion of soil crganic matter is
another physical constraint which could limit the development of intensive
production based on the use of rock phosphate/urea mixtures. As a limita-
tion to intensification however, this would be less important than

acidification in systems using soluble fertilizers.
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The economic argument against the viability of intensive cereal
production is more conclusive, but it is important to realize that the
if-arguments which are presented here do not apply to exportable cash crops,

and would not even epply to cereals- if they were to be exported.

.- The total area.of good soils in Upper Volta is difficult to
determlne, but it is safe ta assume ‘that the -area. is sufflelently large
to make 1t phys1oelly possible to produce a quantity of graln several
times the msgnltude of the present national deficit. If a large portion

- of the locsl farmers adapted an 1nten51ue pdeUCtlon strategy and the
surplus were not exported the prlce 'of ‘grain would fall to the point
where fertlllzer -applieaticns would cease to~ be- eeonomlc ‘As the price -
.of grain falls not only would 1nten31ve production uslng large amounts

.of. fertlllzer cease-to be eoonomlo, but fertilization of extensive pro-

- duction on poor soils would eeese to be économic as well. Only for
;”relstlvely extensive production on good soils could the fertilizer continue
.to be used " Intehsive production of exportable cash crops on the better

3.80113 should have @ high prlorlty in development of natlonal policy.
.Annual Fertlllzer appllcatanS and hlgh nitrogen, applloetlon rates then

could be reserved for productlon of '¢ash crops for export

;o . .
RN 4

N The cropplng pettern whlch is emerging in, the southwestern aerea
of Upper Volta shows tenden01es to utilize this strategy even though rock
e phosphate is not a part of the system. Large amounts of fertilizer are
. applled to the cotton which is rotated with corn or sorghum to take
maximum advantage of the r651duel effects.of the Fertlllzer. Growing
cereals without nitrogen application on Tesidual mlneral nutrients
left after fertilized cotton is comparable to growing ‘cereals using
rock phosphate alone. Upper Volta's relative advantage in agricultural
produotion exists in Ausing a ldoal resource, rock phosphate, and a
iproductlon system within whloh thet resource. can be proflteble employed
) wlthout exten91ve ohanges 1n tbe system.

v . ) R
TP LRt

easdone



A ¥

B L

4.0, THE USE' oF PHUSPHATE FERTILIZER IN INCREASING RETURNS TO OTHER

AGRICULTURAL PRUDUCTIDN TECHNIQUES'”

-

N

The tradltlonal farming systems of Upper Volta reflect the phasphate
def1c1ency of its 501ls Phosphorous is neither volitalized nor leached
and thus is only lost from the system when it 1s physically removed,

Plant recovery ‘rates of phosphorous are low, and if appllcatlons of small

) amounts contlnue over time phosphorous levels will. build up’y ~'The removal
~of phosphorous as a constraint to plant and animal growth could allow the

S productlon system to.change to accomodate a new resource base.

Iy

To derive the maximum'aduantagesfrom-this transition;‘the farmer

. ghould be aware in advance of the nhature of the changes ‘which can occur.

He can expect hlgher returns with add1t1onal manures which can be gene-

- rated on the Farm or in the household. The 1ncent;ue for keeping more

‘anlmals should 1ncrease because of the 1ncreased demand for -their manure.

" The 1ncent1ve for improved: manure conseruatlon will increase because the

”nltrogen whlch ean be ,conserved becomes much mere important (of the major

nutr1ent3,_only the nitrogen is lost when animal manure is Léft to’dry in

SEERE | - sun) For relatluely high’ yleldlng Flelds which have been in product1on

a long time, the farmer may be able to get profltable responses from ashes

and thus have more incentive to spread them further than the Famlly carn

‘Vﬂfleld. Flnally, the returns to’ appllcatlon oF imported ure=z 1ncrease
‘ dramatlcally after a. certain quentlty of rook phosphate has been applled

“and” some tlme has passed. .. - ' ' P T

Al1 forma of phosphate are essentlally 1mmob11e in the soil except
when actluely transported by plants, therefore returns from lmproued
cultlvatlon should be, markedly: 1ncreased because it will move the phosphate
‘ farther down the soil.profile. - Together w1th the 1ncreased yield response
to appllcatlon of animal manure, the 1ncent1ves for. the, adoption of animal

'traotlon would be greater than they are currently. The opportunities for

i plowing are limited within the traditional extensive production system and

;-\_‘}
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the need to plant early is very great where the areas to be weeded are
relatively large; nevertheless, it would seem to be profitable for families
to plow about 1 hectare of land. Peanuts, corn, and some red sorghums can
be planted after plowing when plowing time is available. The opportunity
provided by plow1ng in rock phosphate for peanuta 13 greater than what

might be 1ndlcated by the response of the peanuts themselvea. Peanute are
always grown in rotetlon with nlllet or sorghum ‘and the re81dua1 eFFects _

of the phosphate 19 1mproved by deeper plow1ng. The late planted red sorghum,
and other photoperlod—lnsenSLtlve sorghum planted on u1llage flelds recelvlng
limited amounts of an1ma1 manure, would be respons;ve to plow1ng and rock '

phosphate appllcatlone 1n comblnatlon. .

In terms or 1mproved uarletles the 1nteract1on w1th the rock
phosphate may not be 80 1mportant. The yleld leuels attelned in exten31ue .
productlon are too 1ow For the 1mproved varletles to perform well VIn_“,H.”'
the second phase, where rock phosphate has ltS impact on the ievels of .
other components 1n the crop management equatlon, the contrlbutlon oF

varietal 1mprovement should be much greater. o
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*'nltrcgen fertilizer usage, where application rates are low and applications

[

5.0 SUMMARY AND CONCLUSTONS: - "j Lo

|1.

The pr1nc1ple beneflts 6f ‘the use of” “rock phosphate fertilizer as

?compared to the- use of soluble Fertlllzers are economlc. The foreign
.‘nexchange component of cost of rock phosphate fertlllzer would be lower .
i-than the’ Forelgn exchange component of the cost of soluble fertilizers.
‘“:Productlon and distribution of rock phosphate fertilizer would allow

1ncreased 1ntegratlon of the’ 1ndustr1al and’ agrlcultural sectors of

: the economy of Upper Uolta. The use of rock phosphate fertilizer can
énlower the cost of production of some agrlcultural commodities. In the
%case of legumlnous crops, the use of rock phosphate fertilizer should

" increase Upper Volta's ablllty to export and in turn should increase the

.country 5 ablllty to invest in agr:l.culture° . RN

+ The yield respohses over time to mixtures'oh fock phosphate and
urea are dlfferent than those of seluble Fertlllzers hav1ng the same

'Jnltrogen and’ phosphorous levels. The relative advantage of rock phos-

phate’ compared to, soluble phosphate Fertlllzers occurs where it is

‘i:applled with llttle or na n1trogen, where the applications are infrequent,
. “aind where - phosphorous appllcetlon rates are low. In the absence of

are infrequent, the returns to a unit of rock phosphate fertilizer are
highest. When nitrogen is not applied with the rock phosphate these
modes of application would allow Upper Volta to achieve the maximum
benefit from the rock phosphate that the country produces.

The situations where nitrogen fertilizers can be profitable applied
with rock phosphate fertilizer will be limited. Generally higher cost
fertilizers will only be profitable where growing conditions are good,

On good soils the profitabilities of fertilizer mixtures increase with
increasing nitrogen concentration, whereas on poor soils the profitabi-
lities of fertilizer mixtures decrease with increasing nitrogen
concentration. Parallel statements will hold true for good and poor
crop management. Economic conditions will severely limit the use of

imported nitrogenous fertilizer on cereal crops for domestic consumption. '
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These Findinés together with some of- the other phy31ca1 propertles

of rock phosphate fertilizer, indicaté-that.its. most 1mportant role may EREUET

be as a fertilizer for extensive eereal production. Extensive cereal
production is particularly important in Upper Volta because of the nature
of the country's soils, rainfall, and othef resources, A transformation
to intensive cereal production would fequire:imported tools and materials
for which the country will not be able to pay in the near future. Rela-
tively small per hectare yield increases, on the order of 25 kg/ha, if
achieved over the entire area of sorghum and millet now cultivated, would
be able to eliminate current national cereal deficits. The use of rock
phosphate in cereal production for the domestic market is therefore

particularly attractive.

Although use of rock phosphate would be most attractive in extensive
production in the immediate future, its use would be an important step
toward the intensification of agricultural production. In the long term,
rock phosphate fertilizer can improve the overall productivity of the
soils of the region. Specifically, it improves the returns to nitrogen
fertilizer, to other fertilizer nutrients, and to improvements in secil
structure; It also incrases the secondary benefits of leguminous crops
in the cropping patterns of the region. These effects will in turn
increase the profitability of animal traction and the frequency of cases
in which animal traction can be profitably incorporated into the farming

systems of the area.

Currently the three principle blocks to the expansion of rock

phosphate usage in the central region of Upper Volta are :

1. Lack of knowledge of the special characteristiecs of rock phos-

phate fertilizer on the part of farmers.
2. Lack of an efficient distribution system for rock phosphate.

3. Weakness of cash crop markets and the consequent constraint

on the availability of cash with which to purchase fertilizers,
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Modlflcatloh of pOllClES, and 1nVestment in institutions which . could remove
these constralnts would lead to’an 1mprpuement in-the level of incomes :
to farm famllles in Upper Uolta, incréase the ablllty of the- agrlcultural
sector to pIOdUCL food for the lrban’ sector, lead to “better lntegratlon
of the agrlcultural and industrial’ sectors of Upper Volta, and 1mproue.w

Upper Volta s ablllty to export agrlcultural commodities.
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