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higher inroot crops t in the cereals. with few exceptIons, the root crop 
have lower costs of production than most of the cereals, but the lmpertuace of this 
is largely related to the arner's returns which, as we hve seen, vary with the 
region under study. 

In vry general terms, the root crops appear to be superior to the cereals interms 
of cost of production and yielding ability, and the latter eems to have considerable 
room for improvment. Protein deficiencies betwno the two staple crop groups 
are net as gre. t as previously stressed. Finally. as breoding programs for the 
tropical root crops are initiated and expanded, the author recomends that they 
be accompanied by research on storability and processing. Itseas imperative that 
the tropical root and tuber crops be liven considerably more emphasis on present 
tropical agricultural development schemes than ispresently being done.
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Most of the technological advances in agricultural production which 
have recently emrged from the efforts of' the international agricultural 
institutes hove been largely related to cereal production, especially 
wheat, rice, and mat. These efforts have largely been spearheaded by 
scientists from Worth Apmrict and Western barop# bringing with them 
their wealth of knowledge In cereal technology. The root crops, defi
nitely secondary staple. In temperate sones, hove also been allocated 
a secondary position in the thinking and priorities of & apecilist 
In tropical agricultural developmnt. The tropical root crops have 
trditionally been reprded s interior foods and leos worthy of atten
tion than the cereas. 

It should be noted that the above concept Mae been Inferred fmro 
o serious lack of inforution, Relative to the amount of research done 
on the staple cereals, the more importont root crops have received almaot 
nil, Therefore, before drwlag pre te concluuine, It would seem 
advisable t thoroughly compare the potentials for iocresing food pro. 
ductiou of the staple tropicel ereale (rice, Imise, sorms, Allet) 
with thee of the tropical root crops (csseva eweet poato, ya, coco

ram, Irish potato), with special, rofer ie to those regions whre the 
tVo SUtJe rood PO are IS 0010tion. 

Two rntons Mmre tropical cerel end root crops are isportat In 
total OpiefrlWe production are Ceotrel West Africa and tUe brbbeen. 
Thes wo ore"s, with secial reference to Qa, Mingrl., Jamaica, aM 
Tlald4d, were *boe a of inveeiption Wwever apecilte ifer" #es 
MUtiMs was soujtit. ftlrly reliable egrlcuatural statiettcs are available 
ftr these regions, sad both are oeeklnq tncreosd agricultural producttit 
vith the dometle profuto on themples larply In the bends of 
PeAafrwre. Under these odtioas, Central Vest Atrica and the 
Caribba lalai semed to be very suitable regio from which to obtain 
dots for the follmLg study. 

IL P011 Productile Oha! eTjstics of lid IrincI1!1 teplos 

an 
There are esftlly tw Wroed types of r oe upload#and Irrigated 

or psy rime. Oplad rie mture in etpprozitly three to four months 
s 60"M to frive or six wmts for Irrigted or lowland rie, but It 

yie)As are conaiererbly les. Uhseftial ciltivatton operations for low. 
aind rice Include land levelig, repair of waterways, bunling of sed. 

hop, plOwVng, PiddLingo"ee sawing and seeiling transplant, weeding, 
helrbeliee, fertiliawro, harvestin, and threshing (j; pp. 1741. Tn 
above peehses or prectioes Is very tedtoum lAbor o m ia, especially 
VM tr" Upng is Ineluded. the need for e rellble scurve or Irri. 
Ottos rater, ot ive Ism prepoertion, and a sMilient supply of 
ine nsv labor place serious restrictions an the .er of emil farmre 
who e eeomooalhI produce rise in ma regions 0 the troples. 
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Soil structure plays an important role in lovlmnd rice production. 
A heavy clay with an impermeable hardpan is importit for water retentiont 
while a more permeable soil demands excessive water,, Soil fertility# 
though less of a factor than soil structure, con be an important limiting 
factor. In Sierra Lone, lack of sl1 fertility to the major problem In 
liitiAg rice production and has led to a shift to other crops, especially 
manioc, as fertility decreases (1,p. 97). 

Paiie In reletively demanding in its soil requirements ae cespered 
to the other tropical cereals. In meeting this demam, it withdraws 
heavily any of the soil nutrients and rapidly reduces soil fertility. 
The serious problem of leaching, especially important in tropical regions 
with abundant rainfall, io particularly more serious with corn than with 
the other pain#. 

*It@ has coisiderabl. drought tolerance, shoring with the Billeto 
and sorghuso same ability to enter a dormant state when ailstu'e levels 
are limite4 and to regmme growth when levels become acceptable once again. 
At the other extrem, maie yleds poorly In soi which often becomse 
vaterlo~je4. 

Relative to rice, naite is quite eay to cultivate and does well 
under prmtive agricultural metbods. it t often mw of the mwor crops 
planted in shiting cultivation. Oonerlly, an economic yield can be 
obt~in|4 witiout the careful ooedW preperation r*Vured of rice. 

Millet eMA 5Org~i~ 

Poth of these cereals are noted for their drought tolerance nA lou 
water requirements. This characteriutic, along with relattvely short 
growing seseos, mna them mot outable for dry regions where rainfall 
ocurs only during a sbort wet oeaon. This hordinss also extends to 
their soil rwqirents, for they tolerate soils of medius fertility. 
both cereals &re easily cultivated sAn are well adapted to Prialtive 
agricultural oyeteim. 

Ca vv la very hardy crop that will Mapt to a w4e range cf 
owing conditions, soll types, end fertility leese It Is particularly 

noted for its ability to yield on soils of extremely low fertility, ai 
to often gro where &llother crops have feilled. 

Cosave cltivation is relatively simple with very little necessary 
lod preparaeionam s eOLA plffamg tchniqme of merely Lasertla 
Ui ito the sodl. Nowevero iomndim labor is required at bauvet 

time la 44i the deeply a ddad roots fM the eo , Cassava to 
very popular with man subsietwee farmers t iuse of, its ability to 
yield mre callies of food per unlt input of labor than probablY an 
other crop.-oerteainy far more than any of the drymlnd cereal (, p. 161). 



0vet Potato 

beet potatoes require a vell-dreined soil an gra best In a worm 
growingorison. Cptmm moisture requiremhnts are abut 30-50 inches 
of ruinder yetr (, p. 18). is eI to isel loater than most of the 
othrrho sera ropc, and once the pents e atbliard n rl are they 
con tolrate o e aoterely wvel, A relatively short gronegh esor 
pl3-6 ms th e needed for mturina*l 

ios€ores odain roThe Pns c wide ranto of specieo used s de 
of which aout 5 or species ohermery uaed, onu r ir a tern 
f th ianete, but rero annual rainfall asi blab aset565.h tie1112 Wnhee vnd as )€ loas inctues Q#, p. 112). Despite their favoring 

ol humid condition ymy definitely posses onoi4erable drcast rels. 

eoisyl tropica root crop; mson particlar in their 
sei cartilty and sil structure r*rt a vtllrolnedo richo 
pomw soil ainl te ostlsvorleto Alto quite d fonrn rbthe labor 
Wd maintoantee irei.ramecnt of production, Killing the soil around ec 

O til l to Oam 

plant to often p~ractliced to Insnurv a pulveriled soil falvorable for tulbor 

of4evelopment, and stakn4 Oac plnt necessary for satisfactory yields, 

I#en Is work# oco thil rer to both ortis prom the #wre 
Coltroucl and pnthos oThe rorir al varioutly knw as troe t o,;or do phenUs, t latter mre often called twni or youtts. Coyamv 

a fornd aee importat crop only Inarme utd orest rescaeof their noed for 1614 oninul reit ell end, atong wt season. Tha thlrive 
well on Imperfectly drsin4 o~ls and eae PA damgd by oaseicul 

tholec. eAr i ees ore ot diolerioue toacoy otoduellaon#m
tbar co be rw within Uv &Woe of other taller corps. MIw growth 

pertodsle reable but Ite& lose toth t rpired for ymg iabout 7.10
months, 

Mwpilng In mind that the major siphele of thlis paper to to compere 
the production potentials of' the tropical roots ad cereals "l~evant to 
rrlor oelterietteall smal far prodtctio# we1 =art Irveatipte 
the nefeeey 1nputs of production and tin ability of the small former 
to supl thl0e lipute, lo of the tolput emseiderstionls MoJt i4luda 
led, irriptlon, fe'tiliserst pestiedes, cultivation requiremnts, An
labor. 



Mbh labor is required to produce lovland rice, the only type which 
gives consistently good yields. AM preparation, irrigation, and con. 
siderable amants of labor defnntely restrict the distribution of rice 
production to area where these three needs can be obta ned inaxp siv*y. 
Yam production is also characterized by high labor lnputs, which in one 
of the major limiting factors In its production. Conventional production
techniques require a pac.kagie of' practices including trenching, manuring, 

ridging, planting, staking, and harvesting.-all carried out by baml In 
mcat tropical countries, 

Zn contrast to yeas end rice, cassava production has relatively low 

labor requirements until harvesting and processing, and for this reason, 
along with its yielding ability, cessava has often become very popular 
witb peasant farmers. 

Jones states that miss production per bactare probably r*quires 
about *a little labor as a hectare of cessave, but much more labor is 
often spent in processing the crops than in producing the. (2, p. 2,. 
Jones quotes Goortsy's estimates of processing labor requirements for 
the forest region of the former Belgian Conwoo 35 mn4ays to prepere 
on# ton of corn, 53 ane.dsys to prepare oe ton of rice, end 15 nan.4dys 
to peel, soak, And dqy one ton of cassava (1, p. 261). 

Lbor and cost of production estimates for food crops in most 4evel
oping countries are rare and often of questionable accuracy. To compli
cat. mtters, estimates are oton given in terms of cost per acre, per 
ton# or per thousand calories* Ieceuee of thib, the establishmflt of a 
reliable cost of production hierarchy is complicated by the differences 
in yield and caloric values of the steples, thus making their relative 
positios dependent on the denomnuator eplWed. Despite the scarcity 
of reliable data on production costs and the variations in regional aind 
local production con ition., Johnston has compiled ownsiderable data ftfs 
Western Contral Africa and nsggests the follo.in# general cost of produc
tion hierarchies (higbest to lceest) (j, p. 144)t 

For Acre ?er FourA Per IM alories 

I yas I rice 1 yw
 
2 eet potatoes a millet 2 rice
 

cocoyama 3srhm3Mlillet 
c ssie sortws 

5 rice 5 Yam 5 cocavans 
6 sorous 6 cocayass 6 miss 
7 noise 7 sweet potatoes 7 sweet potatoes 
a millet 8 cassava 6 ceassvs 

Preet and Potentfal Yie14 

Data on yields of food crops for mnr tropical countries are highly 
variable, depending upon a multitude of factors. Ibperiantal yields 
are often far beyond those obtained by f rmers, and even fsrners' yields 
very greatly duo to location, climatep cultural practices, crop variety, 
and the method used to determine yields. 

http:follo.in


To obtain an overall estimation of yield potential of the cereals 
and root cropas the average world production figuros of these tropical 

obtained from the FAO Production Tearbooks. DeVries bacrops can be 
used the 2963 TAO production ftpres, based on three-year averages, to 
compare the yields of various tropical ataples (6, pp. 941.48). In 
order to inke the yields comparable, they were expressed in calories per 
unit, of land area per period of vegetation (Table 1). As wmntioned above, 
yield dote for tropical food crops are highly variable, and it is fros 
such date that the averajg world production figures are obtained for the 

aretropical staples, Therefore, the value of the estimates in Toblo 1 
observed. Furthermore,liwited, and only very genral trends shoull be 

the period of vegetation can also shoy considerable variation depending 
upon the variety of a particular crop used. The vegetative period data 
used in Table I are the average periods to matur.ty, 

Despite the limitations nontioned, deVries notes some iUportant 
trends ( P 2,1 

The Root crops produce such more bulk than the grain@ 
(col. 1) but mainly because of their high water content, their 
eneretie food value (cal. 2) mounts to approximately 30% of 
the grain crops per unit of weight. If the differences in per
cer.tege edible (col. 3) are incorporated, the differences in 
calorie production per unit of surface area appear to be smaller 
(col, 4). This tendency is even stronger aOWr incorporation 
of th averap period of vegtation (col. 5)1 the crop now tend 
to wor or less the same level of production (col. 6). 

The potato has been included because it is also pvn in subtropical 
regli.s and mountainom tropical regions. Its world pratuction Is an 
average 11.1 tons per bectare or 7",OOO keel. per ectar,, per day of 
vegetation, which is such higher than any other crop (6, p.. 242). How
ever, these high world average figures reflect the very :ntonsve culti
vetion of mny temperate regions such as the potato belti of eastern 
kurope. To estimte the average yield of tropical and subtropical regions, 
OLmuonds uses the average yields of Kezya and Jamaica which are incorpo. 
rated Into Table 1 (1). Te sam situation exists with maize, which is 

grown Litensively inthe corn belt of Nerth America. Should the produc

tion only of developing countries be considered, the average production 
for maise would not be as high as the JAO figures indicate but more close 
to 1.4 tons per hectare or 37,00 keal, per hectare per day, which is 
sinilar to the figures for wheat and rice (, p. 243). 

Takln into account the above considerations, we see that the root 
crops as a whole tend to ave a higher level of production than the cereals 
taken as a whole (42 X 10 vs. 32 X 103 keal. per hectare per day). 

http:matur.ty
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TA5L3 1. AV G WORLD PRODUCTION OF A NU44BR O TROPICAL 9TAPLZS*
 

Crop Tons/ha. Cal/100g 	 Slible Cal/h 3 . Period Cal/ha
portin x 10 of Vei- day

etation x 10' 

(1) (2) () (4) (5) (6) 

(percent) (dy) 

Rio 2.0 352 70 5.0 150 33 

wbhat 1.2 %4.1 100 4.1 120 34 

oawse 2.1(1.4)00 363 100 7.6 135 561(Y) * 

Sorghmu 1.0 355 90 3.2 135 214 

cassave 9.1 153 8 1.1.6 3" 35 

Seet potsto 6.5 111 88 6.5 135 48 

TM 8.0 101. 85 7.1 280 25 

0 46Oolooaais 5.8 113 85 5.5 


Potato 11.(10.0)" 70 8o 5.6 120 75(147)"
 

* C. A. 4dVric, J. D. rerveran, 	and 11.Finch, "Choice of Food Crops 
In Relation to nctunl nni Potentinl Production in the Tropic," ;th' J. 

Agri. O3c., V3l. 15, 1967. 

in ce ]nrje nnd efficient pro*0 F.Ptimnt-ts f,-r tropical conittiona 
mro in temperstm regiona nnd conviderablyduction of maize nnd pitnto 

lower yields ore obtained in the 	tropics.
 



In considering the future potential of the various tropical root 
and cereal crops, it would seem advisable to consider potential crop

Improvement through breeding. 
Rice, maize, and wheat have received con
sierable attention in breeding programs while 
the several tropical root
 
crops have received relatively nil. Therefore, to ebtimate the relative
 
potenti41 for yield improvement in the various crops, the maximum yields
 
obtained can be compared vith the world average yields. 
1or the purpose

of estimnating maximum yields, figures were obtained by deVricta from the 
following research organizations:
 

Agricultural Experiment Station, Bogar, Indonesia
 
International Rice Research Institute, Lcs Banos, Mhilippinea

Central Rice Research Institute, Cuttack, India
 
Inatitut Nationale pour l'Etude Agrono;miqqe du Congi. 

Figure I chrnis deVries' fitings with an est mation of potential
Increase in yield still possible through breeding. Since the cereals
 
are generally approaching their potential genetic optimum for yield because
 
Of the extensive breeding work already done an the.mi, the difference between 
their maximum obtained yields and the optimum, potential improvement through
breeding Lre much lean than the difference in most of the tropical root
 
crops which have roceivt relatively little breeing work. Also, the grains
 
are soewhat limited by the size that the heads can attain. As the size
 
of the grain heads increine, a corrempon'Iing Increase in stalk size must
 
also occur to support the increaced head weight. Since, within a fairly
 
narrow range, each plant species can produce only a liited atmount of
 
photosynthate, increased grain yield will curtailedbe genetically by the
 
necessary correaponding partitioning of photomynthate tm the supporting
 
stalk. 
Tit ia not the cae with the root crops which have no need for
 
Increased support of the economic structure of the plant as size is
 
increased through breeding. Taking these considerations into account,
 
Figure 1 shows that the root crops probably have a much greater yield

potential than the cereals and that the root crops are far behind in
 
breading and selection.
 

Mrketing Aspects of Proction 

Transportation
 

The bulhi~ean of the root crops is a definite disadvantage as com. 
pared to the relative com)actness of cereals. However, both crops are 
sufficiently bulky to require a substantial system of bulk transportation
 
to be moved any considerable distance from farm to market. 
The peasant

farmer's task often involves getting his produce to one of the small local
 
markets to be sold by hirself or disposed of to other salesmen. If roads
 
are sufficient, middlemen or Jobbers often follow a route among many

farmers or collection points where they gather the peasants' produce in
 
hopes of selling it in some distant urban market. 
 If such an organized
 
transport system exists, the burden of transportation is greatly reduced
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CEING AND ANA 

CAL/L PENtNA. 

DAY OF VEGETATION 1 O
 

600 3 

I vv vII 1 AL 

v EDISLE 

-I ! I F OR 
BREEDING 

/A\ I*VV ' A V I' l OBTAINED 
200 £ 3AXIMINM 

100 

~ L=bI F1MMII1Mr 

WkEAT RIC( KAIZZ SORGwm SWEET CASSAVA TAM COLOCASIA 8ASSAMA 
POTATO 

GRAIN CROPS IROOT CROPS FRUIT CROPS
I I 
I I 

Soarc: C. A. deVrieI, J. D. Ferwerda, and F. Flach, "Choice of Food Crops In Relation to Actual eam
 
Ptentiaux cticn in the Tropics," Neth. J. ANric. Sci., Vol. 15, 1967.
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The Jobbers often travel considerable
for the individual peasant farmer. 

distances, as shovn by Poleman's study of Ghana's food economy (8,pp. 167-


He shcs that the demand of the Accra market exerts a pull upon
169). 

sources of staple crops far beyond the Coastal Savanna. About 55 percent
 

of the tonnage of the major staples (maize, cassaa, and plantain) 
arrive
 

from areas over 50 miles from Accra, and about 30 percent travels 
more
 

(8, p. 169). Bulky fresh cassava and dried cassava
than 100 miles or more 

products were shown to move considerable distances, more than might be 

root crops. but such transportation of the bulkyexpected for such bulky 
farmer can get his crop

root crops requires a system by which the peasant 

tn one of the trucking Jobbers. 

of Nevir in the West Indies is an example of where suchThe island 
About 90 percent of the island's root crops are a syrtem Is lacking. 

grown by peasant farmers who usually cultivate less than three-fourths 

Of an acre of rout cropr at any one time, despite a potentially rapid 
from the growing local and Caribbean tourist industry.

increase in demand 
The reason for the lack of irncreazed prr'duction is the inability of the 

majority of the peasants to get their root crops over the muntainous 

the rie major public hgpYway where government trucks provideterrain to 

for transport t, market (9, pp. 4'-52).
 

Processing of the root crops into various dried forms greatly reduces
 

their bulk and increases storing ability, making them more competitive
 

with the less burdensome dried cereals.
 

Processing and storage 

In general, the root crops have a relatively inferior storage ability 

For this reason their supply often fluctucompared to the small grains. 
The grains, on the other hand, are
 ates tremendously with the seasons. 


easily dried and almost immediately ready for storage right after harvest. 

The grains encounter a different type of storage loss than the root crops. 

They are often heavily infested with insects and rodents which inflict 

tremendous losses, while the major storage losses for the root crops 
involve
 

premature sprouting, andweight loss through renpiration and metabolism, 
fungal and bacterial rots.
 

It has been estimated that if losses in stored grains were eliminated,
 

there would be saved a quantity of carbohydrates sufficient to feed 250
 
In the tropics, losses are often
million people each year (10, p. 197). 


stored in the farmers'
particularly severe, because most of the grains are 


own granaries consisting of dried earthen bins or padded underground pits.
 

Increased rainfall and high humidities significantly are correlated 
with
 

increased losses, and it is in the high moisture regions of Western Central
 

Africa where the root crops give the grains their greatest competition.
 

Although the cereals are usually stored only for the period between har

vesta, properly stored grains occasionally are held several years. How

ever, losses generally increase with length of time in storage.
 



Considerable effort has been made to try to increase the storage 
life of the root crops. Above ground storage life varies with condi
tions but are generally a matter of days for the vulnerable sweet potato 
and fresh cassevn to several months for the hardier yam. Under dry, 
well-ventilated conditions, yans can occasionally be stored from harvest 
to harvest (2, p. 115). 

Yams can also be stored very effectively by leaving the crop in the
 
soil until needed. Although this increases the cost of harvest for yams,
 
it has proven n very effective means of storage for cassava. Cassava
 
roots can be nu0rcesr:fully left in the gr-und for approximately two years
 
without loss in quality (0, P. 108).
 

Without refrigeration, cocoyams store only a week or two under most
 
tropical conditions, but If they are dried, they store satisfactorily
 
at room temperature for conriderable periods (i., p. 267).
 

Drying and processing of the root crops greatly increase their com
petitive storing ability t-ith those of the cereals. Cassava can be
 
chipped and sun dried, increasing storage iife up to 3 to 6 months (12,
 
p. 141). These can easily be ground into flour, also with good storing
 
quality. Gari consists of fermented cassava gratings which form a granular
 
meal that compares favornbly with the cereals as a transportable and
 
storable product. The same is true for the slightly more bulky "kokonte"
 
or dried sliced roots.
 

Despite the high demand for yam in the fresh state, yam flour and
 
flakes have been tested and show considerable promise in storage ability
 
(13, p. 85). Cocoyam flour and a fermented mash called "poi" are pro
cessed products aiding in storability. Converting sweet potato into flour
 
not only increases storage life but has been shown to be a satisfactory
 
substitute for wheat flour at a rate of 15 percent in bread and 20 to 30
 
percent in pastries (14, pp 115-125).
 

Although the grains have a definite storage superiority over the
 
root crops, processing of the root crops greatly increases their storage
 
quality, and with further research, the differences in storage ability
 
may be reduced considerably.
 

IV. Aspects of Demand
 

Consumer Preferences and Relative Prices
 

Consumer preference is an essential aspect of demand for the staples,
 
but many factors come into play to determine which staple crop a certain
 
people will prefer. Although price relationships are important, various
 
social, cultural, and traditional factors also can greatly influence
 
demand. The Central West African countries of Ghana and Nigeria are a
 
fine example of this. In this region, yams were virtually the only staple
 



crop-before the 4introduction of cassaya., corn, and cocoyam from the
 
Americas and Asla., Yams have assumed, through time, a very significant
 

,.role in the. cutural and traditional'life of the people in the rural
 
areas, and are usually preferredabove all other staples despite the
 
,,relative high cost (15, pp. 80-81).
 

The importance of yams in the food preferences of the people of
 
Ghana,and Nigeria can be seen from the following data showing the rela

° tive,price ratios of yams to other major calorie sources (15, p. 81):
 

Area ,-Price Ratios per Unit Caloric Value
 
Yam/Cassava Yam/Maize Yam/Rice 

Ghana 1:1.7-3.8 1:3.0-5.5 1:1.0-1.9 

-Nigeria
East 1:3.2-5.3 1:2.6-3.2 1:1.1-1.6 
West 1:3.0-4.8 1:1.8-3.3 1:1.1-1.6 
North (Kabba.,rovince) 1:2.2 1:2.5 1:0.7 

:The above ratios indicate a strong preference for yams,' since rela
tively high prices are paid for this crop and large quantities are con
sumed. Most of the data were obtained from urban and semiurban districts,
 
and if the figures for prices from small rural markets were included, the
 
ratios would probably be higher than those above. Rice compares most
 
favorably with the yam, but because of the restrictions and limitations
 
that most peasant farmers in Ghana and Nigeria would face in trying to
 
grow rice, yam production would seem more favorable from demand considera
•tions.
 

A gradual displacement of yam by cassava is beginning to occur in
 
some regions as the trend toward urbanization increases and the growing
 

,.urban proletariat (often at a low wage scale) seeks easily prepared,
 
inexpensive food (15, p. 81). In some rural areas yams are an almost
 
universal food despite their cost, but in the large towns of Western
 
Africa it is becoming known as a "rich man's food."
 

Relative prices can give some objective information indicating con
sumer preference. To obtain price data on a very broad basis, I used
 
the average community prices as quoted by the U.S.D.A. Economic Research
 
Indices of Agricultural Production for Africa and the Near East and for
 
the Western Hemisphere (16; 17). The price averages quoted were the
 
average prices received by farmers for the period 1961-1965 and were
 
expressed in dollars per metric ton. Because of the large weight dif
ferences between the root crops and the cereals, the relative prices
 
would be much more meaningful if expressed in price per unit caloric
 
value. Besides, when a consumer purchases a staple food, he is buying
 
it for its food value (calories) and not for its sheer mass. For this
 
reason, I converted the U.S.D.A. figures to price per 1000 calories based
 
on the caloric values stated in Table 1. The only exception is the
 
caloric value for millet which I obtained from Johnston (3, p. 160).
 
Table 2 lists the prices per 1000 calories for the major staples of Ghana,
 



TABLE 2. AVERAGE PRICES OF VARIOUS MAPLES RECEIVED By pArS 
2;PE1961-1965, RANKED IN ORDER OF PRICE PER 1000 CALORIES 

Country Crop Price per Price per 
Metric ton 1000 Calories 

(u.s. dollars) (U.S. dollars) 

'OGhana, Yam ,73 070 
Rice 149 .042 
Cocoyam 46 .0 
Millet 131 .038 
Sorghum 130 .037 
Maize 87 .024 
Cassava 357 .024 

.Nigeria. Yam 	 '61 0• -Cocoyam 50 :0O4 
Rice '43 .029 
Millet 70 .020 
Sorghun 	 70 .020
 
Cassava 29 .019 
Maize ,53 .015 

Jamaica 	 Potato .121 
Yam & Sweet Potato 60 .055 
Cassava 70 .046 
Rice 	 130 .03
 ,.,. ,:Corn.	 .. 6565 . 1 

Trinidad 	 yam & Sweet Potato,8 .01 
Cassava 64 A.i 

"Dominican " 	 " 
R66116i 	 'Potato0 59 08 

Sweet Potato. 55' -.014& 
Rice' "060 046 
Cassava 42 .027 
Maize .760,7 

-U. S. Dept. of Agr., Econ. Res..Ser., Indices of Agricultural
Production in Africa.and the Near East, (For. Agr. Econ. Rept. 265),
1971. 	 I 

U. S. Dept. of Agr., Econ. Res. Ser., Indices of Agricultural 
Production for the-Western Hemisphere. (For. Agr. Econ. Rept. 264), 
1971. 



Nigeria, Dominican Republic, Jamaica, and Trinidad. Aside from the inherent
 
errors of the data, the price relationships show something of the prices
 
consumers are willing to pay for the various staples. 
 This gives us an
 
indication of consumer preference with certain limitations relative to the
 
quantity consumed. We see for Jamaica and the Dominican Republic that the
 
Irish potato draws a very high price relative to the other staples, how
ever, the qualities consumed are relatively small. Thus we must not over
emphasize the present consumer demand by the present price. 
 In contrast
 
to the potato, the yam in Ghana and Nigeria also commands a high price but
 
is also consumed in large quantities, thus indicating a strong present con
sumer preference. The high Irish potato prices received by farmers in
 
Jamaica and the Dominican Republic, do, however, indicate a potentially
 
favorable crop for increased peasant production.
 

We can see from Table 2 that in Ghana and Nigeria maize, cassava,
 
milletand sorghum consistently are the lower cost staples while yam,
 
cocoyam, and rice command higher prices. 
 In Jamaica and Trinidad, corn,
 
cassava, and rice generally tend to have lower prices than potatoes, sweet
 
potatoes and yams. In the Dominican Republic the same hierarchy is true
 
with the exception of rice commanding a relatively high price. The dif
ference lies in the fact that the Dominican Republic is attempting to be
 
seif-sufficient in its rice production while Jamaica and Trinidad import

considerable quantities frcm their commonwealth neighbor, Guyana, at rela
tively low cost. The Dominican Republic's rice production probably is not
 
as 
efficient as that of Guyana where the extensive, well-irrigated, low
lands are excellent for rice production, and also the government of Dominican
 
Republic has placed price supports on rice production causing higher prices

(18,'P. 15).
 

Elasticities of Demand
 

Income elasticities of demand as listed in the FAO Agricultural Com
modity Projections are useful in indicating a general relationship between
 
per capita quantity consumption of various commodities with corresponding
 
one percent increase in income. These data are not only useful in demand
 
projections, but give a general indication of consumer preference for parti
cular commodities as the means of purchasing them increase. 
Data from the
 
FAO commodity projections for 1975 and 1985 for Jamaica, Trinidad, and
 
Nigeria are listed below, giving inccme elasticities of demand for several
 
of the starchy staples (19, pp. 79, 80, 90):
 

Commodity Jamaica Trinidad Nigeria
 

Wheat 0.3 0.2 1.1 
Rice 0.4 0.2 0.6 
Coarse grains 0.3 0.0 0.4
 
Starchy roots 0.2 0.1 0,2_ 



Although the starchy roots probably have considerable variability

in their demand elasticities, they are bulked under a single grouping.

Despite this, the general trend is clear, that. in these three countries
 
the root crops tend to have a lower income elasticity of demand. There
fore, as 
income increases in these countries, per capita consuziption of
 
the root crops Increases less than that of the cereals. 
 This is a well
 
established general tendency in most developitg countries.
 

Future Demand
 

Although per capita demand for the ntarchy root crops and the cereals
 
are important considerations, possibly more important for production plan
ning are considerations of total derainl for particular crops. 
 Total demand,

a function of population and income gr.-wth, will be an Important factor 
in determining which crops are to be rccomaended for production in rural
development. With growing incomes, the future demand for the cereals would
 
tend to increase more than the root crops. 
 but populations are also expected

to continue to rise in West Africa ani most of the Caribbean islands with a

corresponding rapid growth of urban centers. 
 The increase in total popula
tion with proportionately fewer people remaining in the rural sectors will
 
place an increasing burden on the peasant farmer to produce more food. 
He
 
must not only increase production to meet the demand from population groth,
but also to meet the growing demand of an ever expanding, nnnfoo.d-producing

urban sector. Previously, we have noted that the root crops are better

able to meet the needs of the peasant farner for a crop that yields well
 
with relatively few inputs, and also meets the needs of the low income
 
classes for an inexpensive source of calories. 
Rapid urban gr.owth in the

developing world is not generally producing a new middle class with its
 
increased demand for the more desirable (higher income elasticity) foods,

but instead are harboring a growing mass of low income groups, who place

high demand on inexpensive calorie sources.
 

Poleman's study of Ghana's food economy substantiates the importance

of the inexpensive root crops in the diet of the boomintg city of Accra and
 
other urban centers (8). 
 It would seem that, despite the general preference

for cereal staples over root crops, the situation of the urban centers would
 
indicate a large.demand for the root crops for some time into the future.
 

Several developments in root crop processing may also play an important

role in their future demand. Baked goods made from wheat flour are a staple

food in many of the tropical developing countries. Since wheat is a tem
perate crop, wheat imports are often very high for these countries, placing

a large strain on their foreign exchange. Sweet potato flour has been

shown to be satisfactory as a wheat flour substitute at 
a rate of 15 percent

in bread and 20-30 percent in pastries (14, pp. 115-125). Implementing

findings such as this may greatly increase demand for domestically produced

root crops as well as reduce loss in foreign exchange.
 



Also worth mentioning are the potentials for cassavas animal feed 
both for domestic production and even as an export product. The European 
Economic Comnity is importing large quantities of cassava as a raw 
material for compound animal feeds. The total import value of cassava 
into the EEC in 1966 was 57.5 million and is expected to increase (20, 
P.9).
 

As a feed, cassava roots are low in protein, but the leaves contain
 
as much as 30 percent protein. The International Center for Tropical
 
Agriculture (CIAT) in Colombia is investigating the incorporation of the
 
leaf protein into an overall, complete fned with the roots supplying the
 
main bulk. Developments such as these hold promise for increased demand
 
for some of the root crops.
 

V. Effect of Society in Choice of a StaplSCP 

The choice of food crops chosen and emphasized in rural development
 
will largely influence the success of any program designed to increase
 
rural employment and income and thereby reduce the mass migration to the 
urban areas. We have tried to briefly investigate some of the aspects 
of the various staple crons that would determine their value in rural agri
cultural production. In a recent study at the University of the West 
Indies in Trinidad, the operation of small farmers were shown to be eco
nomically feasible if the proper crops were chosen for production (21).
 
The choice of crops was based on some of the criteria we have investigated
 
thus far. From the data obtained, several hierarchies of the staple crops
 
might be constructed to see an overall comparison among the various staple
 
crops.
 

A cost of production hierarchy can be found on page 5, relating costs 
per acre, per pound, and per 1000 calories. Cost of production per pound 
has.,little direct meaning in comparing thg bulky root crops with the 
lighter grains. Of greater concern for comparison are the cost of pro
duction per acre and the cost per unit of food value (calories). The 
peasant farmer seeks a crop that yields well on relatively'small land area 
per unit of time of growing season (1:cal./ha. per day). At the same time 
this cost of production must be low (cost/lO00 calories). Below are the 
cost of production hierarchy for the cost of production per 1000 calories 
as reported on page 5 and a hierarchy for average production in the tropics 
in terms of calories per hectare per day from the data in Table 1: 

Cost/lO00 calories Kilocalories/hectare/day

(lowest to highest (highest to lowest) 

1 cassava 1 sweet potato 
2 sweet potato 2 Iriqh potato 
3 maize 3 cocoyam 
4 cocoyam 4 maize
 
5 sorghum 5 cassava 
6 millet 6 rice
 
7 rice 7 yams
 
8 yams 8 sorghum
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Since the peasant farmer in seeking high yielding crops with low 
costs of production, the crops on the upper range of the two hierarchies 
would be most suitable based on the above criteria. The most favorable 
Crops appear to be sweet potatoes, cor rjams, maize, and cassava. The 
relatively high cost of production and lower yields make sorghum, rice, 
and yams less favorable. 

Now that we have determined which ,rops gernerally will yield best 
and cost less to produce, let us investigate what prices the 1'armera can 

receive, and thus get a feeling for which are the better Income producing 
crops. Thin factor will be influenced by many circumntnnces including 
the region which we investigate. If'we refer to Table 2 (page 13), we 
see that in Ghana and Nigeria, yams, rice, and cocoyams bring the higher 
prices per 1000 calories and cassava and maize, the lowest prices. With 
the exception of cocoya-s, the crops which yield best ard re least costly
 
to produce bring a lower price to the farir.er. Therefore, in toe Ghana 
and Nigeria situation n:) clear and obvious "most favorable" group of 
staple crops can be recomriended for peasant prcduction as opposed to a 
"less favorable" group in terms of pea-arnt income improvement. ;ore 
information would be required of the particular soil, climatic, Fnd local 
marketing factors before ay recom endations could be -ade. 

In the Went Indian rituation, an shown by the datn for Jamaica and 
Trinidad, the situation is different. Here yams, sweet potatoes, and 

cassava cormmnd better prices for the 'arr.er than do corn or rice (Table 

2). But even here we see differences due to location and other factors 
such as price supports. Prices per 10O calories are hiegher for rice in 

Dominican Rerablic than for cassava, probably due to price rupporte issued 

by the government. 

The varied situation between that found In Central West Africa and 

that of the West Indies indicates the importance of Investigating the 
many factors involved in any one region before drawing any conclusions 

as to which is best suited for increasing peasant incomes.
 

Should the root crops generally be seen as a more favorable choice
 
in any particular region, I would nossibly foresee criticism based on
 

their low protein composition. It is true that the grains contain 7-11
 

percent protein per 1CO grains edible proportion as compared to only 0.4
2.8 percent for the root crops. But determination of food quality should
 

be done with calories, not weight, as the base, especially in comparing
 
crops with such divergent moisture contents as the grain and root crops.
 
Where this is done, protein composition differences are considerably
 
smaller. Table 3 lists the various crops in order of their ability to
 

produce protein efficiently, but also lists their protein content per
 

100 calories. Except for cassava and some sweet potato varieties, the
 

root crops compete favorably with the cereals. When protein quality is
 
taken into account, differences become even less distinct.
 

http:farir.er


CALA 3. PIMXIN PROXCTION EFFICIENC AM4D O5IITION O THR
 
VARIOUS TROPICAL STAPLES, ANKED IN ORDER or Pm mEIN
 

PRODMTION EFICIENCY
 

Crop Protein Protein Utilizable 
per per Protein 

100 cal. ha./day 

( ams) (grams) (percent) 

Potato (world) 2.5 1875 5.9 

Potato (tropical) 2.5 1225 5.9 

Metize (world) 2.8 1568 4.7 

Maize (tropical) 2.8 I036 14.7 

Wheat 3.2 1088 5.9 

Colocasia 1.8 828 

Sorghum 2.9 696 

Rice 2.0 600 4 

Yams 1.9 45 . 

Sweet Potato 0.35-2.5 192-1200 

Cassava 04. 161 0.9
 

Sources:
 

0. A. deVries, J. D. Ferwerda, and M. Flach, "Choice of Food Crops 
in Relation to Actual and Potential Production of the Tropics," Neth, J. 
Agrio, Sci, , Vol. 15, 1967. 

D. 0. Coursey and P. H. Haynes, "Root Crops and Their Potential as
 
Food in the Tropics," World Crops. July-August 1970. 
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VI. Conclusion
 

Keeping in mind the general and variable nature of much of the data
 
upon which conclusions were drawn, we have observed several important
 
points in relation to choosingbetween staples for tropical peasant agri
cultural development. We have seen that the root crops tend to have
 
slightly higher caloric yields per unit area per unit of time, and that
 
the genetical potential rtill untapped through breeding ismuch higher
 
in root crops than inthe cereals. With few exceptions, the root crops
 
have lower costs of production than most of the cereals, but the importance 
of thin is largely related to the faripers' returns which, as we have seen, 
vary with the -egion under study. 

Should incomes be expected to rise in a developing country, root 
crops would tend to be less preferred over most cereals. Put the increase
 

of urban centers perpetuates considerable demand for the generally low
 

cost root crops.
 

In terms of storage and transportation, the cereals are far superior.
 

Attempts at reducing the bulkiness of root crops and increasing their
 
storage ability by processing and drying increase their competition wh..*h
 

the cereals.
 

Although the cereals have been claimed as being better sources of
 

protein, the differences are greatly reduced if we view protein composi

tion in terms of calories and not weight.
 

In very general terms, the root crops appear to be superior to the
 

cereals in terms of cost of production and yielding ability, and the
 

latter seems to have considerable room for improvement. Protein defi

ciencies between the two staple crop grouos are not as great as previously
 

stressed. Finallyan breeding programs for the tropical root crops are
 

initiated and expanded, I would recommend that they be accompanied by
 

research on storability and processing. It seems imperative that the
 

tropical root and tuber crops be given considerably more emphasis on
 

present tropical agricultural development schemes than is presently being
 

done.
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