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GEUERlI.L ASPECTS O!l PRODUCTION COSTS 

Imo:1rtancp. 

Planning and control are the most important functions in 
ad",inistrnti on b!'cause deciaion m;Jking is d')ne through thero; in the 
or'lductive DrOC.~8S. Cost accounting 11'1 a fundamental tool to exert 
¡h::>s<, functions aad ,,.¡itbin them the relative production costs. Thcsl'! 
r~f2r to ~xpenditur~s caused wben usiog gonds and services duriog the 
yrocess of ~roductioo in a given period of time. 

Iomeasur1ng tbe economíc results of a crop, cattle or forest 
"xplrn::;¡tions prodllction costs are tbe starting poiot. However, for 
this type of bus; oc,,!>, e~ ecia11y fami ly type, record k"epiog aod 
p.valuation of resulta 1s somewhat diff!.cult. Tbis ls due to the fact 
that farmera do n~t keep precise records. the existeoce of mixed 
ex?loitati -:>n CaU5l'!S eombined costs, the pro?ortion oí f.íxed costs i s 
h1gh, yields vary at every period, there exists a dp.liberate undar or 
over-estirnulation of costs 3.nd a gre"t variability in technology, 
erop managenmnt, adinL,i stratiO!l 'h1bility. efficiency levels, etc. 

Beca!l.~e o[ th~ ahove reasollS 1t is diffleult to generaliza about 
productioll C3St::S ."",,, ii expl.~itati(los ar" elassified by sizes, IIse 
of a cert3.in teehnology, type of soils and other relevant factors. 
This is why in 3. giveo e"ploit"t100 the only real costs ar .. th",;e 
which bave alr""dy occurred, whi le budgeted or estimated costs "re 
always subject tú ri~k of c~nsiderable variation due to controlable 
or incontr:>lablf! Cactors. In spite nf the goverrunents, finnanci ng 
aod marketIng iostltution3, among "thers, nced to establish c"rtain 
average productior¡ c'osts, to serve as guides for credit pol1cles or 
lO determine 1iustentation pricp.s which ,~ill guarantee a minimu,'n 
?rofit, to haodl" input avallability or 8imply to measure gro~s incoroe. 
Certaln m"dels exist, which may give close idea on the producUon costs. 

~le m,r:ntinr:0d h('f':)¡'f: th.ljt thr b;~;;is for eV-'.lluation nnd control of 
the bllSLi.0-sS" t:n(1(';rllC' grf":i3tc: 1y in th.(~ productio!1 costs, bt?c;J.usC' they 
are the result of rnultiplying a labor in ",hieh certain quantiti8s of 
goods and servicps are used, by a given price. 

* Superintendent: Carimagua Experimental Station. 
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Tbis factorization gives production costs more relevanc~ and a 
more universal usefullness because, even if l'rices vary from place t>r 
from time to time, parameters or leveIs of use are indeed subject of 
analysis snd comparison for planning nnd control. 

Uses of product! on ct>sts 

If we accept costs as sacrifice b~cause they represent money and! 
or products which must be paid in exchange for a servfce or good, we 
can take them as a measure in the traditional way. If we a1so accept 
them as those expenditures which participate somehow in the production 
process and the invcstment of which ls done hopping they will bring 
benefits, we can think in the inmediate profit which they may give, 
alloWing us to measure the e~tent of profit obtained. 

The reason for their existanee i8 the aid they represent to the 
management to perform a better task in the handling of the business. 
Thelr most important aspects can be sllmmarfzt!d as fol1ows : 

They a110w the establishment nf the eeonomieal performance of 
the enterprise. 

To measure the profit obtained from the money and goods invested 
in the farm. 

To know the use given te eaeh of the available resources. 

To know the credit eapacity of the enterprise. 

T,> determine different alternatives !Jf l'roduction. 

To seleet technology levels for adoption. 

To determine different lovestment alternat1ves. 

To elaborate budgets and to determine flux of cash. 

Seen from another point of view, oroduction costs are used in 
administration to evaluate inventaries, to "Isnning Bnd control the 
enterpriRe and priee fjxation. This meBns that with the knowledge of 
production costs it i5 possible to , 

8. quantify the availability of products as harvested and non 
barvested prod~ts~ 

b. to plan by use of selection nf ,objeetives and means to aehieve 
them. in a predictabIe way. 

c. mantain control by observing the behavior of the l'roduetion 
factQrs, to determine the extent to wbieh things are c.-ing out as 
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planned, and 

d) given t:he product: a price equi.valent to the producti on costs 
plus a profit wísh alJow us more security when acttog in the market. 

Rec~~ndations for the estimation oí production costs 

Considering the importance and the utilizatíon of production costa. 
as referred abov~, lt t8 convenient to c~nsidere sorne guides in 
arriving to an estimate as clase aS possible to reality. 

It frequently happens that costs, do not represent reallty for 
several reasons: first because they are no!: considered wholly and 
""cond because there is lack of criterion to d!ffer fixed costs to the 
different productive periads, applying to each one of them their 
correspondíng share of costo 

On the other hand, sorne costs are estimated in a subjective or 
imprecise form because of a lacK of records or a defíicient utili?atlon 
of them. Records produce formation on hand labor, amounts oí inputs 
used, income and expenses, use of machinery, equipment, irrigatlon, 
etc. \.¡ith the efficient use of record~ we tend to minimize the error 
tlhen '\ite estimate production costs. 

~mny agricultural enterpris~s, work with several lines; in other 
words they pIant more than ane eral'. This implies the existancc of 
sorne relatad prod"ct~.on costs which makes the analysis of l'rofits for 
each crop, more difficult. Te avoid this, ir is recommendable to 
separa te them in the proportion they are utilízed in each eral' giving, 
!:hat those. len profitable "lean" on those which are more profitable. 

It 15 also usefull to observe, and analize the use given to each 
one of the produetion factors and the resmlrces used, separately; 
in this way efficiency levals and diffieulties may be known and the 
proper adjustments may be carried out. 

When production costs are considered at farro level, speeiaily 
medium and s~ll farmera, a distortion relative to family-hand labor, 
frequently occura, because it js not quantified 1n spite of being a 
normal costo 

Something similar happens with, tnat part of the produce consu\ned 
or enjoyed by the fami1y, which must be considered as a CO!lIIIlon ihc'lUle 
which must be kept in·mind. 

Tynes of nroduct10n costs 

In revising the literature ·related with these topies, we find a 
~ide range of terms which refer to different types of coste such as, 
inactivity éosts, control1able, uncontrollable. explieit and implicit, 
differential, avoidable. exoired, nonexpired and many more whleh, 
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even thougll litt!e mentioned, are explicable to agricultural 
admínistration. Tbe reasen they are littl" used in this field is the 
different conditíons surrounding the production process at farm level. 
When certain cDnditions can be control1ed in industrial production, 
the costs bellave in a different way, without thia meaning that in 
other type of industries, no considerable variability exits in costs, 
such aS happens in the agri-business. 

We will mentian the most useful1 and the most frequently utilized 
production costs in agricultural enterprises 

a) Fixed costs 

Fixed costs are those costs which have no relationship with the 
volume af productjon. !bey will not vary if the production increases 
a few kg or decreases a number of kgs. They reffer to a given periad 
and to a given fluctuation, cal1ed "proper fluctuation". This means 
that fixed costs can de crease substantially if the levels of activ1ty 
decrease radically. 

!be most important fixed costs are 

Rent paid far land 
Interest for martgage 
Taxes on fixed capital (land) 
Redeeming of mortgages 
~~intaining fixed capital 
Opening and maintenance of irrigation and drainage ditches 
Insurance for fixed capital. 

b) Variable costs 

Variable Casts are those which fluctuate within the total in direct 
propartion to the changes in volume of production such es: 

Land preparation 
Planting 
Cultivating 
Application af fertilizers 
Application of insecticides 
Application of herbicides 
Manual harvesting 
Nechanized harvesting 
Internal trsnsport 
Weeding of ground and irrigatian and dreinage ditches 
Irrigatían 
Transplant 
Seed 

" Fuel 
Machinery repairs 
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Fertilizers 
Insecticides 
Herbicidas 
Transporta ti on 
PlIcking, bnxes, (materials) 
Interest on rent 
Interest on credits 
Redeeming of credits 
Rental of machinery 
Rental oí working animals 
Transportation within the íarm 
Insurance and reserves for unforseen 

c) Total and unitary costs 

They represent the sum oí variable plus fixed costs, all which 
are involved in production. The unitary cost la calculated by dividíng 
che total cosr by sorne unit bases. Thls basis must be the statístical 
production element, llke tons, hectares, etc. This proccdure ls 
usefull for pIanoing snd control effects. 

d) Opportunity costs 

Opp:>rtunity cosrs reffe,r to the ioc-ome not percelved due to the 
dec1eion oí utilizing the available resources in a certain eral' instead 
of another activity. It ls a great aid in decision making because it 
covera different investment alter~tives. 

In other words it means resigning to some benafit because resources 
are dedicated to a certain aetlvity. 

e) Disbursable costs 

Disbursable costs are the most important for the farmer. They 
reffer to negotiationS" in essh in the buying of goods or services 
spplicsble to the productive procesS' 

In the case oí subsistence agriculture the disbursable costs are 
greately reduced since the family labor and the use of cheroical products 
do not cause to many cash expenditures. 

f) ~ot-d}sburs8blQ cost~ 

They are oftenIy subestimated because they do not mean a cash 
eK-penditure. 'Frequently they consist of fixed costs like in ,the 
case wheo the owner ls the administrator, or techinical asistance when 
the technician ls the.owner. family labor. depreciation, etc. 
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g) Direct and Indirect costs 

These are costr, '.,hich are directly or indírcctly affected by the 
crop production. The mest common direct costs are: 

Land preparation (machinery, hand labor) 
Plantíng (secd, hand labor) 
Fertilization (fertilizers, application) 
Insect and disease control (cheroical products, application) 
Weed control (herbicides, hand labor) 
Theft . 
Harvesting (recolection, baga, transport) 

lbe foll~ing among others, are considered indirect costs: 

Lnnd rental 
Technical assistance 
Administratíon 
Interest on capital 

As we have seen, costs, besides being many and variate, may be 
classified in several ways. This causes doubts, sometimes among 
managers, in the placing of a cost under one or another category.· 
especially between fiy.ed and variable costs. 

When ,~e want to totalize costs, categorlzing them ls no problem. 
I1owever, when we w:.nt to make an analysis of ehe cost-volume profit 
relationship, or any other type of financial analysis, which reflecta 
the use of fixed a~d variable fectore for control and evaluation, then 
it makes sense to try to claasify them carefully. 

StMlARY 

Administration relies a good portion of its functions in the. data 
obtained from productlon costs. With them it ls possible to carry out 
more objectively, actlvities ·like planning, control, decision making, 
snd the efficiency evaluation of s11 the resources intervening in 
production. 

The determination of costs is nat always simpledue to the lack of 
record s , the existence of combined costs especially in mixed enterprises, 
variations, in production, tecñnological level and crop handling. 

Their recollection must be careful snd must reflect the Teal 
s1tuation, wlthout sub or overestimating the costs. It must be kept in 
mind that a good portion of them, even though not disbursable. constitute 
a sacrlfice or opportunity cost that the producer must quantify. 
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Costs have many and variate classifications depending on the purposc 
and the use. rhe most com~n in agro-business are che fixed, varinble, 
opportunity, total and unitary, disbursable and not disbursable, direct 
and indirect costs. 

On1y with reliab1e, complete, and in time information on production 
costs, may the farmer have reliab1e data concerning the develapment al 
his agricultural enterprise and the economical resu1ts al the activity. 
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Julio Ces.::.!' Toro :1 .... ·: 
Ernesto Ccli$ 1~. ~'d: 

Like =7 othor c::op, C~3:¡:::Vo. prcncnt::: critic~l st.:tCes not only from 
the phys1010g1ca1 pOill!: of view but also plo.nt protection and imput 
requ1rements. 

A general pieture oi ~ll poss1blc problens and needs of the erop i5 
des1rable, accordinglY;lith the ¡¡vailable eeonol".1ic reGourees. C'lss'lva 
secd or plant1ns ;,laterial 1s no!: 'ls recd1ly svailable as beans or conl 
seed, aud this 1s the first prob1em encountercd by the farmer WhD 
'I1ishes to p1ant caSSaV'l ror thc first time or tlmt wishes to chang~ 
variety or iucreese the erop arca. 

The epace chat cassav'l stakes or cuttings occupies during 
transportation is <ln important aspecto A 9 ton cap. (25 m3) truck, can 
tra:1sport Ilpproxirnutely 50.000 stal~es 20 cm long an.d 2-3 cm di<4"Jcter, 
if tha meterial is 8ti11 UOleut. i.e. el1tire stem pieces. Xf the 
material is ab:eady cut into 20 cm st¡¡l~cs. it i5 best to pacIt it in 
saekcloth bags oE 500 st;;:l:cs each. In t11is manner the truck capnd,ty 
is increased by 4000 stal:es per eubic (:lO ter , because by eliminating 
useless material the space i5 more afficie"tly exploited. 

"'* clear idee. of CllssC!va p::ocluction cos;;s~ not only in econ6:aic 
terms bul: in tenIS of physi.cal units discri;.linatad by labors, could be 
Il vary usefull tool i::1 the planninz of tbe cassava crop. Thus. the 
néeds for labor. capital and other inputs, as well as their fl~~, are 
kn~1n. 

It i5 important to nntice that e budget for a crop is uscful, but 
i t iR 0';11y 2n 4:pp::-o~ir;'}.:::.tion becauf:c thc condi tions are diffcrent evcn 
f~r thc SRme fiel¿ fron onc c¿:ssnv:;. crop to u:1othe'1:'.. It is 
rCCOtr;r,l:C:1cic~, e!) r:. cc·.~::;('~uenc.:, to acjust thc r)1~orlt)ct.íon costs to eDch 
particular C~!;e an~! k{'·e.r II 10 percent fo! unfoy!;€ca e;.:penscs* 

L"nd prepar;;:tion 15 obvi,ously ¿ifferent, the same as the so11s 
and facilities of,the farmer differ. 

Because the costs can vary as much as from 5000 to 25000 Colombinn 
pesos, it is best to develop a concrete example as the following, of,a 
farmer with 5 ha. in the Cauca State: 

* Agronomist. CIAT 
** Resenrch Ass1stnnt. CI/.T 
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Clinatc a:;d soíl chG.r3cteristics~ 

A. 

13. 

* 

Y.i 5 ~ 5 
% ;!.o .. 3 .. 5 
P 8.0 ppo (Dray 11) 
1: 10.0 1:e/l00 g oi soU 
Gli1.y 10ao 
Average temperature 25°C 
Prccipitation 1.300 QQ 

Topography level with slight slopes 
(:L:!chinery 15 available ror land preparation) 

CASSAVA PIlODUCTION COST 

Itero Unit Price .\mo un t /ha Cost/ha 
Col $ 

Land preparation 
l. l'lowing hour 150 4 600 
2. Disking 

a. First haur 250 1.5 375 
b. Second hour 300 0.5 150 

3. Furrowing 
2 m. distanc" 
a. l·lachine hour 100 1.0 100 
b. Helpers hour 12 1.0 12 

Seed 
l. Cost of the thousand 80 10 800 

seed at the of stakes 
crop site 20 cm. 
(unpieked) long 

2. Fixing and Dnyt::; wages 100 2 200 
pilling or the ma.n/day 
pltlilt materi~l 
¡ .... hiel'. will 
supply 10.000 
5t6.1<es 

3. 25 m3 truel< trip 2000 1/5 400 
(9 t.on)* fee 
200 km 
distanee 

4. Ibree ¡nen t.o trip 420 1/5 84 
load end 
unload the 
truek 

5. SU'Pervisor trip 300 1/5 60 

A 9 ton truck. cooplctc1y 10adad with cassava stems (25 em3) will 
carry a weight of on1y 4 tenso 
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Itcm Unit Pricc Amount/ha· Cost/hu 

Ó. C'.1tting. n:ld Duy' s wa.ges 50 :Lo 150 
pacltinr, of 
20000 stakcs 
(20 cm.) 

7. Sack bq;::: to bag 3 20 60 
pack ,lnd treat 
the stllkes * 

8. Fungicide for gr. 6.4 150 9.60 
seed trcatment 

9. Labor for seed hOl..or/nmu 6.2.5 2.5 15.65 
trcOltocnt 

10. In-farm Bag 5.00 20 100 
transportation 
of the secd 

C. Planting 
l. Haad labor Day's wa¡¡es 50 5 250 
2. Supervisor >"* Day's salary 100 1/2 50 

D. Heed control 
l. Y..annex l\.g. 165 3 495 
2. Uand labo::: Pay's ~mces 50 2.5 125 
3. Use of b;:c1;: Use/ha 20 1 20 

sack spraycr 

E. Heed control hand Day' s \ia¡;eS SO 12 600 
labor (45 days aftar 
planting) :-á 

F. lbrip control after 
60 days 
l. Diostop. litre 200 1/2 100 
2. l:land lcbor Dcy~s wnges 50 2 100 
3. Use oí' back Use/h;¡ 20 1 20 

s.?ck spr~yeJ:' 

G. t1eed control 
(after 75 days; 
hand l¡:bor Day's wages 50 12 600 

'* !he ba¡; costs 6.00 but can be used twice. 

.Wr: 10 workers superviSing may plant 1 ha in 1/2 day 

*'''* C~uld be at 60 days depcndi!l& on rains 
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\-leed control 
(;:::fter 120 days) 

Thrip control 
(after 150 days) 
1. Diostop 
2. Iland labor 
3. Use of sprnycr 

J. ~lced control 
(after 240 dc.~·s) 
I<ith m.:lchete 

K. Uatch=n (after 
6 rnonths) 
(5 ha) 

L. Ant control 
during a11 
growing cycle 
(clordane) 

1I. HarveGt 
l. Pulling * aad 

packing 
2. Facking sacl,s 

(90 Itg each) . 

3. Supervisor for 
pullinS and 
weillhing during 
45 ,h:.ys for the 
bcrvest of 5 ha 

N. Land renta1 

O •. Cost excluding 
harvest: 

P. Interest 187-
(12 months) 

Q. Total for barvest 

Unit Pricc J\mount/ha 

Litre 
Day's wages 
Use/ha 

50 

200 
50 
20 

D~y's uuges 50 

6 months 13.650 
salnry 

l~ 40 

15 

1/2 
3.0 
1. 

10 

1/5 

3 

0.20 20,000 

45-d"Y 
sa1a1:)' 

ha/year 

B.oo 

6,750 

1,COO 

222 

l/5 

1 

Cost/h;::: 

750 

100 
150 

20 

500 

2,730 

120 

4,000 

1,776 

1,350 

1,800 

11 ,646.25 

2,096.32 

7,126.00 

* Each ¡nan pulled and pc.clted 500-700 kg/day. At ¡.In average of 
600 kg/man. 33 m~n/days ere required. 
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Iter.\ 

R. Interest for 
hilrvest C05t 
3% (2 rnonths) 

TOTAL COST 

Unit Price Anount/ha Cost/ha 

213.78 

21,082.35 

SUlllL\Ii.Y Di! l'RODUCTION COSTS 

Item 

1. Land preparntion 
2. Sced 
3.. i:lantinc 
4. Hacd C?"'!t:T.Dl 'u5.th 

prcemerglmt hc¡:~ic5.dc 
5. l~nu~l wccd control 
6. Inscct control 
7. Hatchmnn 
3. lIarvest 
9. LIlnd renta1 
10. Interest 

Tot:.!l 

Cost/ha 

1,237.00 
1»C79 .. 25 

:'OO.OC 

GltO. CO 
2/,50.00 

610.00 
2,730.00 
7,126.00 
1,300.00 
2.310.00 

21.0132.35 
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% of total cost 

5.ü7 
3.91 
1.42 

3.O!, 
11.62 

2.&9 
12.95 
33.00 
8.54 

10.96 

1007. 
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Selling Unit rrice Amount/h.:t Income/ha 

1;g 2.30 20,000 46,000 
V.:tlue oi: che produce! 
h .. 46,000 
Cost/ha 21,082 
Income ~~cluding 7-
profit for 
adninistration und 
technica1 assistnnce 24,918 
20 percent 
adninistration und 
tcchnicul assistance 4,983 

!let incorne/ha 9,935 

cost/benefit relation 11 46,000 2.18 
C 21,082 

l:eep in mind chut thi'l sel: of production cost is related (:0 ::: 
particulur Colombiatl si tuution, and nn.y be uscd as nn exm:tple. lIolVever. 
input costs wi11 differ in diffcrent localities, countries end time. 
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AD}!IN~STR.ATTO:1 CONCEPTS OF CASSAVA CROP PRODUCTION 

Fernando Bernal Nino 

Introduction 

Agricultural activities have envolved and are no longer considered 
exclusively as a family empleymcnt aud subsistence action. becoming a 
competitive labor, handled as an enterprise. 

Any ene who does not handIe his agri-business as an enterprisc risks 
being eIiminated from competition and becoming inefficient. This mcans 
that only the most efíicient compete favorably. maintaining adequate 
levels oí production and profitability. 

Professionals worklng ln production with basic knowledge of 
administration have become necessary thanks to the rapid technological 
development. the scarcity oí food, the increasing production costs, and 
the enterprise concopt oí agri-business. These seem to be the desirable 
characteristics for personnel working in crop production, to channe! 
agricultural technology to an economical optimum. 

Combining these two disciplines under proper conditions, a more 
ratlonal use of scientific knowledge of production factors ls possible, 
to obtain satlsfactory resulta in an enterprise, which. like the 
agricultural one, involves, considerable risks snd investment. 

Scope of Agricultural Administration 

Being the purposc of administration to make the best possible ose 
of physical, human and financial resources, which intervene in the 
productive process, it must necessarily develop the following functions: 

a) Planning 
b) 1-lork organization 
c) Direc tion 
d) Decision making 
e) Integration 
f)' Evaluation and control 

'Whatever the degree 01 development 01 tlle enterprise. the functions 
mentioned, applied to tlle resources, coverlng the preductlon, finantial 
and marketing phases. 

423 



In agricultura! enterpriscs, normally sorne questions arise on 
whose.answers rely the success or failure of the farmer. 

FrOID the analysis of situation such as ",hat: hO\~ much and where. 
to produce; how much aud ha.. to invest, and to ",hom snd how to sell, 
many trascendental answers result in agricultural activity, many of 
them are in the hands of the adm1nistrator. 

Planning of che erops. 

Planning i8 one of the activities in which technique and 
administration must combine in order to: observe the availability of 
resources. formulate objeetives, select alternatives, determine 
technieal coefficients, est1mate prices, costs and incomes and the 
manne~ in which sorne labora sueh as: land p~epa~at10n, selection of 
seed, densities, use of chemieals, hand labor, packing, transpo~t. etc. 
w1l1 be performed. 

Only by the teehnical-admln18trative analysis of the above concepts 
lt 15 possible to make an evaluated ordenat1cn of expenses, 1ncomes and 
lnvestments fo~ a more convenient utllizaticn of physical human and 
finantial ~esources. 

Dimlnution of uneertainty 

Even though cassava competes with comparative advantage in reiation 
with sorne other crops a certain degree of uncertainty st!ll exists 
related to the general performance of the crop and to the final econom!c 
results. Admln1stration of production handless some means whích allow a 
diminishing of uneertainty on the results. In general, the aspects which 
present highe~ degree of uncertainty are: 

a) Production levels 
b) Price behavlou~ 
c) Technological varlationa 
d) Ecolegieal eondltlons 
e) Government regulations 
f) Demand fer the product 
g) Behaviour of production costs 

As may be observed there exist many motives fo~ uncertainty which 
in different degrees affect not only this crop but a1l oí the othera too. 
Ibis means, it ls necessa~ to have a capable, active, and with good 
vision admlnistration whlch i8 able to exeeute and eva tuste results. 

A1so,~ there are roany waya of reducing uncll!~tainty by means of a 
good adminlstration. Planníng p~oduction with certain elastleity~ 
keeping enough eaah available. insurance agninst losses, diversiflcatlon 
oi income sources, buying or selling under contracts snd making prope~ 
declsions by analyzing techn1cal alternatives, roay help to obta1n higber 
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profíts in an eontinuous way, ,,,ith less uncertninty. 

Analysis of the results 

The main goal oi an effieient administration i5 to optimize the 
use of physieal, human and finantial resourees since this represent the 
basis for thp. management oi an agricultural enterprise. To kno<. whether 
this aptimization af resources i5 being aehieved, admini5tration must 
seek information on important aspects such as: 

a) The yields of e4ssava hnrvcsts in order to know the incorne when 
it ls transformed in cash or goods. 

b) 'l'he cost and qual1ty of the goods and services used for the 
production of cassava. 

e) The handling of the credit and interest. 
d) !he governrnent taxes aeeo-ding to regulations oi each country. 
e) The finantial structure of the enterprise. 
f) Depreciation of fixed eosts. 
g) The qua lit Y of the harvested product and the prlees expected for 

lt •. 

With the above information it would be possible to evaluate the 
economical result of a cassava ~ield erop; i.e. measure the yields and 
profits. !he administration must keep in mind that not always the 
maximum profits must be seeked but the highest benefits possible '1ith 
the available resources aud limitations. With this criterion, 1t 15 
possible, under eertain eircunstances, that the administration foeus 
its efforts into maximizing profits or minimiz1ng losses. 

!he analysis of costs and the economical evaluation have such 
importanee that deserve to be treated separately in independent conferences, 
however, it should be mentioned that the main faetors affecting physieal 
and eeonomical results of commercial cassava produetion are: 

a) 
b) 
e) 
d) 
e) 

f) 

Size of the field cropped 
Yield per hectare 
Labor efficiency 
The percentage of "enterprise effort" spent in the erop. 
TIle amount oí hand labor, material and capital used in 
each unit. 
An efficíent marketing. 

Many additional factora exist which condition the physical snd 
economical results of the production. However, sorne of them be long to 
specific conditions and their determination and evalustlon are uuder 
the criterion of the adminístrator. 

".. Record kecping 

Reeords ara the most important \>ork1ng too! of administration bee'lUse 
with them a better objeetiveness 1s obtained in analyz1ng costs, incomes, 

425 



outputs snd tlle efficiencies. 

'fhe manager dedicates a h1gh percentage of his time to this task 
sinee it yields information on personnel, equiproent, expenditures. 
inventaries, debts, etc. AII these records a110" us to measure the 
development of activities in respect to the expected performance. This 
means that with appropriate records it 15 possible to excepe the funetion 
of control. 

When deciding what records to keep froro an agricultura! enterprise 
in general, we must have in mind what do we w1sh to know, what do we 
wish to control or to measure. In othcr words, all the records kept 
'mus t be usab le. 

TIle records are kept in farms designed nccording to the needs and 
circunstances, they must be easy to obtnin, concrete, simple and adequate 
to the eondítions of the enterprise. Otherwise, they ~y result useless 
for tIle determination of important features as: 

a) Finantial status of the exploitation -
b) Information for the elaboration of budgets, taxes, insuranees, 

credits and interest psyments. 
e) Knowledge on the existences of goods ,and services. 
d) Historieal reeords of the farm. 
e) Choosing between alternatives in decision making processe5. 

Work organization 

TIle efficiency of sn entcrprise i8 due greately to the way the work 
itself is organized and this i5 precisely the go~l with all production 
factors. 

The ordering of ,the erop production aetivities in function of time 
and space, inputs and materials required for each activity, the assigning 
of tasks to the available resources, are topies, which have to do with 
organization snd performance of the work. This i5 a (undamental p.lrt of 
the administrator's jobo 

A firat logieal .tel' to üchieve the organization of the job is tohe 
knowletlge icself of the labor" relcvant to the erop. At least the 
fo110..ing labors nlUS t be accomplished to obtain a good cassava crop. 

a) l'reparation of the land 
b) Planting 
e) Replanting 
d) Weeding 
e) Appliclltion of fertil:l.zers 
f) Application of insect1cides 
g) lIarvesting 
h) racking. 
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He muS t kuow be[Ol-chand "hici> inputs wi 11 be necessary. :"11 ieh 
and how much seed, fertilizers, insectieides, tools, will b~ required. 
Next, i t is fundamental to knm·] ,·;hen the different labors "i 11 be done, 
who wi11 perforrn ea eh labor aud che inputs or resourees eaeh one of thcm 
will use. 

Activity chronograms or Gantt programiug, are a great aid because 
tbey provide an integral view oí the productive process. 

Other very usefull rnethods are the C.P.M. (Critical path method) 
and PERT (Program evaluation and review techniques), especially when the 
exploitations are complex due to its aizc, diversification and projéctions. 

S1.1MMARY 

An efficient administratíon of production i8 a determinant factor 
for the achievement of technical and economical objectives. Even though 
cassava is considered as having con1parative advantages over other 
agricultural alternatives, it must be kept in mind that by an adequate 
planning, work organization, evaluatioll and control of the produetive 
proce8S, the unccrtainty of rhese enterprlses may be diminished, and a 
higher profitabiliry may be expected. 

On the other hand, teehnical development of the cassava erop nIOVes 
rapidly tO"\~ards the obtention of high yielding varieties with low input 
levels. Ibis raises hopes of governments and privates who find cassava 
as basLe food in the animal and human diets. Everything whieh guarantees 
the efficiency of produetion faetors at farm level i5 of great importance 
in enhancing the productive package. 

Administration involves risk and uncertainty, production levcls, 
priee behavior8, law regulations, offer and demand, produetion costs 
performance and multidisciplinary capacity. Ibis i5 why, when we speak 
of agricultural administration, we think of the need for professionals 
inagriculture wh1ch act with econornical, social, statistical, and 
mathematical criteria, applying it to the process of cassava produetion. 
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COSTS AND USE OF HlPUTS IN CASSAVA PRODUGrION IiI COL01UlIA: 

Introduction 

A muE}' DESCRII'TlOH 

Rafael O. Díaz 
Per Pinstrup-Andersen 
Rubén Darío Estrada 

Until recently, agricultural scientlsts and public policy 
makers paid little attention to cassava. Hith a growing awareness 
of the importance of the crop as a stable food in tropical countries 
and its potential as a livestock feed, the situation i5 changing. 
Wíthin five years, two international agricultural research institutes 
have cr~ated multidisciplinary cassava research teams (1) SOrne 
national research programa are receiving increased support, and new 
national programs are being created. (2) Prívate industry and 
bankers indicate an increasing interest ln cassava procluction, 
processing and export as profitable investment opportunities and 
sorne governments are becoming aware of.the erop's potential in 
promotíng agricultura1 development and contributing to foreign 
exchange. (3) 

Future demands for dried caSS8va as a livestock feed appear to 
be strong both "ithin and outside producing countries. (4) Ihis 
results partly from increased feed grain prices and partly froro 
cassava's efficiency in producing earbohydrates. 

(l) Centro Internacional de Agricultura Tropical (CIAT), Colombia 
and lnternational Institute for Tropical Agriculture (lIATA). 
Nigeria. 

(2) In additionto publ1c funds trom the producing countries, national 
and international research on eassava is supported by a number of 
agencies such as the International Development Research Centre 
(XDRC), Canada, snd the Offie!? of Development Assistance(ODA), 
Englsad. 

(3) Schemes to expam¡ cassava production lor export and domestic 
livesteck feed are being developed in a number of countries such 
as Indonesia and Nalaysia. 

(4) A recent study by Truman Phlllips indicates strong future demand 
fer dried cassava in Europa ("Cassava Utilization snd Potential 
Narkets". International Development Research Centre, Otta ... a. 
Canada, 1974). Other potentially good markets include Japan. 
Furthermore, the demand for livestock feed is rapidly inereasing 
in most cassava producing countries. 
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To realize the clemand potential, however, casaava yields must 
be focused on tne problems at the farro level. However, because of 
laek of emphasis on the erop in the past, relatively little is 
known about the cassava production process and the relative import
ance oí factors limitinu production and productivíty. 

Therefore, the economista within the CIAT Cassava Program 
decided to emphasize researeh to abtaín data on the produetion 
procesa. TIle analysís reported here briefly describes the cropp
íng systema, resource use and eosts among Colombian eassava 
produeers. Thia report shou1d be considered preliminary. A more 
cnmprehensive study of the produetion procesa and the relativa 
importance of faetors limiting production and productivity is io 
progress. 

After a brief diseussion of the methodology, the sample is 
described. Then a presentation of the results follows and the 
report termlnates with a brief aUIllmal.'y and a diseussion af t.he 
implications for future researeh and publie poliey. 

A set. of tables summarizing the dat.a obtained from the survey 
may be obtained from eIAT. 

NETHODOLOGY AND SAHPLE DESCRIPTION 

Data Colleetion 

On the basia af available seeondarydata. infarmation was 
eolleeted from farmers in 18 depart.ments of Colombia (Figure 1). 
While seeondary data on eassava produetion and area are wesk, the 
selected departroents appear to aecount for approximately 92 pereent. 
of the national production and 80 percent of the total area (1969). 

As no informaeion is available t.o permit identification of all 
eassava produeers, either nationally 0'1.' in the seleet.ed departments. 
random sampling was not possible. A partia! list of casssva 
produeing regions aud produeers wit.hin these regions was developed 
from ioformation provided by .local extension and credit represent
atives, eassava wholesalers and retailers. A sample of 300 cassava 
producers ",as selected from this listo Information was obtained by 
interviewing eacn farroer once. 

Data Analysia 

~eeause of the preltminary nature orthe data. analysis was 
limited to caleulation of simple aud weighted averages, totala and 
percentage distributions •. 

For data analysis. ehe sample farms were divided into three. 
gmups aceordtng to topography, as fallows: 
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Fig. 1 l;umber of farmers interviemod by regian 
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Zone 1: Cassava gro'vers on flat land outside the North Coast 
Regían .. 

Zone 11: ~assava growers on mountainous slops. 
Zone 111: Cassava growers in the North Coast Region 

Hithin each zone the sample farros ,,,ere stratified according to 
size of cassava area as follows: 

Strata 1: 
Strata 2: 
Strata 3: 
Strata 4: 

Less than 2 ha. 
2.0 - 3.99 ha. 
4.0 - 9.99 ha. 
10.0 ha. and more. 

Fina11y for certain parts of the analysis, the sample farros 
vere divided into two groups, i.e. whether land vas prepared 
manually or mechanically. 

Sample description 

Forty-two percent of tlle sample farms were located in the North • 
Coast Region, 30 percent in mountainous areas and 28 percent on flat 
land. About 40 percent oi the sample fa'9"s had less than two hectares 
of caaaava and 15 percent had 10 hectares or more. For obvious 
reasons. almost al1 the farmers growing cassava on mounta1nous slopes 
prepared land manual1y. It ls less obvious vhy on1y one-third of the 
farmers on flat lands and less than half oi the farmers in the North 
Coast Region used machinery for land preparation. Uechanical land 
preparation 15 most common on large farros. 

Average size of the sample farms vas 5 hectares. The average 
farro size in Zone 1 was 9 ha and about 3.5 ha in Zones 11 and 111. 

About 20 percent of the farmers intervieved owned the lsnd on 
which they produced cassava. Almost two-thirds vere sharecroppers. 
while the rest paid cash rent. 

PRODUCUOH PRACTICES 

·CroppinS systems 

About one-third of the farmers intervie~'ed in each of the zones 
grew cassava mixcd ,",~itb other crops. Uaize '{"as most frequently 
found intercropped with cassava, followed by plantain, coffee. yams 
snd beans (Figure 2). 

&and preparation and planting 

Manual lsud preparation is usually rudimentary snd limited to 
land clearing and weeding. About 5 percent of the farmers in Zone 1 
planted on ridges while this practice vas almost non-existent in the 
other zones. About one-third of the farmers planted stakes 
horizontally. a practice most common outside the North Coast Region. 
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Figure 2. 
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The average pIant population was 8,800 plants/ha but ehe number 
varied greatIy among the sample farms (Table 1). 

Tne most cornmonly usad pIenting distance was 1 x 1 meter, 
followed by 1.2 x 1.2 meters. Host farmers lntervie"'ed pIent one 
stake per site (83%) while 17 pereent plant two stakes together. 
The latter practiee i5 most frequent in Zone 1 (35% of the farmera), 
less important in Zone 11 (25%) while none of the farmers inter
vlewed in Zone 111 planted two stakes together. About 27 percent of 
the farmera in eaeh zona re-planted. No farmer treated stakes against 
pathogens. 

Abour one-third of the farmera grew two or more erops of eaasava 
consecutively in rhe same fieId. The others either practicad crop 
rotation or planted cassava on virgin land. 

Five percent of the farmera grew the variety Llanera. On the 
rest of the farms, the varieties grown were identified by 56 local _s. 
Weeding 

No mechanical or chemical weed control was performed on the 
sample farms. About half of the farmera weeded three times during 
the growing season while 26 percent weeded four times (Fig. 3). 
Tlle average number of weedings was 3.2. 

Harvesting snd lensth of growing seSSOn 

All harvesting was manual. The length of the growing season 
depends on eco10gica1 conditiona, variety, avai1abilty of labor for 
harvesting, cassava pricea, and other factora. TIle majority of the 
farmera in Zonea 1 snd 11 harvested cassava at an age of 12-14 
montha whi1e 13 percent harveated at 10-12 mantha snd snother 13 
percent at 14-16 rnontha. In the North Coast Region, one-third of 
the producers hsrvested st 6-8 montha while the rest hsrvested 
between 8 snd 14 montha (Figure 4). The average crop age at harvest 
wss 12.7, 12.5 and 9.1 months for zones l, 11 and II,respectively. 

INPUT USE 

Labor 

Tlle level of mechanization in cassava production in Colombia is 
low and limited to laud preparation on a amall proportion of the 
cassava-producing farms. Furthermore, as wi11 be indicated later in 
this repart, the use of labor-caving chernical techno10gy, such as 
herbicides, i8 almost non-cxistent. Renee, cassava production 
requires a considerable amaunt of labor. Tables 2 snd 3 show the 
labor used in each production activity by zone, fare¡ siza- and metbod 
of land preparation. TIle total labor use was estimated at 88 man
daya/ha under mechanized land preparation and 110 man-days/ha if 
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Tabla l. Average plant population and range of distribution (p1ant/ha) 

Range of distribution (plants/ha) Avc,a;~e 

2,000 6,000 10,000 14,000 (plant/ha) 

to ta ta ta 

6,001) 10,000 14,000 16,000 
.p.. .... 
Ut 

No. '7. r;o. ". No. % No. % 

ZOl,E 1 7 8.4 13 15.7 57 68.7 6 7.2 9,999 

ZONE tI 9 10.0 23 25.5 51 56.7 1 7.& 9,500 

ZOl;E III 28 22.0 51 40.2 47 37.0 1 0.8 7,579 

TOTAL 44 14.7 87 29.0 155 51.6 14 4.7 8,800 



Figure 3. Number of weedings 
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TMLE 2 

Estlmated labor u •• ln th, ptodu~tton of caesftva per hectare wltb mechanlcal land preparat1on, 

O - 211as 2 - 411 .. !t . 101\11 lOor more hu ~~elEhted aVel."8gt\ 

ZO:';: 1 M.o day. Han day. Ilsn day. Ilsn day. Uan &8Y8 
p~t" ha ...l :eer h! ..L :eer ba _'1._ eer ha ...l I!H h3. ..L 

AcnVtIY 
Plantins 4.0 S 12.6 13 8.5 9 7.7 6 $.6 8 
¡e-pIanting O.S 1 0.1 1 0.4 1 0.4 1 0.5 1 
~jeed 1ns 31.3 43 57.8 58 49.5 52 59.1 47 53.7 50 
Ap1. fettUlu .. 0.4 1 0.6 1 1.3 1 1.2 1 1.0 1 
Apt. t.se.ti.id •• 0.3 t 0.3 1 0.5 1 0.4 1 0.4 1 
Hsr",estlng 32.7 38 20 20 23.2 24 47 38 33 31 
Pack1nt ..1,1 11 J.,.§. -2. ....!b1.. ...ll _8_ _6 ....!!...1 8 

p TOTAL ¡;O~¡¡ a4.7 100 98.60 100 93.50 100 123.8 100 L05.9 100 
\,.) 
C> %.,::¡: II 

Phnting 11.5 18 15.3 17 lÓ.~ la 
1I..-pla nt1ng 0.3 1 o (} 0.2 1 
we~d in.1 43.6 45 49.3 55 45.5 46 
Aplf brt111z-er. o O O o o O 
Apt. f.nsectlcldel 0.2 1 0.3 1 0.2 1 
Harvest1ng 19.9 21 18.2 20 19.3 20 
Paeklng -- ~ ~ ~ 

__ 7 -- - 11.2 12 
tOTAL ZOl!!: 95.4 100 88.90 100 ""TI:2 100 

20X& nI 
PlanUng 7.1 12 9.3 13 6.8 a 8.0 12 
Re-plaotlllg 0.3 1 0.3 1 o o 0.3 1 
W.eding 41.0 66 40.1 56 53.3 60 42.3 61 
Apl. f .. tUbo. o o 0.2 I 1.0 1 0.2 1 
Apt. inae.tl.Ld •• 0.3 1 o o o o 0.2 1 
Harvesttoa and pectina 12 .6 20 20.6 ---ll - ~ 31 16.2 24 

61.9 íOO - '"TóO 61.2 '"TóO TOTAL ZO~& 70.5 100 87.9 • 
AVE:lAG. AL!. zo::ts 
PhnU.g 5.9 8 13.1 15 il.9 13 7.3 6 9.1 10 
le-plan.ln, 0.4 1 0.4 1 ·0.2 1 0.2 1 0.3 1 
Weedin3 J9.2 52 47.2 SI 48.9 53 56.2 53 46.8 53 

Apl. fe.tl1t ••• o 0.2 1 <0.3 t 0.7 1 1.1 .1 0.5 1 
Apl. 1nsectteldes 0.3 1 0.2 1 0.4 1 0.2 1 0.3 1 
Herve.tina and packlng 21.4 ..1! ....ll& -lQ -lid ~ ~ ~ .2Q.d .....:1! 
rotAL ZONES 73.4 100 88.2 100 91.3 100 10S.9 100 87.7 100 
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TnLE 3 

Estlmdted labor use in the prod'~tton 01 ca,sava per hectare with manual land "preparat1ont Average by farm ~1f,6. 

O - 2 hu '2 - !I has 4-10haa 10 01" more has --.E2..1~i~ted averoFL 
ZONE 1 Han da»a !!al! dar. !!an dayo !!an doy. Han dllys 
AtTlYIT'I: por h. '& fer ha '& e;er ha .'& Eé. h. '1. per.' ha: 

Land preparat~on 20.0 19 20.8 22 18.2 16 20.8 19 20.0 19 
I'hnting 7.9 1 10.5 11 9.2 8 12.3 11 10.3 9 
Re-pIanHnl 1.2 1 0.8 1 0.6 1 0.2 1 0.7 1 
I/ •• diag 31.1 30 . 39.2 41 46.3 41 50.7 47 43.3 41 
Apl. fertl11, ••• O O O O O O 0.3 1 0.1 1 
ApI. lnse.ctec1de. O O 1.2 1 '0 O 0.1 1 0.4 I 
~.rv •• tlna 40.6 39 14.5 15 22.& 20 16.5 15 21.5 20 
PocHnS J- -L -.!.! -1 .-!L. ~ .........L.. __ 5 _'L.-º _ll 
rOTAL ZONI 105.40 100 95.& 100 113.1 100 106.9 100 105.3 100 

ZOl'E 11 .--
Lond prep' •• tlon. 31.5 '1 30.1 2t 35.6 32 1\8.8 :13 35.1 29 
flanting 14.2 11 13.1 12 13.2 11 9.5 6 13.3 1l 

.e- 1l.-planHng 0.4 t 0.6 1 0.4 1 0.5 1 0.5 1 
W 1I •• dins 40.4 34 31.8 33 46.7 41 68.0 45 42.8 35 \O 

Apl. fettlli •••• 1.2 1 0.4 1 o o (1 o 0.5 1 
Apl. tn,e.tl.id •• 3.0 2 0.8 1 0.2 1 0.3 1 1.2 1 
Huy.,Una aO.3 16 23.0 20 la.5 11 15.6 . 10 20 17 
,0.l<lna -Y. i~ .....2..1 5 --1..1 -.JL -Y. __ 3 ---Í.:.l __ 4 
'fOTAL ZO~B 121.9 112.1 100 113.3 100 147.3 100 US.S 100 

ZO:I~ IU 
Land p~eparatton 22.3 24 11.5 19 o o 19.6 21 
PhnHng 9.3 10 8.5 9 10.1 10 9.2 9 
a.-ptanHng 0.5 1 1.1 1 0.3 1 0.6 1 
W •• ding 43.0 46 51.0 55 47.0 45 4S.2 46 

Apl. fertili,.t. o o O o o o o o 
Apl. lnse.ti.ideo o o O.S 1 O o 0.1 1 
H.rve.ting and p •• klna 17.9 ...J! ~ ..!L -l!.hl 44 -- -- -l!,.! ....1Q.. 
TOTAL ZO:;¡; 93.0 100 93.1 100 103.90 100 93.8 100 

TOT~L tONtS 
L.nd preparat10n 26.6 2S 23.0 20 18.3 16 34.8 27 25.0 24 
Phnting 10.5 1} 10.9 10 11.0 10 10.9 8 10.8 10 
le"pl.anttn~ 0.7 .1 0.8 1 0.4 1 0.4 1 0.6 1 

~eed1ng 38.4 35 42.7 38 46.7 42 59.4 45 43.7 -41 
Apl. fertlliz.r. 0.4 1 0.1 1 1) o 0.2 1 0.3 o 
Apt. lose.tl.lde. 1.0 1 0.8 1 0.1 1 0.2 1 0.6 1 

Harvesttn¿ and pa~ktn8 --ªd 27 • ....B.d 29 21.&. .2Q 21.3 ..!1. .L! .-
TOTA\. ZO~¡:S 106.8 . 100 . 100.4 100 110.1 100 '127.2 100 105.9 100 



land was prepared manually. ¡,eeding, accounting for about 40 percent 
of total labor requirements, i5 the most labor-consuming activity 
(Figure 5). Next follol<s harvesting amI packing with a little les s 
than 30 percent of the labor needs, land preparation (22) and plant
ing (10). 

Labor use per hectare increases with increasing size of 
csssava area. This primarily results fram increased labor use in 
veeding as cassava area increases. 

The largest labor requirements per hectare vare found where 
cassava vas produced on mountainous alopes (Zone 11) and land was 
prepared manually (119 man-day/ha). The lowest labor requirements 
were noted in the Horth Coast Region where land vas prepared 
mechanically (67 man-days/ha). The primary reason fer this relative
ly large difference in labor ~equirements are expected te be: (1) 
Difference in method of land preparation, (2) a shorter growing 
season in the North Coast Resion, (3) the more difficult working 
conditions on the slopes, and (4) the more favorable soil conditions 
in the North Coast Region. Labor requirements in the North Coast 
Region are lower than those on flat lands outside the region, 
regardless of land preparation method, pr1marily because of differ
ences in harvesting costs. 

A considerable variation of labor requirements was feund among 
activities within each zone. About 38 percent of the farmera used 
from 10 to 20 man-days/ha for land preparation. Six percent used 
less, 30 percent usad 20 - 30 man-days/hs snd aboue 25 pereent used 
more. All the farmers interviewed in the North Coast Region used 
10 - 30 man-days/ha. About half of the farmen used 5-10 man-daysl 
ha for planting, 16 percent used less and 34 percent usad more. 
Only aeven pereent of the farmers used les s than 20 man-days/ha for 
weeding, 39 percent used 20-40 man-days and a little more than half 
of the famera used more than 40 man-days/ha. l10st of the famers 
in Zones 1 and II use 20-40 man-daysfha for harvesting and pack1ng, 
while the majority of the farmers in Zone 111 use less than 20 roan
daya/ha. 

About 8 roan-days were used to produce 11 ton of cassava, {f 
land were prepared mechanically, and 10 man-days, if prepared 
manually. Labor requirements per ton of cassava vary considerably 
among farro sizco (Table 4). Tbis vari"tion results partly from 
variation in labor use per hectare and partly froo variatíons in 
y1elds. While the fomer "as explaincd prevíously, this analysis 
docs not provide lIufficient information to explaín yield va.riations ,:', 
(sea aection on yields). ;: 

::..' 

Additio.nal analysis of eurrent labor use in ca SIl eva productio~r 
in Colombia and expected impact ~f. the introduction,.of mechanical. :' 
biologlcal and. ehemical technology on labor requirements IÍre '¡ 
Prellented in: "Present:and ~otení:.i8l:':Labour Use 1u Cass8vá. Produc- 1,: 

, tiOXl:in Colcínbia"."bY':l'erpinstrupAAndersím and ~fael O. Dlaz:~ 
". " . ;; _: ..... ".~ ~..- . ~. : - ~." -' .--~ , '- :: r~ .,:',' ¡.,: ~~ (~ ~,~:: ~ :.. ';' ; ::.2~ :. --' 
.:, :.: _':" ~":-:: .~ ?.. ;; .... " -. -. ~. ~. :~ - - '. -- ~. : '~ 
....:: _ ,. ,:,... ,~ ~' ..ll!......¡ ce o,; ... ~, ~': : ~ o'. ¡ . " ~> ::::- :: ~_~::., ,::.~ ',:::_ ~ "¡' 

;., -. -- - -.. - .;:; .:: .~ '. -" .. 
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Figure 5. Labor use by activ1ty (fa~ers preparing land manually) 
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(Paper presented at the Third International Symposium on Tropical 
Root Crops, lbadan, Nigeria, December 2 - 9, 1973. Copiea available 
froro CIAT). 

About 70 percent of the farmers obtained stakes from their 
previous erop, 16 percent purchased stskes and 15 percent obtained 
them free from neighbors and friends. Virtually a11 the farmers in 
the North Coast Region obtained stakes froro their own erop. lt roay 
be expected that the level of adoption of stakes froro improved 
varieties viII be higher among farmers who norma1ly purchase stakes. 
If this expectation holds true. we ~ay expect a greater ease of 
adoption outside the ~orth Coast Region than vithin. 

Fertilizera 

Fifteen of the 300 farmers interviewed (5%) used fertilizers 
for cassava. Fertilizer use was most frequent among farmers on flat 
Iand outside the l10rth Coast Region (Figure 6). ¡'/here fertilizer 
vas used. the quantities per hectare vere small. 

InsecUcides 

Twenty-seven percent of the farmers used insecticides for 
cassaVH. This practice appeara to be most common in the North Coast 
Region and least common on flat lands outside that region (Figure 6). 

Herbicides 

None of the farmera interviewed used herbicide for cassaV3. 

PRODUCTION COSTS 

Estimated variable costs of production are shown in Tables S, 
6. 7. 8 and 9. A daily wage of Col $20 '~as sssumed for aU zones. 
Hence, labor costs were estimated by multiplying labor use by 20. 
Input costs were obtainad froro the survey. Labor costs account for 
about 60 percent of total variable costa on farros, where machinery 
was used for land praparation and 90-95 parcent whan the land was 
prepared manually. 

lnvestments in fertilizer and insecticidas increase with 
increasing farm size. This reflects the somewhat higher level of 
tecbuology on large farros and may explain in part the higher yielda 
on largar farms snd discussed latero T~tal variable costs are 
higher on farros where land vas preparad with machinery than on farro 
with manual land preparation. This is related partly to higher 
costs oí mechanized land preparation and partIy to higher levels of 
input use. Variable costs in the North Coast r~gion are considerably 
below those for the oCher regions. Average variable costs for sU 
the sample farms vere eatintated to be Col. $2.400.00/ha. 
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Table 4. Labor use in the production of cassava (rnan-days/ton) 
Average by farro size. 

Nechanical 1and pr""nration O - 2 has 2 - 4 has 4 - 1- has 10 or !:Iore 

", ZONE 1 5.1 9.2 5.6 7.1 

ZO¡.¡E II 12.& 7.4 

ZONE II! 7.1 10.9 6.3 

TOTAL MECl!. LA!;]) 
PREPARAT 10:·; 5.8 10.7 6.4 6.7 

Hanua1 land I!repartlUún 

ZOfil': 1 5.6 11.4 9.9 11.6 

ZONE II 16.6 6.0 17.5 18.2 

ZONE II! 11.1 11.8 8.9 

TOTAL MANUAL L.I\JID 
PREPARATION 9.3 8.6 11.2 14.7 

(-) Data not available 

~'¡eiqhted average' 

6.S 

10.4 

7.6 

7.9 

9.4 

9.1 

10.9 

9.7 



Figure 6. 
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, ,,' ': TA3LE S 

Esttmlted variable produetloft eoeta pe~ h,e5are 2f .".'ya f~r Zone 1 

l!eehaniea1 l&nd 
2Tc24ratlon O - 2 has l - 4 has 4 - 19 ha. lOor mot:e has ~hted Avers&! 

1ll!.!.. ...l ..lfu. ...l JL.!uL ...l 1ll!.!.. ...l 
Land preparat10n 650.00 23 897.11 29 950.00 30 853.68 23 869.12 2& 
Planttng 80.00 3 252.00 8 170.00 .5 154.00 4 112.00 5 
Re-plantln¡ 10.00 1 14.00 1 8.00 1 8.00 1 10.00 1 
••• ding 746.00 26 1156.00 37 '970.00 31 1182.00 33 1074.00 33 
Apl; f.rtiU .... 8.00 1 12.00 1 26.00 1 24.00 1 20.00 1 
Apl. lnsecttc1del 6.00 1 6.00 1 10.00 1 8.00 1 8.00 1 
Harvestins 654.00 13 400.00 13 464.00 15 940.00 26 660.00 20 
Paeking lli.Jl!1< J. 132.00 _4_ 222.00 160.00 _4_ 174.00 _5 
TaTA\. 2344.00 ' 85 2869.77 94 2820.00 91 3329.00 93 2987.72 92 , , 

~ 
IN?IIIS 

t; Saed 366.25 13 100.89 3 106.32 3 172.00 5 157.38 .5 
FertUb ... 30.00 1 88.69 2 ' 169.21 .5 44.69 1 87.38 2 
ln$8ctleldes 9.00 _1 9.89 __ 1 21.21 _1 31.50 __ 1 25.62 _.1 
TOTAL Il!P11IS 405.25 15 199.47 6 302.86 9 254.19 7 270.38 8 

TOTAL.VARIA~LE COST 2149.25 100 3069.24 100 , 3122.86 100· 35G3.B7 100 3258.10 100 

t!anua 1 t.nd :2e2aretiort 

L,nd preparatlon 400.00 13 416.00 19 364.00 15 416.00 17 400.00 17 
planHng < 158.00 1 210.00 la 184.00 8 246.00 10 206.00 9 
R"plantlna 24.00 1 16.00 1 12.00 1< 4.00 1 14.00 1 
W •• d!ng < , 634.00 28 784.00 37. 926.00 38 1014.00 43 866.00 37 
Apl. ferel11 •• cá o o o o o o 6.00 1 2.00 1 
1.1'1. Ln •• ctleldes o o 24.00 1 o o 2.00 1 8.00 1 
Harvesting 812.00 36 290.00 14 456.00 19 330.00 14 430.00 18 
rack!na 80.00 -1 17§,OO __ 8 320.00 ...ll 12Q.OO __ 5 180.00 J. 
TOT,\L 2108.00 93 1916.00 90 2262.00 94 2138.00 92 2106.00 91 

l~1't'TS 

Seed 168.00 1 163.11 '8 153.55 6 153.92 6 164.28 7 
te.rt U:b.er o o o o o o 42.77 1 12.93 1 
lnseeUeLd •• ..JL. -º ~3.50 .....l o -º- 1.23 ---1 9.72 _1 

TOTAL 1 Nl'UTS 168.00 1 216.67 10 153.55 6 197.91 8 166.93 9 

tOTAL VÁRIA~LE caS! 2276.00 100 1132.67 100 2415.55 100 • 2335.92 100 2292.93 100 
• 

H D.t. no~ .val1able 
(*) t.t~.t.d m •• ·day vatu. $20.00 



TUIJI , 

E.timlte& v,rtable produetL~ cose per hectare of ••••• v. ter Zona 11 

I!.ehlnteat 1.04 
preparatton O - 2 ha. Z - 4 hao 4 . 10 ha! lOor more hall: 1I.1,~ht.d AvernAL 

.J.l!!!. ..L lli.L ..L .J.l!!!. ..1 lli.L .....z Ub.L ..l. 
Land prepa.atlon 955.33 31. 803.33 30 • 904.66 31 
'lantlng ·350.00 11 306.00 11 • 336.00 11 
.,·plontlAS • 6.00 1 O O 1 .. 00 1 
1I •• UnS 872.00 28 986.00 31 910.00 31 
Apl. fertllt •••• O O ° ° O O 
Apl. lnsocticide. 4.00 1 6.00 1 4.00 1 
". rv .. Un, 398.00 13 364.00 14 386.00 13 
racklA, · • 278.00 J 116,00 ,; · 22 r •• 00 , 
torAl. '- - 9S 2863.33 94 2581.33 21ó8.66 

U;PL'l'S 

t Seed 146.00 , 67.06 2 119.69 4 

'" 
FettUh ... 0.00 O O O O O 
ln ... etlcld •• · 5.00 -+ 10.00 _1 6.66 1 -- -- -,-TorAL INI'~"IS 151.00 77.06 3 126. JS 

TOtAL VAltUaU COST 3014.33 100 2658.39 100 • 2895.01 lOO 

Manual l*nd 2Te2ar.tlon 
Land preparatlon "o.00 2' 614.00 26 732.00 29 976.00 32 702.00 28 
.1entlft3 284.00 11 274.00 11 264.00 10 190.00 6 266.00 10 
!te-p lanting 8.00 1 12.00 1 8.00 1 10.00 1 10.00 1 
1I •• dlng 808.00 31 756.00 32 934.00 3S 1360.00 45 856.00 34 
Ap1. fertUizar. 24.00 1 8.00 1 O O (1 O 10.00 1 
Apl. lft •• cticid •• 60.00 Z 16.00 1 4.00 1 6.00 1 24.00 1 
Sarve.tina 406.00 15 460.00 19 250.00 10 311.00 10 400.00 16 
Paeklng 98,00 _ 4_ 114,00 _4 _ 74.00 -L 92.00 ,'11-;;!- IOZ.OO ~ 
torAL 2438.00 94 2254.00 9.5 2266.00 92 2946.00 . 98 2370.00 95 

lIC1UtS 
s.ed '4.89 " 83.31 3 183.3S 7 53.42 1 99.28 3 
lertilizer. 19.50 1 4.40 1 O (1 O O 6.98 1 
ta •• cUcida. ..!Lll. -1.. 2. 85 ..L 1,54 -L 1l,S§ _1_ 11.51 _1_ 

torAL lKl\ll'S 139.54 6 95 • .56 5 184.89 8 65.30 2 117.77 5 

torAL YARIAlILI caS! 2577.54 100 2349.56 100 2450.89 100 3011.30 ' 100 2487.77 100 



[AeLE 7 

Est~ated variable produetlon eoet per héetA~e tar se'sava [01' Zone tI! 

Ntchan1cal land 
Pteparation O - 2 ha' 2 - 4 ha. 4 - 10 h .. 10 01' more ha. ~ei&hted aVQt8ge 

$/iI. ..l... ...1ll:!.L _'1.- ...1ll:!.L ~ $Iba _1._ $Iha 

tsnd prepatation 373.52 21 .393.50 2t 520.00 20 398.92 20 
Plant1n& 15' •• 00 9 186.00 10 136.00 5 160.00 8 
Re·pl.nUng 6.00 1 6.00 1 -. O O 6.00 1 
Weedln& 820.00 47 802.00 42 1066.00 41 846.00 4t. 
Apl. fertilizon O O 4.00 1 20.00 1 4.00 1 
Apl. ln.e.tl.id •• 6.00 1 O O O O 4.00 1 
Karvest1ng and packlng _2.~ ..li. 412.00 ..ll.. --- 536.00 ..ll.. -- 324.00 ..ll 
tOTAl. 1616.511 93 1803.50 96 2278.00 88 1742.92 92 

1~l'\:TS 

t Se.~ 1 n. 79 6 70.59 3 203.11 8 112 .86 6 
rcrtUhe~. O O O O 83.00 3 9 8a 1 .... Inncticidel 7.04 -L 3.9 _ 1_ 4.00 _1 _ 5.93 _1_ - -
TOTAL lltPtITS 118.83 7 14.49 4 290.17 12 128.67. 8 

TOTAl. VAUA8LE tOST 1735.35 100 1871.99 100 • .. 2568.17 100 1871.59 100 

M3nual 1.n& erecaratton 
L.nd preparatlon t,46.00 23 350.00 18 O O 392 .00 19 
Plantln& 166.00 9 170.00 8 214.00 8 184.00 9 
l.·?hnting 10.00 1 22.00 1 6.00 1 12.00 1 
"'"eedlng 860;00 43 1020.00 51 940.00 43 904.00 45 
Ap1. f.rtili •••• O O O O O O O O 

. Apl. i.nsactic.ide. O O 10.00 1 O O 2 1 
aarv •• ting and paeklng 358.00 ..!lL. 290.00 14 918.00 42 - 382.00 94 

18&0.00 T3 T4 - T4 TOTAl. 94 1862.00 2078.00 1876.00 

IN¡>~-rS 

Seed 98.66 5 111.30 6 101.17 5 101.81 i¡ 

FortUho .. O O O O O O O O 
lnseetid.de:& 13.93 _1_ 14·25 .J. 21.58 _1_ -- - 14.11 -L 
TOTAl. lNP1ITS 112.59 . 6 126.25 7 122.75 6 116.52 6 

TOTAL VAalA!L& COS! 1972.59 100 1988.25 100 2200.75 100 1992.52 100 

(.) Data nQt avaii.b14 



fASLE 8 

Estlmated variable productton cost per hect.re of cale.va average. 811 zones 

Y.echanlcal land 
prcparation O . 2h .. 2 '. 4 has 4 . 10 has 10 er more ha9 He lshted average 

..1lh!.... ...z.... ~ ...z.... ~lh. ...z.... Uh • ...z.... $/h. ---..l.. 
Land preparation 514.26 22 748.87 27 876.67 30 686.S4 22 674.29 25 
Plantins 118.00 5 262.00 10 238.00 8 146.00 4 182.00 7 
~o·pl.nttng 8.00 1 8.00 1 4.00 1 4.00 1 6.00 1 
.eodins 784.00 34 944.00 34 91S.00 32 1124.00 36 93G.00 34 
:pl. fertllizers 4.00 1 6.00 1 14.00 1 22.00 1 10.00 1 
A?l. lnsec:tlc:ldes 6.00 1 4.00 1 8.00 1 4.00 1 G.OO 1 
Harvestlng and packlng 548.00 ~ ...ll 540.00 ~ 584.00 ~ 81S.00 ..1L 614.00_ ..Jl 
TOTAL 1982.26 88 2512.87 94 2702.67 93 ' 2804.84 91 2428.29 92 

l~:?l1'S 

f: ~ 239.02 10 105.82 4 86.69 3 187.58 6 167.12 6 
00 FertUizers 15.00 1 29.56 1 84.64 3 63.84 2 40.99 1 

lnscctlcldcl 8.02 _1_ 6.26 _1_ IS.63 _1_ 20.75 _1_ 12.10 _1_ 
TOTAL 1~'Pt"IS 262.04 12 141.64 6 189.96 7 272.17 9 220.21 8 

TOTAL VARIA3LE COST 2244.30 100 2654.51 100 2892.63 100 3077.01 100 2648.50 100 

Manual land pre2sratlon 

tand preparatlon 532.00 23 460.00 19 366.00 15 696.00 25 500.00 21 
Phnting 210.00 9 218.00 9 220.00 9 218.00 8 216.00 9 
Re-phntlng . 14.00 1 16.00 1 8.00 1 8.00 1 12.00 1 
Weeding 76S.00 33 854.00 35 934.00 39 1188.00 43 864.00 35 
Apl. fertillzoro 8.00 1 2.00 1 O O 4.00 1 6.00 1 
Apl. lneectlcldel 20.00 1 16.00 1 2.00 1 4.00 1 14.00 1 
Itarvestlng and packlns 5S0.00 ..12. 442.00 ..1L 672.00 ...1.!L 426.00 ...!L 530.17 ..12. 
TOTAL 2132.00 93 2008.00 93 2202.00 93 2544.00 95 2142.17 93 

ltJPlrrs 
Seed 120.51 5 125.92 S 146.02 6 103.67 3 124.34 5 
Fert1l1zera 6.5Q 1 1.47 1 O O 21.39 1 5.33 1 
lnscctieidel 13.0} -1 IS.77 ...!. 7.11 _ 1_ 6,56 _1 _ ..Jl,..li _1_ 

TOTAL 1~'1'I1fS 140.04 7 146.16 7 . 153.73 7 131.62 5 143.26 7 

TOTAL VARIABLE COST 2272.04 100 2154.16 100 2355.73 100 2675.62 100 2285.43 100 



IA,LE , 

Estlmated variable production eo.t per heetare of caD.ava average for a11 farmere 

o - 2 ha. Z - 4 hA' 4 - lO ha. lOor more has Wei¡¡hted tlveu.z¡e 

1lh!.... ....l\ ~lh. .....:L ...1l!!.! .....:L ~lhn l J.I1!..e_ --"-
Land preparatlon S23.13 23 604.44 24 621.34 23 691.42 24 569.9. 23 
Planti", 164.00 7 240.00 9 229.00 9 182.00 6 195.16 8 
Re-plantl", 11.00 1 12.00 1 6.00 1 6.00 1 9.52 1 
lI .. dlns 776.00 34 899.00 35 956.00 35 fl56.00 39 869.50 36 
Apl. fertilizar. 6.00 1 4.00 1 7.00 1 13.00 1 6.28 O 
Apl. insecticide. 13.00 1 10.00 1 5.00 1" 4.00 1 9.16 O 

t aarv •• t1", and p •• k1", 564,00 ...!L 491.00 ll.. 628.00 ..ll 622.00 ..ll 557.90 ~. 

'" 'fatAL 2057.13 90 2260.44 94 2452.34 93 2674.42 93 2217 .48 92 

l~TI:rs 

Seed 119.77 8 115.87 4 116.36 4 145.63 S 139.04 6 
lertUlzer. 10.75 1 15.'2 1 42.32 2 42.62 1 21.03 t 
lnseetlcldea 10.53 _1_ U,52 -L 13,17 -L 13.66 _1_ 11.65 -L 
'raTAL INPUT! 201.05 10 143.91 6 171.85 7 201.91 7 171.72 8 

TOtAL V .... WLI = 2258.18 100 2404.35 100 2624.19 100 2876.33. 100 2389.20 100 , 



To estimate total production costs, en average value of land of 
Col. $15,OOO/ha and en annual land rent oí 12 percent were assumed. 
Using en evera¡¡e land value rather than the actual value for each 
farro biases protluction costs upward in regions with low land values 
and downwards in regions "ith high land values. However, it was 
not possible to obtain reliable land value data for the sample farros. 
lIence, total costa are estimated as an average of al1 sample farms. 
Transportation costs "ere obtained frem survey data and interest 
charges on operating capital "'ere assumed to be 24 percent peX" year. 
Finally, an amount equal to 20 percent of total costs thus far 
estimated was added ta cover costs not previously included such as 
administration, protection froro robbery of the crop, etc. 

Dnder these assumptions, average total costs ",ere est1mated as 
Col. $6,586/ha and Col. $59S/ton as follo\4s: 

Average variable costs 
Land rent 
Transportation costs 
Interests on working capital 
Other costs 
Total cost 

Pesos/ha 

2,390 
1,800 

}20 
576 

1,100 
6,586 

Pesos/ton 

217 
164 
65 
52 

100 

598 

At the exchange rate of Col. peso $20 to one U.S. Dollar the 
cost per ton is thus approximately US$30. This is considerably 
higher than tlle price paid to the cassava producer in tlle major 
cassava exporting country, Thai1and. llance Colombia does not 
presently appear to be competitive in tlle world market. The introduE. 
tion of yield increasing technology could reduce rapidly per unit 
costs and bring Colombia into a competitive position in so far as the 
price of raw material for processed cassava products are concerned. 

YIELD 

Table 10 sh0t4s estimated yields by zone aud farm size. Overall 
average yield was eatimated to be 11 tons/ha. Yields were relatively 
l~. in the North Coaat Regions ",hile they were 111gh on fIat lands 
outside the rezion (Zone 1). Although yields appeared to be higher 
On large tban on small fanr.s, no definite relationship between yield 
and farro size ",as established. 

Beeause of the preliminary nature of the data, no attempt was 
made to explain yield differences among zones and farro sizes. How
ever to get some idea of the relative importance of yield-limiting 
factors beyond production practiccs and inpunt utilization, the 
sample farmers were asked about their principal problems in cassava 
production. the sample farmers were asked about their principal 
problems in cassva production. Farmers perceived excess water during 
the ralny season as the most important problem. Other problems 
mentioned included robbery from the field, diseases and insects. 
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Table 10. Estimated yield of cassava (tons/llectare) 

14echanical land prep~t'lltion 

O - 2 has 2 - 4 has 4 - 10 has .!:JL2.r mor!! has Heillhted allet'lli 

ZONE 1 16.47 10.71 16.56 11.44 15.59 

ZONE II 7.48 11.96 8.97 

ZONE III 8.75 6.49 14.05 8.84 

~ TOTAL ~IECII. U,clD ... 
PREPARATIO~¡ 12.61 9.23 14.26 15.76 11.13 ... 

Manual 1and preparation 

ZO~lE 1 18.82 8.41 11.41 9.22 11.18 

ZONE II 7.34 18.85 6.48 8.10 13.00 

ZO~lE IU 8.37 7.88 11.70 8.58 

TOTAL MANUAL LAiID 
PREI'ARATIo;~ U.51 11.71 9;86 8.63 10.92 

TOTAL ALL FARNEl1.S 12..06- . 9.97 12.06 12.21 11.03 



CREDIT AND TECHNlCAL ASSISTANCE 

About one-third of tne sample farners obtained credit for the 
.produc.tion of cassava. Two-thirds of tne far¡;¡ers that obtained 
credit had less b",n three hectares of cassava, and the amount of 
credit usual1y was les s than $3,OOO/ha. Caja Agraria waS the eredit 
source most generally mentioned. 

Ten farmers (3 percent) reported reeeiving teehnieal assistance 
for eassava production. Six of these farmers were in Zone l. 

MARKETING AND PRlCES 

Slightly more than hnlf of the farmers sold the cassava en the 
farm whilc the rest brought it to the market place fer sale. Seven 
farmers seld cassava for processinb' the rest was sold fer direct 
human consumption. Only three farmers (a11 in Zone I) sold their 
cassava ,~hile still in the ground. i.e. the buyer was responsible 
for harvesting. 

Cassava 15 freque~tly produeed fer from eonsumption centers 
and roads are often poor or non-ex1stent. "Furthermore, cassava 1s 
a bulky producto llene e , transportation problems are frequent and 
costs h1gh. Trueks are used most frequently. Although, many farmers 
use'animals, priroarily donkeys, to transport the cassava either to 
the market or to the road where it 1s transferred to a truck, bus or 
jeep. 

Tha average of the prices paid te the saraple farmers prior to 
the period of the survey was Col. $769/ton. A considerable differ
ence was found between prices paid to saroll farmers and those paid 
to larger onéS. Farmers with a cassava arca of less than 2 heetares 
received 70 percent of the price paid to farmers with 10 bectares or 
more (Table 11). lt is not clear from the aurvey data why this priee 
d1fferential exists. One explanat10n may be economíes of aize in 
transportation and other marketing aetivities. Furthermore, it is 
1ikely chat small farms tend to be futther removed from road and 
consumption centera than larger ones, hence transportation costs are 
high and viaita of casssva buyers more infrequent. However, additio!! 
al researeh 15 needed to explain satisfactorily the existence of the 
price differentiaL The iasua sacms suffciently important to '.arrant 
such researeh. 

FARN RETURNS 

Given the preliminary nature of the data, the large variaríon 
in costs, prices snd yields among farms snd the lack of aecurste 
esttmates of land vslues, sny est1mat~on of net returns to the 
farmer is at best superficial. Furthermore. both prices and costs 
have ~ncreased considerably sinee the survey vas completed. However. 
it appears cassava prices llave increased more than produetion costs. 
Hence, the net returns estimated here are likely to be less than those 
prevailing at the time this repare vas written. 
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Table 11. Average price of cassava received in each size group (Col. $/ton) 

o - 2 has 2 - 4 has 4 - 10 has 10 or more ¡'¡eighted average 

tONE 1 681.57 736.69 1061.56 1117.40 948.82 

tONE II 917.52 800.93 820.45 900.77 368.21 

ll- tONE 111 513.31 
VI 

687.41 907.41 684.70 587.52 
w 

TOTAL 656.21 741.&8 954.00 955.07 769.36 



Hith the qulificstions rnentioned above, the average net J:"eturns 
""ere esti"-ated to be Col. $l,B96/ha snd Col. $17l/ton and estimated 
as follo,""s: 

Value of proñuction 
Total costs 

Net returns 

Pesos/ha 

8,482 
6,586 

1,396 

SU¡'¡IlARY Al:iTI CONCLUSlONS 

Pesos/ton 

769 
598 

171 

Ihis report describes the cassava production process in Colom
bia. The descJ:"iption is brief and the information i8 preliminaJ:"Y. 
Emphasis 18 p1aced on a descJ:"iption of production practices, input 
use and costs. The results froro this study provided buidelines for 
s more comprehensive analysis of factoJ:"s limit1ng cassava production 
and productivity now in progress. 

Data for the analysis reported itere ""ere obtained from 300 
farros 1n 17 departments of Colombia. 

The cultural practices on most of the sample farros consisted 
of (1) land preparation, in most cases rudimentsry, (2) planting, 
(3) ""eeding and (4) harvesting. In addition, re-planting and 
application of insecticides and fertilizers "'ere carried out on 
some farms. Cassava ",as intercropped with maize, planta in, coffee, 
yams or beans on one-third of the sample farros. 

The level of technology in cassava production was 10\01. 
Mechanized lsnd preparation was found on a small number of farms. 
No other use of machinery in cassava production was reported. Use 
of fertilizera and insecticides was limited, snd no herbicides were 
applied. None of the sample farmers applied irrigation. Tha use 
of credit and technical assistance for casaava production was limited. 

lt may be conc1uded that cassava production in Colombia is 
based on traditional production methods with 1and and labor account
ing for a large majority of the resources used. 

Labor use per hectsre varied from 67 man-days in the Korth 
Coast Region ""here land was preparcd neci\anically to 119 man-days on 
montainous slapes with manual lanrl preparation. On the average, 
fermers using rnechsnical land preparation apent C8 man-days/ha while 
110 man-days/ha ,~ere used ",here lsnd was prepared roanually. í~eeding 
wss the most labor-consuming activity fol1~.ed by harvesting/packing. 
lsnd preparation and planting. Labour use per ton of caBsava was 
estimated st about 8 snd 10 man-days fer mechani081 and manual land 
preparation. respectively. 

Average yield of cassava was estin,ated at 11 ton/ha with 
considerable variDtion &long farms. t;o definite relaeionsbip was 
found between yield level and farm siza. 

454 



, 

Totd costs Here estütiated to be Col. $6,58(¡/ha and Col. $59S/ 
ton. Nct returns "ere estimated to be Col. $1,896/ha and Col.$l71/ 
ton. Give.n tile prclininary nuture of tite analysis and the lack of 
reliable data on certain costs components, estimated total costs 
and revenues should be considered as approximate magnitudes rather 
than exact fir;ure. The re liability of the estimates "i11 be tested 
on the basis of results fram a more comprehensivc study presently 
underway. 

Prices received by farmers vary considerably. Small farmers 
seem to receive considerably lo"er prices than larger ones. On the 
average, the price received by the farrner with less than two hectares 
of cassava ls about 70 pcrcent of the price received by the farmer 
with more than four hectares. The relationship between price leve! 
and farro size is partícularly marked in the North Coast Regíon where 
farmers 'vith less than two hectares received about 60 percent of the 
price received by farroers ",ith 10 hectares or more. With respect to 
eeonomies of seale in cassava production in Colombia it appear that 
price differentials are more important than cost and yield differ
entials. However, additional d~ta aro necded to verify this finding. 

On the basis of this analysis, additional research is 
recornmended on the following subjects:-

l. Factors explaining yield differences among farros and regions. 
This research should focus on identifying limiting factors 
and estimating their relative importance for production and 
productivity. Such work is now in progresa. 

2. The role of intercropping. Emphasis should be place on (a) 
estimatins relative net return and risk froro alternative 
cropping systems using presont: and improved technology. cand 
(b) the farmer's expectation of net benefits from alternative 
systems. 

3. The relationships between farm size and prices received by 
farmers. The findings of this study should be verified and 
if they are confirmed, efforts should be mado to explain che 
price differential. 

lt is not the purpose of this study to ~uggest priorities in 
biological research related to cassava. However, results frorn thc 
study suggest that: research be carried out: 

l. to estímate the relationsnip between level of weeds and cassava 
yields. Work on this subject is in progre$s. 

2. to identify inexpensive means of weed control in cassava. 

J. Co estímate the impact of alternative degrees of land 
preparation on cassava yields. Land preparation accounts 
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for a considerable portion of total production costs on sorne 
farms ",hile it is of little importance on others. Controlled 
experiments are needed to determine the pay-off from improved 
land preparation. 

lt ia expected that the more comprehensive study now in 
progress "il1 provide information useful for egtablishing further 
priorities in biological research on cassava. 
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CASSAVA PRODUCTION IN COLO}ffiIA A 1 

TECIlNICAL DESCRIPTION 

Rarael Orlando Diaz D. * 

Introduction 

As in a11 tropical contries, knowledge about the cassava production 
processes in Colombia has been limited comparad with other crops like 
corn, rice or sugar caneo 

Due to the importance of cassava ss a staple food in the diet of 
the low incorne portion of the population snd to its potential as.sn 
energy source for animals and humans, offic1al snd pr1vate institutions 
have shown s great interest for this crap. 

This situation 1II0tivated the International Centre for Tropic".l 
Agrieulture, CIAT to initiate a study on eassava to serve the needs of 
the cassava researeh workers, with the following goa15: (1) to describe 
the eassava production processes, (2) to idcntify factors associated with 
low yields, (3) ta estimate production costs snd other economie indices. 
Efforts were directed to suplying information usefull in clecision making 
to define research priorities. 

Scientists from the CIAT caSS3va progrsm participated in the 
snalysis of data in the following areas: Pathology, Entomology, Soils, 
Agronomy, Physiology, Statistics. Weed control snd Economics. 

General resules from th1s snalysis a~e given in this papero TIle 
complete report is composed of 14 sections written aud revised by olle 
or more experts in each area. ** 

: .~, :. -

1 Centro Internacional de Agricultura Tropical; CLAT. 

* 
** 

Cassava Economics. 
See: "Descripción AgroeconÓlnica del proceso 
Colombia". Edición preliminar CIAT, 1971. 
temas: 

de cultivar yuca en 
Incluye los siguientes 

Diaz, R.O. Y P. Pinstrup-Andersen. Importancia de la yuca en 
Colombia. pp. 

, Franklin D.L., P. Pinstrup-Andersen y R.O. Dial'!. Metodología y 
.. Descripción de la muestra. PI' • 
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Diaz, R.O., J.C. Toro y U. Varón. Características de la producción 
y sistemas de siembra. pp. 

Díaz, R.O., R. lloweler y U. Varón. Descripción de los suelos utili
zados para el cultivo de la yuca. pp. 

Diaz, R.O. Y J.C. Lozano. Enfermedades presentes en el cultivo de 
la yuca. pp. 

Diaz, R. O., A. C. Belloti y A. Van Shoonhoven. Descripción de los 
insectos presentes en el cultivo de la yuca en Colombia. pp. 

Diaz, R. O., P. Pinstrup-Andersen y J. Doll. Las malezas y las 
prácticas de control de yuca. pp. 

Diaz, R.O., P. Pinstrup-Andersen. Usos de insumas y nivel tecno -
lógico. pp. 

Pinstrup-Andersen P. y R. O. Diaz. Análisis económico de la produc
ción de yuca. pp. 

Pinstrup-Anderscn P. y R. O. Diaz. 
rendimiento de la yuca causadas por 

Estima~ión de pérdidas en el 
factores limitantes. pp •. 

Pinstrup-Andersen P. y R. O. Diaz. Resumen y conclusiones. pp. 

SAMPLING DESCRIPTION AND METlIODOLOGY 

The procedure followed was: (1) gathering of data from a 
representative aud predetermined sample of farmers and (2) analysis of 
the data. BasLc information was collected by agronomists aud economists 
with previous field training. The fieId team visited periadica11y e4ch 
One of the cassava farmers during the entire production cycIe. The 4ata 
describes: (l) all production activities aud planting systems, (2) soi1 
types, based on samples taken at e8ch visited site, (3) disease, insects, 
weeds and water problems based on direct fieId observations; (4) 
estimates on inputs utilizcd snd productíon costs for each of the studied 
zones. 

For tne present analysis, a sample of 300 cassava growerswere 
selected. Raeh farmer was visited three times duriug the 12 month 
growing period of the plante At each visit the age of the crop was 
a) less than 4 months, b) 4 to 8 months and e) 8 ta 12 months. 

In order to obtain a representative sample, five regions where 
cassava grows under different cl1matic conditions, covering tempered 
areas as well as tropical zonas, were selected (Pig, 1) table 1, show$ 
the number of farmera. states uuder survcy. altitude and average annual 
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TABLE 1. SAMPLE DESCRIPTION BY DEPARTMENT AND THEIR AVERAGE ALTITUDE AND TEMPERATURE FOR THE !'IVE ZONES. 

Zone 

1 

II 

III 

IV 

V 

TOTAL 

Source: 

Farma 

llo. ~ 

61 21.6 

64 22.6 

59 20.8 

55 19.4 

44 15.6 

233 100.0 

nept. under 
Observation 

Caucn 

Valle and Quindio 

rolima 

Meta 

Atlántico and Magdalena 

Altitude 
Above sen 
Level (m) 
Average 

1230 

1200 

815 

370 

30 

R. O. nlaz and Per l'instrup-Andersen, " Descripción Agro-económica del Proceso de 
Producción de Yuca en Colombia', CIAT, Cal!, Colombia, 1975, m!meo, p. 8-5 • 

• 

. Tempera
ture 
·c 

Average 

22 

22 

26 

27 

30 



rainfall was OVQr 1000 mm at al1 zoncS. 

PRODUCTION PMCTICES 

Cassava is grcwn all year round in Colombia, always matching with 
the begining of the rain seasons "hich vary aeeording to the region. 
The system 15 flexible nnd generally therc are two dry periods during 
the year. 

rhe lcngth of the period b"t,.¡ecn planting 
between zones duc principally to the climnte. 
the higher the temperature and the shorter the 
ranges froro 10 to 14 months. 

and harvesting váries 
The lower the altitude 
growing cycle which 

Approximate1y 40 pereent of the farmera planted cassava intermb:ed 
wlth others crops (Table 2) the main of which was corn, a basic product 
in ehe Colombinn diet (Figure 2). 

Host of the production activities are performed by usitlg man-day 
labor (rable 3). Approximately one half of the farmers prepared the 
land by means of machinery, in the montaineous region some use oxen or 
silllply clean up the area with a "machete". 

Little variation occurred ameng small (less than 2 ha.) and large 
(lOor more ha.) farmers in relatian to the nUlllber of stakes planted 
per site and the plantiog density per hectare. Small farmers plant 
cassava in the same plo!: more times, compared with the large_farmers 
(rabIe 4). Plantine distances most frequently used werelM X ni. 

Weed control i8 one of the most important activities in the caasava 
production process because it uses a larga _proportion of the variable 
costs. The first weeding ls done during the first two months after 
planting. The second snd third cleanings are done between 4 and 6 months 
respectively, depending on the type of weed and on the rainfall. Three 
cleanings were the most frequent bul: there were cases like zone V where 6 
weedings were needed, prabably due to the low planting density of the 
cassava plants (Figure 3). 

)':05t of the growers utilizec the ralns as water supply for thp 
plants. Drainages existed at all zones. !he "hilling" a practice which 
consists of gathering soi1 around the pl;:¡nt was closely related to 

. weeding. 

SOILS 

Most of the soils in the visited farms were average in the organic 
1 matter content, had les s than 15 ppm of tha P snd lesa than 0.2 meq/lOO 
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'l'ABLE 2. CROPl'ING SYSTEMS, LOT SIZES ANO PLANT POPUIATION roa TOTAL FARMS 

Plant Population 
(Plants! Ha.) 

Cropping Syatem Percent Lot Size Percent 2nd 30d. 
of Farms. (ha. ) of Area Cassava Crop Crop 

Cassava alone 61.1 2.41 68.3 10,260 
Cassava-maize 22.3 1.28 130 4 ~,160 5,484 
Cassava bean 3.1 2.56 4.4 9,636 19,991 
Cassava-plantain 4.6 4.83 10.0 8,731 608 

~ 
Cassava-Coffee 0.4 1.00 0.2 5,100 3,300 

N Cassava-malze-bean 1.8 0.90 0.6 8,660 5,420 7,920 

Cassava-plantain-coffee 0.4 1.92 0.3 9,800 600 5,000 
Cassava-ma1ze-dloscoreacea 0.1 0.B8 0.3 10,550 5,650 7,200 
Cassava-malze-p1antain 1.1 1.00 0.5 8,400 4,633 667 

Cassava-malze-sesame 1.1 0.58 0.3 7,333 4,133 8,030 

Cassava-malze-sorghurn 0.4 0.50 0.1 6,900 3,300 3,300 

Cassava-with otber cr?ps 1.8 1.33 1.6 7,800 

Source: R. O. O!az and Per Pinstrup-Andersen (eds) (1977), op. cit., p. C-2. 
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Source: R. O. D!"z and Pcr P1natrup-

TABLE 3. PRODI/CTIQN PRACTICtS rOR l'Ol.'AL ZO!lI:!S. 
Andersen (ed,,~ (1977), EP.cit. 
1'. C-4 

Actlvity 1 lt III IV V Total 

Land Clc..ld n¡;: 
Mcduwic311y 0.0 0.0 0.0 0.0 9.1. 1.4 
~~n""lly 8.2 0,0, 3.4 5.5 15.9 6.0 

LAnd PrOp4rAtion: 
Mechani." 11y 0.0 76.6 l.4 76.4 54.S 41.3 
lIánually 98.4 20.3 96.6 23.6 36.4 5&.2 

Topo;rapny: 
Fbe lAnd 4.9 71.9 13.6 100.0 95.S 54.4 
Hountalnous iIlopes 95.1 28.1 86.1. 0.0 4.5 45.6 

l'lctting: 
MechadcaUy 0.0 20.3 0.0 7.3 0.0 6.0 
Hanuallll' 27.9 20.3 42.1. 9.1 9.1 22.6 

Furrows mountalnoul .lOPes: 
Coutour 1 ine ' . 1)8.S 4.7 18.0 0.0 2.3 36.1 
Slope foll~JLng furrov 6.6 23.4 8.5 0.0 2.3 8.8 

PlanUns: 
Mechanlcally 0.0 0.0 0.0 0;0 0.0 0.0 
lIánuaUlI' 100.0 100.0 100.0 100.0 100.0 100.0 

Planted on: 
Soil level 98.4 85.9 100.0 98.2 100.0 96.1 
IlLdgcs 1.6 14.1 0.0 1.8 0.0 3.9 

Stakcs from: 
Previo\>$ erop S2.5 56.3 64.4 52.7 4S.S 54.8 
Purcha.ed 31.7 23.4 0.0 12.7 22.7 19.4 

.tab. planted: 
lIorlzont..111y 86.9 93.8 100.0 96.4. 0.0 79.5 
lueUned 13.1 6.% 0.0 3'.6 100.0 %0.5 

b-pl"nting' 
1luua11y 29.S 4%.2 ' 16.9 4S.S 56.8 31.1 

Irr1'4tior.: 
IianuaUy 0.0 0.0 0.0 0.0 27.3 4.2 

Drdnag •• : 
. Kaaually 3.3 .7.8 1.7 S.S 13.6 6.0 

BJ.1Un¡;: 
Kuually 1.6 1.6 0.0 1.8 0.0 1.1 

.pl. Fert11iser.: 
Ka ..... U)" 18.0 35.9 8.5 20.0 9.1 19.8 

Apl. InaectLeid •• : 
Ka_Uy '8.4 .56.3 79.7 85.S 36.4 72.8 

.pl. FungLe!de.: 
IlallllaUy , 0.0 3.1 0.0 1.8' 0.0 1.1 

.pl. HerbLctdee: 
&n ... 11, 0:0 -- 10.9 . 0.0 3.6 0.0 3.2 

464 

lo 



... 
~. 

'" 

tAllLE ¿. l'~¡T¡:;'::: S"iS'rEMS FOR TOtAL ZONl::S. AVERAGE BY FAm·:s SIZll. 

Dl:SCRIPl'ION 

Stllke t>er site 

S tal<cs 1''':' heo ta"e 

Pl~ntin& in the s~c 
field 

Plnntinr, di<t"l'Ic_.: 
rl.lrrovs (cmo) 

Planta (:1110) 

51:A!.!. 
(0-1.99 Ha.) 

Rilnk. 

t 1 2 

10764 3900 28400 

2 1 6 

111 70 lSO 
102 60 150 

~.tDltJ'H 

(2-9.99 Ha.) 
Rank~ 

Avel:nge. LoW' High 

1 1 2 

11250 3000 22600 

1 6 

107 70 180 

98 SO 180 

!.ARCl!: 
(lOor more !In.) 

R3nk. 
Average l.ow 111Sh 

1 1 2 

10487 3000 24600 

1 1 6 

114 80 200 
101 70 150 

Source: R.O. n{a~ Ilnd Por Pinstrup-Anderaen (edo.) (1977), óp. cit., p. C-6 

TOTAl. 

Ranks 
Average LO\I lIigh 

1 1 2 

10864 3000 28400 

2 1 6 

111 70 200 
100 50 180 



Per cent oi farmera 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

FIGURE 3. 

1'\<'O TllREE 

NUH3ER el ~lE'!n!NGS PERFORNED IN 

CAS3AVA FOR r:u: nVE ZONES STt:Du:n 

-
W 
~ 

Zone 1 - Zone rv 

Zone II ~ Zone V 

Zone UI - Total 



;, " 

~
";,"' . 

:C< ..•. " . , 
'" 

- . ~ 

gr of R. The mast frequent PH.\.as 5.5 and a little more than one thlrd 
of the sample had no interchangeabIe Al. Determinution far Sadium 
saturation s!lov,cd that anly zone V. might presents problems dLle to exceS$ 
of this element (TabIe 5). 

Calcium-lIagnesium (Cu/l>'.g) relationship in the soíl must be larger 
than 1 te avoid prob1em$ due to llg excess or Ca deficiency. Apparently, 
in mose oi the analyzed 80i18 this relationship was higher than 1 and 
had an average C.I.C. of 15 meq/lOO gr. of soi1. Distribution for 
texture between clayed, 10am, silty and sandy, was: 16: 44: 20: 20% !or 
all farmers. 

DISEASES 

Severity of the obscrved disaases ~las greater during che rainy 
sea8on. At al1 plantations under 1200 m ovar sea 1evel, all diseasas 
due to Cercospora spp. were important because of its high incidence 
and severity. Phoma leaf spot is one of-the most important diseases 
affecting yield in plantations above 1200 m over sea level. 

Cassava bacterial blight and superelongation, are limiting factors 
in the production of plantations affected in spite of the lmq incidenco 
dLlring time when survey .. as performed (Tab1e 6). 

DLle to ehe low severity of the Rust and the Cassava ash, these t\Vo 
diseases are considercd of little econornic importance. Frog root sking 
was limiting production in spite of being localized in zone 1, aud could 
be of great econornic importance. 

In general, it can be concluded that cassava can suffer serious 
pathological problerns, which can decrease yields considerably. Disease 
incidence appears to be highly related ,qith enviramnental and edafic 
conditions. 

lNSECTS 

NUmerOl!3 ínsec ts ",ere found in a11 the studied regions. Thesc 
include thrips, gallmidge. mites, white fly, horn worm, chrysomelids. 
greenleafhooper, tingids snd lea! cLltter ants (Tsble 7). Species 
localized st specific zones lilte stem borers zones I snd 11, termites 
in zonea 111, IV, V and earthworms in zone 11. 

!he fact that the insects reported were found at aU the visited 
zones could lead tO,conclude that environmentsl conditions have littlc 
influence in the presence of some species, but could have something to 
do as to their population. lt was observod, in a general way. that as the 
altitude over sea level descends, snd average temperature increases, 
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TAlll..R 5. SOIL' CI'.ARACTlllUSTICS BY l'APJ>! SIZE. AVERAGE POR ALL ZOh~S 

SMALL ¡':EDlIlM LARGE T O T' A L 
(0-1.99 Ha.) (2-9.99 Ha.) (10 0< ",,,re 1:) 

DESCRIl'tIOH % Average % Averago % Ávernr.a ~ Average ~ 

Oraanlc Hatter (t): 
t.ow (-1) 4.9 0.40 3.4 0.50 0.9 0.90 2.8 0.50 
ItnH (1-4) 56.8 2.80 48.3 2.90 55.7 2.80 53.7 2~SO 
J!l¡h (4 or more) 38.3 '6.00 48.3 6.20 43.4 S.50 43.5 5.90 

l'ho$phorus (PPID P-Bra" Il): 
15 71.6 3.80 17.0 2.80 62.6 3.40 69.6 3.40 
1$ 28.4 89.40 23.0 61.30 37.4 64.90 30.4 70.60 

Potaasi .... (m. e/too rf' )1 
• 20 69.1 0.15 8l.6 0.15 67.0 0.14 12.1 0.15 
.20 30.9 0.49 18.4 0.52 33.0 0.60 27.9 0.55 

1> pUl 
g:. 5.5 54.3 4.90 66.1 4.80 58.1 .4.80 60.1 4.eo 

5 • .5 45.1 6.30 ~3.3 6.40 40.9 6.00 39.9 6.20 

Alwllinum ( ..... /100 cm): 
1 34.6 l.08 37.9 1.55 39.1 0.95 H.5 1.17 
3 20.9 4.92 31.1 5.46 25.2 3.00 23.8 4.53 

Sod! .... Satur.tlon: 
1St 91.5 1.20 98.9 i.10 99.1 • 0.70 93.6 O.~O 

1St 2.5 19.70 1.1 16.00 0.9 13.00 1.4 le.JO 
Caldum/}lagnulW11: 

1 6.2 0.80 6.9 0.80 10.4 0 .. 70 8.1 0.70 
1 93.8 3.40 93.1 3.20 I , 1l9.6 3.80 91.9 J.50 

"'ohance Capacity (m.e/100 gm): 
10.60 15 • 40.7 8.60 47.1 11.20 52.2 11.20 47.3 

'. 15 59.3 22.40 52.9 22.70 47.8 21.00 52.7 22.00 

texture: 
Clayed 16 16 15 16 
Lo"", 46 50 31 44 
Silty 18 20 22 20 
Sarol)' 2Q 14 26 20 

Souree: R. ,O. n!u and Per PLnstrup-Andersen (eda.) (1977), op. cit., p. D-5 
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TAllLE 6. PROPORTION 011 CROPS IN WHICH DISEASES WERE PRESENT DURING THE SECOND VISIT IN EACIl ZOliE. ,/, 

PERCENT O JI FARMS 
DlSEASE 1 II IU IV V TOTAL 

Cassava ash 
(Qidium manihotis) 46 56 76 13 9 42 

Phoma 1eaf spot 
(Phoroa sp.) 41 42 O O O 18 

Superelongation 
(Sphaceloma 8p.) 2 O 63 24 O 18 

Cassava bacteria1 blight 
(Xanthomonas manihotis) 2 O 14 25 29 13 

.c:- Sooty mold disease 

'" (Several fungi) :3 2 7 O O 

'" 
Rusta 
(Uromyces sPp.) O O :3 O O 1 

Root rotting 
(Several funSi) 2 3 O O O 1 

* 4 to 8 months after plantin¡. 

Source: R. O. Diez and Per Pinstrup-Andersen (eds.) (1977). op. cit •• p. i!:.-7 



TAStE 1. PROPORTION OF CROPS IN WICH lNSECTS WERE PRESENTEn DURING THE SECOND VISI! IN BACM ZONE.* 

INSECTS I II III IV V TOTAL 

Thr1ps 
(Fr&nklinie11a wil1iamsi) 59 88 100 95 86 85 

Gallmidge 
(Fam. Cecidomyidae) 25 44 69 66 84 56 

White Fly (Aemisia sp y 
Irialeurodes sp.) 70 14 37 24 70 42 

Frult 1'1y 
(Anastrcpha sp.) 7 75 14 5 9 24 

Mites (Oligonychus peruvianus) 7. 9 41 9 43 20 
l:-

'" ll'hite F1y o 
(Aleuretrachelus sp.) 48 5 12 o 5 14 

Sheet Fiy 
(Silba péndula) 8 30 3 24 O 14 

Leaf Cut ter AnU 
(Atta spp) 18 5 24 13 2 13 

Tingids 
(Vatiga manihotae) 16 3 7 7 O 7 

Horn worm 
(Erlnnyis ello) O 2 O O 11 2 

.,. 4 to 8 months after pbnting. 

Source: R. O. DIez and Per Plnstrup-Anrlersen (eds.) (1977) • °2· cit., P F-8 
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": TABLE 8. l'ORCENTAGE OF GRASS, BROADLEAF, SEDGES AND FERN WEEDS IN TllE CASSAVA FIELDS OF FIVE ZOKZS D\r.UNG 
TRREE VISITS. 

PERCENTAGE OF EACM WEED TYPE 
Weed Types Zone 1 Zona II Zone III Zona IV Zone 'l Avg. 

First vistt 

Grasses 27.1 27.5 15.7 23.3 32.4 25.4 
Broad1eaves 62.5 57.5 78.1 60.5 58.8 62.9 
Sedges 8.3 12.5 3.1 14.0 8.0 9.7 
Ferns 2.1 2.5 3.1 2.3 O 2.0 

Second visit 

Grasses 20.9 26.2 24.2 27.5 37.2 28.4 

.t- Broad1eaves 74.5 59.5 69.0 57.5 51.2 63.8 

... Sedges 2.3 11.9 3.4 12.5 11.6 6.2 ,... 
Ferns 2.3 2.4 3.4 2.5 O 1.6 

Third visit 

Grasses 20.6 30.8 29.4 33.3 27.8 27.9 
Broadleaves 75.9 61.6 64.7 61.9 63.8 65.9 
Sedges O 3.8 O O 8.4 3.1 
Ferns 3.5 3.8 5.9 4.8 O 3.1 

Source: R. o. n!az and Per Pinstrup-Andersen (eda) (1977), op. cit., G-4 



l'AnLE 9. nlf; tE:( l'aDlMY Alm S;:CO~!lJAl\Y IIOXIOUS !o/!itO SPBCIES W!TIl TUl!: mellEST PLANT 1'OPULATlON IN EACII OF rilE nVE RECIONS 1 

1000'. 1000', 1000' • 10M', 
Zone 1 pl/ha Zone tI Pl/ha tone IIt l' l/ha" Zone IV pI/ha lIone V 

1000'. 
p1{ha 

t.epto.~ 
!1l1fotT.Ih 

Ct;.t""~l!.!:!.a 
tUr(ü:".l 

Fo'r.o 1cpsls 
a::uvcnf't, 

.,. S.-c'!"!,,! 
;::: El::n.!c:Jlst-l 

~fden! 
pU014 

llvparrhenb 
.!:!!L! 
l!:lp.rull 
cvUndrlea 

Agcrattl."!t 
C .. n":oidos 

340 

300 

260 

160 

lS1 

131 

120 

104 

101 

1S1 

T'Ctrl.1X 

~S!..!2:~r:..'1!l 

P.'ls-p$'11um 
conjU5a:tum 

i.eonotLs 
nenrt'lofoUa 

1.¡;erntu"1 
con,:~.)ic!cs 

t¡t'!~~~ 
tor tuosur.t 

f.yJl.~!.'!.! 
eH (fu$uS 

!leu.1M 
1nd~ 

Dichc""'ena 
:ltina 

Pt~r!.d tUl1\ 
",011 t nU!ll 

240 

230 

225 

190 

1S0 

150 

133 

131 

120 

120 

169 

Il ideo. 
p~ 

A~erllt1Jm 
cOllpoides 

!mr!'J"..:~~ 
eylindrlca 

Ptcr1diu:. 
8íul1ir,um 

lUcharáia 
$cn'!)ra 

Cyrt(!'t'u~ 

10.1%0.110" 

St~chyt4rrhcta 
c.nycnnens1s 

""p"rrhenia 
!l!!! 
AndroJ1o:¡on 
bicornh 

llorreda 
10."is 

134 

90 

80 

79 

70 

60 

56 

52 

so 

so 

72 

Distenia 
r.t,n,,,:l.n,"l ta 

Cyperus 
rotundus 

l.!!..': [l,'l hun . 
C01l1UHIltum 

Ilidens 
pilos .. 

Paspalum 
notatum. 

!mperata 
cyl1ndrica 

247 

233 

210 

181 

164 

111 

$tnchvtorrhcta 110 
caycnncns18 

Panieum 110 
mJ\ytrr.un\ 

Richardi.. 101 
SCah1:"4 

Eurhorbia 100 
l!.!.m. 

l!lS 

11 llasad on resulta 'of aecond fara vialt and occurrlng on at least 3~ of the farms in a given &on8. 

Source: R. O. lltu and Per Pinstrul'-And6. _. (ede.) (197. '. op. eit.., p. e-u 

~r-l!.!!. 1296 
rotull11u/'l 

eyp.rus 522' 
t'otundus 

nlcltnrl. 360 
sanr-otna11& 

Cynndon 260 
dac:tyton 

S~achytarpheta 240 
C4}'cnnensf.a 

m"",.. 
pudio. 

nocrhl\4vla 
deeu-mbeos 

r.orchOTUS 
o-rlnocp.nsis 

Cyperus 
luzu! .... 

El"u.11I .. 
1ndlc .. 

180. 

164 

147 

146 

124 

344 
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che proportion of plantations affected by sorne insec ts, e~pecially hy 
thrips, gallmidge, ",hite flyand termites, increased. On the other haúd, 
white fly and tingids, tend ta be more frequent at higher altitudes. 

WEEDS 

Bread leaf"weeds were the most coromon at all zones, cheyare 
escimated as 62 to 65 percent of all weed apecies (Table 8). A slight 
change occurred in the presence of grasses,weeds and sedges in advanced 
plantations. 

Surprisingly Pteridium-aguilinium was che most coromon and Bidens 
pilosa and Cyperus rotundus were sorious problems in certain zones. 
Significant variations occurred between zones in relation Hith the 
frequency of the species cncountered, however, several weeds wero common 
for many zoneS. Species ~>ith the" higher population density did not 
coincide with those more frequently found (Table 9). Most of the grasse&, 
annual weeds, sedges and broadleaf weeds_found, are susceptible to the 
more commonly recommended herbicides, but more research is needed for 
sorne perennial weeds like P. aquilinium and ~ spp. 

USE Ol UlPUTS 

A high proportion of cassava farmers used insecticides specially 
tor ant control, while use of chemical fertilizers, fungicidcs and 
herbicides was" limited (T"ble 10). Tha use of machinery for land 
preparatíon varied between zonas and was determined principally by the 
topography and the size of the farm. Zono 11 was the most advanced 
respect to the use of technology which was very limited at zones 1, 111, 
snd V. 

The use of chemical inputs like fertilizer, insecticides, fungicides 
and herbicides was lesa common among 5roa!1 farmers (Table 11). The sama 
situation occurred with use of credit sud technicsl assistance. 

The average size 01: seed increased from zon!! 1 to zone V in 17, 18, 
19 .. nd 26 c,a. respectively (Table 12). In ,"one V the farmers sustained 
that high temperatures dissecate tho above ground portions of the stake 
snd for that reason they use long stakes, to facilitate" rooting • 

. ECONOMICAL ANALYSIS 

The average estimated y1eld ~as inferior to 7 ton/ha. ~ith a great 
variation from O to more than 40 ton/ha (Table 13). Yields tcnd to be 
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TABLE 10. USE OF INPUTS POR TOTAL ZONES, 01 FARMERS. 

INPUT 1 II nI IV V _. __ ._-

Fertilizer 18.0 35.9 8.5 21.8 13.5 
Insecticides 96.1 56.2 79.7 89.1 36.4 
Fungicldes O 3.1 o 1.8 o 
Herbicidas O 10.9 O 3.6 O 
Purchased seed 41.0 23.4 O 12.7 22.7 

~ 
Credlt 29.5 12.5 10.2 23.6 20.5 

¡! Technlcal Assistancc 8.2 6.3 27.1 1.8 9.1 
Mechanlcal Land Preparation O 81.3 3.4 80.0 52.3 

Source: R. O. Diaz and Per Pinstrup-Andersen Ceds.) (1977), op. cit., p. H-2 
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TABLE 11. PERCENTAGE DISTR!llUTION 01' INPUT USED AVERAGE BY FAR}! SIZE. 

SMALL l1EDIUH LA.'tGE 
INPUT (0-1. 99 Ha.) (2-9.99 Ha.) (ID o more Ha. ) TOTAL 

Fertilizer 12.3 24.1 21.7 19.8 
Insectiddes 63.0 85.1 70.4 72. f) 
Fungicides 0.0 2.3 0.9 1.1 
Herbicides 0.0 3.4 5.2 3.2 
Purchased seed 14.8 20.7 21.7 19.1. 
Credit 7.0 25.0 23.0 18.0 
Technical assistancc 7.0 8.0 15.0 9.0 

¡;:. Hechanical Land Pr,~pm-atl.on 32.1 25.3 60.0 41.3 
""' VI 

Source: R. O. Díoz and Per Pinstrup-Andersen (eds.) (1977) op. cit.,p 11-2 



TA3Lt 12. SEZD CllAAACTIlRlSTIC3 FOR toTAL ZOIlES, AVERAGE IlY FAnH SltE 

S:-rALL l-lEDlUM LAnGE T O T A L 
(0-1.99 na.) (2-9.99 lIa.) (lOor more Ha.) 

Rl1nk Rnnk Rnnk Rnnk 
DtSCRIFTION Averag. LOI< l!1gh Average Low Hl.gh Average Lo" 111gh Average Lo,", Hlgh 

ZONE 1 

A¡¡e (da)'.) 12 2. 4' 20 5 90 25 2 75 18 2. 90 
S1 •• (C01S) 11 10 25 17 12 20 20 15 25 17 10 25 
Nudea (No.) 5 3 6 5 :1 6 6 4 6 5 3 6 

ZOIlE II 

Ase (elays) 11 1 21 13 2 SO 1S 1 60 14 1 60 
She (cm.) 17 12 25 16 12 25 18 12 30 18 12 30 
lIudu (No.) 5 3 6 S 3 6 S 3 6 S 3 6 

¡;. Zo::t nI 
.... ... Ate (':3)10) 12 2. 30 12 2. la 12 1 45 12 2 45 

S1:" (c::\.) 16 15 23 18 15 20 17 10 20 18 10 23 
Nud"s (JI". ) S 3 7 S 3 7 S 3 7 S 3 7 

rox;:: IV 

Age (da)'s) 6 1 15 20 1 90 13 1 60 14 1 90 
Sh. (cns) 18 15 20 .18 12 25 19 10 25 19 10 25 
Nudes (l/o. ) 5 4 6 5 3 7 S 3 6 5 3 7 

ZOl\'li: V 

Ase (days) 12 1 90 28 1 90 14 2. 30 11 1 90 

Si.tc (Cel.) 26 18 30 25 15 JO 27 20 35 26 15 3S 

Nudl!S (No.) 7 5 10 .. 8 S 15 7 6 10 . 1 5 15 

TOTAL 

Age (day.) 11 1 90 19 1 90 14 1 60 15 1 90 

S11G C.",.) 19 10 30 18 12 30 19 10 3S 19 10 3S 

Nudes Oio.) !i 3 10 5 3 15 5 3 10 . 5 3 15 

Sourco: R. O. Dtaz and Per pinstrup-Andersen (ed •• ) (1977), oJ>. cit., p. 11-7 



TABLE 13. AVERAGE YIELDS OF CASSAVA FOR TOTAL ZONES, 
AVERAGE IlY FARl-1S SIZE (Ton/Ha.) 

Average 

ZONE 1 
S_l1 4.5 0.4 
.Medium 4.0 0.1 
Large 5.7 1.2 
Total 4.4 0.1 

%ON! U : 
Small 7.9 0.5 
Medium 12.8 4.2 
Large 14.2 3.4 
Total 12.6 0.5 

%ON! IU : 
SmaU 2.8 0.5 
Hedium 2.7 0.5 
Larga 3.5 1.0 
Total 3.0 0.5 

roN! IV 

SmaU 5.9 3.0 
Med1um 7.4 1.7 
Large 5.7 0.4 
Total 6.2 0.4 

%OR!! V : 

SmaU 3.0 " 0.6 
Medium 4.2 1.2 
Large 4.8 0.3 
Total 3.7 0.3 

toTAL: 
"' " 

Small 4.3 0.4 
Mediu.'1l 5.9 0.1 
Large 7.9 0.3 

f.\" Total 6.2 0.1 ': \. 

• 

*' 

lIigh 

11. 7 
15.6 
10.0 
15.6 

24.6 
31.5 
52.0 
52.0 

9.0 
8.0 

15.7 
15.7 _ 

8.4 
18.5 
14.1 
18.5 

7.0 
10.0 
10.0 
10.0 

24.6 
31.5 
52.0 
52.0 

Source: R. O. D!az snd Per Pinstrup-Andersen (eds.) (1977) • °2· cit., 
;.~< 
):" 
. ~ 
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Tipica1 
Desviation 

3.6 
3.3 
2.3 
3.3 

8.1 
7.6 

10.7 
9.8 

2.1 
1.9 
3.3 
2.6 

1.9 
4.6 
3.7 
3.8 

1.9 
3.0 
3.8 
2.8 

4.3 
5.4 
8.0 
6.5 

p. 1-2 



higher for large farmers compared to sma!1 ones, 7.9 and 4.3 ton/ha 
respectively. Ihis situ3tion was more noticeable at Valle and 
Quindio sites. Zonc 1, "ith 14 and 8 tons/ha. 

In spite that yiclds "ere considerab1y low, the use of labor tor 
cassava production was estimatcd in 86 man-days per hectare, varying 
trom 66 in zone IV to 106 in zone 1 (Table 14). More than one haIf 
of this hand labor 'Vas ud lized for weed control. Land preparation, 
planting snd harvesting employed around 30 percent (Figure 4). 

The months of april and may took the'highest proportion of 
man-days in zones 1, 11 and 111 maninIy for land preparation, plantig 
and weeding. At zones IV and V in august, the utilization of hand labor 
is intensified (Figure 5). 

The average variable production costs were estimated in $400/ha 
(table 15 and 16) and $640/ton of cassavn produced (Table 17). The 
variable costs per hectare range from $300 in ~one 1 to $5000 in Zone 
11. Almost one half of the variable cost are due to weeding and one 
fifth to land preparation. It is important to notice that only 8 
percent of the variable costs were due to the value of inputs used in 
the process (Figure 6). -

The average total cost of production was estimated ae $6000/ha to 
$1000/ton.2 (Table 17). The cost per hectare tends to be higher"at 
large farms duc to the valué of land renta1, estimated al 10 percent of 
its value, to ehe cost of administratiou, surveillance and packing, but 
the cost per ton produced tends to be smaller because of larger productions. 
At zone 111 where the lowest yields occurred, the cost per ton were 
slightly bigger than $1600/ton and zone 11, with the highest costs, the 
cose per ton was the lowest. 

The highest production value was obtained at zone 11, over $25000/ha 
and the lowest at zone V, close to $4000/ha. The profits for the cassava 
farmer5 which are net incoroe and to land payment, ware higher than 
$19000/ha in zone 11, and negative in zone V (Tab1e 18). 

Tha sharecropper systero in the production of cassava in Colombia 15 
frequent. The sharecroppers pay one ehird or one half of the produce to 
the lsnd owner5. The latter manner ls the most conunon. At zones 111, 
IV, aud V esti_ted net incomes for the sharecToppers were negative 
(Tab1e 19). 

Estimat10QS ludicate negative or low net lncames forsame ~ones, 
but it must be considered that part of the hand labor used by the farmers 
is compared by fam11y members, which in this case has been considered as 
a apenditure. The proportion of family labor used by ehe farmers was of: 
42.4, 19.9, 67.4, 48, 52, 45.1 percent for zones 1, 11, 111, IV, V and 
total of farmers respectively. 

&1 US$240/ha and US$40/ton. Rate of excha»ge, $25 to one donar. 
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TABLE 14. ESTlMATED LABOR USE IN THE PRODUCTION OF CASSAVA PER RECTARE BY ZONES. 

ACTIVITY 
1 II IrI IV V TOTAL 

Heightcd 
% Average Average % Average % Average % Average " Average % " 

Land claaring 1.4 1 0.0 O 0.5 1 0.8 1 3.7 4 1.2 1 
Land preparation 33.1 32 6.5 8 12.0 15 3.7 6 8.0 9 13 .1 15 
Plotting 2.5 2 0.5 1 1.4 2 0.1 O 0.4 O 1.0 1 
P1anting 7.5 7 9.8 12 11.9 14 10.1 16 10.0 11 9.9 11 
Replanting 1.4 1 1.0 1 0.6 1 1.3 2 3.2 3 1.4 2 
Billing 0.1 O 1.7 2 0.0 O 0.1 O 0.0 O 0.5 O 
Irrigation 0.0 O 0.0 O 0.0 O 0.0 O 3.4 4 0.6 1 
Drainag,~s 0.2 O 0.4 O 0.0 O 0.1 O 0.3 O 0.3 O 

,¡,. Ap1. fertilizera 1.3 1 1.1 1 0.5 1 0.3 5 0.9 1 0.9 1 ... Ap1. insecticidas 5.3 5 1.6 2 3.4 4 3.4 O 1.2 1 3.1 4 
\O 

Apl. fungicides 0.0 O 0.1 O 0.0 O 0.1 O 0.0 O 0.1 O 
Ap1. herbicides 0.0 O 0.1 O 0.0 O 0.1 O 0.0 O 0.1 O 
Weedings 46.1 45 58.1 68 43.4 ! 52 38.3 59 51.3 57 47.6 56 
Pruning 0.0 O 0.5 1 0.3 O 0.1 O 0.1 O 0.2 O 

Ilarvesting 6.8 6 3.4 4 8.2 10 7.5 11 9.2 10 6.6 8 
__ 'o 

TOTAL 105.8 100 84.8 100 82.2 100 66.1 100 91.5 100 86.4 100 

Source: R. O. Diaz and 'Pcr Pinstrup-Andersen (eds.) (1977), op. cit •• p. H-12 



FIGURE 4. ESTUrArLD LA:lOR USE IN IHE PRODUCTION OF CASSAVA PER 

HECTARE (tli::N DAYS!tiECTARL:) (%) TOTAL LABOR PERCENTAGE 

USED 1" TI! E: AC-'TIVUIES. 

• • • • • • • • • • • • • 
• • 

8'1. 

• • • • 

14% 

15% 

• • • • • • • • • • • • • • • • • • • • • .., ._~""~,(l" '11.q.U:?J.q'tJ.~~~I.)~~~r.Lt¡.'tJ.'/.l~!I.~~{i.ij.~ · . . . . . . . . . . .. ~ • • • • • • • • • • • • • • • · . . . . . . . . . . . . " . . . 
• • • • • • • • • • • • • •• •• • • • · . . . . . . . . . . . " .... . . . · . . . . . . . . . . . . ., .... . . . . . . . . . . .' . . . . . . . . . . . .. ..,... 

• • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . ., 
• • • • • • • • • • .. • • • • • • • • • .. • ti • • • • · . . . . . . . . . . . . . . . . . . . . . " . . . · . . . . . . . . . .. . . . . . . . . . . .. ... · . . . . . . . . . . . . . . . . . . . . .. '" · . . . . . . '.' . . . . " . . . ....... . .. .... . • • • • • •• ••••••••• • • • • •• • • • • '.' • • f,' • • • • • • • • • f.', •• .. . . .. .,. ......... . . . . . . . . . . . " . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• · . . ., ,. . . . . . . . . . ., .,.. . .. 
• • • • • • • • • • • • f .. • • • • • • . ,.. . . . . .. . . .. . . . . . . . . . 

• • • • • " • • • " • # • • • ., . . . .. . . • • • • • 

Land preparation 
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FIGURE 5. LA30R USE DISTRBUTION FOR TOTAL ZONES (HE¡~-DAYS/¡¡A) 
DURIl\G Oill:: SEASOCl AVERAGE 1973 - 75 

r:- d/ ha n-d/ha 

1 11 
12 14 

10 12 

S 8 

6 6 

4 4 

2 2 

Honth Nont:h 

Jan. 

Il-CI/ha. 

Jun. 
¡n-d/ha 

12 

8 

6 

5 

4 

2 

Dec. 

Jan. 

Jan. Jun. Dec. 

III 

Honth 

Jun. Oec. 
m-d/ha. 

14 

12 

10 

8 

·6 

4 

2 
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TABLE 15. AVERAGE VARIABLES PRODUCTION ACTIVITIES COSTS OF CASSAVA PER RECTARE 

Activities ZONE 1 ZONE II ZONE III ZONE IV ZONE V TOTAL 

$/ha % $/ha '7. $/ha '7. $/ha '7. $/ha 1- S/ha '7. 

Land clearing 38.3 1 O O 37.4 1 37.1 1 383.7 11 82.9 2 
Land p1.'eparatian 862.6 28 1183.5 24 571.1 14 769.4 19 596.8 16 815.0 20 
Ploting 65.2 2 86.9 2 63.2 2 20.9 O 11.7 O 52.8 1 
P1anting 197.4 7 393.8 8 538.4 14 479.5 12 293.2 8 382.6 10 
Rep1anting 37.7 1 42.4 1 27.6 1 62.4 2 95.7 3 50.S 1 
Hi11inl; 2.1 O 68.4 1 O O 5.5 O O O 17 .0 1 

.1>- Irrigation O O O O O O O O 100.9 3 15.7 O 
O> 

'" Drainages 6.4 O 16.7 O 1.0 O 32.8 1 27.7 1 16.0 1 
Ap. Fertllhers 33.3 1 49.8 1 21.8 1 23.9 1 27.2 1 31.9 1 
Ap. Funglcides O O 2.7 O O O 1.4 e o o LO o 
Ap. Insecticides 140.4 5 66.2 1 156.2 4 159.4 4 34.4 1 114.1 3 
Ap. Herbicides O O 9.2 O O O 1.9 O o o 2.4 o 
Weedings 1202.0 39 2333.5 47 1991.0 50 1812.2 44 1524.9 43 1791.2 45 
Pruning o o 20.5 o 14.0 o O O 2.0 O 7.9 O 
Huves Hng 177.2 6 136.3 3 381.8 10 358.1 8 271.5 8 260.3 7 

TOTAL 2762.6 90 4409.9 88 3803.0 97 3764.5 92 3369.6 95 3641.3 92 

SOU1.'CW: R. O. Dtaz and Per-Pinstrup-Andersen (ede.) (1977), ap. cit., p. 1-11 



'fABLE 16. AVERAGE VARJ~BLES PRODUCTION INPUTS COSTS OF CASSAVA PER HECTARE 

Inputs ZONE 1 ZONE II ZONE nI ZONE IV ZONE V TOTAL 
$/ha % $/ha 7- $/ha ?:, $/ha 7- $/ha ¡, $/ha ¡, 

Seed 117.7 4 196.3 4 69.4 1 121.3 3 128.0 4 127.7 3 
Fertil1zers 74.7 2 315.2 6 11.0 o 94.6 2 25.5 1 112.0 3 

~ 
rnsee tic ides 113.1 4 73.6 2 70.9 2 109.9 3 20.0 o. 80.3 2 

o:> Fungieides o o 0.7 o o o 1.0 o 0.0 o 0.3 o w 
Herbieides o o 23.1 o o o 4.6 o o o 6.1 o 
fOTAL INPUTS 305.5 10 608.9 12 151.3 3 , 331.4 8 173.5 S 326.4 8 

TOTAL VARIABLE 
COST* 3068.1 100 5018.8 100 3954.3 100 4095.9 100 3543.1 100 3967.7 100 

!/ Actlvities (Tablc 15) plus inputs. 

Souree: R. O. Oí.az anc1 pcr-Pinstrup-Andersen (eds) (1977), op.cit., ps. 1-6, 1-7, 1-8, 1-9, 1-10, 1-11. 



'i'AllLE 17. A'IJ:;AACE TOTAL l:'RODUCTIOll COSTS el CASSAVA 1'llP. HECTARE AND PEa TON IN EACH ZONE. 

20m: t ZONE tI ZONE nI ZONE IV ZONE V TOTAL 

$ Iha $/tt>n $/ha $/eon '$!ha $/ton $/ha $/ton $/ha $lton $/ha ~/ton 

Average variable costs 3063 694 5019 397 3954 1318 4096 661 3543 9S7 3968 640 
Ad::11nlstration 199 16 O O 83 13 6 2 62 10 
Tachnica1 a.sistant 8 2 9 1 1 O O O 3 1 4 1 

"" SurveU1ance 39 9 263 21 97 32 8 1 44 12 96 , 15 
<¡:; hck 52 12 126 10 55 18 344 55 33 9 123 20 

Interest (121. of veriable c~st) 368 84 602 48 474 158 491 79 425 115 476 77 
Total cont cxcludlng 1and rent 3535 803 6218 494 4581 1527 5022 810 4054 1096 4729 163, 
Lnnd rent (107. of land valua) 278 63 45U 358 321 107 540 87 423 114, 1318. 212 

TOTAL COst 3813 866 10733 852 4902 1634 5562 897 4477 1210 6047 S75 

Souree: ,R. O. Dí". and 2er PLnstrup-AnderGen (odo) (1977), op. cit., pe. 1-14, 1-15, 1-16. 
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TABLE 18. LAND RETRIBUTtON AVAtLABLE FOR OWNER, RENTS AND Sl!ARECROPPERS, AND NE! RETURNS, CIVEN AS PERCENTAGE OY LAND 
AND PRODUCTION VAWE. AVERAGE BY ZONB. 

ZONE 1 ZONE It ZONE IU ZONE IV ZONE V TOTAL 
$/ha $/ton $/ha $/ton $/ha $/ton $/ha $/ton $/ha $/ton $/ha $Ito~ 

Value of land 2776 45153 3208 5400 4227 13185 
Value of production 5859 1331 25685 2038 5946 1982 7982 1287 4016 1029 10485 1691 
Nee return and land 
retributlon 2324 528 19467 1545 1365 455 2959 476 -37 5755 92.3 
Percentage of land value 83.1 43.1 42.5 54.6 O 43.6 
Percentage of production 
value 39.1 75.8 23.0 37.0 O 54.9 

Source: R. O. Dlaz and Per Pinstrup-Andersen (eds.)(1977), op. cit •• p. 1-18 



TAllLE 19 •• TOTAL PROD:JCTlON COSTS 01' CASSAVA Al\'D NET RETURNS PER RECTARE AND TON FOR SHARECROPPER IN &ACM toNE. 
AVEil.AGE BY ZO¡¡E. 

.\c:t1vlt:y ZOl-.:t:: 1 ZONE II ZONE III ZONE IV ZONl:: V TOTAL 

$/11il $/ton $/ha $/ton $/ha . $/ton $/ha S/ton $/ha $/ton $/ha $/ton 

AVl"rJlJ>,c vAt"tnhl0 COGt JS/,f1 5n 622l, 546 3909, 1447 4463 647 39/.0 1DO 4526 730 
AdmLnistration O O 34 3' O O O O O O 8 1 
Tcc!m1cal a8810 t4:1Cj! • O O 6 O 1 O O O O O 2 O 
Surva111'::lice O O 231 20 45 17 18 3 75 15 77 12 .,. Pa:c:k 4 1 188 16 78 29 446 65 O O 177 29 

'" LunJ rcnt:: 3799 633 11841 ·1039 2718 1007 5684 823 2996 599 5664 914 ..... 
Intcrest (12l Gf vur1~ble 
cost) 425 71 749 65 469 174 535 77 1413 liS 51.3 67 
Total Cost 7776 1296 19273 1691 7220 2674 11146 1615 7484 1497 10997 1173 
Value of production 8927 148S 24385 2139 4985 1846 9940 1440 5392 1076 11767 1898 
!lee rotur!:lS 1151 192 :;112 448 -2235 -828 -1206 -17:; -2092 -419 770 125 

5QurCel R. o. t>!az and Por r~n.erup-And"r.en 'eda.) (1977), 01'. eH., p. I- 20 



TABLE 20. AVERAGE OF CASSAVA FOR TOTAL ZONES. AVERAGE BY FARM SIZE. 
(COL. $/TON.). 

Tipical 
Average Lo" Hígh Desvlation 

ZONE 1 
Sma11 1380 330 2880 570 
Mediu1)I 1260 400 2400 490 
Large 1390 1000 2270 380 
Total 1320 330 2880 500 

ZONE Ir : 

Small 2110 1000 3810 870 
Medium 1760 760 4760 990 
Large 2060 ·960 3920 760 
Total 2000 760 4760 830 

ZONA III : 

Small 2110 1340 3520 69!l 
Medium 2230 1080 3200 680 
Large 1720 780 3360 700 
Total 1980 780 3520 720 

ZONE IV : 

Small 1360 830 2100 510 
Medium 1230 540 3180 580 
Large 1070 380 ·2170 510 
Total 1150 380 3180 530 

ZONE V: · · 
Small 1060 750 2000 290 
Medium 1090 1000 2000 300 
Large 1070 860 1200 120 
Total 1070 750 2000 260 

TOTAL · · 
SmaU 1590 330 3810 740 
Medium 1470 400 4760 730 
Large 1550 380 3920 750 
Total 1540 330 4760 740 

Source: R. O. Diaz and Par Pinstrup-Andersen (eds.) (1977), op. cit., 1-4 
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TABLE 21. PERCENTAGE DISTRIBUTION OF CASSAVA PRODUCERS ACCORDING Tú ORIGINAL ANO DESTINATION OF CASSAVA. 
AVERAGE BY FAm¡ SIZE. 

DESCRIPTION 

pLACE OF SALE 

GroUndll 
2/ 

Farro -
Local Harket Place 
principal Market Place 

DESTIliATION 

Selting for : 

Human Consumption 
Animal Consumption 
Proccssing 
No sell1ng 

1.1 Before harvest ("se lling") 

1:.1 Harves ted 

1 

41.0 

27.9 
19.6 
8.2 

45.9 
O 

50.3 
3.3 

II 

76.5 

9.4 
1.6 

12.5 

100.0 
O 
O 
O 

Z O N E 

III 

O 

52.5 
39.6 
3.4 

, 94.9 
O 
O 

5.1 

S: 

Source: R. O. Dlaz and Pcr Pinstrup-Andersen (eds.) (1977), op. cit., p. K-3 

IV 

27.3 

1.3 

7.3 
60.0 

96.4 
O 
O 

3.6 

., 
• . _._._---

O 

88.6 

9.1 
O 

75.0 
O 

22.7 
2.3 
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!ABLE 22. PERCENTAGE DISTRIBUTtON OF FARMS ACCORDING TO !HE CLASS ANO TYPE OF ~NSPOR!ATION FOR TOTAL 
zoms. 

I II nI IV V T o TAL _. 
CUSS 

Otmed 3 o 7 o 5 2 , 
Rented 25 14 36 67 5 30 .... Ilona 72 86 57 33 90 68 \O o 

mE 
Mechenical 5 14 22 65 10 23 
Anima: 23 O 20 2 O 9 

Source: R. O. Diez and Par Pinstrup-Andersan (eds.) (1977), op. cit., p. K-6 



The average price paid to the farmers was of $1540/ton. The price 
at zones 11 and III was alroost double the price at zone V. Price at 
these zones may have been favoured by the access to big markets. There 
were no large dífferences bet:<leen sma1l and large farmers as to tlle price 
of cassava but ,~ide variations were noticesble in the same zonas (Table 20). 

Marketing and transport oí cassava for industrial processing and 
starch plants was produced on1y at zone l, with traditional technology 
and st zone V, with advanced technology. 

One third of the farmers sold their cassava "in situ" i.e. before 
harvesting (Table 21). With this system price i5 defined by farmer and 
buyer before harvesting the erop. The cost of harvesting is paid by tbe 
buyer who sometimes supplies the bágs. The main reasans why farmers deal 
this way are: a) he believes profits are higher b) he avoids marketing 
problems ·c) he eliminates the risk associated with a yield smaller.than 
expected snd d) need of cash before harvest time. 

Most of the visited farmers had no transportation available (Table 22). 
There were regions where more that one fifth of the farmers used animal 
transportatian. 

Cassava produetion i5 generally found at places isolated from 
consumer centers. This situatian makes the marketing of the product 
more difficult forcing the farmers to sell in their farms.·These that 
utilize this transportation and carry their product to the market are forced 
to sell at the prices imposed by the wholesaler which may have a very 
wide profit margin • 

SUMM!RY ANO CONCLUSIONS 

The need for usefull information about the cassava erop in order to 
make decisions accordingto reseaTch priorities and to develop a rnethodology 
that ean be utilized by institutions 01' persons frem other countries 
interested, motivated the International Center for Tropical Agriculture 
(CIA!) , to initiate a study on cassava covering the following aspects: 
(1) description of thc production processes, (2) identificatian af factors 
associated with 10\, yields, (3) estimate production costs and other 
economíc indexes. 

A group of cassava farmers distributed in five different regions, 
were visited during different stagas of the cassava growing cycle in 

to obtain information on all act1vities of: (1) pToduction and 
planting systems (2) type of soils based on samples taken at each one 
of the visited ferms (3) direct observation of insects, diseases, weeds 
and water problems (4) estimation of inputs used and proeuction costs for 
each one of the studied zones. 

At the farms surveyed móst of the production activities aTe 
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pcrformed with hand labor. Around t,O percent of the farmers' planted 
cassava intercropped with other crQPS, maize being the most important. 

>leed control is one oí che most important activities in the cassava 
production process. The majority of the soils are acid and 10am textured. 
Diseases caused by Cercospora spp were the mast important at almo~t all 
plantations under 1200 m of altitude and phoma leaí spot was the main 
disease causing yield los sos at more than 1200 m over sea level. Insects 
were found at all rogions surveyed, oí which thrips was the most frequent. 
Gallmidge, mites, white fly, fruit f1y, tingids, horn ,~orm and leaf cutter 
ants where the most important. Broad leaf weeds were the mest frequent 
at all zones. Ferns were some of the most common weeds. 

Machinery was uscd for land preparation and very little for other 
labors. Insecticides, espccially for 1eaf cuttcr ant control were the 
most comrnon chemical input. lbe siza of seed increased as altitude 
over sea level decrease.d. 

Average yields from ehe survey "era less than 7 ton/ha. A wide 
variation "as observed from O to more than liO ton/ha. In spite of this. 
use of labor for cassava production averaged at 86 man-days par hectare. 

!he variable production costs was estimated at $4000/ha and $640/ton' 
and the total cost at $6000/ha and $lOOO/ton of cassava produced. ~le 
hlghest value of production Nas oi' $25000/ha snd the lowest was $4000/ha. 
!he proportion of family labor used by the farmers for the cassava 
production process was of 42.4, 19.9, 67.4, 48, 52, 45.1 percent for zonea 
I, II, III, IV, V and farmers total costs respectively. 

!he average price paid ta the cassava farmers was of $1540/ton cassava 
for processing and stsrch obtained was sold on1y at two zones. One tbird 
of the farmers sold their cassava before harvesting snd the majority had 
no transportation available. 

lt i5 important ta note that this type of information is indispensable 
for the research ~,¡orkers in charge of estabUsbing siJnple uuexpensive 
technologias which could be adopted to different ecosystems and cultural 
levels. 
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AGRICULTURAL ADlIINISTRATION : 

liOW TO APPLY THE ECONOHIC TlLEORY y 

J.N. Efferson 

u Very often economists. enger to sho", the ",orld ho", much they 
knoll about their proffesion, llave made of economics, the scienee "f 
common sense, very difficult to understand. By the use of unusefull 
vords, endIese phrases and innumerable, confusing and complicated 
grapbs, they have made economics as the most obscure of the foreign 
lenguages, and even more difficuIt to understand and Ca appIy to 
agrieultural administration local problems. As a result, farmers have 
macle little use of the economie theary in their da1Iy decisian making 
activities. !bey need specific facts,- not abstract theories. 

They really need basie facts pertinent to the matter on ",h1<::h 
they must decisions. as much as they need economic theory ",h1<::h ia 
world ",ide accumulated experience to evaluate and interpretate these 
facts. Withaut both factors arriving to correct conclusions is 
impossible. " 

lJ Agricultura 'de las Am~ricas Afio 25, Nov. 7, 1976 PI? 94 
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Eco;muc ANALYSIS O? EXPERlHE;{rAL RESULTS U 

Per Pinstrup-Andersen 

l. l,ature and usefullness of Economic Analysis 

!he maln purpose of economic analysis of experimental results ls to 
help establishing recommendations to farmers on the use of resources 
and production technology. Economlc analysis loak for the economíc 
optimum based on experimental data. lt lB of 1tttle use for the 
farmer tbat the application of 500 kg. of Urea ",i11 increase yields 
per hectare. The same ~y it ls of little use ta know that one 
weeding per ",cok during th.e Urst seven months of growth ",i11 result 
in larger production. The farmers' objective narmal1y ls not ta 
maximi&e yield but to rnaximi&e net tncorne. So, the farmer 18 
interested in an economíc optimum and not a physical maximum. Agro
biological experlments should be complemented ",ith eeonomíe analysis 
so tbat experimental results may have relevanee among the farmars. 

2. Necessary data 

The type of data necessary depends on the specific analysis to be 
performed. lt ls essential then, to decide if an economic analysis la 
to be made and to espeeific ~hat analysis lt ",111 be before cornmencing 
the experimento lf these constderations are not lncluded in the 
planning 9f the experiment, lt is probable tbat later on the analysis 
cannot be done due to lack of data. 

lt is cornmon for an agriculture research ~orker to perform his 
experiment, tahulate the data and then ask for an economic ana1ysis 
without consulting the economlst but after the experlment ls flnished. 
lt ls like estimating the efficiency of an animal diet after a perlod 
of time without information on the quantities of feed consumed. In 

,J,' most cases 1t ls impossible. 
~~" l;,"C" 

,Generslly, thc data necesssry for economic analysls, besides 
experimental results, consists ,~f amounts and uríces oí inputs used, 
prices of the produce snd impact Over other resources. However, 
information especifications varie fron one experiment to another. 

!I CIAT, Internal Publication. August, 1974. 
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3. Estimatíon oE economical optimum 

Estiw~tion of economical o?timum 1s based in the fact that an 
activity ",hose cost 1s inferior to the value oí the result of the 
activity increases net income. 

If th~ cost of applying 100 kg of fertilhers is $50.00 and the 
value of the lncrease ln productlon 15 $60.00 the farmer would lncrease 
net income by the use of fertilizers. 

lf the value of the lncrement ls only $40.00 it would be best not 
to use fertilizers. But, exactly ho"l much fertilizer should be used. 
It may be used to the point "lhere the cost of each aditional uoit of 
fertilizer equals the value of the increment in production. lo 
economic terms, we can sayo where the marginal cost (Me, of the 
fe-rtilizer input) i s equal to the value of the marginal product (VMP, 
cassava production). 

Figure 1, shows a hypothctical example of the estimation of the 
. optimum amounts of fertilizet: use. ¡lhile the maximum yield 18 of 

13.000 kg/ha corresponding to the use of 600 kg of fertil!zer per 
hectare, the economical optimum cort:es~onds to the use of 383 kg of 
fertilizers per hectare. The curve ~resented in figure 1 ls called 
"Production Function". The production function shows the input
pt:oduct relationship for a eertain input-in this case fertilizer 
keeping other inputs at a constant level. 

Transformation of experimental results into a continuous function 
like in the case of fertilizcr use 15 not always possible. For example. 
a comparative analysis of n~t profits from using three different types 
of herbicide. In cases like this budget methods are used e8timatl~g 
the cost and beneflt of each one of the three p08sibilities. 

4. The role oI risk and uncertainty 

The response to fertil1zation shown in table 1, expressed as a 
production functlon in figure 1, refers to an e~~riment already 
completed (hypathetical data), If the same experiment could be repeat
ed under exactly the sarue conditions the response would be the same. 
However, certain faccors exist whieh cannot be controlled or vredicted 
that can influence the response to fertili:oation. ' These factors are 
related mainly to environmental conditions, i.e. raíns, droughts, 
winds, insect or disease attacks and price variations tor theproduct 
·or the inputa. The prescnce of these factars cause risk and uocertainty 
in the agricultural enterprise. Because af these reasans, the farmer 
must decide about the amollnts ta use for each input based·an e~¡>erlmental 
results and on the prababilit1es of the different degrees of the. 
uDCootrollable factars. 

!he application of experimental results without consideration of 
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TABLE 1. HYPHOTiIETICAL RESULTS OF A FERTILIZERS E~PERlMENT. 

Average Nargina1 Price 1 Príce 
Land Fertilizer Production Production l'roduction (fertilizer) l'rouuction V .~L.P. 

(Ila) _ ..... -- ..... -.- _.- -_ ..... -- ......... _ .. _ ..... -- ... (l<gs) ...................... __ ........ _ ........... _-_ .. ($!1Cgs) ($/Ton. ) ($ ) 

1 O 10.000 0.50 150 
10 1.50 

~ 1 1.00 11.000 110.0 0.50 150 '" CI) 8 1.20 
1 200 11.800 59.0 0.50 150 

6 0.90 
1 .300 12.400 41.3 0.50 150 

~ 0.60 
1 400 12.800 32.0 0.50 150 

2 0.30 
1 500 13.000 26.0 0.50 150 

1 0.15 
1 600 13 .100 21.8 0.50 150 

·1 -0.15 
1 700 13.000 18.5 0.50 150 

1/ Assuming that othcr production cost are independent of che nitrogen level. 



rísk and uncertainty may be cause of s~vere failrues. For example. 
in Puebla, Noxico, it was found that 'lotimum Nitr.~gen levels varied 
fr:m () to 2f\O kg/ha in 1')(,8 and 1%9, and the precipitation regime 
was bla¡;¡ed as the m..1in cause for this varíation. Flor and Pínstrup
Andersen~/prescnt additi,,,,al c"osiderations on the importance of r1s1< 
and uncertainty and metheds fer estimating the economical optimum 
under such conditions. 

5. Implicati'lns to the farmer and to the agricultura! sector 

A single farmer norrnally produces a very sma11 portian oI the 
total production sold in a certaln market. Also, the use of a 
certain input la only a sroal1 proportion of the total soldo An 
increase in nroduction or an increase in the use of an input in one 
or few farms, 14111 not eause changes in priees of inputs or product. 
However, when a large proportl~n of farmcrs increase their production 
or use of inputs, prices tend to change. So, if estimates of the 
benefit to tite farmer brought by a new teehno1ogy are ealeulated 
based on fh:~d prices results "'luId not be valid if a great portion of 
tite farmers adopt tite ncw tecltnology. Instead of utilizing fixed 
prices for product and lnputs, the calculations should include and 
estimation of the expected variation in priees due to lIn inerease in 
produetlon and or use of inputs. 

Execrcisc,," on th;s matt"r and otlter cases of economical optimum 
estimatíon us;ng <1ifferent pitases of eassava produetion are explained 
further. 

Carlos Flor M., and Per Pinstru\)-Andersen "SO<Ue economical models 
for ri8k and ineertainty situation T'oe case of Nitrogen" Paper 
presented at the 2 Collo<luium on "Soils, Palmira, Aug 29- Scpt 3, 
1971. 
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APPLICATED EY.ERClSES ON ECONOHICAL ANALYSIS 

Rafael Orland~ Oiaz D. 

In the previaus sectlon on the ec~nomical analysis of experimental 
results, it was defined that the objective of the farmer ia not only 
to obtain high yielda but to obtajn high net incornes. The point that 
defines the maximum incorne situation to the farmer ia obtained by 
calculating the economical optimum for the enterprise. 

Estimation oI econnmícal optimum i8 based on the fact thllt the 
farmer's net income i8 increased by an activity ",hose fa lower that 
the result oi the aetívity. 

To apply economical analysls ta experimental results some usefull 
concepts must be kept in mind. 

The expression "Production Functioñ" is applied to the physical 
relationships between the resources of a company and the amount of 
goods and services produced per unit time, without considering 
prices. lt can be expressed mathematically by Yc (F(Xl, X2.-•••• Xn). 
The amount of resources by Xl, X2, to Xn • The equation must be read 
as(the amount produecd "y" per unít time, i8 a funetion of (or depends 
oí) the amounts oí resources Xl, X2 ••• ,Xn used by the compan, per 
unit time. 1 

Table 1 presents production relationships without considering 
prices and vaIue oí production relationships conaidering price of 
input and producto A graphic representation of a production functton 

. without conaidering priees is given in figure 1. Figure 2 representa 
relatíonships for vaIue of production. 

Figure 3 shows production costs comrnonly used in the elaboration 
oí budgets obtained based on a linear production funetion. 

Methematicel relationship5 for average costs are given in Table 2. 

1 A more detaiIed explanation about functions and h~ they are 
obtained mathematical1y i8 given in Sisho?, e.E. and W.D Toussaint. 
Introduction to Agrcultural Economic Analysis. John Wiley and 
Sons, Inc. 1958. 
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Given this dcfinitions. sorne exercises using hypothetical cases 
oE sorne biological experiments and the criterion used to perform the 
ecanomical analysis of results, are descrihed below. 

Case No. 1 

Estimation of optill1um Nitrogen levels for.cassava. Variables 
will be: (1) price of Nitragen input (2) price of cassava product 
and (3) price of input and producto 

Costs of applying NItrogen, weedings and harvests vary with 
variations in the Nitrogen level applied and the production levels 
obtained. 

Case No. 2 

Estimation of optill1um plant population. The number of plants 
per hectare vary and thus, the yields vary a1so. As a consequence 
the cost of seed, planting and harvest will vary. Other costs are 
assumed constant. 

Case No. 3 

Optimum number and ti~ for weeding of cassava. This example 
ls the case of a comparative analysis of the nct profit resulting 
from ussing four different alternativas based on results of simple 
budgets, estimating the cost and benefit af each one of the 
a lternatives. 

Case No. '4 

Optimum time of harvest. Variables are time of barvestlng, so, 
the yields vary too. Because it ls probable that tbe cassava 
harvested decreases in its qualíty, this dependa on the type of 
market, the price par ton of cassava must be varied. The alternative 
cost of the land is considered. The cost of harvesting al so varies. 
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TABLE 1. REU\.TIONSHIl' OF THE PRODUCTION 

iF Xi ~ Quantity of the input 

Yi ~ Quantity of the product 

Average Producto 

The ratio oi the total product (TP) to the quantity 
oí input used in producing that amount of producto 

Marginal Producto 

MP = f::" Yi/ f::" Xi : The addition ta 'Product resulting frOlll the 
addition of Qne untt of the input. 

Relationship of the value of the Prod~ction. 

iF: Pxi = Price of the input 

Py = Price of the product 

Value oí the total Producto 

VTP = py• y 

Value of the average Producto 

VAl' ~ .. Al' 

Value oi the ~~rginal Producto 

~ Ihe value oE product per unit of 
input at any particular level of 
in,¡>ut. 
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Average Fixcd Costo 

AFC TFC/Y = /Y 

Average Variable Costo 

AP e Average Product. 

I-larginal Costo 

HC m ~ TCI aY '" (TVC -:- TFC) f'¡¡y 

n 

e C(Px¡ ;;1 + 2: 
1=2 

P;:i ,\) !"JY. 

= pxi• (; "i/ aY + O Q (Fxi) '¡; yl(¡ xi. 

'" Pxi /lfi? X i 

lI? = ~;aq¡inal Product 

Averase Total Cost 

ATe = TC/Y = (AVC + TFC) /Y '" (Pxl;i¡/Y) + (TFC/Y) 
- AVC + TFC 

Ave 
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FIGURE 2. RELATIONS:lIP o; TUE VALUE Ol' THE PRQiJUCTrOll. 
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CASE NO. 1. ESTIMATION OF OPTlM[Th! NITROGEN LEVELS FOR CASSAVA. 

Al' llcation Price Weeding Harvesting Othera 
Nitrogen Production Cost N/Kgr. Cost Cost Costs 

---------(Kg/ha)----· ••••• -·------------($/ha)-.------------.----------. 

1) 5,000 o 0.4 200 

50 6,000 10 0.4 200 

100 7,000 11 0.4 130 

200 8,500 12 0.4 150 

300 9,500 12 0.4 130 

400 10,000 13 0.4 120 

500 10,200 13 0.4 120 

600 10,200 li. 0.4 120 

(1) Price of the Nitrog~n: $400/ton. ~ $0.4 kgs. 
Price of.the Cassava $100/ton. = $0.1 kgs. 
Optimum Nitrogen l,evel ~ mIl kgs/ha. 

(2) Price of the Nitrog~n: $300/ton.· $0.3/kgs. 
Price oE the Cassava : $100/ton •• $O.l/kgs. 
Optimum Nitrogen Level ~ 1420.6) kgs/ha. 

(3) Price of the Nitrogen: $400/ton. ~ $0.4 kgs. 
Price of the Cassava : $ SO/ton. ~ $O.OS/kgr. 
Optimum Nitrogen Le,,'"! 1 ~ 13641 Kgr ./ha. 

100 100 

111) 100 

120 100 

135 100 

145 100 . 

150 100 

150 100 

150 100 

(1) (l) (2) (2) (3) (3) 
MP VMP MC VMC MC VMP Me 

---_ •• _-_ •• - _.-( $ ). __ ••.•••.•• 

20 2 0.80 2.0 0.70 1.6 0.80 

20 2 0.22 2.0 0.12 1.6 0.22 

15 1.5 0.26 1.5 0.16 1.2 0.26 

10 1.0 0.30 1.0 0.20 0.8 0.30 

5 0.5 0.36 0.5 0.26 0.4 0.36 

2 0.2 0.40 0.2 0.30 0.16 0.40 

O 0.0 0.41 0.0 0.31 0.0 0.41 
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CASE NO, 1 (EXERClSE 3). ESTIHATION 01' OPTIHlJl! NITROGEN LEVELS FCR 
CASSAVA 

Nitrogen Vlí.P NFC 1'y ~ $0.08/Kgrs. 

250 0.4 O,3G 
> < 

350 
1':-; '" $0.004/Y..gr5. 

VHP 

llC 

(Y) 

0.4 

0.3 

0.16 0.40 

----------------------
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.2 
0.16 ----------------------r------
0.1 

100 

(Xl. Yl) 

(X2 , Y2) 

200 300 

(350, 0.5) 

(450, 0.2) 

I 
1 
I 
I 
I 
I 
I 

400 500 

(350. 0.26) 

(450, 0.30) 

(Y2 - Yl) I (XZ - Xl) = m 

m (~í.P) = (O.16 - 0.4) I (450 350) = ~ _ -0.0024 
100 

m (!le) (0.40 - 0.36) I (450 - 350) = O.Ol, = 0.0004 

0.4 - 0.024:: 
0.04 

X 
¡: Cut 

100 

y= a + m:c 

= 

= 
= 

0.36 + O.0004X 
0.0028 X 
14.23 
350 + 14.23 = 364.3 l:grs./lla. 

510 
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CASE NO. 1 (E.:;ERCISE 1). ESTDlATI01: Ol? Ol'TnlUH HITROGE:~ LEVELS rOR 
CASSAVA. 

Nitrogcn VllP 
Kgs/ha. 

He Py e $ O.Ol¡I~¡:;s. 

m 

350 

450 

Vlll? 

He 
(Y) 

0.5 

O.l, 
O.:; 

0.3 

0.2 

0.1 

(VHP) 

0.5 
» 

0.2 

0.36 
< 

0.40 

I 
I ------___________________ L_ 

-------------------_____ ~I,_--
I 
I 
I 
I 

-------------------------~~-----

1 

(Xl' Xl ) (350. 0.5) 

(Xa • Y2 ) (450, 0.2) 

(Y2 - Yl ) I (X2 - Xl ) =m 

= (0.2,- 0.5) I (450 - 350) 

I 
I 
I 
I 
I 
I 
I 

e 

(350, 0.36) 

(450, 0.40) 

- 0 .. 3 '" -
100 

0.003 

!,m (He) ., (0.40-0.36), I (450 - 350) = 0.04 '" 0.0004 roo 
y =a+m:t 

0.05 - O.C03X n 0.36·¡. O.OOQl.X 

0.14 .. O.0034X 

x .. 41.17 

X Cut D 350 + 41.17 = 391.17 l~rs./ha. 

511 
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CASE No. 1 (E.'<ERCISE 2). . ESTI;li\TIOll o;;' OI'TI!fúl1 NITRO GEN LEVELS FOR 
CASSAVA. 

Nitrogen 

350 

450 

VllP 

llC 

(Y) 
0.6 

0.5 

0.4 

vtiP 

0.5 
:;,. 

0.2 

¡!Fe 

0.26 

< 
0.30 

1 
1 
I 
I 
I 

Py '" $O.l/l(grs. 

Px = $0.3/Kgrs. 

0.3 -----------------------:r:::.:-;;-~~ 0.26 ______________________ ~ 1 

0.2 

0.1 

, I 
----------------------t------

100 

(Xl. Yl ) 

(X2 • Y2 ) 

200 300 

(350, 0.5) 

(450, 0.2) 

(Y2 - Yl) / (~'2 -Xl) =- m 

I 
I 
I 
I , 

400 500 H(x) 

(350, 0.26) 

(450, 0.30) 

m (VllP) ~ (0.2 - 0.5) / (450 - 350) .9.3 '" - 0.003 
100 

m (He) ., (0.30 - 0.26) / (450 - 350) = 

y = a+m:t 

0.5 - 0.003X '" 0.26 + O.0004X 
0.24 '" O.OO3i.x 

x ., 70.59 
X Cut - 350 + 70.59 - 420.6 ¡(gra/ha. 
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(HYPOTHETICAL DATA) 

Plants production Sead Plantiog Waading Harvcsting Otilar s 
llanafits Iba. (Kg/ha.) cose Cost cose Cost C ... ·sts HP VMP MC 

-~._--.~_._-- -___ o_oC $/ba. )-------------------
" 

50 5, 000 Ó,?OO 100 50 200 100 100 

'" 0.8 0.08 0.023 
320 10,000 10,000 200 70 170 150 lno 

0.6 0.06 0.02G 
4')5 .15,000 13,000 300 110 ~60 180 100 

0.4 0.04 0.024 
575 20,000 15,000 400 90 160 190 100 

0.0:141 0.2 0.02 
VI 565 25,000 16,000 500 100 160 200 100 ... 
w -o. (, -0.06 0.022 

190 30,000 13,000 600 110 160 200 100 

Price of the saed $ 20/Tbousands stakas. $ 0.02/stake 

Price of the Cassava $lOO/ton. , . $O.I/Kgr. 

21.500 Plants/ha.1 Ihe optimum plant population per hectare la 
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CASE NO. 2. OPTlMUH PIAN! POPill..ATIOll 

Planta/ha. VHP He 

0.024 15750 

22500 

0.04 
)-

0.02 0.024 
Px • $0.02/Stake 

V111' 

llC 
(Y) 
0.04 -----------------_ 

0.03 

I 
I 
I 

0.024 

. I 
I 
l' 

--------------------~----~~ 0.02 ---------__________ ..1 ____ _ 
I 
I 
I 

0.01 I 

15.000 

(15750, 0.04) 

(22500, 0.02) 

(Y2 - Yl) (X2 - Xl) - m 

I 
I 
I 
I 

20.000 

(15750, 0.024) 

(22500, 0.024) 

25.000 rlants (: 

m ~) ~ (0.02 - 0,04) I (22500 - 15750) - - 0.02 _ 0.0000296 
3750 

m (Me) " (0.024 - 0,024) / (22500 - 15750) = 

y .. a+mx 

0.04 - O.00000296X 
0.016 

X 
X Cut 

.. 0.024 + OX 
" 0.OOO00296X 
.. 5405.40 
.. 15750 + 5333. 33 
• 2J155.40 Plants/Ha. 
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CASB NO. l. OF CASSAVA (HYPOTHETlCAL DATA) 

Value of 

Number of Age of th!! Men-day/ha Harvesting Othera Total the total 
Weedings er0l' Production , for weeding Cost Costs. Cost Product Bene fi t 

(Days) (l(g/ha. ) -.- ._----------_._---( "ha ) ---.., ..... --_ .. _--

1 . 30 '5,000 15 9S 200 340 500 160 

1 60 6,OM 23 100 200 36? 600 231 

1 qo 3,000 35 70 200 375 300 -75 

2 30/60 10,000 30 150 200 440 1,000 560 

2 60/90 11,000 3B 160 200 474 1,100 626 
\J1 .... 3 30/60/ 10 12,000 45 170 200 505 1, 2~! 695 \J1 

4 30/60/90/120 12,400 60 170 200 550 1,240 600 

Cost of the man-day $ 3.00 

Priee oE the Cassava $lOO/ton. $O.l/Kgr. 

Number and time for weeding 3, ta the lO, 60, 90, dnys respectively. 
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CASE NO. 4. OPTIMUM TIME OF HARVEST (HYPOTHETICAL DATA) 

.\ge for 
Harvesting 

(Monthl) 

12 

14 

16 

13 

20 

22 

24 

Production 

(Kg/ha.) 

10,000 

11,500 

12,61)0 

13,200 

13,600 

13,900 

14,100 

Alternative cost of the land 

Price of ehe Cassava 

Price of 
the Cassava 

( $/ton ) 

100 

100 

100 

100 

100 

80 

80 

$ 20/month 

$lOO/ton. 

O¡Itimum time of huvest 118.331 months 

Harvesting 
Cost 

Others 
Costs. 

--------($/ha)--------

150 300 

170 300 

185 300 

1')5 300 

200 300 

200 300 

200 300 

MP VMP eH 

750 75 30 

550 55 27.5 

300 30 25 

200 20 22.51 
150 15 20 

100 10 20 
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; 30 

.. 25 

22.5 
20 
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CASE NO. 4. OPTIMUH rIt-m OF HARVEST. 

Age 
(¡'¡onths) 

Vl1P NC 

17 30 

» 
20 

2S 

> 
22.5 

Py ~ $ O.l/Y~rs. 

PK ~ $ 20/Month. 
19 

----------------------r---~~ ____ 
----------------------~----------______________________ .1 ____________ _ 

15 16 

(Xl • Yl ) (17, 

(X2 , y~ , 
L , (19, 

(x2 - Y, ) I (X2 - Xl ) 

30) 

20) 

~ 

I 
I 
I 
1 
I 
I 
f 
I 
I 
I 
I 

17 

m 

18 

(17. 25) 

(19,22.5) 

lit (VMP)·" (20 - 30) I (19 - 17) .. la,. 5 
-r 

m (Me) .. (22.5 - 25) I (19 - 17)' - 2.5. 1.25 
-2-

y ~ a + nut 

30 - 5X - 25 - 1.25X 
X." 1. 33 

X Cut ~ 17 + 41.33 ~ 18.33 Months 

517 

19 l:.onths (x 
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Cl'.ARACTERISTlCS OF THE ¡,¡oRLD' S CilSSAVA PRODUCTlON 

IlITH E['ll'HASIS mi LA.TlN Al1ERICft!' 

R. O. Draz D. 

Prologue 

This report analyzes in brief form the relative importance of 
cassava production in relation to other agricultural products in 
cassava producing countries (epe) and particularly as relatad to 
thosa products ",ith ",hich CIAT :i.s presently working. 

On the basis of historical series, the production, area, and 
yield of cassava are analyzed, especially for the Latin American 
countries, with the object of evaluating their impact on t.he price 
of the product snd on the income of the producers in cases where 
ne'" technology being developed generates inereases in crop ¡ieId. 

lnformation supplied by Dr. Juli~n Buitrago from the Swine 
Program, CIAT, ",as considered in the preparation of this reporto 
He i9 thanked for his colaboration. 

Introduction 

The cassava producing countries of the tiorld (1) are also 
responsible for 937. cE the t<orId' s l'roduction of coffee and bananas 
and for about 80% and 70% of the world's production of augar cane 
and beans, respectively (Table 1). These same countries' production 
of wheat ~~ inferior to Russia's production (83.9 million tons) and 
superior to the production of the United States and Cenada (62 
miIlion tons). 

~;:'" 

-------------------
(1) In Africa the following countries: Burundi, Central African 

Republic, Republic oi Congo, Togo, Cornoro lslands, Gabon, Ghana, 
Angola, Nadagascar, Cameroons, Liberia, Equatorial Guinea, Ivory 
Coast, tligeria, Uganda, Guinea, Ruanda-Urundi, Y.:enya, t,iger, 
Senagal, Sierra Leone, Zambia, Halawi, Mali, Cambia, Chad, Somo! 
lia, Upper Volta, ~enin (Nigeria) Zaire, and Sudan. 

Asia incl11des: Tnailand J Indonesía, Nalaysia Sabah (No. L;ornco) J 

North Vietoa"" Timor Islands, l·iest 1:81aysia, South Vietnam, Tlle 
l'h11ipp1nes, India, Laos I1urtna, Cambodia, 011118, Sarawak, Sri 
Lanka. 

Oceanía includes: Tonga, Figi, Trust Territory of tne Pacific 
Ialanda, New Caldonia, Papua, and New Guinea. 

Latin A,nerica inc:ludes: 3razil, Colombia,' Paraguay, Ecuador, V!!, 
nezuela, Cuba, lIaiti, Perú, Argentina, Dominican Republic, Bolivia, 
!ionduras, Jamaica, Panama, ~l1caragua, Guatemala, Costa Rica, "'1 
Salvador, Puerto Rico and French Guiana. 

* Internal Document of the Cassava Program, Hay 1977. Preliminar 
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The production of maize in the cassava producing countries 15 
very inferior to that of the United States (118.5 miUion tons) snd 
the production of potatoes is very similar to that of Poland (48.5 
million tons). 

In production of sorghum, the cassava producing cauntries do 
not reaeh twice the production of the United States, the main world 
supplier (16 miUion tons) , hut in soybean the production of the 
cassava growing countries i5 very inferior to that of the United 
States, 33.1 million (56% of the world's production). In relation 
to meat, the United States produces 10.7 miUion tona "hile the 
cassava producing countries only 9 million tons. 

It can be concluded that the main source of animal snd vegetable 
protein are not produced by the cassava producing countries, but 
rather in developed countries. Furthermore, cassavs and rice, with 
the exception oí su::;ar cane, are the main sources of energy in al1 
these countries. 

In relation ta CIAT's commodities, (cassava, beans, maize, rice) 
the area planted to cassava in 1974, "as equivalent to on1y 21. oí the 
plowable agricultural eurfsce of all the eassavs producing countries:' 
for beans it was 3%, maize 8%, and rice 18% (FAO 1975). 

In the cassava producing countries in Latín Amarica, tlle' sr ea 
planted to cassava is equivalent to 2.4% oí the total plowab1e 
agricultural surface, to beans 5%, maize 18% and rice 6%. 

Comparing the world's production of these crops, in 1974 
(Table 1) in terms of dry mstter volumes (2), the following yields 
were attained: 286 milI ion tons oí rice, 246 million tons of maize, 
36 mili10n tons of cassava, and finally, 11 mil1ion tons of beans 
(3). In spite of the fact that cassava has a high composition oí 
water, the total dry matter volume produced "as three times superior 
to the dry matter volume of besns produced in the world. 

AREA AND PRODUC'tION , , 

World production of cassava in 1974 was estimated at 103 millton 
metric tons. During the period Irom 1964'to 1974, production in
creased 2.9 percent annual1y (Table 3) •. Area p18nted in 1974 was 11 
million has, representing an annual increase of 2.14 pcrcent fron 
1964 (Table 4). ¡.verage yielo per :lectare ",as 9.3 tons in 1974 ::me: 
the rate of yieldincrease from 1964 "'as of 0.8 pereent (Table 5). 
An inerease in both production and area planted is evident, as is a 
sllght increaae in yield. 

Asia and Latin America accounted for 29% eacn oí the world 
production of cassava, and Africa produced 42% (Table 3). Area 
harvested was as fol1ows: Aírica 51%, Asia 26%, Latin America 23% 
(Table 4). 

(2) Besed on the followins humidity indexes for each product: cassava 
65%, beans and maize 13% and rice 11%. 

(3) Estimated rom Table l. 

520 
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Guatemala 
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FIGURE l. Production zoncs and arca p1antod to cassava (1,000 hectaresl 
in Latin "",orican producing countries. 1974. 

Honduras' , .. 
6 ",.."" " 

"",'" e.Mea 

Cuba 
35 

,. 

Republic 

Rico 

Venezuela 
,," 40 

Nicaragu~ .. 2, 
---- French Guyana 

. .~ , ... 

",':;!-- . '''.:, 

,~:~·t:~5r, 

·~~-,?:':·i·i. 

4 ,'Colombia 
Panama," 165 

S 
Ecuador--

49 

Peru 
38 

Bolivia _ --
21 

\ 
\ 

\ 

\ 

Paraguay 
80 

\ Argentina 
23 

1 

\ 
Brazil 

1989 

Sources: Production zones: personal communicatlon from 
scientists in CrAT's Cassava Program. 

,,' ~,tf '{i :~~\ . Planted arca: FAO. 1975. Anuario de Producción. Vol. 29. 
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This reflects a very 10\1 average yield for Afriea, 7.6 ton/ha in 
comparison with 10.4 ton/ha for Asia and 11.7 ton/ha tor Latin Ame
rica (IabIe 5) (4). 

The average yield in Asia, Oeeania and Lain America i8 above 
the average world yí.eld, "hile rhat oE Africa i8 slightly below. 

Compared with the rest of the producing continents of the ';;orld, 
few problems arise in Africa caused by the preBenee of insects or 
disellses (Lozano and Booth 1974), in spite of the tact that mosaic, 
a viral disease has been reported to be exclusive to Afriea (Terry 
1974). Thus, the maln cause for 1u,,", yields in Africa are duo to the 
lack of adequate cultural practices for cassava farmina. 

arazil attained one tourth Di the world production of cassava, 
followed in importance by Indonesia, Nigeria and Zaire with one 
tenth each. In latin America on1y two more countries, Colombia and 
Paraguay, produced at least 1% of the total cassava harvested 
(Table 6). 

Latin America produced 30 million tons, with an annual growth 
rate for the last 10 years of 1.1 percent. The distribution of this 
production was lIrazil 83%, Colombia aud Paraguay 4% eaeh, and Ecua
dor and Peru 1% each (Table 3). 

A slightly decreasing rate in eassava production is evident in 
countries such as French Guyana, Paraguay, Panama, Venezuela, Puerto 
Rico and Argentina (Table 3). Ihere i8 no information available to 
explain this trend. 

Cassava i8 grown under traditional systems, primarily in farms 
no larger than 1 ha, associated or mixed Dlainly with maize (Table 7). 
In soroe eountries of Asia and Africa it has been eultivated as a 
eecondary crop, in the shade of eoconut or afriean palm plantations. 
This practice has decreased in the last years. In Latin Ameriea it 
is eommon to intercrop cassava with semestral crops. 

In the majority of the Latin American countries (Figure 1) sueh 
as Ecuador (Var6n 1975), Venezuela (Arias 1975), Paraguay (Belloti 
1977) end Guatemala (F~galli 1975), cassava i5 planted in sma11 
plots .a.lonf with other cropE' oE short. veretative períod.. In Perú 
(Rosas 1975) caSS8"" is planted aIon" in family farms on 5mall pIots 
or occasionally intercroped with maize or plantain. 

Ihe follawing conclusians ean be stated in relation to area 
.planted and world production of cassava: (1) the largest area planted 
i5 found in Africa with slightly l~, yields resulting from tradition
al and rud1mentary production techniques. and {2} the majority of 
caSSBva produetion 15 done in plats no larger than 1 ha, established 
m1xed or intercroped with other semestral eropa, primarily maize. 

(4) Yields estimated based on the relation between production (tans) 
and area (has). 
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Annual Production per Capit~ 

Per capita production of cassava in cassava producing countries 
was ten times larger than the per capita production of beans, slight-
1y superior to that: of maíze and a little less than haIf th<lt of 
riee (Table 8). 

Compared with other agricultural erops grown in the cassava 
producing countries, cassava per cap ita production "as slightly 
superior to t:".t of ,ilheat and potatoes and close to four tir.tes larger 
if compared wlt:, sorghurn and soybean. 

The African contínent liad the highest per capita production of 
cassava, but, aIong ",ith Asia and Oceanía, the smallest per cap ita 
production of meat (Table 8). Asia "'as estimated to have the highest. 
per capita production of rice - 1~8 kgr person/year. !bis eornparison 
is relevant in that it points out Asia as having Bn advantageous 
position in relation to the availability of protein sources - rice 
has 8% digestible protein snd cassava only 17. (Gutierrez and nuitrago 
1974). 

The production oí cassava decreased in the last ten years at a 
rate slightly inferior to the rate of -population growth in the cassava 
producing countries (1.5% vs. 2.3%), resulting in a decreasing annual 
growth of production per cap ita (Tab1es 9 aud 10). 

In comparing the cassava producing countries (Table 11), Burundi, 
the Central African Rcpublic and Congo show the largast per capita 
production of cassava, followed by Paraguay. Important in Latin Ame
rica werc also Brazil, Ecuador, Frcnch Guyana and Colombia (5). 

The situation witlt cassava is similar to that of all agricultural 
crops produced in tlla tropics, wllere the population grows at a slight
ly higher rate than the production of any of these erops. 

AVAlLAllILIT'l 

Apparent Availability oi Calories 

Presently the most important use for cassava is human consumption. 
1t has been estimatcd that 56% oí the world's production i5 destinated 
to human consumption (¡{este! 1974). 

Given its l~ level oí protein content, cassaVá is only used as 
. a eource of energy either for human eonsumption or for the elaboration 
of coneentrates. 

Compared with wheat, maize and rice (Table 12), caseava prescnts 
·the least apparent availability of digestible calaries. In the cassava 

(5) !bese fisure "ere computed dividins tila production figures in 
Table 1 by thc population data in Table 6. 
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producing eountries, the apparent per capita availability of calories 
in cassava was 153, inferior ta that af rice and maize (1121 and 366) 
and superior ta that of beans, bar1ay, sorghum and banana (33, 90, 
110 and 40). 

Cassava participated on1y with 57. of the digestible ealarie 
requirements in the eassava produeing eountries. In Afriea, Oeeania 
and Latin Ameriea the ealorie requirements supplied by eassava are 
clase to 167. and in Asia it is very low, on1y 27. (Table 13). In 
on1y three Latin American countries did cassava participate above 8% 
of the digestible calorie daily requirement per person; Paraguay 557., 
I!razll 30%.. and Ecuador 87.. 

At the, continental level it has been observad that Africa 
presented the largest per capita production of cassavaandthe lowest 
per cap ita production of meat and rice. This inverse ralation has 
not been very marked in Latin American countries (Table 14). As the 
participation of cassava as a scurcs of calories 'increases in these 
countriea, the availability of animal or vegetable protein sources 
dosa not'present sny tendency. 

Animal Feed 

Available information indicates that cassava for animal feed is 
concentrated in the European Coromon Market (Pbillips 1974). If 
cassava prices, as compared to other grains, are favorable, good 
perspectives exist for the future, especia11y in those countries 
with deficiency of energy sources. 

Presently more than 90% of Thailand's production of cassava ls 
consummed in Europe, practica1ly monopolizing the European Common 
Market demand (Boonsue and Sinthuprama 1975). Thailand first exported 
its cassava in chips (6); lately they are exporting it in pelleta. 

Indonesia, anotber large producer af tuberous in the world, has 
not beco able to cope the world demand for cassava, and cassava 
products primarily because of the fluctuations in the domestic con
sumption levels of this product. In Malaysia, another asiatic 
country, hlgh production costs have difficulted.the cxparting of 
C8ssava derivatives, but the internal cernend for animal feed has 
shown a fast ¡:;rowth rate (Firman Hanurung 1974). In Latin America 
ooly l$razil has exported 2% of its cassaV8 production in the form 
of flower, starcb "tapioca". and chips (Pbillips 1974). 

Nestel (1974) indicates tbat Üle actual potential of cassava in 
the animal feed industry seems to lie in tbese same producing cauntries, 
especially in tbose where the pressure of the demand creatas an increase 
in the price of tbose products usad in the manufacture of concentrates, 

. and where a market for meat quality 18 being developed. 

(6) Denominated "raspas" 1n'Portuguese and "tajadas" in Spanish. 
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Nestel ' s thcory coincides \·.rith tIle situation presented by saine 
Ló.tin American coun~ries such as l">anarna, Costa P .. ica, Colombia, and 
Venezuela, "here dehydrating plents havc been insta11ed for producing 
flower froQ cassav.1 pel1ets. In the State of Honagas, Venezuela, a 
recently est2blished JGO ton/day plGnt for the production aE cassava 
peUets i5 dedic;:¡ted primarily ta supplying the local markct "ith raw 
materials far the animal industry (Agroindustria1 1977). 

The goa1s of the recent cassava flo;.¡er industry in Latin America 
coincide with the doubts raised by various experts in animal nutri
tion (Buitraga et al 1975) in relntion to the potential in cassava 
and its derivatives as a source of energy for animal feed. The 
demand for grains, seeds, oleaginous, aud other energy and protein 
sources for the preparation of concentrate feed in Latin America will 
increase notoriously. TI1US, the competition for products for animal 
feed is becorning more critical. 

The potential of cassava as a source of energy i8 being recognized 
in some Latin American countries. Rosas (1975) shows that in Peru the 
demand for fresh cassava has undergone a slight increase in the last 
years; to the point that every significant increase of the are a 
cultivated is subject to the establishment of flower or starch produc
ing industries. In Guatemala (Fumagalli 1975) there are potential areas 
for increasing the production of cassava but not for industrial purposes 
as in this country currect production satisfies the domestic demand for 
human consumption and the needs of the small industry. 

Starch Industry 

The relative importance of the different kinds of starch varies 
from region to region (Phillips 1974). Starch from maize is more 
important in the United States and Canada, from potatoes in Europe, 
from sweet potatoes and rice in Japan and the Far East. The best 
markets for cassava starch are found in Japan, the United States and 
Canada, but in these countries cassava has contributed less than 10% 
of the total starch used. 

Cassava starch is preferred as ra\V material for numerous 
products, e.g. for sizing in the linen and glue industries. Starch 
can be obtained from maize, potatoes, sweet potatoes, rice, sorghum, 
waxi Il'.aize, West-Indian sago, e.nd ca-ssava. Saga cannot be grown in 
the tropiCB as it has ~ long vegetative period, 8 te 10 years. 
Potatoes grow in te~perate zoncs and along with rice) are 8 basie 
element in the dieto Another basic e1ement in the diet oi tropical 
countries is maize, which is presently processed economicslly to 
produce starch. 

The feasibility of commercially producing starch from cassava 
is uncertain, nevertheless, it is important to bear in mind projec
tions estimated by Phillips for the total cassava starch demand 
until 1970 and the decade follo'ving, sho\ving an annual gro;,¡t;h rate 
fluctuating from 2 to 167.. 
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In Latin Ameriea only 6razil on a big seale and Colombia on a 
sma11 scale produce cassava starch with low impurity contento In 
this contina~tthe production oi stareh irom cassava has been in the 
hands of amall industries with rudimentary technology. 

IMPLlCATIONS 

As of today, three different markets have been identlfiad for 
the farming oi cassava, according te the investigations carried out 
by Phi11ips (1974): starch and animal fead industries, diseussed 
in general in this report, and human consumptien where the altuatlon 
ia al1ghtly different. 

Taldng Colombia as an example, where 95"l. of the eauava produced 
is usad fer human eons~tlen and the rest goes to the industrial 
sector, primarily for atareh (Diaz and Pinstrup-Anderaen 1977), the 
following has been observed: Tbe area plantad to eassava has varied 
year after year (Table 15), with an increasing tendeney during the 
last 20 years (7) (Figure 2). Tbe average annual increase in produc
tion was estimated to be 28,080 tons (8); however, yield has been 
almest constant with a slight annual increase of ooly 60 Kg/ha (9). 
lbat i9 to say, the gradual increases presented in cassava production 
are primarily due to growths in cultivated area. 

In relation to priees (Table 16), fer the last 18 years, the 
eurreet price has inereased annualy by $70.34 per ton (10) and, at 
eonstant priees, the annual inerease has been approximately $1 per 
ton (12). No ereditable data ia available on eassava prieea in more 
recent years but ir ia known that they have risen ar s very high 
rate, primarily due to adverse elimatie conditions preaent in the 
lattar years in al1 agricultural areas in Colombia. 

Since (1) the increase ln eassava production is a reBult 
primarily of an lncreaae in area planted, (2) actUal prieea have 
been practically constant throughout the period (Figure 3), and (3) 
the majority of eaBssva producad ls usad directly for human consump
tlon, it can be sssumed that botb supply from the farmers snd demand 
for human eonsumption has 1ncreased proportionally with population 
growth. ~ut besides population growth, lnerease in income per eapita 
has sIso influenced cassaVa COnsumera demand (13). 

(7) Area equation (Y) = 95.47 + 2.99~. .R= 0.83 
(8) Production equation (Y) = 560.75 +23.03x, R = 0.76 
(9) Yield equation (Y) • 5.98 + 0.06~, R = 0.46 
(10) Current price equation (Y) - -60.65 70.34~. R= 0.94 
(11) Prieea def1ated by the price index of the Central Bank. 
(12) Constant prica equation (1) - 67.15 + 1.37x, R= 0.60 
(13) Total demand growth rate is equal to the population growth rate, 

plus the e1asticity in demand for tbe produet multlplied by the 
growth rate of ineOOle per capita. 
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According to empirical estimates available (Pinstrup Andersen, 
Per et al 1976), tllo increase in consumer' s iocorno should not llave 
a majar impact on deoand for cassava since it is primarily consumed 
by persons of low incorne (14). In other words, 1'eop1e consume more 
cassava as their income increases, but only to a certain point. 
From then on this product behaves as an "inferior good". 

Assuming that the population in Latin America wi11 increase at 
arate of 2.57. in the next decada and that the per-capita income will 
increase atOa rate of 2% (Sanders and Alvarez 1977), cassava produe
tian can increase at arate of 2.77. without affecting prices. !he 
¡¡DDllal cassava production rate of growth for Latin America in ehe 
laat. decede was l.l3'%.. 

An increase in the production of cassava aboye 3% wou1d be 
sufficient to cause a decrease in prices occasioning a reduction in 
net prafits af the producing sector thus diminishing the stimulus 
to future production. 

A salutian would be to reduce cassava priees to levels competitive 
with those of other products, primarily of the starch snd flower markets. 
Xhus, s competitive price level would be attained, maintaining aeeept
able profits for the produeers if cas~ava yields could be increased 
through simple and inexpensive technology. For the case of Mexico 
where cassava shows a very low popular consumption, the soIution 
suggested has been to increase the area planted to eassava for 
industrial purpose, espeeially for eoneentrates. 

Besides being en energetic supplement in animal eoncentrates, 
cassava may be a "potential substrate in the production of protein 
from a fungus (Nestel 1974). By mesns of this bilogical process the 
leve1 of protein in cassava could be increased up ta 35% (15). 

!be economic feasibility of producing alcohol from cassava is 
being studied in Brazil. !bis is a very important aspect in terms 
of the present wor1dwide energetie crisis. 

Recent studies show that bread or bread-type products csn be 
elaborated with formulas containing casseva flower or starch as the 
basic ingredient, replacíng ",'heat flower (Knight 1974). In countríes 
such as Paraguay and Brazil there ere laws oblíging bread producers 

(14) Xhe elesticity income for eassava demand in Cali, Colombia has 
been est1mated st 0.1185 (Pinstrup Andersen, P.N. de Londono 
and E. Hoover 1976). The impact of increasing food supply on 
human nutrition. lmp1ication for commodities priorities in 
agricultura1 research and poliey. American Journal of Agrieul~ 
tural Economics, 58(2), Hay 1976, p. 131-142. 

(15) See Comez, C.C. for more detailed information on this process. 
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to use a percentage of caSS8va flower in making bread. In Colombia 
there are advanced studies on tlle use of cassava flower in the 
elaboration of"bread snd noodles; however the problem here is the 
scarcity of the product with consequent favorable prices for the 
fresh rooe. 

CONCLUSIONS 

According to information available it seems that the best 
perapectivefor developing the iudustry of concentrates is the use 
of cassava as sn energy source for the domestic market. This ~,p11es 
(1) producing countries must think more in sstisfying the domestic 
market than in exporting concentrates, given good comparative priees, 
sud (2) reduce cassava prices to levels competitive with tila prices 
of otilar substitute products. 

Finally, snd in spite of the f~ct that the market for-exported 
stareh is very unc~rtain, tOlia line ls very interesting sud must be 
atudied closely in producing countries aS the sub-products of thls 
proeess are very uaeful in the concentrate industry. 

'" 
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rable l. Aanual production oE .oroe im~ortant agricultural cropa ln th. Caasava producing countriea. 
(YJlllions of tono) 1974. 

Dry Sugar Cotton Soy. 
Re¡;ion II'hC&t !lar ley 5e~ns Naize Rice Cana . . Pota toes Ca.~Gava (Fiber) SorghUCI be.an Coffn ~a.nnn8S: 

A.L.y 9.2 0.9 2.9 31.9 10.8 250.0. 8.5 29.7 4:0 7.6 8.7 2.9 18.7 

AS. W 58.8 22.9. 5.0 45.7 242.2 236.8 43.2 29.6 10.4 10.5 12.7 0.3 9.5 

AF.& 0.5 0.02 1.0 9.3 4.7 16.1 1.2 43.7 1.9 8.1 0.1 1.1 4.7 

oc. !:,I bl 'd hI 0.005 0.02 2.6 0.064 0.2 bI 0.004 hI 0.04 0.9 

TC?C. si 68.5 23.8 9.0 86.9 257.7 505 • .5 .52.9 103.0 16.3 26.2 21.5 4.5 33.8 

l'W.y 360.0 111.0 12.6 294.3 321.0 655.7 296.2 103.0 39.8 .50.3 56.9 4.8 36.4 

% &1 19.0 13.9 71.2 29.S 80.3 77.1 17.8 100.0 41.0 52.0 37.7 91.7 92.9 

!!l L. A. Latin .ueticII si TCPC Total Csasave Produc1ng CouotÍ'ies 

W AS. Asia !/ '1'W Total world 

& AF ¡.frica pJ 7- Perceotage of the Cascava Producing 
Countxlea 10 relatloo to the wor1d total. 

ij} OC Oeeania 
bI Data 11 nol: avallable. 

SOu1lCE: FAO 1975 Pxoductlon Yeorboak Vd. 28-1 

Me.t 

5.8 

2.0 

1.2 

0.009 

9.1 

42.3 

21.4 
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Table 2. Annual production of some importent agricultural eropa in the ~ssava producing countries snd other 
countr1es of the wor1d. (Mil liana of tons) 1974. 

l'roduct 1st country 2nd count!::! 3rd countn: 
Neme Mill. Neme MilI. Name ltill. 

Tons Tons Tons 

Wheat U.S.S.R. 83.9 United Sta tes 48.3 China 37.0 

lIarley U.S.S.R. 54.2 China 20.5 Fl:'ange 9.9 

Ory lIesns India 2.5 Brazil 2.2 China 2.0 

Habe United States 118.5 South Africa 11.2 Brazil 17 .3 

Rice China 115.3 India 60.4 Indonesia 22.8 

Sugar Cana lndia 140.9 Brazil 96.4 Cuba 56.0 

Pota toes U.S.S.R. 81.0 Po1and 48.5 China 38".0 

Cassava Brazil 24.7 Nigeria 10.0 Indonesia 13.8 

Cotton Cake U.S.S.R. 8.4 tnited Ststes 6.6 China 6.4 

Sorghum United Ststes 16.0 India 10.2 Argentina 6.1 

Soybean United Statt's 33.1 China 11.8 Brazil 7.8 

CoHee Pulp Brazll 1.6 Colombia 4.6 Ivory Coast 2.6 

Bsnanas I!razil 7.0 Ecuador 3.4 India 3.2 

Meat United States 10.7 U. S. S. R. 6.4 Argentina 2.2 

SOURCE: FAO 1975, Production YUJbook. Vol. 28-1 

Total 
\<Iorld 
HiU. 
Tons 

359.9 

170.9 

12.5 

294.3 

321.0 

655.9 

296.1 

102.9 

39.8 

50.3 

58.8 

4.8 

36.4 

42.2 
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Table 3. Cassava production (thousands of metric tons) in Latin American countrics 

total in Africa, Asia, Oceania, Latin America and World Total 1964 - 1974 

Country 

IIrazil 
Colombia 
Paraguay 
Peru 
Ecuador 

Argentina 
, Venezuela 

, . Bolivia 
'+..' Cuba 
~. DomiDican Repub1ic 

Balt! 
Hooouras 
Panama 

:, Nicaragua 
El Salvador 

Jamaica 
Costa Rica 
Guatemala W Puerto Rico 

., French Guiana 

TOTAL ' 

1964 

24356 
700 

1449 
497 
189 

240 
312 
150 
200 
153 

120 
16 
45 
12 
8 

8 
7 
3 
6 
6 

20727 

18978 

113 
28502 

68320 

1974 

24715 
1320 
1109 
485 
424 

299 
293 
270 
234 
205 

144 
44 
40 
18 
15 

15 
la 
7 
5 
4 

43473 

29638 

217 

29656 

102984 

.:* Exc:lud1ng :6arbados, Trinidad & TObago, Guadeloupe, Martinique, Surlnam and 

,,' Guiana, as thare 18 no informat1.on available for soma periods. 

'Ii.~:'f.** ,rotal Cassava Producing Countries. 

~._----i-:'.,: 

~t~';;CB: FAO 1975. Production Yearbook, Vol. 29. 
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rabIe 4. Area planted to cassava (thousands of hectares) in Latin American countri 

total for Africa, Asia, Oceania, Latin America snd World total 1964 - 197 

1964 

1716 
125 
103 
24 
25 

SO 
30 
30 
21 

9 

15 
:.; 
6 
3 
1 

3 
3 
1 
2 
1 

3461 

2228 

10 

2174 

7873 

1974 

1989 
165 
80 
49 
40 

38 
35 
34 
23 
21 

20 
6 
5 
4 
3 

2 
2 
1 
1 
1 

5636 

2853 

20 

2519 

11028 

* Excluding Surinaw, Barbados, Guadeloupc, t~rtinique, Trinidad & Tobago. 
and GuiaDa, as there 18 no information availabIe far some periods. 

** Total Cassava Producing Countries. 

SOURCE: See TabIe 1. 
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Table 5. 

Country 

Average Cassava yield (tons/ha) in Latin American coontries, total 
for Africa, Asia, Oceania, Latin Amarica and World Total 1964 - 1974* 

1964 1974 

El Salvador 8.0 15.0 
Paraguay 14.1 13.9 
Argentina 11.4 13.0 
Bolivia 16.6· 12.9 

.. Peru 9.9 12.8 

Bruil 14.2 12.4 
Dominican Repub1ic 10.2 10.2 
Ecuador 7.8 8.6 
PalWll3 7.5 8.0 
ColOlllb:l.a 5.6 8.0 

J8IIIB.ica 2.6 7.5 
Venezuela 12.0 7.3 

., . Honduras 3.2 7.3 
Cuba 6.6 6.7 
Costa R:l.ca 2.3 5.0 

Puerto R:l.co 3.0 5.0 
. Nicaragua 4.0 4.5 

Haiti 4.0 4.2 
French Guiana 6.0 4.0 
Cuatemala 3.0 2.3 

I .~" ~ 
Total 

. , , 
!.frica 5.9 7.7 

'v'1~ .. ...18 8.5 10.4 
~~ - Ocearda 11.3 10.4 - , 

_. ~~: Let:l.n Amer:l.ca 13.1 11.7 
" .... Total eassava Producing Countries 8.7 9.3 

~,Jt-:-. --------------------------
.* Excluding Surinam, Barbados, Guadeloupe, ~mrtinique, Trinidad & Tobago, 

and Guiana, as thare is no information available for sorne periads. 

f.'é~- total Cassava Producing Countries. 

" Average yield estimated on the basia of area and produetion data supplied 
by FAO, 1975, Production Yearbook, Vol. 29. 
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T",ble 6. Countrles showing cassava production (thuusnnds of rnetr:l.c tcns) equivalen 
tu at least one percent of the world production, 1974 

Country Production Percentage of 
World Production 

~raz:l.l (Latin Amcrica) 24715 24 
Indonesia (Asia) 13775 11 
Nigeria (Atrics) 10000 10 
Zaire (Africs) 8879 9 

India (Asia) 6421 6 
ThaUand (Asia) 6240 6 
~urundi (Atrica) 4000 4 
Tsnzania (Africa) 3500 3 

Mozambique (Africs) 2400 2 

Chana (Africs) 1770 2 

Angola (Africa) 1640 2 

Madagascar (Africa) 1378 1 

Colombia (Latin America) 1320 1 

Paraguay (Latin America) 1109 1 

Central African Republic (Africs) 1100 1 

Sudan (Africa) 1100 1 

Uganda (Africa) 1100 1 

Total CPC* 102984 100 

l' * Total cassava producing countries. 

SO~RCE: FAO Production Yearbuok, Vol. 29. 
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j Table 1. 
I 

Farming systems in sorne of the countries having a productioc, ,of cássava 
oí at least one percent of the total world production, 1974 

J CountD( 

IIradl (a) ¡ 
(Latin America) ¡ 

Nigeria (b) 
(Africa) 

Indonesia (e) 
(Asia) 

India (d) 
(Asia) 

thailand (e) 

Chana (b) 
o:; (Afriea) 

Colombia (f) 
(Latin Ameriea) 

Paraguay (g) 
(Latin Amariea) 

, Uganda (b) 
"(Uriea) 
~;;¡. 
~Cameroons (b) 
',' (..\frica) 

Togo (b) 
.' (Afriea) 
~, 
,<,: Pero (h) 
. (Latin Amariea) 

'Ir 
~lt· 

(1) 

TyPe of FarmiEl> 

1. 
2. 

l. 
2. 

l. 
2. 

l. 
2. 

3. 

Nonocultm:e. Commercial planting for industrial use. 
Culture intercropped with maize, sorghum, beans in the 
majority of family farros in the northeast. 

Monoeulture. 
Cultures of African Palm and cassaVa (cassava becomes 
a weed). 

tlonoc:ulture. Commercial planting. 
Intercropped. 587. of growers, primarily with maize 
(one half). legumes or annual erops or other crops. 

MaUOC:ulture. Commereial planting. 
Cassava is intercropped, the majority i8 produced by 
sma1l farmers. 
A smal1 proportion is planted in the shade of coeonut 
palmo 

l. Monoculture. Primarlly eOllllllerc!al. 
2. Intereropped with young plantations of rubber. 

primarily in the south. 

l. Monoculture. 
2. The majority in parcela of eassava and roaize• 

l. Manoculture. 68% of the area planted. 
2. Cassava. maize. 13% of the are p1anted. 
3. Cassava. beans. plantalns, coffee and sesame. 19t 

of area planted. 

l. Mast of the farmera in the eountry plant cassava in 
small pareels along with other crops. 

1. ~Ionoculture. Sroall seale. 
2. The majority of eassaVa is intercropped. 

1. Monoculture. Smal1 seale. 
2. The major:i.ty oí cassava 15 intercropped. 

1. Thc 'I11ajoríty plantee! in s:r.all parcels along with 
legumes, maize, rice, sorghUQ. 

l. The majority are smaU' family farms with smaU cassava 
pareels. 

2. Oceasionaly eassava la intereropped with maize or 
plantaina. 

l. Tha majority of casaava ia intercropped wl.th coconut palm 
or maize. 
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Table 7. (continued) 

Al Toro, J.C. 1977. Personal con~uoication, CIAT, Colombia. 

El 

sI 

Teny, E.R. and R. Haclntyre (cd). The lnternational Exchange and 
testing of CaSsava Germ Plasmo Proceedings of an interdisciplinary 
workshop held at lITA, Ibadam, Nigcria, 17-21. November 1971. 1971. 
lDRC 063e. Ottawa, 59 p. 

Poespodarsooo, S. A. Uinarno aod P. l"1joyo. 1976. Survey 00 Mukibat 
cassava in East Java In: Nugroho, 11 (ed) Brawijaya University. 
Malans, Indonesia. IDRC. Ottawa, p. 3. 

Rome, A. 1974. Tapioca. A case study of India with particular 
reference ta Kerala. In: Phillips, T.P. Cassava utilization and 
potential markets. IDRC. 020e. Ottawa. Canada, 107-125 p. 

Boonsue, B. and 5. Sinthuprama 1975. TIlai1and In: Nestel B. and 
~. MacIntyre. International ~~change and Testiog of cassava Germ 
Plasmo Proceedings of nn interdisciplinary workshop held at CIAT, 
PeImira, Colombia, 4-6 February 1975. ¡DRC. 04ge. p. 26-28. 

Diaz. R. O. y P. Pinstrup-Andersen, 1974. 
del proceso de cultivar yuca en Colombia. 
(in press). 

Descripción agroeconómica 
ClAT. Palmira, Colombia 

Belloti, A. 1977. Personal cornmunication, CIAT, Colombia. 

Rosas, J.C. 1975. Perú. In: Nestel B., and R. Maclntyre (ed). 
International Exchange and Testing of cassavs Germ Plasmo 
Proceedings of an interdisciplinary workshop held st elA!, Palmira. 
Colombia, 4-6 February 1975. IDRC. 04ge. p. 15-16. 

Carpena. A.L. and D.P. Baldos 1975. 'Phillipines. In: Nestel, B. 
and R. Maclntyre (ed). International Exchange and !esting of 
cassava Germ Plasmo Proceedings of an interdisciplinary workshop 
held st CIA!, PaImira. Colombia, 4-6 February 1975. IDRC. 04ge. 
p. 23-24. 
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Table 8. Annual per captea produ~tlon of some important asrleultural erapa in ~he ,assava producing 
countriel of the world. 1974*. 

Reglon Wheat lIarley 

LA.!! 38.39 3.58 

AS. El 33.61 13.07 

AF. 5.1 1.97 0.10 

OC. g¡ Y 11 

Tcpe. tAl 30.56 10.59 

U> (a) :.. L. Ladn Amedea 
w 
\O 

Dry 
B<2llns Maize Rice 

11.86 132.63 44.67 

2.88 26.12 138.45 

4.19 37.45 18.93 

11 1.41 6.48 

1,.00 38.76 114.93 

Sugar Cotton Soy-
Cane Pota toes easslIVa (Fiber) Sorghum bean eoffee 

1039.21 35.41 123.21 16.57 31. 74 36.25 12.22 

135.35 24.67 16.94 5.95 5.98 7.23 0.19 

64.81 4.75 174.79 7.50 32.40 0.29 4.59 

730.22 1.13 61.11 Y 1.13 11 11.16 

225.44 23.58 45.92 7.27 11.67 9.57 1.98 

(d) OC. Oceania 

llananas 

77.85 

5.41 

17.57 

246.97 

14.92 

(b) AS. Asia (e) Tepc. Total Gassava Producing Countrics 

(e) Ar. Africa (f) Non-availab1e data. 

* Index estimated On the basis of production and population data. 

Mea 

24. 

1. 

4. 

2. 

4. 
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Table 9. Population (thousands of persons) in cassava produeing eountries in 
Latin Ameriea, total for Africa, Asia, Oceania, Latin Ameriea and 
World total 1964 - 1974. * 

.1, Country 1964 1974 

" 

! 

, 

i 
¡ 

,1 

¡ . 
, ' , 
I 
I , 

1; 
" 

'í 

:Brazil 
Colombia 
Argentina. 
Peru 
Venezuela 

Cuba 
Ecuador 
Guatemala 
Bolivia 
Dominican Repub1ic 

Haiti 
El Salvador 
Honduras 
Puerto Rico 
Paraguay 

Nicaragua. 
Jamaica 
Costa Rica. 
Panama 
French Guiana. 

Total 

Afriea 

Asia 

Oceania 

Latin Ameriea 

Total Gassava l'rodueing Countrles 

80216 
18086 
21869 
11124 
8818 

7646 
4929 
4475 
4148 
3588 

3888· 
2857 
2141 
2580 
1965 

1653 
1742 
1445 
U23 

39 

192481 

1418673 

2795 

184432 

1798381 

106659 
25088 
25051 
14887 
11862 

9285 
6867 
5952 
5275 
4951 

4483 
3983 
2933 
2868 
2572 

2243 
1999 
1940 
1631 

58 

248709 

1749642 

3551 

240587 

2242489 , 

*Excluding Barbados, Trinidad & Tobago. Guiana, Surinam. Martinique. Guadeloupe, 
as there 1s no 1nformatton available for same periods. 

SOURCE: PAO 1975. Productlon Yearbook. Vol. 29 
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r , Table 10. Annual per eapita produetion of eassava (kilograros) in Latin America 
countries, total for Afriea, Asia, Oceania, Latin America and total 
for cassava producing countries, 1964 - 1974. * 

~i" 

Country 

Paraguay 
Brazf.l 
Frenc:h Gulana 
Ecuador 
ColOlDbla 

Bolivia 
Dom1lÚ.can Republ1c 
PeN 
Hait1 
Cuba 

Venezuela 
Panama 
Honduras 
Argentina 
Nicaragua 

Jamaica 
Costa Rica 
El Salvador 
Puerto Rico 
Guatemala 

TOtAl. 

Africa 

Ada 

!Jo.Rnia 

Latio Americs 

Total CPC ** 

1964 

737.40 
303.63 
153.85 
38.34 
38.70 

36.16 
42.64 
44.68 
30.86 
26.16 

35.38 
36.79 

7.47 
10.97 

- 7.26 

4.59 
4.84 
2.80 
2.33 
0.67 

107.68 

13.38 

40.43 

154.54 

37.99 

1974 

431.18 
231.72 
68.97 
61.74 
52.61 

51.18 
41.41 
32.58 
32.12 
25.20 

24.70 
24.52 
15.00 
11.94 
8.02 

7.50 
5.15 
3.77 
1.74 
1.18 

174.79 

16.94 

61.11 

'·123.27 

45.92 

'*' Exc1udiDg Barbados, Guiana, Guade1oupe, Martinlque. Surinam,· and Trinidad & 
Tobago, as no information ls avai1ab1e for certain perlods. 

, ,** Total cessava produc1ng countries 

lndex estimated on the basis of productlon data (Tab1e 2) snd populatlon data 
.(Table 8). 
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Table 11. Annual par capita production of cassava (kilograms) for those countries 
having ao index greater than the world per capita production. 1974*. 

'.~! :.: f!' , 
~I; i 1 ¡'o 

Countries 

Ilurundi (A fries ) 
Central African Republic (Africa) 
Republic of Congo (A frica) 
Paraguay (Latin America) 
la ire (Africa) 
Togo (A frica ) 
;;OIIIOro lslands (A frica ) 

Gabon (Afrlca) 
Mozambique (Africa) 
Tonga (Deeanta) 
Ango1a (¡Ifrica) 
Benin (Aldca) 
lanzania (A frica ) :l Brazil (Latin America) 

~" Madagascar (Africa) 
¡" Nigeria (Africa) 

Figi (Oce.an1a) 
Liberia (Africa) 
!ha ilsnd (As ia) 
Equa toria 1 Guinea (A frica) 
Ivory Coast (A frica ) 

.::&merrons (A frica ) 
j¡ Indones 1a (A s ia) . 
Ií Ugenda (África) 
~ Guinea (Africa) 
:1 Ruanda (África) 
,. French Guiana (Latin Amarica) 

i. I Suda n (A frica ) 
t Ecua dor (La tin' America ) 

f: ' Kenya (Africs) 
" Sarawak (Asia) , ~';i' 

W': Pacific lslands (Oceania) 
. "t:' Colombia (La t in Amer iea) 
¡ ~i! Sri Lanka (As ia) ¡ir lIolivia (Latin America) 

¡! ~ Total CAuava Producing Cauntries 

Prouuction Production Index 
por capita per capita 

1009.51 2198.41 
627.85 1367.27 
462.65 1007.51 
431.18 938.98 
371.72 809.49 
343.09 747.15 
335.57 730.77 

326.30 710.58 
265.81 578.85 
265.31 577.77 
264.35 575.68 
240.72 524.22 
233.80 509.15 
231.72 504.60 

177 .01 385.47 
163.35 355.73 
157.24 342.42 
155.97 339.66 
153.19 333.60 
150.82 328.44 
131.27 285.87 

127.43 277 .50 
103.93 226.33 
99.84 217.42 
97.47 212.26 
88.08 191.81 
68.97 150.20 
62.U 135.26 
61.74 134.45 

58.51 127.42 
55.12 120.03 
52.63 114.0 
52.61 114.57 
51.76 112.72 
51.18 111.45 

45.92 100 

* Index estimated on the basis of production and population statistics in: 
, , 
,1 

1 , 
! 

il ,. , 

FAO 1975. Production Yearbook. Vol. 29. 
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Region 

LA. Y 
AS. E! 
AF. s/ 

OC. ~/ 

TCpe. ~I 

., 

." 
Table 12. Apparent daily per capita availabi1ity of calories of sorne agricultura1 produets 

lmportant in the cassava producing countries, 1974*. 

Availability 
Dry Soy- of total 

Wheat Bar1ey Beans Maize Rice Potatoes Cassava Sorghum bean Bananas Kiloea10ries 

(3290) (3122) (3020) (3460) (3570)' (800) (1220) (3450) (4500) (1000) 

342.34 30.28 98.13 1243.99 432.31 76.80 407.91 296.89 442.1l 211.04 3601. 80 

302.50 111.62 23.83 247.22 1352.39 54.01 56.55 56.52 89.14 14.82 2308.60 

17.76 0.86 34.50 353.68 184.47 10.37 582.09 305.11 3.58 47.97 1540.39 

hl hl hl 12.89 60.93 2.37 196.60 10.21 hl 666.19 949.19 

274.74 90.41 33.01 366.48 1l21.08 51.53 153.12 110.02 117.62 40.79 2358.80 

7-
(g) 

100 

88.79 

59.2: 

36.51 

90.72 

(a) L.A. Latin Ameriea (f) The figures within the parentheses are equiva1ent to 

(b) AS. Asia 
the average ki1oea10ries in one ki10gram of edible 
material of eaeh produet. 

(e) AF. Africa (g) Percentage availabi1ity of needs considering 2,600 
(d) OC. Oeeania kiloea1ories as the average calorie requirement per 

(e) TCPC Total eassava producing eountries. eapita per day. 

(h) Information not availab1e. 

* Figures estimated by multip1ying the per capita production data in Table 7 by the faetors shown in parentheses 
and dividing this resu1t by 365 days per year. 
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Table 13. Apparent daily per capita availahility oí caloríes from cassava in 
Latin American countrics, total for Africa, Asia, Oceania, Latin 
America and World Total, 1974*. 

Apparent Daily Percentage of 
per capita the Calarle 

Availability of Caloríes Requirements 
Countries (a) (b) 

Paraguay 1441.20 55 
Brazil 774.52 30 
French Guiana 230.53 9 
ECUador 206.36 8 
Golombia 175.85 7 

Bolivia 171.07 7 
Dominican Repub1ic 138.41 5 
Haití 107.36 4 
l'eru 108.90 4 
Venezuela 82.56 3 
Cuba 84.23 3 
l'SUlllD8. 81.96 3 
Honduras 50.14 2 
Argentina 39.91 2 
Nicaragua 26.81 1 

JlIID8.ica 25.07 1 
Costa Rica 17 .21 1 
El Salvador 12.60 O 
Puerto Rico 5.82 O 
Guatemala 3.94 O 

TorAL 

África 372.48 14 

Asia 44.92 2 

Oceania 33.63 1 

Latin America 412.03 16 

Total Cassva Producíog Couotries 120.50 5 

* Excludlllg Barbados, Guiana, Guadaloupe, Martinique, Trinidad & Tobago. and 
Surinam, as tbere i9 no information available for ccrtain periads. 

(a) 1 Kgr of freab caasava is equiva1ent to 1.2 digestible megacalories. IN: 
HaDer, J. H., J. Buitrago. R. Porte1a sud l. Jimenez, 1972. La Yuca en 
la Alimentación de Cerdos. ICA. CIAT (in press) p. 3. 

(b) 2.6 megacalories as an average of the daily per capita caloric requirements, 
lo: National Livestock aud Meat Board. 1965. Lessons on meato Chicago, 
lllinois, p., 27. 

544 



rabIe 14. 

" ---
',' ''; 

"""~,,,~ 

;ioW:ltries 

r.qeatina< 
rarll8uay 
Ntcl1'agua 
Brasll 
J.ü.1ca 
OOtta·Rica 

. " 'i. (,'; 
clIbe 
PIIIIIlII8 
~eoellUela 
Perú' 
::u.telllala 
iIoII4uras 

" 

::1 S'a1vador 
Colombia 

Relation between apparent daily per capita 3vailability of proteins 
in grams and the apparent daily per espita availability of calorias 
from eaSsava in Latin Amariea. 

Apparent Daily Apparent Daily 
Per Cap ita Availability lndex Per Capita Availability 
of Proteins (grs) (a) (b) of Calaries (e) 

95 144.40 39.91 
70 106.90 1441.20 
69 104.88 26.81 
67 101.84 774.52 
67 101.84 25.07 
63 95.76 17.21 

63 95.76 84.23 
62 94.24 81.96 
62 94.24 82.56 
?2 94.24 108.90 
58 88.16 3.94 
53 80.53 50.14 

51 77.52 12.60 
50 76.00 175.85 

~rnican Republic 50 76.00 138.41 
80Uvia 47 71.44 171.07 
Ecuador 43 65.36 206.36 
~t1.~ 39 59.28 107.36 

" • ';>. 4 

r, 1"'" 

(á)' U.S.D., ERS. F .D.C.D. Working Paper, Agriculture in the Ame.ricas. 
:.. Statistical Data, April 1976. 

" .!!, 
(b)' (Average for Latin Ameriea 66 gr.) = 100 
.~~t.4~ 
(c:) :''Ihe same data in Table 9. , ~ ,,~ 

> •. ~,k ( ~ 

(~Average for Latin An~rica 397.65 kilocalories) = 100 
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Index 
(d) 

10.04 
362.43 

6.74 
194.71 

6.30 
4.33 

21.18 
20.61 
76.00 
27.39 
0.99 

12.61 

3.17 
44.22 
34.81 
43.02 
51.89 
27.00 
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TabIe 15. Area p1anted to cassava, production and yield in Colombia 1955 - 1974 

AREA PRODUCTION YIE:LD 

(1,000) (1,000) 
Years Has Indcx* Hetric tons Index Tons/Ha lOOe> 

1955 111 98.2 633 82.4 5.7 83.1 

1956 110 97.3 682 88.8 6.2 91.~ 

1957 109 96.5 687 89.4 6.3 92.C 

1!158 113 100.0 768 100.0 6.8 lOO.! 

1959 115 101.8 748 97.4 6.5 95.1 

1960 100 88.5 650 84.6 6.5 95.1 

1961 98 86.7 539 70,2 5.5 80.! 

1962 108 95.6 73q 95.6 6.8 100.1 

1963 112 99.1 773 100.7 6.9 101.: 

1964 102 90.3 561 73.0 5.5 80.! 

1965 127 112.4 864 112.5 6.8 100.1 

1966 129 114.2 890 115.9 6.9 101.: 

1967 115 101.8 794 103.4 6.9 101,: 

1968 118 104.4 814 106.0 6.9 101.: 

1969 134 118.6 965 125.6 7.2 105.' 

1970 148 131.0 1095 142.6 7.4 108.! 

1911 145 128.3 754 98.2 5.2 76. 

1972 155 137.2 961 125.1 6.2 91.: 

1973 165 146.0 1320 111.8 8.0 117.' 

1974 165 146.0 1320 111.8 8.0 117.' 

* IOOex: 1958 ~ 100 

SOURCE: DANE. Bol. Mensual de Estadística. Area and Yield. No. 276, July, 1974. 

Area, Yield and Production, 1973 and 1974. Ministry of Agr1culture 

Agricultural Progr8lllS. 
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rabIe 16. Cassava prices in Colombia, 1955 - 1972 

CURREN! PRlCES CONSTANT FRlCES 

Index Index 
'l'ears Pesos/Ton (1) 1958 = 100 Pesos/Ton (2) 1958 = 100 

1955 193 96.5 84.5 152.5 

1956 198 99.0 80.0 144.4 

1957 215 107.5 69.9 126.2 

1958 200 100.0 55.4 100.0 

,1959 250 U5.0 63.2 114.1 

1960 303 151.5 73.0 131.8 

1961 378 189.0 86.1 155.4 

1962 338 169.0 75.0 135.4 

1963 398 199.0 69.9 126.2 

'1964 755 377.5 lU.9 203.8 

1965 658 329.0 90.9 164.1 

1966 691 345.5 80.9 146.0 

1967 795 397.5 87.6 158.1 
7:: " 

1968 955 417.5 98.5 117.8 

1969 891 445.5 86.6 156.3 

1970 891 445.5 79.7 143.9 

.1971 1361 680.5 109.1 196.9 

1972 1467 733.5 101.2 182.7 

;L 

-~; 
"(1) Boletin Mensual de Estadistica. No. 227. August 1974. 

; (2) Current prices deflated by tbe pri¡:e index at who1esa1e 1eve1s reported by 

the Central Bank. 

. .. ' 

547 • 



:1 

I 
t 
I 

L 
i . 
1 : 
¡ , 
1 
i , 

I 
I 
I ' 

, 
, 

BIBLIOGRAPIIY 

. AGROINDUSTRIAL 1I0NAGAS, C.A. 1977 Estado de Nonagas, Venezuela. 
Folleto. 

ARIAS, C. Venezuela 1975. In: Nestel n., and R. Maclntyre. 
International Exchange and Testing of Cassava Germ Plasmo 

RELLOTI, A. 1977. Inforoación personal, CIAT, Colombia. 

BOONSUE, R., and Sin~luprama 1915. !hailand. In: Nestel B. 
R. Maclntyre. International Exchange and Teating of 
Cassava Germ l'las:n. Canadá. IDRC. p. 13-14. 

BUITRAGO, J.A., J.H. }~ner y G.G. Gómez 1974. Producción de cer
dos en América Latina. Versión preliminar del capítulo 
"Alimentos de origen animal" en el libro "!'roteínas y 
América Latina" que será publicado próximamente por el 
INCAP de Guatemala. CIAT, Cali, Colombia. p. 33. 

DlAZ, R. O. y Per Pinstrup-Andersen (ed) 1973. Descripción 
Agroeconómica del proceso de cultivar yuca en Colombia. 
CIAT, Cal!, Colombia. (in press). 

FAO 1915. Anuario de Producción. Vol. 29 

FIRMAN, Manurung 1914. Technology of cassava chips and pellets 
processing in Indonesia, Malaysia and !hailand. p. 89-112. 
In: CassaVa processing and ~torage; proeeedigns of an 
interdiscip1inary workshop, Pattaya. !hailand, 17-19 
April 1914. lnt. Develop. &es. Centre IDRC. 031e. 

FUMAGALLl, A. 1975. Guatemala. In: Nestel B., and R. Maclntyre. 
Internationa1 Excl1ange and Testing·of'cassava Germ Plasmo 
canadá: IDRC~ p. 13-14. 

GOMEZ, C.C. 1977. Progresos en la inv~stigáción sobre la utiliza
ción de yuca como ali",ento para porcinos. Serie SE-04-77 
eIAl, Colombia •. p. 19-23. 

GUTlERREZ, N. Y J. Buitrago 1974. 
Costo para cerdos en zonas 
CIAT, Colombia. p. 15. 

Cálculo de raciones de minimo 
tropicales. Serie ES No. 4 

KNIGBT. J. W. 1974. Speclality tood starches, p. 77-87. In: 
Cassavs processing snd storage: proceedings of an inter
dlscipllnary workshop, Pattaya, !hailand. 17-19. Apri1 
1914. lnt. Develop. Res. Centre lDRC. 031e. 

548 



, . 
. ,,:'(, .... 

t~~: 

LOZANO, J. C. and R. H. Booth 1974. Diseases oi cassava (Hanihot 
esculenta Crantz). PANS. 20-30-59. 

NESTEL, Barry L. 1974. Current trends in cassava Research. IDRC. 
036e. Ottawa, p. 32. 

PHILLIPS, Truman P. 1974. World market prospects for cassava and 
its products. p. 13-19. In Cassava processing and atorage: 
proceedings of an interd1sc1p1inary workshop, Pattaya, 
Thai1and, 17-19 Apri1 1974. lnt. Deve1op. Res. Centre 
lDRC. 031e. 

PINSTRUP-ANDERSEN, P., N. de Londofto y E. Hoover 1976. The impact 
of 1ncreasing food supply on human nutrition. Implication 
for commodities priorities in agricultural research and 
policy. American Journal of Agricultural Economics, 58 (2) 
t~y 1916. p. 131-142. 

ROSAS, J.C. 1975. Perú. In: Hestel B., and R. ~cIntyre (ed). 
Internationa1 Exchange and Testing of Cassava Germ Plasmo 
Canadá: IDRC. p. 13-14. 

SANDERS, J. H. Y C. Alvarez 1917. 
Fríjol en América Latina. 
(in press). 

Tél1denci~s en la producción de 
Edición preliminar, CUT. 

TERRY. E. R. and R. l.fa.clntyre (ed). 1975. TIle Internstiona1 Exchange 
and Testing of cassava Germ Plasmo Proceedings of sn 
interdisciplinary workshop he1d at lITA, Ibadan, Nigeria, 
17-21. November 1971. IDRC. 063e. Ottawa, 59 p. 

VARON, U. y H. Luzuriaga 1975. Descripción Agroeconómica del pro
ceso de producción de yuca en el Ecuador. INIAP, Quito 
(mimeo). p. 50. --

549 



co::x;nc;;rrm: Tt:c:mIQUES 

Fritz ~ ••• ~ .~ ! 
1 ... · :cr t· •• ...,. .. 

1. 'l'i.lE CO:.JrunICl.\.TI01! 1'110CESS 

C':>mnunic;::Uon is ::hc proccos by l·¡hich r.leOSn¡;Cll ¡¡et trn:1s[crrcd 
from ~ sourcc ~n n reccivcr. 

í'o C'JlTh·":'riH¡.!.cnte cff,:::ctivcly, He oust ht; fcrnili::r uith' t;lC co:nr:ltt
nlcltti:m proccs::; ",Id ;::11 tlle fncl:oro invohred. l:nonin[; .nbnut 
co=, .. mication hclps us 1:0 bettcr r;¡·1stcr out' problcm solviaG lasks. be 
thCj' oC a professional or personal ~turc. 

The COr.i"'i1unicntion p1.~t;)ccss cmy be loohcd ilt in tcrms of rtve 
cleotmts. Thcy ere: Source I ¡;ess.:lge I Channel I Rcceiver I "ffecto. 

1.1. Gource 

1 .. 2 

,,\ sourcc ir; ~11c i::litietor of thc r:l~so~.gc; lt m:::.T l,c ;!n i::dividua.l, 
c. gr";up o~ 5.ndividur~la, or ::.a instit1.ttion or orgnai;!;~tio~1. 

l'herc <:Ire sevarel 1:hingo l~hieh uill dctermi"e hm·¡ e source Hill 
opcratei:: tlle CO:;r.lUllicAtion proe~sG. These include the 
communicntion sld1.1J!. (Che !lauree' s <:Ioil!ty to thinl,. ,.r!te, apea1:, 
drm~). ' .. bey abo iru:lude his attitudes toward his aucl1eru:e, 
toward che subjeet he 18 eomounicating about, tCHt:rd hir¡¡¡elf, oI' 
tm,cI'd a1::: factor pertinellt to the oituation. ::no,·.'ledce of the 
subjcct. the t.udia:i:~c:e" the situt1tiol1, tlnd othcr b.n.chgr,'lund fac;..ors 
~lso inf!ucnccs thc wc.y the !iource 'í,¡il1 o~ert!tc in the 
c:'lrn:nunic~tion nj~tu~t:ton. , ~o \'lill hit; EESm. b.c.cl:;round (his 
educatj.on, hi& fric:lds. his 5<:Iln:y, his soci ... l status), ::.nd 
finnlly. t;.e culturcl.conte:;:: in ",hicll th<: saurca l1vos. 

Tht;;;: ne:;:;:.::;c i3 th<? stioulus trc::snittctJ frem thc s.ourcc '::0 the 
receiver. It io tila idee tllet is cor.municated. In enccding ¡;; 

ncsscge. che sourco must cnnoider sevcI'<ll subfacto~s: First. of 
coursc, ~hc con~cnt has to be sclcctcc. SQCO~Ut the snurce DC~t 
or(;c.::li:::c thc ct):"ttcnt nuca !:h::t it in , .... c:c:c?teblc fa!' .¡:, gi .. ,;rcn 
cudi~ncc.. ',Chr::t i::: tn cc:.t • t:.~lC :>ou::-cc rlU:.t ncl~ct ti. p'.t'opcr 
tr'2!ltr:l~·1:; 01: tlu: cout:mt. '.ud third, Che ~ hA!! to be chollcn. 
Gcnc:r::tll:', \'iC thi1'l1: ,.,f codo 5.:1 !:crr~ of tbC!, r..ntur~l 1~i~Ct1C.gC!:i. 
(Spr..nic;h, J~nr.).ioh. Si7~h!.li, Chinc::;t'-, 'etc •. ) •.. llO\lcvcr. tltcrc ~r~ 
oth~r cC"di3S, such ..... t; nc~tur~o. ::;.nsic, ~rt, t:.l1d .t:iO en. In all 
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1 : C,QCC$, ';-2 r,cctl t~ !o01: f¡:-', thc COtJ~ 5..71 ~C:l~r:1G fJr thc effc.ctivcr:cr;s 

~]ith u:1ich H~ C;::;1 ::c::ch ::. 0:'ven úuc15_cü.cc. Ir ::he snu:-ce rr..c.l;,c5 " 
¿o:Jr ChDicc in cithcr cO':..1tcnt, trc.::t:-.1cnt, or cacle, che mCSBil&C 
uill lil:cly oc incffccti\7C. 

He shou!d renc:-~:.:cr th~t t:lC r:1CGS¿:¡~:: itnclf 1.$ Gim¡ll;:" t:! cooplc;; of 
~tir:1uli \'lithout n:-"./ inheT~nt mc~,~i:1C. :icss.:-.gcs do not !:1!W..!! by 
thcmscl ves, ::c~E..:1.r.;cs E'~ :J::11y J:!! neoplc. Or, ta say the sc.nc 
thing dlffercntly, r::.c~:lin::¡::; cre in pcoplc, not in rncs:¡agcs. ·J.11~ 
O~!:H;:;'GC is i'~nsi3aed lilcc.nin& only \;hcn it io trnnslütcd (or dccodcd) 
by the !"cceive'!:. 

1.3 Channe1 

A ChCll:1cl is thc mc~n3 b7 '(·;¡hich t1 ncns~r;c [;cts from .:l 30urce te n 
rcccivcr.. Chan~1.cls conncct thc SOl.1.rCC t:'.l1d reccivcr, c:l.:::bling 
í.::hen tn communic~tc. ·j.1¡~'t'c are sevc~;l ~:r',;"s of clns:;ifyin~ 
chann(~l~. :¡C'l~C, tiC ",i11 c:i:aminc tuo "f thesa: First,:t chZ1nncl 
m<l;l ei tilcr be :'. o.:2.~_nc(H.::~,llt';1ncl or .:.n j...!.lh.erpcrson.;;l ~1l9J:.. 
~:.-,ss me--!ia ch~~~H~l!) ::1:;:0 thocc thot in~lclve e m::.ss tncditL"'l, su eh as 
i..elavis:-.ol1J' nCi'¡::ip<'!pel:'s, m.::rFlzincs, ··";:ilms, r::t1in. ctc. Thesc 
ch~nnelo: r.l,':I::c ;.~ pos55.hlc for e :":oprce to :."'c ... :ch e l.::rr;e r..umbc~· ~f 
::ccei~:~rs. !:'i.tc7:pcrsoa.::.l ch~n:1cl::¡ ;:;:rc t:100C t:l.;:ot invol~\"c a rece
to- rnce e:~choll:;C bCt\'lCC:1 ;:, sourcc a,ld. rcccivcr. In general, it is 
the CtlSC th~tt mans media chnnneln ü'r~ highly eífcctivc in 
illforo~nn receivcrs of things thú.t .:l:re h~ppcni:'lC. Ilowever:t t:H~::¡" 
tlrc n"t cffceti.'lc :La aetuc.lly influ~acing pcopla' S bc:.avior. !l",ra, 
inter;>cl:'sonal chr.nncls .. re r.lUch rn.nrc rclevllnt. 

l. secc¡~~ t1.:'ty 01: clc.Dsifyinz ch;¡nnC'ln io on t.hc bas:ls ox thc 
physicl!l sen:::;¡cs thc¡ ~ffcct. For c::ru:1plc, c. dr~~in& effects ni::;ht, 
~ tepe record~ .. t16 :!ffccts hc~rin~.t :;. fist in the facc :lffects 
toueh, :md thc fu,:¡cG ol" ¡;ns"linc cZ!:cet cm~l1. 

G~neral1J" lt h~s hccn found that ~t 
can pa:: attcnti"n to OT!ly Olle 5ensc. 
trua thc.t tho r¡lO::"C nC!n5n chnn:lcls uc 
the mor~ effccti.v~ our t:1~S~tlz:;c. 

';:j~~ &f.vc:n r.lc~ent. tl rec:civcr 
lIom~ver. it slso holds 

use te gct a Qcssn¡;c serosa, 

l¡H~ rcccivcr is ~hc rcci1'icn:: oi: t:,~ ::;OUTCC' s ~CSS;¡Gc ~he- dccot:cr 
')f thc :'lcso':'Cc D~icn.".li.. :'110 ~Qcc':tvo-l:' i:z pc=hz.no tho cost 
importcnt sin;::lc alcrnent in tuc eo::mui1iection proec:w. "lat, 1~e 
often ovcrloo~ 11im. Zoarecs bceone ~cscce-oriantcd; they ;et so 
eoneerncd "it:\ tlleir topie <:!1d c::pr(!ssin¡; it cccprehensively thct 
they do not ene::¡da tlteir mcssll¡;es in terco that Che reeeiver can 
understc.nd. 

Al1 of the Zcctnrs that 
epply to the receiver. 
how uell a reecivcr enn 

dctc=in~ ht'lf e st'urec opcr:::.tes eqtUllly 
Comnr,J.nic¿:tion !11~ills m.:l}' be tbought of :lS 

;,cllr. read, ol' uSC his. censes. .'\.ttitud3S 
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't"elnte tú hou ::. rccciv~r thinks nf thc sourcc, of himself, of thc 
::1c:Jsn[;c. ¡H~ l~l.0:!l!: .. cl;,c ~hO".lt thc topie mc.y be r;rcatcr (\I' lcsncr 
thnn the !:tOt!L'CC t!1 l:noi>ilcdf;C. H:tn ~~o.E.~l ~c1:;;ro~ or cv~n hio 

.. <:!llture m~:l he: clif::crcnt in n~n:l i7:!:~t; r~Or.1 thct of thn !>nurcc. 
E::ch 02 th~ .t:l-,(\"'"c ::;l1b1~ctors 't"1:'.11 uffcct tho rccciver' 13 
underst~ndinc ox thc mes sane. 

The cffccts of cOr?C'lunicü.tion ~ro the Chnl"l~eS in rcceivcr bch~v5~:)r 
thnt rcsul~ froro. dccoding thc tlcssv.gc. 1ct U:l re~l:.zc tha.t the 
primsry purposc of cornmunic~tion is to bring ~bout cortsin chanGos 
or effects in thc rcceivor. 

'.Lacre are thrco b.o.:;ic typcs o-~ comrnunic.3.tion cficcts: 

n) Ch~nr;ao ii.1 thc rccci"'vcr t :; l~no-;·:lcc1Gc ; 
b) C:lt:.n i3CS in thc recc5.ver's ::'.ttitudes; 
c) Chanbc~ in Che 't'eceive~ts overt behnvior 

(l'.lite oftc~, thc$c th:ree cbcn[;es occur in seqpcncc: th~t iS;tI the 
'!:'cceivcr fí.'!:'!:t ¡:;ains kncmled:;¡e of an idcD., pr::ctíce, o'!:' tool. 
Then, he ovaluiltc:: che innov::tion lluairu¡t his needs. 1f ho ieel:: 
th~t it 5.& "better," he hes forrn.ed a fnvornble attitude tO:'1ard the 
ir..novation. Fincl1:'", he ectu.::l1y incorporatcs the inn~vc·tiolt in 
his bchnvior; thllt i::;, he o'lcrt:11 cñ:::711')cn hi:; bchcvior '" 

~'i(! nOi·~ hnvc discusncd the fivc b.cs5.c illgredientG of tnc. 
cor.mrunication procells. Up to t:his poine, our nodol of the 
eotlmunic:ation proccss loo1\.~ like chis 

SOURCE UESSJ\CE ClLumEL EnECTS 

¡~s it n0':1 st.::!nc.s, thc m!J<lcl C~C:n3 ~r; inply thü~ t.hcrc i::; out c. c~c
ucy flou (',¡ rnC3S':':;C~.. Ou¡- O'";~71 c::pc~icncc in c~r:1.:'1un::catinG ~.:e!l::; un 
this is not '!'f!o.lly wh.:.t hnppcnz. Thinl; fo~ ::: 'iOOC:lt cbout tnlkir:c 
uith somenr.o. After speaking for s !em . minutes , yeu "1i11 stllrt to 
cncode your mcssa:;c diffcrcmtly if ~'()\lr rccciver responds l1itn 
s::ú.1es nnd affirmative neds .:u: opposed to the Cl:.llC where youi 
rcceiver Gtarts to (To'Im, 0'1:' evcn shcm his fist:. 1f you don I t 
alter your I:IIU:;SS::;C encoding. you ,~il1 be II ver:; incffectivo 
communicator. 

mH:m the .!'ece5.ver rellponds 1:0 che r.ource's I:Icssage, he r;oncr,:,::c3 
m~!l::~4c!:J b~ct: ~:t thc ~nurco. 111.c ::;t)tt~CC t:nd thc rcccivcr :-"t'~ no,,;,; 
intc,:"ctinZ. 'rhi¿ ::ll-ir.tp~rt:mt lirJ;. is 1:1l(r.¡11 &S fccdb~ck. 
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Feeclboc1: can be thousht oí .:}s rCGponGG by th~ recciver to tilc 
coerce t s mcsnr;::;c, 1:hich thc S8tn:ce 1':1::;'7 pc!'ccivc cnd une to nodi:C")'t 
:lis :~1tr-:::1cr mo;;::;:;"'.;:;cs. ;"-r:::;icc-l1y J thc:LC o:rc t1/Q kindo o): fccdbcck! 
pos5_tivo <1nd neC.:ltivc. :;:o5itivc .~~~ confirrw.z to the source 
t:l¿::t t:lC intcnGc(! c[rccí: -;¡;;:n ~chtcvcd. ¡;~o.t::_v~ f:ecdback inxo:rr.$ 
~:he sourcc. tllL:.t thc i:utcndcd rcccj.vcr cffcct "7::15 not üchieved. 
In gencri".l J thc r;'t!)!'e fcctb.::!c1~-ori.cntcd ue c:;:c in cornt1Unica.til1~J 
thc ¡;rc;:¡tcr our potcntid íor bcinr; cfícctive. 

Lct us nOi;r prcno¡:t tilc f::nnl CO~k.1u:li.cú.tion tl'Oocl th;¡t presenta all 
five elcmcnts plus the eH-important fe.ctor oí íeedback. 

GOU~CE I ;:r:::;S~'"Gl:; Cn.Mr.mLS RZCEIVErt 1 EFFEIC~J 
I 
I " 
I " r;¡;"nn¡" C" '--------·---C ~:. "",", 

I 
I 

t-----------J 

2. Tlill COlIHUiIICl,TIO,1 ;:r.OCESS FIlO:; J:;m ¡;¡;;CEIVER'S l?EI:SPECTlVE 

Commun5.cation i:; t! QCc:.':1S to c.nd cnd. '111~ cad, 4l$ lJ'C h.o.ve: SCC:1, is 
to c~lnnge 1.:110 behnv:tor of out" receivel"~. ))cfore. \Ie cc.n channe thc 
bcl\tlvior o:, our rccf7:.-!.vcra, hO~ic:vcr. 'tJ'C musí: knoi1 more a.bout í.:ae p¡,ocess 
by ~:hich .a rccciver change::; his behavior. 

:-'rom pnycholoG;, ue l:.nOtl that the prOCCS!l '\10rlm s~mcthing es 
follo,;'s: 

:;ccor .. r~, he f.1lj!3::' bccor::c D;_~ ;::;Z t~.!'; c::i.r;tc::CQ of so:acthinS thc.~; 

on:,t s~tisf:' his \-7n.nt::i. 

Third, 'Jur rcccivcr cruot rnal:e ::!. .cl.c.sJ...sJon i::o __ incorporctc tho: nC1t 
idea in his bchavior pattcrn. 

bis 

Fourth, he mu:lt actucll-,. 5.nco~·"ornte the idee.. 

Fifth» ho- mU:Jt ~JC ES,J1\:::rct:d. J.1.1t\t h~.!'; ~ our rcceivcr tul5t feal th:!.t 
bch:tvior ch~nce has indcca rcsultcd in a Gütisfaction of his "ílilntS. 
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Tilo ~bO~IC diGcu::;c5_f'Tl dct1onstr~tcs to \..15 that in ordcr to CilCn[;c: 

behevio¡,-, He nust rcpe.:;t tha cOt1munic,;:tioi1 process sevcro.l ti@es. lit 
tile early ot~¡:;cs of our cot'lr.1unic.:.tion cndcc.vorn, Qur :tntent.ic:1 in to 
crcntc ü. nccd, t~lcn tú intrcdu:cc ti !}')lutiol1, then to [;ct: thc s:Jlutio"i. 
cdopted. end finall)'. to ret"nrd the reccivcr far ho:,,5.ng ¡¡dopted Che 
solution. 

l:c::t, ~.¡c :lil1 see iZ thcrc ere ~ny {;uidclinen ile Ciln fcJ.lo";·j at 
cnch of the dllferent p:ulseo ex le::l.ding our rccciver to n certain 
bebavior chenge: 

r11~e 1: :rn point out a necd 

Ilcre. tIte intcnded pnrpose i!) to lleve out' rcceiver ¿¡,cl~no',l1edr;c 

thnt therc is a necd to improve his Gituctio:1 in a given reapect. In 
arder to achicve this e:ld, thc source must point out n btlsic 
.incon:¡iGtency between tIle values the recei .... o1' holdr. c.ud what he ie 
actu<:.lly doing. (A valuc iD a deaired cndstnte oí: thc recaivcr, ns, 
for c::l!l:\ple rt n ::;:ood li.i:c :f, If prosperity. u socic.l a~tccm, u ctc .. ) 

;::Ul:lC 2: To nrovido ~:nm:ledr:c oí an eltcrna.t~ 

In thi3 phcsc, t::le purpooc :i,n to Dimply introduce th~ l"cccivcr to 
a neu idea., p=~cticc, O~ tocl. r::.04'"(!, ~;e ere not so maeh intc::cstcd in 
p!'ovidi:1[; hnlY.!ledGe t!s !:o hou the inncvli.tion \¡¡,orl-:.!). l.l.ll 't~c t,~nt i5 to 
~kc tlle recei","a= Q:fCJ:O oÍ tl1e in:1ovctiOl'lt 5 c::i::;te· ... cc. Quite often, 
tUlO:! media can el::! an c::ccllcnt job here. l¡¡¡ss media can easi1y reach 
large audiences at low cost • 

Phase 3: To relate .nltc~ctiv-:? to tho problom C'Y.1tC:.:t o~ rcceivcr 

Iba purp!lse of ::hi:; co;;;o¡unication phase is to get the r .. cciver ta 
=ke a cornnitm.ent or dccision to llse the :::.lternative. lt i:; probably 
the no"t criticnl l'h;:¡::;e :1.:1 our ""rk. He rnmt be sllcccssful in 
convi;'lcing thr- rt"'ceivt:r th:::t tIre inCOTpOyatiflTI of thís inn!)vntion ll:::Ol~ld 

-resolvc t~le cOilíl )_ct thc~ \olcs PQÜ"¡tCG D~lt 1:1 phese 1. nese.::rch ShOH-S 
that o~e of the tnost criticcl factorG th¿:t v7ill cJetermine OUY SUCCé5:? 

is the de&ree to which t;e have crcdibility. Credibility is the e::ter.t 
to whicb ve, the source. are considered trustworthy, .nuthoritative, 
and dyn~~c. As our credibility increases, our success in Ollr eff~rts 
to convince the receiver of the desirability of the innovation wi11 
iocrease. 

rhase 4: I,:corporllt;.nr; tlle Innovlltion inta ehe Receiver' s 
r:nvircnt:tcnt 

Z::ven tllough ()\Ir receiver may have made a decioioa to use the new 
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idea, he f:1;-~y not k710\1 h.t?lS t'J use ít. Ilerc is 1'¡;U?re the tasl( of 
eones in. ::c) the scurcc, musí.; cleo.rly idcatify thc traini'aG 

ectíves which the reccivcr must be uble te L1aster; thel1, \ve must 
provicc hilll ilith thc neccsnary instruction; ;[ollo1']ing ínstruction, "ve 
I11USt give the receivcr l1n opportunity te pra.ctice t.,¡hat we have told 
him, nnd finally, "{,le .,tust cV.:lluate the receíver' r; behavior to sec if 
he indeed can oastcr tha kind of objeclives that 'le had ident"ified. 

l'hase 5: To Reward the ncceiver 

¡Jo must keep in oolind that a roceiver vlill r.laintain a change in 
his bchavior only as lo~g as he is bei:1g rCiJnrued for en&aging in it. 
During the fifth phase of cO;:V'lUnication, cmr concern r.l1Jst be \lith 
pointing out to our recoiver that his ne~Y mly of doing things is 
indeed an improvemont ove:r I<hat he has been doing in the pasto Of 
eourse, quite often this kind oí: n relevation " i5 obvioU5 to the 
reeciver a11 by himself. lloHever. He Day do ~Y'ell to =ke it an 
explieit effort to reinforce our receiver in his new behavior. Of 
course. the most cOrlvincinll uay of doinz this 1s by dernonstrating to 
our client the reduced gap bC~IJeen his values a"d "hat he is Ilctual1y 
doing. 

4. TJ:lE l?LA1mIHG OF COl;¡lUHlCATIOn 3TMTEGIES 

As He hnve seen, eomnuniection i5 n goal-orientad aetivity. To 
reach our Ilo~ls with <1S little resourees as possible, we must procced 
in a systennt1e manner. Just as is the case w1th a:ly systernatic 
endeavor, we must pass through the follo,dng phases: (1) l?roblem 
Definition;" (2) Dcvelopment of Goluticn¡ (3) Impleme~tation of Solution; 
and (4) Evaluatíon. 

4.1. Probler., Def:l.nit!on 

:Cefore considering routea and kinds of vehicles to use, wa must 
lalOW where <le are solng. That is, He !'1tlst YJlO~ uhat thc problcn 
is. To get nn :::mmer to this <jucstion, tiC must have inforrnation 
abeut the following topics: 

:ro iclentify the need to be "'<ot, Iv'" !'¡unt makc <l simple eor:rparis'ln 
between \~hnt is (the stntus quo) :nd .¡hat wc would like 1t to be 
(:l.deal state). r'l other wards. m, must find out where our 
receivcr is 1"11th regard to a certllin problem, and where ve would 
lUce hin to be. To nnswer the' former question, we must identl.fy 
where "Ur client 18 in te~s of the behp.vior change process. For 
p.x!lr.lplc, if our .gO¡¡! la to have our clients use fcrtilizer We 
have to ask o'~rsel'les: "re our clients lllready recogniz1ng a 'leed 
for chllnge? Do they h!we knm"ledne of the fertilizer package '"le 
are lnterested in? llave they alrcady formed an attitude toward 
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this pc.cY-llge? er <lre they already usbg H~ 'j:~ce '-le k'm, '\I'h~re 
o'...~r clicnts nre in usinB an in:1ov~ticn) ~.¡e c.nn thcn ,specify \'7herc 
\'iC ~ .. lD.nt thl.;r:\ to b..-; ncxt. The problcn, then, ir. hc"d we nust 
C"'lm,":'Rluicatc in arcor to get our reccivcrs fron Hhcrc thcy .:lre 
to "lhere 1-10 'Hn,:;.t them to be .. 

'1'he succe5S of OHr corru:runication eífartn is dcpcnda':1t on ottr 
1':.l101V'ing o~tr recciVCTS. De(Qrc pl-:'11!"ki:'1:;'; an:l cf)f'l.'1'lUnicatio"l strategy, 
we must carefully consider our receiver' s tote1 situation. mUlt 
nre their comr.mnicatio::J skills? mUtt ore some oi their values that 
they ;:;re holding? mIo are their frillnds and whnt 15 their 
influencc over our c1ie"ts? Hh.'"t is their 50ci:::). statos? lfuat are 
SOn!:! oí thc cttituccs th~t ..,t!y ht!.ve c. bcarinl} 0:1 our CO.·nUi ication 
atte'1pts? :/hat m-::din are our elients exposed to; ¡-/h.:.t !:inds of 
resources do tlley have ~vci1t'ble? TI1C anSl,¡er tn such qc'cstions 
r¡::.y llelp tlS lo icelltify potcntir.1 oustadcs or potentid 
facilitnting faetors tllat f'k"ly help uso 

4.1.3. \o/hae Resourccs ure AVllilllulc? 

t:ext, wé must make a eor.tplete inventory of the k1nds of resources 
that are available 1:0 uso For cxrunple, we r.ll1nt k:1O'(I ho", nuch time 
~ve have lo prepare otlrselves, hm~ ""eh noney 15 nvailable, \;-het 
skil1s 'tiC hrvi: l!G cOIi".tr.ll1icators, what serviccs ~1e can drau on, 
't'lhat tIte n~nI'0ner 1s that "\,¡c c~m cQunt on, to ,,,htlt Cl:tcnt uc hnve 
cccess cnd control over our rcceivers, what cO~lUnication medill are 
aVúi1able, etc. 

4.1.4. Statémcn.t of Cbjectives 

Once He lmvc a g"od iden of .. ha!: tlle need in that we must r,.eet, 
what the charllcteristics are of our cliente, cnd what resourees 
we have I",vttilcble lO us, "le r.ll1st cle::.rly state ,~hat onI' objcctives 
are. Th~ stateT:!ent of objective::: 1s <ln irnpt'rtant step, hut it is 
frequently by-p~osed or given mini~_l thougbt. Often objectives 
llre stnted tOI.'> genl!raIly, s1!eh as -, I want fllr:ners to use 
fertili::er." 70 :ll'lVe mure specific Ipid!!lbes fer dI our future 
,cctivítics, we t:TUst ..spccify : 

(:::) '1.';1" i::: "ur tcr¡;et ~_udiel:cc: 11h1ch f",rmers ere we 
specific~11y eoncerned ~boutl 

(b) ,met do we Wl.:t1t our tt.rget ~udience te be ahle to do 
::-.fter being e:tposed to our eOt:tr:lUnic!\tien the.t chey c"mld 
not do befo;:e it? Rernember that expected behnvior chnnges 
are of three t)opes: 

(be) sll~.ll&e...!n...E.~Jsd.as.. Ilcre, the. tnroct 
::-.udicnee lnclt!< inforn;:;tion e,bout n 
certllin topie. 'nle purp'l(:c of 
co~~nication io to ensure thst 
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thl"! ;;;JGi~.~cc oLí.:.:ti:1 ,,~~d f.'\é¡stcr 
thi!i inío:rmation .. 

(;)b) Ch~.n~e in nttitudc. iIcre, our 
-- eudicnc-;·l;:~:~;· ~ . ..:~ l1~ut).·~l or evcn 

nc¡:;¿:tiva e-tti tud8 totv~rd tIla 
id~n or object tll1:t >1e llre 
intcrcstcd ia. Tlle purpose of Ollr 
cQ:;r;unicntion is to crc~te a 
posiC1vc feeli"ll t~1é!rd the object. 

(be) Chc::"l.Gc i..,!i ~kil1 .. !2.. J::ve!l th::nlgb our 
(ludience f11\'l know al: an innovatioa 
and be convinced that it ls of v~lue 
to them, th~J may not have the 
$1,1115 to use this inforr.¡¡,tion. 1:\ 
t11i5 case the purpose of our 
cOCí!!:u:l.icatlon ls to e:,sure tht:t our 
client:; \fills be glven the knO\f-how 
1,nouledge and tht:t they will acquire 
the llkills tQ use it. 

(e) bO\l ::-re '{1e [;.oing to me~sure 'Nh~ther "or no!: Ot!'!' ~udicnce 

hes cha71¡;cd th"ir beha"ior cccording to our intentions ? 

~nlerec.s che objcctive tell::: 115 Tm:'T is to bc ¡cccomplished, th" 
prescnt~tioll str ... tar;y i:-tff\'Z'::m us aou the ob jective is to be 
accomplished. 7hf.!.!!Q3! 5hould td~c into cccount wlu:t medÍ<. vi11 bc 
used, U~let contcnt: will be prccentcd, ,"nd hO':'1th1s content is to 
be org:;n.:1z:cd. 

4.2.1. Selection 'Of ¡¡~ 

'l'he sclcction of~)';Iedia depcnds on the objective ns~well ::xs on the 
availability of t:llZdia. Cons:i.olZr tllc graat variety of media t11:::t 
<::re potelltially a.-,,::xih.blc: rield dr.ys, lectures, de:nonstratiQ;u'l, 
cxhibits, r.cdia, pn::tphlets, films, etc., or ¡¡ay eonbim::tion (>f 
thcse. S~ldmn i!'! it t:,e cese thú.t ene sinóle :lediuCl is suffic;'ent 
te carry the c;-:tire t1e!:a:;-~'::;0 :r:o:~ ;) CiV~".1 ol-:-j!:ctivc.. :~tithcr, it ir; 
uscslly l'.cvis&ble tú U~!: c::cl in::crX'cl~.tc r. vcriety oí r.1~di.:1 .. 

4.2.2. Sclcc;.tion ex Cr:>ntenj; 

l.gl1in, the objcctivc provides the o::sis for the sclcction of 
inform.."l.tion. 1.1w::.ys l.ccp in l".J.nd that on17 1nfomction i5 
included which 15 :n.ecc~'t1;X to I:Ichieve tho objeCl:ive. Uever 
include cantent ::.hllt is not <lircctly relevant to the objective!! 

¡\fter tlle inforn::tion to be prcsc'.1ted 11"8 beca col1ect,,<1, thc 
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fir::.t stcp in orgri1'_:::J."'t:; it ir. t~ prcpr.r-: :: E .. ~;~l!2.~~ !ll!-t~~i l~.. }.~ ... 

outli:::.'? t'cql~:i-rec ~r'i:':-,':'!C~P1c .... t of th'2 iT~f'1r'1~ti;;~1 Ll .a $ystcn.:.tic 
o:rdcr.. Ii.: .::11o·H!i [nr .:; quic1: check 0f c~\tr.:'.:lC~US !:1~LcrL::l or 
c;,lÍssion:; of ccscati.:!l inff)rr;;:~tion, c\:d for the ~v.Qlu:".:":i0n oí: the 
infcrr:lr",ti::1:~ i:lclucicc .:.gninst thc st¡:t:cd objrcti.vcs .. 

l\f~c:r prcp::ria¿; fl c")~;tC:lt -:1u~.:li:'i~, th~ i:1forr.1-:tinn nacela to be 
or[;<:nized tn 0. T:~Jrc Lct.:li.lcu Ec'shion. '¿""'bis 0. L:bor.:ttcd CO:'1teat 
outline t·;·~ c2.11 ;~ .~l-c:'1i:r,:c:·_~.. '';''hc trc<:t:;v~-:t for ['.. flip ch~rt or 
II lcr..flct io a rO:Jch nI~ctch oi thc fin~J. l.-yout uhich shcnm thc 
locction oí: t11e viGunl ü~lct verbal clcr.~cr¡t5_ ~~i:"on the trcatme:1t 
it is but ti short ctep to tile fin~.l prcDcnta.tion. 

4.3. ::=,=ccuticn oI thc CCn!'1Ullic::'.tion 7:vent 

me e;;:ccution of the c~,¡cnt rcquir0:.:i cQrcful .:!ttcl1tion to uctcils_ 
.t·~ pl~nnins ch~cl:1ist is hclpZul.. :;:;'or c=:~plc, 5.1:. you ¿¡re plnn:"dIli; 
a ficld cl..'1y, thc follouin::; points I:1-":.y h.::ve to be consid~red! 

- T1:'ltnsportntio~1 of f~l'-!i!CrS to and fro:l c:;-::perir.l(!nt~l plotn_ 
- I:'lfom,::tion to fnr:<1crs r'.~-out dcpl':rturc time and place. 
- ~-:;:periI:lent.::l p!ots rc~dy for vi::its. 
- ~lr.n for d:i:vidine f;::rmcrs into s!t.:lll (;t'oups o.t c:tpcriQcntcl 

pl?tc. 
- T~aini~z ucr-ostrators to host ~~ch ~~11 group. 
- l'roccdurcr. for rotntir!g zmr,ll sroups_ 

L::-~r::;e grcup mcetini:; plccc available for qucGtion and Qll.Gt1er 

pCTioa. 
- Lc~flets for distributicn at end oí d~y. 

4 .. 4. Evclu:",tiq,g 

In evalur.ting .:¡ cot1r.lunication attC?r.:pt, it is usefu1 to distir.¡;uiah 
bet:ween 1:>10 differcnt l~inds of evaluation: 

fon:- tive evoluation I1ml 
SUMn<:t5.ve eVllluation. 

4.4.1. ror~~tive evaluction 

~cfe'rs to t:he rcview 01: our :lctivit:'t:n b~fore t"~nd dUl."ing our 
CO::1!:l' .. í.:;iC~tt(,!1 C+.1C:1t .. For e:~lé, duri~r:; thc pl~llning of nn ov~r.t 
\'¡C' n:::.:,- :,,::;l:: c:JTr,clvc~ ü\;Cll cvch.:t,tlo:-:. c.t!c~tior:.s ti!>: 

- Is thc it2~.':'. :::0 0(:' C~r.:;1·.1:¡j"c~.~c= it:1port.:"".::l) usc2;.11,. v;;:li.-l? 
- Uill our rcceivcr ur:dc'!'stilnd thc f.1C5St'~LC? 
- ;7il1 he con:;idcr the messtl¡;e relevant, 
- Hi11 he be ahl.:: te do t~h,~t the rnessage esks ? 
... 13 the mensana ~ccur3tcly preparcd? 
- ls thcrc nnythi:1G :::bout the !tlcsnnce: ~hnt rnisht offcnd'¡ 

And for the actual e::ecution of the event lle =y ask ourselvcs: 
- ¡¡es the presentation tincly? 
- 1]",3 it clacr? 
- Die! it perl.lit ~u<licnc:c fccdbac:l<? 
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l~n thc othcr hnllc1, refct:'s to tIte: .::ctuol nC~!";ttring of our objcctivcn .. 
Th'lt iD t we ;ara c::.skinti ou~selvcs the questioa: 

itUm.¡ th.'1.t our t'.uc1iencc h:::5 becn cxposcd to the prescntation, h~ve 
thcy cctuclly chnu;:;cd thcir behnvio:::, as we h".d 5p(!cified it iTl 
our objective?·' 

Thus, you ctta :ice t:lnt fír':T."to.tivc evnlu~tion helps u::; to rnrucimi;:c 
tha ChllllCCS that DUro pl"a3cntnt.io:l ".,i11 be ~uccczsful. ::;~tivc 
cvalu~tion i11f0'Z'r"!s U5 \·;hcthcr "\·¡c h::vc nctu&11y becn succcssful or 
noto 

llore often th:::n not, n Civcn ch"-n¡;" t:1:;k i5 bcyend the :::enas of 
junt one inatvidur.:l. \nl'~ncvcr .:i, \"holc ~roup in cctinz ~s ;:l snurce, 
this sroup cmst be h:t¡;hly arf;;¡ni,¡ed nnd coordü:tated in arder to 
nchieve the change g0:11s. 

5.1. Group 3tructure 

The mly ve orgnnize D. g:mup hes deíinitive cffects of hm, the 
group functions. 

Essantinl1y:; thcra nre 1:\'70 v.~ays '-10 can ornaniza n. gren}'>. Thcrc 
is ~ic(ll IItructm:c, in ~]hich 1:11" lc~cler ::'1'1'eorll l1t the top .::.nd 
individultls of lcoser rn:11; l.".p1'cnr further donn che listo There 
may ba severnl lcvels at w11ien SOMe individullls uill heve cqu1'.l 
rank bul: dlffere:lt roles. Such n structure 15 cornmon to milite:::')' 
orgzmizations. 

'Jn the other h:¡"d. there ia h'?.ti"l:.o01tal %ltructurc. Thi5 type of 
structure im1'licl.'l th"t cveryone hns cqua1 ronk but different r01"s 
/lnd tasl~s. :. grou1' loTith a horizontal :;1:ruc:ture HUI dernocratic:llly 
se1ect 11 !eader. Laadership of n eraup yit11 horizontal structure 
l<'il1 chcn[;c fro~ tir:le clcpcndin~ on t.hc typc oí tZlsh th~ group i~ 
,,;!orki;l~ OH .. 

5.2. GrauE C'biectivc:; 

Croups !:lay devotc c11eir tino to t:(i/O differcnt objectivc::;. Firllt, 
El grou1' !lea e cert<:lin nie::;ion to ~ulfill. ror e:::::m1'le, if the 
¡josl is to chcnnc thc bchcvior oí c. ccrtClin t;:t'r3~t cudicnce~ tilC 
zroup has to deEne the problct:l. dceign I! solution. ir:rplcnent the 
eolUl:1on, &nd fin.::llly, cvaluntC! it. ¡,/<O may call this the t.::lek
orientation of the group. 

Ilm~cvcr. in order \:0 function ne a ¡;roup. tbc mcmbers of the 
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r,roup h¿¡vt:! to dcvo'tc fiOIilC tinc to thc purc m::lintcnc..ncc ('Ir: thc 
r;rcup itsclf.. ~.'hiB i:1cludco t::kinn carc o::': :::hc pcrson..:l 
I'roblc~,18 :"! r;:,wonp r.!cnbcr I'i1:"J" c::pcrir::ncc, or ta rCGolvc inter
i;rnup prnblcffi.e ~s thc:y may occur. ',¡:hi5, He r.t;:.y refcr to ilS 

the peorylc oric!1t~tio:1 of the gt:'oup .. 

¡¡t:nI, i:: ~P?e\lrs oDvi:>us tb~.t :: Broul' t1'L':'~t is cZ'~a· ..... izcd r.rouild .:-:. 
vcrtícc.l !itl:"U.CtUt'C i5 r.mch LlOre ~f:ccctivc in i~s tus!~-oricl1tc.tion. 

~\utho1:'5.ty in clclcg~tcG.. ;:vcr~1onc l:~C'''lS his rc!>ponnibility. ;',11 
the rosou:rces D.TO groupednround a sinGle ¡;ocl: tI' Cet the joü 
done. llcmever. it hes bec:'! found th,.t gl:OUp5 Hith c vcrticc.l 
structurc have considereblc personnel problema. !he neMbers o>: 
tlle group fee1 C:let they ere just o:\c part :i.n ;: ldachine - a pe:rt 
th~t could c~:.s:tl:· be repl~ccr1. lIcobers .:;.lso te:ld to fecl thr,t 
thei:: tclents Ilre not ful1y utili -:o<i, cnd L:bet they h~vc to 
bch~va in ,Q r~thcr mech~nical 't..ray. 

On 1::1C otile.' hand, e :;rou:> ,:ith n horizontal ::tructurc is 
SOrnCt,:,ct leso t"-sl~ o.ümtcd. et thc e:tpellSC of l'eir.¡:; nore 
conccrned ztbout tiv~ ~intc!'u:ncc of the group. 

Sincc cvc:'Y r;roup rncohcr h~s about cquel renk, ccmrnun5.c~tion 
1'1ith!n che g1:oup i.s much more c=:tensivc, and decisions 0000 ;:bout 
more slo,r1y. llm;evc:r, ¡:;roup r.\enbers feel hcppic:r in I::his 
structurc, ::!ud the7 feel thnt their tillcnts nre ful1y utilized. 

5.3. Group Lczdci:'ship 

Grotlp l~4:!1c'rship i!:i of e:':trcn~ 5..mportcncc in nny gI'oup. tlny lc&dcr 
ro::!'j ba ph.ccd 0:1 C ilutocr .. :cy~democrecy continuum. !he 
authorit::rian 1ecelor 18 n troe stlpe-:viscr. :lo decides nhet oeah 
membcr 01: the group is goinC to do, ~nd hot-: he in gOi1lt to do it. 
Tha auth"ritnrir.!1 leader oe1dom contmlts ¡;roup members for tÍ1air 
ideas, end he tends to om!:e decisions in i501111:ion. 

On the other har.d, e oore deoocrnt;.c lelldc::- believes that 
hader:;:l:'.p is th~ t,.;:operty of thc group. ne sces himself more as 
~ coordine ter of thc e::,oup, !'tlthar tht:.n :lS G deeision-J3,3.1:cr for 
the r;ronp. l, t1cnocrn.tic l';.:'.dcr u5~11 ~ctuellj? tcr..d to follm-, thc 
{;1:0Up, ~;:tbcr th..:.:: lend. i~.. ~::1C:-(,r',n t;lC :~c!:ho~it:r:::i3n lea~cr 

c:::pccto hi~ suborcliu.::tez to c::ccute his o:-d~rG, thc dCr.1ocr~tic 
lccdcr cr.pccts h:í.s fellcr.l Craup mer;i.)ers to pcrticipt-ta end 
contri::'ute in nny impOl'tAnt mntter thet.nmy com:ront tlle :p:oup. 

It is to he e..-:peéted thc·t a verticc.lly atructured ¡;;roup 1~ith its 
heavj eopllt-aill on tllsl::-orientntion is· much 'more conducive to ;-.n 
:1uthorit::rian lceder. 011t'10 oe11er hand, a horbonta:tly organized 
::;reup uit~l it:;; oric!ltation tt''t'1t!rd trroup r:t~r:ihcrD i:; f';\Uch more 
lil~ly to produce a dernocrntic leader. 

In or::;nni::in:; our.eclvc~ to u;"1tlcrtnl:c 
'tIC cuat c¡:~crully uci:::;h Dur npLicll!i. 
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1..-<251: Cl:13:-:d oí 1.!0, t0 uh.':~t c~:tc;~"t sh~t11d He pl;;ln. í~~ u vcrtic.::l 
or h'Jrizontc.l S-::l·t1<::t.: .. ;.rc~ :1~')"";; r:n.!ch tfnc ~:1¡J cffort C[".n 1-te ci::p::.nd 
0:"1 i:1;::~"ati1:":1i.n~ OUt'" [;í:Ol~r ( pc:oplc oricnt.:.tian ), .:!.~c1 lJlu:.t l~ind of 
lc.::.{icrf,:lip do ':7C ";l.ent tu c:1.cm.J;r~&c? 

~n1ct~"\'cr \2rr~nt:"'r.;c~::G "\;c c~nc up ·~r~ .. th.» ¡;-c r;:r:.::::: CGcurc t-h.:.t thc 
follo:li:t::; th:"l1~n 'Jil1 h.::ppca; 

1. T;-,",-r:4'n/'"l- mi ..... .! 0"1 ... ···el ro 1 e ~VC1-''' mc~n'''r in. nur nroup r.ru.st .;"'::"="'!o:. - 1 ~-"""-~--!::. __ --::::..-- J - __ 

l~nc't1 uh.::t ~'a~ b:.s~·.C c::"nr.l5.tments cnd [;o.::ls ~=c. l"'hnEc 
e cr.1,rIl:ttment s Cl .... c.l GO.:ll::; are li~:01:l to OC sct b:," ou'tsel'\fC3~ 
C:3 '\&'011. 4lZ b:,"' thoGC ,-¡hao ~;rc ccrvc. 

2. D0::ine r..olen ~nd renj)o':lcil}ilit~.cn. :. ... ,¡cr:y one nroup oeebcr 
llceds to l:"'"lo~,t W!lc~t he is te uo cncl the: l~inds oí thin::;s h~ is 
rcoponuiblc foro 

3. LO.ni\: intcJ:a<ll CN1flict. ¡¡~Tcvcr il: i5 ¿ono, conflict bct"ecn 
;:¡roup r;r-C'lbc::3 or bC~~lccn sub-3=O~PG ou::;t be l:c~t .o.t a 
tll.l1ununt. ~¡¡lercco Done dcr;rcc of cOf.!?ctit:ton Ciln be ver) 
h~lpful. op.m conaict ,,;il1 jcopardi::c our lon¡:;-rilnQc 
policie"s, Ot~r mi::;sion, our spccíal c~pt!bil:ttics, ~nd our 
idcntity. 

6. C:::"\L Cm¡¡nnlIc,\UOll 

On eui:r given d.::!~~, j-nu ere delivQ::'ing mnn~"'. mc.ny mesaa::;ca. Ilost 
or thcm :-.rc prob"bly hricf; the grc<lt m::jorit:y cI: I:b= informal; m.:::J,11 
of them vitcl to your mol:1enl:-to-ROl:lcnt c:;;.stcnce. 

" Sooe of thesc r:v':.'St;t"".[1cs 1;r~.ll be p:,-cp\'7.~cdJ L.h~t 5~s thought about: 
in advc11ce; but oo::;t 0:1: thoo uill. be 0:1 the ::;pur of elle r:!:'Iment. "Cut; 
they aro "n mC::;$~.bOS cnd most of tlle ... lIill be 0l:<:I1. 

DclQ'¡~. llC n111 nut.ly:;:o in more det.:!il tlle :;¡tep::; :JOu should td:o 
in. prepcrin::; ::.nd prc::¡el1tinc en o~~l ac:ss:!.cf.:. i~ltho'Cr;h SOLlC of thc:;e 
stcps c?plj' ocinl:.- ~o ~itt1r:t:try::G th:-:t c.:.l1 ::0:''' e plc.nacd, ccrcfully 
p:::-cp,:¡red mc,s~~~c, n .... :)~ o:: th(!;,"t ~.¡->pl:- ::0 th:::: cl.:-.ily, inrcTn.::.l n:::.'~sz.!;cG. 

t.nr"t t"l.:ll:e up t.hc 1.a.:11: 01: o~tr cO::1.::rur .. ic::.::ion. 

6.1 •. Gteps in communis;atina. orc.11y 

nelot-I tIC ui11 proccnt .c list of !l~CpS t.lll:t one mtt:t bO throug:l 
in prcpnrin¡; ".11 or •. 1 co=n1cD.tion. Ibis list i:: intcnded to be 
\~or¡cnble for the be¡:;inning ::;pe-akc.:. nnd the order of the stop::: 
is probably the mo::;t surtablc arder fOl: him or Iter. As he 
nttnins the frc~dom tilot comes t1:'th c;:poricnco :md succes:;, the 
communi.cutol: will le::.rn to v;;:ry thc order of prcpcration ¡:md 
tho deGrec oí ernphllSis on the steps. 
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:Ttly :'.rc you CO!':1c!lnic.::tini; .:'.nd l';:lr:t Nill :'on f.1::!:~ l:no;;m? ~11CCC 

qU0stionn ;J'J'::;~ (~')n~.~:::tc yúur thin!::in~ once :rou foe! the u::gc to 
opon your :'10U th. 

l.ny furth0::: p1:"C,<:.:::-~:::ton dependa upon. !..:llC ~nZ~lCrG to the qucstinns: 
- t':,nly am 1 co:::r.lunic.;ltin~ 7~! 

- t~;¡¡Ult do 1 u¡:nt to do uith r:r:¡ o::ucl5.cnco 7 n 

In p'rcp<1::ing youX' cCLl:luni.c~t5.ont :tOU should dctc!:'m:'n~ your spccif:1wc 
'p'u=POGC íor o:p~n,~:tnb. SCate 'tihat you n;::,nt your listencrs to c11';1 or 
bc1ievc, or underst~nd. ?bis is you. ~F~P~ sentcnc~, cnd you 
ZilOUlc1 rer~r to it: throuchout t~lC prcpcr.::tion 02 youZ' m~st:i~&c tiO 

thc.t yau ncv:;r 100se trc.ch ni \~~ly you ltre speru:;ing • 

.. ~ó[::cr you h::'tve chOGcn ;)"our t~pic» tr:r to antic5.p~te your listc~'1crs 

pro1l~ble rct:!.ction. ~1Z..11 thc:' be intc~:catcú or ¡)o'Ied, receptivo Ol: 

hostile, npc!:!u:<:ic? Ir it secos unlikcly thc.t your :zubject w'ill 
receive SOtlC 1:i11d of positivc ::,cnction, nQ~l is tilo tio9 to ch~n¡;Q 
it. 

6.1.2. l~d~pt t~).e npccch to the audicncQ thnt '?OU a.rc addrossir~ 

First, le~r:l of thc pu'!:'posc cZ tIlc t:1cetiuc. If the subjcct bes 
bec7"', ct.isicncd" limit rcr:u¡r!;.s to ~ pn.rticult!r ::spcct th¿¡t fits ~hc 
occosion n.nd che: cCuuicnce. If t!le audicnea ~s cocinfl to hc~r you 
np~ll!:, prepare your racsst'.r;c uith this i~ mind. If lile rncotin:; i9 

IIDre a round tabla dillCU¡;sion, or ;1 cot:ICittec rncct1_n¡;, prepare ::our 
nc::;snr;c 't¡5.th ~n eJe to contributing 't·l:1,,~t you cc.n tú t~lC rncctin::;t o 
intento 

Lcern es cuch l:G ~'ou can .. bcut the pcople you \1111 com:nunicntc 
uith. It may be helpíu1 to kn~1 in advnnce thc sex nnd age sroups 
oí the listQuers, their oceuptltions ::.ud lile t:t¡lcs, thcir 
cultur~l inclinctio~, cnd Vi~7G on current cone.ovors~~l issues. 
'1ñ~s~ thinr;a hel, !'cvco.l thc ~'Z'son1l1itie3, ~tt5~tudcs, b~liQ.fGJ 
tthd hehcv?_o!'5 cf ;:ou:.~ lititcners ~1d thCj' \:111 essist :'TOU in 
¿ccid:"n:::; 1¡:1r:'.'.: l:int:: n2 1~nóu.:t:::;c5 :'!.nrl :~da~~ :t011 f l! need to use tn 
{;oí?::' )"our j,'!:'2cscGcc :::u:::r05:J D!'1Z:;-:::: effccti"Jc}_:"' .. 

llcre, :loU !!luet thir;.1: of t'! b~nic plan of uhc..t ;tOU intend to ~:ly. 
:lnd the o::acr o:; j'our r.!!lin pointG. Div5.ae jour speech 1:11:0 t:,~o, 
·thrcc. or four l:1."\in hc~dir..Gs. ¡¡ost listeners C!lnnot rCl:lC!r.lber 
core th/m four basie pointG. 

6.1.4. Collcct :t~terinl for your m~~ncÍte 

i11.C natc::-:!.nl:¡ of cpc::~;.int cc..n be cl::!'1~i~ict: into thr~c l~tndG. 
a) pcr!it":lt"lJ..!!>.2!.. r-C::tiOU111 proof is uscd to rn~_oc or mo.int::.in 
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nur crcdibilít:t 1ii.tb ot:r li::;tc::J.crc. Try to ::;hml t'" ~lOur 15~stenr:::'B 
~l1nt you i:.re íntr;:"cstcd in thcL1, ::h.:lt: :rou l:no", your riubjcct, tn.::t 
~.rQU ;:-c~!lly v;;,nt to S¡l.'1I'C your 5~den5 t<1ith them. 

b} l~~tc!'i:lln oE ::.1c~;?lopr.j/J;l~. TlLie k5.nd of ~t:c'rinl in tI) c-c.rr/ 
thc scn3C of cu:: r.tc;'~:1~c. -¡cur li!ltcncr nill noto understtlnd your 
mcss¿lGc unlc!:15 :'~Q:t ~ilcl~ \lP ycur st::terncnts uith cvidcncc and 
!:'c~!;onin3. Ycu ),1t..!Gt m=l~c clcnr 1:0 ti'tc;:¡ pointn thcy raa.:t not 
~e~üily underst~~d. 

e) :lat:e'r~~ ~ls Di c:~....,crirms.s. 7hís tj·pc of metcrinl ia uscd to hclp 
your listeners ncoocilll:e your c::perience uit11 I:heir c::pcriencc. 
¡¡eIp your listeners aasociatc you:: c}:pcrience \lith their 
e::pericncc. ilelp your listeners 1:0 IlS¡;oci,ctc ,vith your talk as 
rauch ~$ possible. 

I.n you [;ilthcr mr>.tcrinl:::, cf'¡1s5.dor boo¡;¡ r.lttch :rou !~nO,1 ¿:uout ;,tour 
nubject ~nd h01! much ~l'"C :~ou nccd to l:nou to t:ccomplich ¡our 
speal~ing purposc. 

¡;ormally. tile no::t uscful pI<::n is arte that has four parts: the 
~~ Fcotencc, the .w_roduction, the Dady ol: the I:lessage. Il"d 
thc concl1.!sion. 'rile nequcnce i::1 irnriortartt. First pZ'ep~re }"our 
pm:pose sentence, then prcpDre thc body, then thc conc1usion, c:1d 
finell.;,:, the int"!:oduction. (G:'.nce the introduction presenta the' 
messe¡;e. you c<:.nnot 10g1ca11y pre¡:>are it until you I.not-l what thc 
cessagc is a1I about). 

There ere nlO .. epecta of effe.ctivc de1ive;:y: 1::!J.ce, ::md Uon-vcrba1 
beh.!lvior" 

6.1.6.1. 'lcice 

It;:te of Zpeac11 VAriety i!:; needeG. n::.t~ f:lU!j.t fit thc tlood of 
the rnatc'Z'ie.l .. UC'J p~!lncs tn lct ide<::.c S,;,,",l~ irl .. 

Atc1l..: The ¿;QC'd ::;pc~J::inr; ,,.cice ~l':v ran:;e elld fle:::5~bility or pitch. 
Use pi tch to· elli1~nce your acs:¡a&e. 

Force tlnd Louclnt.!s~: i:otc the pl1Yllic¡¡1 conditiona of tlle place in 
'-1:1ic11 you ~1ill cernmunic;:ttc ;:tnd ndjust your voiee Ilccordinsly •• Uso, 
try to use the voice as ;:t tool for emph::.sis. 

Articulation: Tr;,' to clccrly Ilrticu1ate ;¡our words. Don' t mur:!ble, 
muttcr. or r~l wQ=ds tozcthcr. 

6.1.6.2. ¡ion-verbal I:ehr.vior 

In dclivcr~n3 .n :i:pecch, ntn.1;c you'!:' body ':lot'1~ fo:: you. Considcr tilo: 



-'," " 

f0110ui:1::; pointa: 

G.l.6.3. 

.f0o~ttil:'c..:. Du::-:'n::; ~rot!r pre~cn~~tiQn, us~ .:1 ;¡:clL'.:~ed poctu'!'c, 
hut do nf':": :11ur::.p. De CO!lIoi:tablc U:thO~lt helar:; nlopp~;. l".~: 
D:J t.1.r:1:; Gh:)uld j"our po::::tu1:'e t:¡-m'l ['.tí.:.Ci.¡t:~.on c'uay fron ";:il1nt 
~,.(;U cr':! !>cyinz. 

i:~..t~~: L.ce ~,cn ture::; to ~«c :Lnforc.::; :.:OUi: iclc~:;" Gen turCG r:l.:'r;r 
be UGCU to clcSCI":tbc thc :¡izc, 5h~pc, oy f.1ctinn of 4t;:\ object" 
L;l~ :¡"OU mr:.j~ UDC COr.hüon ~C'r.:t:urc::> 01: thc hc:nd, chouldcr J , .. 'Z'i:15, 

nnd hand3 LO nupport a. verbal point.:. 

¡;O\,~C[1Cllt eZ thc body nG-i!..1~tq : : ... ::!tcp rrn"t7.:'rrcl u~H.!tllly 
cm.:r.:.u:1icnteo thc idc~ th~t tha pl'}int yon are r.lnkinIj i::; til);:C 
impor:.:nnt. A 5tep bncl:;'i:1:~:c1 i-;'1Vitc::; the nudicncc to rclrut, 
or to thin1: cbcut ~ -point:. ¿l.3o, to inv5.tc pn'r'c info¡om:-.lit:" 
~~ou í.lC,:r· ':7;:!.11: ~rounc.1 l/hile you .Gr.o ~i.11r:ir:::;. .:,na tr:,T to u::;c 
bnd:l r.!:lvcmc:¡to u:; n f.10t1na to indic .... itc trcn!ii~iol1 bct:;·¡ccn 
thou¡;':.'¡tn .. 

:J tnr,c T'rir;ht 

:.1l11<'1st cveTyonc ;'s ncrvoull befarc a formal setting. r:vcn in 
iopt'optu nitcntion13, y::>u r.t.,-.y find thc.t your h:,,~ndn ere ohLl:in~ l'. 

litt:lu, thc roo::t ia sutlclcnly too 'W.:ll"r:1, ~d you ~l~C nt a 1000. :Zor 
,,:,oren. ~L~ cf::Zcct5.vcly dClll ui'Ch thc:;c 5ycp~Or:1D, trI the [ollo.;inr;: 

~qt~ 'ril(~rc nrc -¡lo.~!'n to ::cl;:¡;;:, p~nd the:; CZ.ll be lc",rncd. 
:'.";;0 of the ol.r.t;?lcst .o.rc: (1) :¡:.:::~C c. fr;;.¡ deep, 1.on::; brcflt:lz jUDt 
'befo'rc yOlt :r:i.GC to r~cc yotn: lintc:''lcrn. (2) :i~.!:~ :"0U'l:' tir,lC 5~1l 
r;ctt::'l1!?; "l"c=.d:.r tn npen.k. 'l'{"J:c n. tlor..lcnt to 3et sct tn sp~c1:.. ¡:o 
,... ae in L: c. ¿lu::-r¡. 

1)0 not 'ltt:c;;:p~~ n1cmor~.zc :znu~· zpl?cch: liothing promotct:> 
:Jt:lga f¡:-i[;ht ~n q1.1icI:ly as trJing Co !'lCfl{'ri;:c·~ spccch. 

f:1.~ .. nnQ,l nc~:r?-~l;r:7 l..n~o l)r.u:!~:r f!1=,vcr.lent;~ ::'11<1 ¡,cc..,i.:...:.s:.Cf..!!. 
U.::ll~ c::nW1rl; \1::;;0 thc c:l:'J.ll~bc~rd; <lelJlt}n!ltr~te oh j cctn.; cvcn t'~rrr.n::;c 

:,"our no te:;. 
. .. 

6.1.7. Evclu.:.J:>Q :~;r;:- jic.!'::..f'!.f.:l'l 

:J;; r:1D::;~ o:::~:c,--; C~;:!f:l1,;::j.c~tc ;(r::- ~ pt::::10::;C, t.a¿ U~l-'-:~C\"C= i..;;'c p-Ul"pa:¡c 
i:;, it i::: T.1DI"C li!:cly to be .:;chicvcd if: ~lC Cé!l1 rccc::'vc ~ncl 

Ü.ccurc tel:: i.ntcrprct fC!edbecl~ from our maSSál:::;e. l:::.pcr-icnccd 
npco!:cr:: rcco:;nize 't.¡hct: cvc~· b"Cr;5.nninc speal;cr Clnd evcry 
cor¡tr·l~-¡ic::tor should cat:tc to kIto,;J': that only throu(;h cvcluetic!.l 
C:~.;'\ (';one lC.:1ra to imprC''\rl! hin spct:.king.. Hllkc v.n effort l:~ cv.cluntc 
listencr l'cllcticnn ~]hi1" you m:c ::pe::1tius. '¡bis wi11 :¡llow you 
t, i1'lprove your mc~:;ngc v¡hile yOll ere co"""unicntin¡; it. 

Ik1kc a dcl:ibernte ntte:~pt tCl cvaluatc tl1C cffccts of your SpeE:C:l 
:!fter delivering it. 111C qucntio:l you \I:mt to cns,lcr in: has tite 
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<::.uc:e,:cc ch:.-:.ngcc in :':'hc (jirection tilat yo ... , ,v~:1.!.:ed it to. chau¿;c 7 
.AflSW€r tn this quCSt1.o'1 m::¡ be obtc.incd through a discussion 
sessinn .1fte~ thc Gpec:ch. ;Jr ynl.1 n.ny 'V't":l1t to use sone 
qt'Qstion:1.:lÍrcs.. f r yen f,¡-\:r U:32 ~i1:r nther lnr7'1 oí ob~crvatio1i 
roccsUrf;¡~:cnt that ,,,,i11 inforr.1 :Ion 01: tIle dCr;r0{: to ~vhich you h;:.vc> 
be en succcssful. :;:'inally, ilc\"er .:lvoid criticisn and cvaluntion, 
take it i:1 gOQ"d uruca, und then evu1u:.te ~hc cvaluntion. Do not 
be depressecl l/hen the criticiscl revea1D your lau1ts. Use it to 
beco~e n bettcr co~u~icntor. 

7. llEDIt. OF COlIHUllIC1,TlOH 

~ar1ier, wc ilttroducec1 tho cOJ.lr:1unicction modal: 

sounCE CllilmlZL EFFECT 

He wi1l no,~ concor'1 oursalvcs more ,dth th<:! channels or ~:!.n thnt 
are availablc to uz. ~."f coc.rs~~ tIla rnCS58.gus ".,Te wnnt to seml accr05S 
a g1ven chaunel must be propm:cd 511Ch thet they ,~ill be compatible "Uh 
the ch;111nel. After ~11, if "" nre USil1& ruelio. [or eXru:lp1e, the .,,'tire 
:nessa¡;.:! mUGt be in the forma oí sound ( speel'h. r:\us11', sound effel'ts ). 
!hus, as 'ole introduce nny 0':12 mediur,1, ,,;te '\1ill also diseuss how the 
message may be preparccl to fit that particular mediurn. 

In prescntin)'l the r.le¿ia, t,e vlill Ulle the fo11ow1ng breakdown: First, 
\Ve will cliscllss non-prnjectod media, foll<:mad by projectcd medi¡¡, and 
finally we "i11 discu:.;s tape recording. 

7.1. 1:on - l'roiected llcdia 

7.1.1. Presentatio:1 Doards 

'!bere are severa1 different types oí presentat:!.on boards that can 
bo used to supplOI"Cl1t a lectura or dct:lOnstr.ntion. 11105e inl'lud.:! 
bul1etin boardo. chal1:.bonrds ar.d f1::\1111e1 boords. Dase tlle sclection 
of a prcsentntirm hocrt1 011 the atl:1ic'!~ce, thc Goal:>,. the coutent 
bcir:¡; pTCSC;lLcJ~ n:1d ~.vnilQblC? 1"'W.tcriills. 

7.1.1.1. Lullctin ~ocrd 

,\ bu11et1n bo&ra c:m be ply"ood. th<:! no11 oí n building, 
a b1anltet stretched tnut1y bctwoen tuo traes, henvy eorru:¡¡nted 
cnTdboord. or '7ire screol1in;;. In usinll bu1let1n boards, considcr 
the fol1rn~inn; 

Utilization : - choosc a l"cnti"n ,"ihere the hoord vil1 bc seca; 
- ¡:cap the honrd neat ancl clcon; renove old mataria1s 

prn!:1ptly; 
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- nG~ u varicty of tech::liqt!eG to nttract .:tttcntio:1. 
In <1dditio',1 to píctu;:-ec. ~.nrJ <1raHingG) try 
t.1i::plc.~·in::::; real objccts. .\ fC:J st:::.lk5 ex rice, ':1 

s~'L5_n:::,'::, nr [': spccir~e:l. \]ill c,cl(] ;:ppc.:tl ai~d 

c-~-cuihility to di:>pl:¡J>G 0;1 t.r.;riculture. 
- u!'::') .'1 v::.r:Lcl.:/ of lcttC1.~~.:l[; tcchniqac$.. LcttüTG 

ce." be cut out of p:::pcr. cloth, cUTdboc.ril, 01' 

- invnlvc the ttudicncc. Displ.:t:r~ CC:1 anl<:. qUCStS.0115 

th.::t rel~lte to thc nccds oi: thc l!udicncc.. lIondout 
lcnflcts ca~ be a part of ~ diGplay. 

Sug8cstcd .",pplicationc: 

... te ltanouncc UpCO::linZ c:v~~¡ts; 

... to l."cnind your cl::~ents to "leed thcir crnps, tU:;C 

n npocific vn~icty, ctc. 
- to displny photogrriphe of locol nctiviti~s; 
- to ucnon.Gtrüte conparisons; 
- to display piccures of PTnjccts in other plnces 

that are oI locnl intc~est; 
- to provide suppl<!!r.lentar"¡ information. 

;:;-;,,1\11:\1:10;: Questio!':;: l,1>1<1y5 try to 
effectiveness oí a buIlct:f.n board. 
can be c:sked: 

c ... t so",e neo.surc of the 
Ihere are mIln)' questions that 

't11hat pcrcentu&c oí pcoplc passin.r¡ thc boltrcl are 
lnoldnc nt it: 

- wh.::t ceuId he.ve l'<len done to <l.ttract more 
'::l:tenti0111 

- m:3 the lel: tering lellib le ? 
l~"ns the rncs3r.;e casily understood7 

':il~ bt;¡:;t-!:..o¡O'm nnel MOSI: ea::;ily-used presentation bO.!lrd i~ the¡ 
chell:bo'n:d. Chalkbo::rd pre¡r.cntlltionn cn-) be itlproved by folloninc 
c f()t,1 ¡;uidcline5: 

Ut:ili:;~ti.~ +- :.11\\;:y:: plr..n ccrcz:ulIy; 
- U¡::l~c '<i'r5_ti~";G ;:1".<1 ilb:B¡:r,::t.ion~ :1C::.t c.nd li:;fLle; 
- dO:1,1 t stn'iu in f1:ont of mr.teri~_l th.:;t Lile E..uclicncc 

should see; 
- don' 1: put too nuch on the bOo:lrd; 

be suro thnt tl,o <audicncc can cee; 
- use color fe!:' cnrphD.!iis. 

Sur.cc~cd Apnlication~: 

- to surx:m:r5.:!c kcy Hord!: oí: en or~l p1"cscnt:.:.t ion; 
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Evalu2.tion: 

- to list the stcp::l ia a proccss; 
- to lint ideas suggcsted by thc audience; 
- to devclop e concept point by point; 
- to present net.¡ ~lords or terms. 

- t.as al1 l:1a.terial on the board aeat, legible, and 
easily undcrstood 1 

- hOl'1 could the prc5er!tation llave becn improved ? 
- was the cllalltboard the moat appropriate medium 

to use 1 

7.1.1.3. F1t1l1nel lloards: 

Tile f1annel board can be uaeful in conjunction with an oral 
presentation. Iteros can be plaeed on the board progressive1y to 
tell the story Ol: to l<eep the audience a'vare of the main points in 
a ta1k. A flannel board i5 easily eonstructed: 
l. Cut n pieee of plytvood or heavy e'ardboard to the appropriatc 
aiza ( for 100 persons, 100 centir~tcrs by 100 centimeters iB about 
rigbt. 
2. Stretch a piece of rough-surfsced c10th, sueh as f1annel or 
burlap, over the board and tighten it sccurely in place. 
A wide variety of Qaterials will adllere readily to such a board. 
Tilese include: 
- Cloth cutouts; 
- Pieces of yarn or string; 
- Cardboard strips with a piece of rough cloth or coarse sandpaper. 

Utilization: - Lean the flannel board back slightly when in use; 
- t.void windy locations; 
- Carefully plan the steps of representation. Rehearse 

the presentation in advance. 
- Stand beside the board; not in front of it; 
- Consider legibility; 
- Leave items on the board only as long as the¡ are 

needed. 
- Avoid excessive handling. lt distracts the 

audience. 

Applications: To 11lustrate a process es it i8 being explained; 
- To develop charts. 

Evaluation: - lhu: the flannel board relcvant ? 
- li¡;s the material organized 10gica11y ? 
- Ilere a11 the words on the board legible? 
- Did the board help meet the objeetives ? 

7.1.2. m.arts and Posters 

7.1.2.1. Charts: 

Pietorial and graphic charts are among the most useful visual 
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rnaterl~l::;. P7CncntQ,j duril1~ diScuGsir.n'l th::y can clnrify difficult 
cnncapts ~l'ld cnph~::;í;;c ir:tportant l")oints .. 

Indicatc Z'ol::tivc: <;,t.!;:n4~-:iticn Lj' i1 Gc:-icn of vcrticlll or h'Jrizol1l~.l 
bnrs .:.n.d ;:rc SCOG xor sho~;in~ chm-:.[;c:; ovcr n: r~rioc1 Ol: time .. ' 

Th~ b~rG ~ilould not crci:¡d th,,:, Cd~C5 .::rul thc 3p:".C~ bct"Wecn bn.rs 
shnuld be i':bout h~lf ~hc t~Tidth of n br.r.. !:h::diag or colo~"in[; born 
will ndd cr.'1'I14:13i5. Ch:::rts should be u:;cd on on11 sóphistieated 
tl.udicmces. 

!~I~---------------------
30 r--

20 

10 

O 
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,--
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-
p 

:-
1- ~ 

-n- 1-

R e RA 

Sbot'7 the rcln.tionship t:H~tt¡CCn n llhola- t::l1.d ita p-:l:'ts, nuch as thc 
rcll1.ti('>,wh5.p bctl-zecn sin:;le cr~p nnd to!:;,l erop production, 01' 

bett'7een VCl::lous budr;ct cntcrJorico c:r..d tot~l bud::;et. 'ro mr.intr .. fn 
e larity , sliee tIte pie into no more tlum Ill.;{ 01' aevcn pieces. l.dd 
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emphssis Ilnd sepcrute differen!: items by using colors. 

7.1.2.1.·3. Une Charts: 

Show tt'cndn by usin~ n. lir.c th~t indicates él relationship betwecn 
t~10 fcctors such as ¡;rowth and time. 

Scvercl bits of d"t¿¡ c<cn be handled on on" chart by using salid 
lines, daohed linos, nnd dotted linos. Cclorcd lines can al50 be 
usod. llowever, too much information can be confusing. So keep 
the chart ·simple. 

'7. 

/\. 
'./ 

! / ", 
I ,~ / -

¡.. .. "- 1'-, 
/ .. , 

1.-/ 

1 2 3 4 5 

Days 

7.1.2.1.4. 1"10\1 Chartn: 

Combine boxes Ol: dl:&l-1ing ~lith lines and captions to OhOl1 oequcnces 
ar processes such as life cycles ar adcinistrative structures. 

Sueh charts can forro the strueture for an entire talle, supplemented 
by charts explaining each step in the basie flow ch~rt. 

Avoid complicatcd diagr= th .. t uill confuse the audicnce. 

I~I 1=1 [==1 I~I 

1=1 '1=1 ·[=1 'I~I 

1=1 I~! 
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/,~:0 l"ictttl-t::; 0::- di::0r<lr1s thttí: t:1ay nr :1;"1,:" not be ;:ccor.lp.:-.:ticd 
by vcrb.:lJ. dC!Jc::-5,;:ti(}~1~ .. C'J::1plicctctl chr:rt!; C4'.11 be dísp12ycd on 
~ '';:111 or ~)llllct5.:1 bor~rcl 50 t.llCy c~n 1>0 ctudír:;(i [>,t leiGurc. Ir 
c:lz.rta nrc to be nocd \vit'il [. cl.:zs Oh li.\r~e .:uclicncc t l~".~p tIlo 
illust=~tiOl1:3 Gir::.pla ;:::<1 thc lettcri::1g l.:lrgc C!nou[;h to be ~r:.ail:/ 
rco.d .::t tl d :f_D t~r:"~cc. 

7.1.2.1.6. El.:i"u, Chllrts: 

t.rc sir.tply ;! 3cric!! of chaT.ts bOt.t:ld to¡;cthcr :lt the top.. 'i11Cy ere 
uned prir¡l.o'1rily to prc!:icnt ~ atcp-h~~-ctcp scql1~ncc Guch t:'.a thc stcpr; 
~_n plnnt5.nG, in we~:1il1C cc.lZ$, or t:hc 5tcps in r.k-;rketi:1::; one' s 
crop!'j. 

[:;e pla5_TI p::.¡>cr for p~(1e!3 to a:1.1~c n pnt:l '\"¡lich C~1 ba uscci. in r:l"J.ch 
t110 5.r.r.'!~ ",'1:".7 ;:0 ~ ch~11: bo~rd. lk.l~o (1r~~'linss 011 the pcpcr uith 
crnyons. c'lu1k. fclt '(lcns. i'lr chnrconl. 

1?lip chnri:n hnvc the cdv~'1'tt:tGe of alJ.rn:.¡inC the u!';cr to rcturn tI') 
previcuG drn':liD.!j$ by flippin!; bzck tl f<t:-I pcr;cs • 



- Díd t.hc chart "ttrnet uttention ? 
- 11m¡ the cnntcnt ólpproprinte to elle audience and the objec.tives ? 
- Has the content erganized in a ionical, eas)' to understand 

sequence ? 
- Did the chart help meet the objectives ? 

7.1.2.2. Posters; 

Posters are sma1l siCns that represent one idea simply nnd concisely. 
Pos ter!! can be used to announce cOl1ling events or to reaind tho 
Iludience of nn earlior presentntion. Hhen planning posters, keep 
these ideas in mind: 

- ¡Ceep it t:imple. 
large ruuount of 

- negin designing 
have memberll Df 
effective. 

~ post~r is intended to remind. not to convey a 
information. 
¡:¡ poster by 1I1",,1;:in:;: several ama11 sketches. Thell, 
the audionce piek the oue they feel wi11 be most 

- PInce posters in conspicuDUS pInces. 
by the intended audience. 

l11ey must be readily seen 

- The message of the poster must be inmedia.toly apparonl:. 
If only a fco¡.¡ posters are to be llUlde. do them by ha.nd. 
For larger quantities. use stencils, silk screcn. or off-aet 
printinz. 

~ ~:g DIA DE CAMPO \ 

-
CIAT ~ 

.... -

Suagested Applicntions: 

- Io announco a cnmpaign or a coming cvent; 
- lo remind sn sudienee or an idea or coneept. 

Eva1ustion: 

- Did the poster attract attention ? 
- How cou1d it have boen more oyo-estching ? 
- Uns the pos ter , s l'Ilessagt"! elear to Vi(!l.lCrS ? 
- Were there enough postcre to get seross the message ? 
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~o 

'..LlleGC conil:;-produccd I:k"!tcri-l!i C::l!.1 be invi\lu~l>lc í()r 
co::tr.rouiccting uith nCi~y diffC'ycnt oLOUpD.. ·J.'"'l1P. 5.oportcnt thir:[; 
in tu r:F~,!:C tilo lQ.2flec 01: bonl:lct nttrúctive ~.i.i.d mcaainüful to 
::::1'~ .::udicnce. 

ü:':ilizc:tion: 1'hcre C':i:"C c: nur:ilicr oi: pointn to Zo11o";,, t.¡hen 
pl.!lnn~n~ ~no producinr; Qffcct::ve "rrittcn f:1,~terir.l~ .. 

- rl;;n cnrcfulloy'. l:i'lOW thc .:luuicncc o.nd \'Tritc fo!" 
th:;.t npC!cif5.c G'I'Oup. 1:no'\1 thc Z?c.ls .::ncl oclcct 
:;.nd ol.~3:c.ni:::c m.c~tcrial npprC'pt'inta ta th05C Gonl:::. 

- 1.ttr¡¡ct .:too hold the ::.ttcntion of the recder. 
fcoplc ::.re ct:trncted to <1 lenflet or booklet by 
thrcc thines~ 
1 .. 'jIle Cover. It r.t~t5t nttr4!ct nttcntion, Clld 1t3 

m~o!)neC ohould be immcdintcly 
üppc:rea~. 

2. ~izc nnd sto"7l1c oí typa ttnd illuntrnt5,,,nn t ~nd 

lnyout 011 pr5.ntcd P~(;o. Ji :lir.tplc 
~ypc f~ce is mont lcaib1c. Por 
lcnflctc, ~ type nizc of 14 points 
is idc~l. ¡hst printcrs ccn sucncot 
ty?n chet"5.ccn nnd l~out n!l 'f.¡cll r;~ 
~.nnint .. ,¡ith "tIlcr p:.~"d!;ction problcx. 

J. '2.'¡lC ,07Lit5.:lC. Ccnaider t:U! <!"tdicncc, thci1::' necdo 
nnd 1.ntcZ'c:;tn,. :",,::; t-¡cll en thcil" 
rccdin::; leve!. Ir the c:m!:ent in 
\~i'"ittcn hU:nO-rfH.:sl~"~ be !lt!'r'~ i;,: is 
huoor tIto: ~udlencc '\'li11 c.ppracir;.;.:;c .. 

Le specific ~nd ~ccuratc. All facts saould be 
correct and up-to-datc. COn3ider various 
prnduction pos:;ibilitie¡;. Ench !X!tho-d of <1upliclltin¡; 
~nd printi11::; ~lns z:dva.ntcSC3 ~nd di:::rulV:".11t~&C3, 
dcpendinr; on the qu:::.::t:::ity (1f l:llflets necded, the 
1::'.:1<1 of t:'"c :lnd illtlstrllt;.')nlS· bciog rcproducccl, 
thc t'1\\cl:~.t:; ~cn5.rcd, l:a!~ ¡;~1C hut.':r.;ct üv:-.3~1t..0~_e. 
;;::~.z:':ot ~1!?J.:i.c=.{.::'r.<:1 ( Hcct0t;"..:'r.".,!l ) 1.::: u~e~tl.1 -;;:!H~1. 
fC"i](~r tll~n J C· "> CDp:'C:' ::::,.~ :~~cl~crl v.r:.¿ p-::,ofcs:;:!.0¡.~1 

pr:.a~:b~::; t;1~r:15.t:~ iG :1 .... ~ c~,:c:1t~.::.1. ~~¿~:-oH:~;;::::pl; 50!"; 
c0cful foJ:' leO to 1000 ccricc.. Ir h~:::;h <!uC',l:_t~.· 

i:: iI:lporta:::.t. if p;lClto¡;;:al'hs are to be included, 
or if 1nrco qu~ntitieG ~r~ nccdcG, offnct or 
lcttcrp::co!'J printit1:; must be er.lplo~"cd. 

- Con~'!clcr di".ntri~tlt7_on prnl'llcns. 1101'1 will the 
nucli.cnce t~t copies of thc lenflet or p:-nl'hlet 1 
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SUfibc3ted ~·:.i1Plic;:¡tiO/:13: Gcldoi:a in it the CCGC that o pcmphlet or 
lc~flet in effective nll by itself. Thís 
typc oí publicctioa anould be considercd 
in order to augment a meeting,a personal 
vísit, a trainíuB scssion, a radio program, 
etc. 

Evaluation Questions: - ls the 1caflet or Dooklet appropriate to 
tile neecls, interests, and 1iterar"1 level 
ox the nudience ? 

- la the WI"itint; interesting to tho audienee7 
- lo the llIll terinl orga:1i::ed in ouch a way 

that it can be followcd amI understood ? 
- Here tl1e 1'roduction and distribution 

methods a1'I'ropriate ? 
- Docs the cover attract attcntion 1 
- Do the illustrations eontribute to the 

messllge 1 
- Is the content faetua11y corroct 1 

7.2. Hedia that re9uire proieetion 

Docnuse 11 brtght light standa out in dllrkcned surroundings, 
projected materials often capture the c."tclusive attention of an 
Iludience. Decause oí their appeal. proper1y produeed materials mny 
promote acceptance oi n~w ideas or practices that are presented by 
slides, filmstrips and metion pictures, or by projecting photographs 
or drawings with opaque or overhead projectors. 

7.2.1. SUdes 

A single slide or csreful1y planned slide sequence, &ccompanied by 
narrlltion, can be one of the most useful projected IIlIlterials. tefore 
mal~ing slides, check the kind of sUde projector availab1e. 'l.'he 
most common slide is called the 2 by 2. !his refera to the alide 
amount and actua11y includes a nomber or different imagen aizes. 
!he four mest common are shol."U below: 
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:innc1:J.::.dc alidc3: ·ÚIC:."C nre nQn~~ occ2.rlinn:J .111e:1 ti titlc ~lirle or 
~ n,lidc t;it~l [!. s5.¡-.~plc ill::s!:::.-.::t5.on or pC-;:11C.pC ;:. fe,] \'mrc1G 5.3 
.. ceded. 

:;cro::tcll ~:le it:1~~c ~Jith ~ Cll,-:::-P nbjc:c~: on .-:':, p:Lccc Ol: blí'.cl~ .::nc1 
¡¡hite film th':-.t ~lr.!::; Dccn c::po;;cd ~ncI c1c'vclD?ctl. 

- U::;c fclt-point pcr,G oa eler.:- phOt00j:~p:lic ::=ih.1, .:tcct¿:tc, DI' 

plr!.:Jtic ::;Iu:!ctir!.c. 
- Ir n t~lcrill~l 0:- :lC,'J.t copicr 

it can be uscd to Ll.1.1::Q hir:;11 
( ~ ~ '''1 n - oc. _._ 

'-'"....,. ':"lo...J.r.J.O.L<.;",. 

qucli.ty elides. 

1:::ndfil~c1c olid~!3 c~r:. be o,:¡c!c thc ni::c o'::: super r;lidcc Ol:' ~.n7 othcr 
n~l~.pe 2i.1U ::;5_=c th::t 1';:.11 f:U: f.l1 " 2 1:7 2 mouat. /.lso, l1é'.~c1!".1r~dc 

slillcz úrc ideal ~n-:.: une uith lCl"'¡32X' projcct0rG nuc:l [in :: 3.1/1J. 
b~' l. l~.ntcrn sl:i.c1c prnjcct~l~. 81:;'QC OOtl!1tn c~n be pu:::-c1u:::;Qt} 01: 

n.."ldc frolil ~hin c~rc1iJo::.rd. 

- Cill;oonc a c~crr:. ouc1 nccconoricn tha.t. tIi.l1 mcct yOt1i..~ n~c(15. 

A C3mcra in thc r~ngc of JOCO to '.000 peson can be uscc1 fo~ r.tlJ5t. 
outcloo:¡;- p:l0to~rnphy includ::'ng clintanccs ne; close no 60 
ccntinctcrc. 
Gcncrally 2 ninslc lcno rcf!c:: C~r:lC:::.S nre 0CS~ ;:n nll-rnund 
co;.m'2r~~. 'Ihcy ~rc c:::ccllcnt for. coPyin3 llnd clone-up ph':>tofjré:phy. 
l!cucv'cr, L¡u~nc cc.~-"lc~':'.o cost in. thc nciGhborhood of 6000 penos. 
Before blt:,~inr; D.n"} c~ncrn., ccn3ul t n qun.lificc1 dcalcr for 
inl:orrac.tion clJout thc l~ind o:: c<:uipr.1~nt to r.1cet thc ncc¿'. 

- Lcarn to use the e=ern p:::-operly. 

- Ch005C the right filu. A ,¡ide varicty of color filrn:¡ are 
llvailable. 
50Da &re c1cnir;ncG for inuoor uno, sorne for outdoors, :lnd no!.1C 
for purc linhtinc cr"ndi.t::.onn or 11 h:'[;11 spacd 11 P:l0tocr::.phy. 
Chnice oE íilr.t clcp~i.1ds on tha job ta be .o.o~c, &lv¡¡ilnbilit:l, 
nnu pc~~nf'l..cl prc:(o::cncc. l:cc~lnicC!l f::.cilit:"cG and e:::pcrtise 
nrc nccdcu tn p::occns colo~ filu, no the zclcction (l:( é4 color 
filo nh'J·.t1d ~lnQ b~ b~::;cr1 ("In thc ~\"c.:'l~.bili~:.? o[ ~ocd, '::'clio_blc, 
cO:.mH.~-:~ci21 p::-OCCG!3:'~:=: '\¡ithi:1 t:w CO'..1'1i:::-} ('Ir ('ljl .:: Tel:t::::.lc 
m;:~i.l::':1:; [¡ c:'\7"ic c. 

- r;trivc for eoad techniccl quc~lity. :c c~reful about focua, 
corrcct c::1'0~a!rC2 li:;htinr; uithin picturo, cnd cOr.lponit5.on. 

,[U/ificatcd li,,'T)J.icr'ti~~~: Yon n.~:; u~c cJ.ide:3 to 
- ::>1\0-:7 cor.tpr:.ri::;oru¡ of dcr.l:>nctr~ti~n p7.1ots; 
- 'l'n tC~C!l Ol ntcp-h:/-stcp pz-occr.!:i; 
- 70 i.l1I:plcr:l'~n!: ~ cOr.l.r~1t:·::cil'~l fili'l!i trJ.p uith 

loc.~lly r.t~t1c p5.Cl:nrci.; 

575 



BvaluatS.on Qucstionn: 

7.2.2. Filmstrips 

- To 5upport anO' verbal presentatíon ~lith 
pc..allcl picturcz. 

- 'lo record the áctiviticG oí tl field day 
or o.:l:t othc:~ Il(;ricul tural c,,-ent a.s el 

. ~uidc tor planning later such events. 

- lIere the sUdes carefully planned ? 
- Could tlley MVO beCll organized in a üIOre 

effectivc way 7 
- Could the &udicllCe understllnd e4cll 

phol:ollr;:¡p~, or drawing 1 
- Did tilO elides help meet tlle objectives ? 

A filmstrip i3 a series 0-';: pictures en ene centinuoUD pieee of 
film. :.lthough filmstrip:; 10::e tlle fle:tibility of slide sets, 
they do have ::ooe .cc1 advantanes. Filmstrips Cm! be carefully 
sequenced amI Che scquence will renain unchnnged no mlltter llho 
uses tlle strip. Filmstrips are cO!:1pact, c.nd one soall can ,¡íll 
hold the equivalent oí severa1 dozen slides. 

Host commereill1 film.st:dp3 are made ~iith a single frmne caluera. 
lIot~ever. double frrune filmstrips can be made by us in::: n doub1e . 
frllll1e camera, whichever 1s used depende on the kind of cam.era and 
projection equipment Avnilab1e. 

Single framefilmatrip: 
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- rlt::l cnrcful1y. ''':'~r~ ii.:.d5~vidual ¿l.~:;.ne!l cnnnot 
c:t!l~l~~ be rccrr~nGcd ~ftcr thc nhootinB, co plnn 
thc scqucnca of pictu7.:'c::: cc.rcfully :llld t:1C:1 follotl 
the plan o;~¡::ct11. 

- Coasider a variety oí produeti0n techniques. A 
filrnstriF can be oade by shooting a series oí 
live action scenes or by shootina a series of 
G t111 photographs. 'Htles can be interspersed by 
ta.!::.in,s pictul·CS oZ titlcz \-lritten. on a cbalh.board 
o, cutout letters on a flannel board or other 
suitable background. 

Suggested Appllcations! 

Filmstrips coverinz basie processes can be carefully 
planncd and produced so the¡ will be appropriate to 
large segments of the populo:!tion. Hith printed 
guideG abOllt us1ag them. thcse filmstrips can he 
distributed to e~,tension uorJters. tcachers, etc. 
!Juch materíals can increase the effectiveness oí 
their co~nication.· If recording facilities are 
nvc.ilable, ;';" filr.lst'rip can be accompanied by a tape 
narrntion .. 

7.2.3. ¡lotion Pictures 

¡·lot1on pictures compell attention in almost any circumstance. 
llowcver, motion picture projectors are cr.pensive to purehase and 
generally are not readily available. lloHever, 1f a projector is 
availubla, íilms ccn often be obtaincd from agencies or the 
United States ,:md other !lations as \lell as llinistries of 
A¡;r1culturc, Education, 11ealth nnd information. 'Ihese wi11 
uauallybe 16mm. films. 
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In recent years ther" has been increased use oí 8mm fi.lms. A new 
format called H super 8 " h.:ls come into the market snd is being 
wide1y used far short, single, single concept films or film loopa. 

For anyone intereated in muking films, several publicat:i.ans explain 
the fundamentala of planning a film story. Cumera operstion iB 
a150 discu5sed in a number of publications. nut, in general, 
quality film making is the damain of prafessions.ls. 

Utilization: Keep these idea.s in mind when choosing and using 
film: 
- Consider your Iludiencc when choolling a film. 
- Preview the film in advance. 
- Introduce the film. tefore showing a film tell 

the viewers what the film ls about and what they 
should look foro 

- Use preper projectien practices. Follow 
instructions. Always set up in advance. Reep a 
apare prejection bulb and a spare exciter lamp en 
hand snd know how to change them. 

- DiscU$S the film. Discussion, after a film, may 
be the mast important part of the presentation. 

- Re-shoH' a11 or part of the film. ~-showing allows 
the audience to grasp more fully the concepts 
presented. 

- Combine the film showing I.ith other media. 
Bulletin boards, postera, or pamphlets can be used 
to announce film showings. A presentation board 
can be used to list important points when 
introducing s film or when revlewing it after a 
Sh0\1ing. 

Sur~ested Applicatigns: 

- To shml processes where movement la of particular 
importance. 

- To demonstrate a process to a large group. 
- Ta entertaín an audience. FiIms can be followed 

by a slide show, a short talk, ar some other 
presentatioil relating to ~n sgrícultural problem. 

- To <2~tra('t ancl focu:'J thc attention oí a,large 
group on e mejor campaign ar project. 

Evaluation Questions: 

- l~as the film content and style oi presentation 
suitable for the'audience •• 1 

- Would the sama ideas have been presentad with equal 
effect by simpIer means~ 

- ¡¡as the prajection adequate •• ? 
- l'¡ould additional discussian befare ar after the film 

nave helped the audience understar~ the ideas being 
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presented •• ? 

7.2.4. Opaque Projcction 

-----
Opaque projectors are ava:llable tor projectin~ materíals such aS 
maps. photographs, book pages. Qr even three-dimensional objects. 
Ihis ts often c¡u:l.cl,cr, more convenicnt. and safer than" handíng 
the materials around the room. !he disadvantage :ls that most 
opaque projectors are large and cumbersornc. Opaque projectors 
rec¡uire a darle nmrn becauDc they have a low light output compared 
with projecto!"!i tlhich ShO':·7 transparcncies. 

7.2.5. Overhead Projeetion 

OVerbead projectors are uscd to'project large transparencies as 
well as sorne opaque nnd translueent materials. Witb an overhcad 
projector tbe image is prajccted on tbe sCreen behind the persan 
doing the presentation. ¡ho large transparency size coupled with 
an efficicnt iluminat:l.on and lens systcrn provides a large, 
brisht imase on tbe scrcen that docs not neccssitate darl,enin~ 
tbe room. 
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l'hcre ere scveral tcchniques for maltínij ovcr~lcad trnnspnrcncies, 
h~Hd-d:nlT,.¡n trul1sp<:rencies ¿-~rc th!! mOGt uscíul uhcn resources are 
limited. ']:hcy Ci:n be mude on ccllophane, cle;,tr uc.ctate, or old 
photogrllphic film th<1t hes becD cIeared in a stron::; chIorine 
househol<1 lo lcach. eld ;;-ray film are often availnble from 
hospitals aud they are ideal. 

Lct tering aL drJ\7inn can be done t¡ith uexed petlcils, india in1\., 
and sorne íelt-paint pens. 

l/hen 1:lIllcing and usin¡; overhead r.lf!terials, cunsider i:hese factor:;: 

- ::eep it nimple. I;:;(! une hanic iden in e"ch tr&nspnrency and 
avoid unnecessary visuar elements. 

- Use lesible 1"ttcring. 
- Use imaginative desj.gn. 
- Use gaod projcction techniques. Line uI' the I'rojcetor and focus 

in advance. 

Overhead transpnrencies can be u¡¡ed ta help pre:¡ent a varie!:)' of 
concepto in mnny subject areas. Evaluation of effectiveness shauld 
be based on their contribution.to meeting tbe instructiorull 
objectiv,ªs. 

llec ord in?¡ 

Tapo:! recordincs are ine¡;peru¡ive, durable, casy to transPQrt or to 
mail. ,\1so, tapes can be erased and used ov~r .cnd over aga.in. 
Rccorders l1':. ... c availahlc in a variety of types, sizcs, and priccs. 
Uneil recently. most rccorders used 1/4 inch tDpe on a reel, but 
recorders Chat use liS 1ncb tape in cassette are becoming 
increasingly popular. Reel-to-reel recorders are advantag~ous 
when high quality is needed or ... hen a considerable anrount of editing 
is required. Cassette recorders are particularly useful ~men 
portabilit:¡ and e.:1se of operntion are important. Loth types are 
nvailable for operation on batteries or c::ternal pO' .. cr sourccs. 
Choice should be based primllrny on che intended use. ',11e 
instruction boaklets that C"ffiC witb ench mach1ne provide step-by-

··6tep detaib uf operntion. 

Utiliz~tion: 

l!icrophone choice .. nd u!;)e. Tnpe recorders come '·1ith a rnicrophone 
chat i8 c1ectroincally matched to the particulnr 
type of recorder. 

In general, when recordinn one voice, place the . 
microphone 20 to 30 centimetere from tbe person at 
about the level of his or her QOutb.· Hhen reeording 
the voiee of severnl persono, try to place the 
rnicrophone nc:a". the center ol the r;rollp in the 
middle of o. tnllle. ¡¡hen a rnicrophone is set on ;;:. 
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Lable, put R :Coldc.d c!ath undcr it to [',void 
vibl-n::ions. Do not run e ¡nicrophona cord pnrallcl 
to a~1 A.C .. po::cr cord.. eross the coros at ri(!;ht 
c.n~;lcs to nvoid hum. A~Joid handling thc rnicrophone 
clu:::in3 o. rcco1:'din~ tú rccluce noise .. 

Acóus~re"t!'\";:¡t_. rrecording qunlity c.!\n be improvcd by mal~ine 
1'\ tCfJpoJ~ary b lankct boot 01: by plaeing the 
Glicrophone in a corner I'7i1oh a blanket or other 50ft 
r.mlericl behind it. '.L'his reduces reverberationa 
and helpa cut dmm bllckcround noises. 

llecordinr, Level. 1:'0110'\1 the inslructions thal come \'11th the 
reeorder ta determine the proper sett1nGs. Sett1ng 
the reéording level too h1::;h lvill result in 
distorted sound. Settina it too 101'7 Hi11 emphnsize 
bnclq:;round noise. 

Tape splicinn. Sooner or loter 11 tape break9, but it can easUy 
be 9pliced Cogether. Use tape-splicing tape, not 
ordimrry celloph,me tape, und follo~l thesa thrae 
steps: 
l.) Uold the ends of the tape together with n sliaht 

ovcrlnp nnd cut both pieeas at the same time at 
un angla of about 60 degrees. 

2.) Join the t1l0 ende toeether, uncoated side up 
(shiny sida ) :1n<1 cover the joint lIith a piece 
of splicing tape. 

3.) ':rim off the e:cce9S splieinZ tape alonzside the 
edzes of the recording tnpe. 

Tape editing. Th1s i9 a selective cutting and splicing operation 
tlsed te remove umlanted portions or to rearrauzc 
parts of a reeording. The eAnet peint for editing 
can be located by movin¡¡ the tape bacle and ferth by 
hend I1croos the reeording head,and mnrking the 
peint ~dth ~~~:ed peneil. 

necordin~ from -=ecord plc.vern 'Or r..uiJion. l:¡H~neve1" possiblú, 
connect thc rccor2c't' ciTectly to thc Gpcy.ker 
ter~inal!3. Thc pl::cinG of t:he microphonc ir. front 
or tha speaker rcsults in ¡)Oor quality sound 
tr.nnafers. 

SU8Bcsted Aprlieations: 

- To record interviem¡¡ fer later play bael, over a 
. local radio ststion. 

- To rccord co~ents of local person te accompany a 
slida silo.." silent film, rlip chart, etc. Por 
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c~:Gr:1plc, recot'rIillGS oí corru:aents mace at a 
[crtili::;er uc:mon~tration s,:ttc could be used 'Nith 
sliccs of tite tl~c~.tccl and t'!.1ttreated plots. 

- To r-ecoi:'cl tite verbal presentat:ton that boc::n alQn,G 
~lith il sel: oE sEdes o;: filmstrip. 

Ev~luDtion Qucntionllt 

- Uer~ diffcrcnt volees c~sily iuentificcl ... ·~ 
- Uoulrl dif!;crent: micraphane placement al:" ::coustícal 

treatr.lcnt h"v~ improved the recording quality •• ? 
- ¡¡auId editing hove hell'cd to recove extrancous 

noizc or unnecc3sary clctails •• ? 
Cauld editinr., !lave bclpcd org::mi::;c tl1e content in 
a ~ore losicnl rnanner •• ? 

- DH I:h<:' tape rcally help do a better job of 
cOl;l¡.lunic¡¡.ting •• ? 
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USE OF :;TATISTICS Aln E.,'CPERnrr;;;TAL DESICH III CASSAVA R:CSEARCIl 

Gastón Mendoza * 
Haría Cristina Améz:qllita * 

.GENERAL INTRODUCTION TO StATISTICS ANO EXPERIMENTAL DESIGN 

1.1. Introduction 

1 would lilee to start this first conference by gívíng you an out 
look on the biometrics Unit nt CIAT and on the reaSOnS for our existence 
within "n agricultural research centre. \'le ... i11 uelina the Scientific 
Method, as an integral of the different steps fo11O\<ed by a resenrch 
workor, from the critical observation of a phenomenon to the inference 
of conclusions. Tlth will lead us to a better understanding of the 
rel.:ltionship bet,·,een che question on the investig~tors' mind ano the 
experimental design he must use to prove his hypothesis. Flnal1y, NO 

wi11 disCUGS -,hy statistics are used in research and we wi11 introduce 
sorne basic coneepts and terminology. 

TIlo second and tnird conferences Hill cover the designs most u5cd 
in agricultural experimentatiort. TIle fOllrth conrerenee will end the 
theoretica1 part oí the course ·..,ith an overvic~l on regresaion, correlatlon 
and surface response technlques. 

TIle topie for the last conferenee "i11 be 'the use· of statistics in 
regional tri:lls, conrluetcd by the CIAT cassava Agronomy Program in 1975. 

1.2. TIle Tole oí the CIAT Biometrics Unit 

The Ilíometric Unit i5 ~ central servic!? grou!, ,,¡hich "ssists in the 
planning, design, analisia llnd interprct~tion oí che results rclatcd tp 
the different experimenta condlleteó by CIAT programs. 

TIlese services are financed by funds from the unit itsolf and are 
supplied to the research and training program at no costo 

* Biometrics Unit, CIAT. 
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The functions oí the Biometrics Unit are: 

1. Statistical assistance in the planning, design, analysis and 
interpretatíon of the experiments. 

2. Handling of large volwnes of inf01:mation (socio-economic ana 
agricultura 1 surveys, germplasm banks, creation and maintenance 
of data fíles). 

3. Development of cooperative research projects with other programs. 

4. Evaluation of technology (study of the impact of new varieties, 
cultural practices, etc. developed by CIAT). 

5. Research on the implementation of new statistical tecniques. 

6. Tr81nning of professionals in the field of statistics. 

1.3. l'he Scientific Nethod: 

Scientific method is the set of logical steps followed by a research 
worker in arriving to an inference starting from the critical observation 
of a phenomenon. l~e can say that scientific method is the use of logle 
and objeetiveness for the better understanding oí a phenomenon. Its 
essential characteristic ls that starting from a crltical observation 
one can arrive tOa hypothesis which may be experimentally proved. We ean 
describe the process fol1Ot.ed by the scientific method thus: 

l. Observation of the Phenomenon: The phenomenon i5 observed in a 
critical way but without leading ua to any conclusions. For instance, 
in a cassava fleld planted with only one variety,some areas can be observed 
where plants are stunted while in other areaS the plants are healthy. 

2. Problem definition: This observation of the phenomenon leads to the 
definition of a problem whose solution must be the goal of the researcher. 

3. Establishment oí che hypotheses: The investigator can develop many 
hypotheses on the possible causes of che observed phenomenon. The important 
thing i8 to formulate hypotheses relevant to thE' problem and experimentally 
verifiable. In other worcis, the operational significance to-wards solving 
the problem, must be kept in mind. Gontinuing with our example, a 
reasonable hypothesis could be: Ho: Nitrogen deficiency in the soil causes 

lack of vigor in the planto 

4. flanning of the experiroent: Once the hypotbesis has been 
established, the following step is to proof or disproof it objectively 
by means of an experiment. By it, the researcher tries to control all 
factora except those whose effect be wishes to measure. However. sorne 
factors exist which are impossible to control, for example, weather 
variables. The uncontrolled factors constitute the "experimenta"! error". 
Before choosing an appropriate experimental design, the treatments to be 
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tried must be especified, the experimental material must be selected, 
it must be decided what type of population the results wil1 be applied 
to, and the desired accuracy. If hypothesis Ro from our previous 
example was to be proved, one way of checking it objectively would be 
to test different levels of nitrogen aud observe the performance of the 
plant keeping other factors constant (other minerals in the soil, water, 
etc.). 

5. Choosing the experimental design: The experimental design 
indica tes the manner in which the experimental units!! must be groupped 
and how the treatments must be assigned to the experimental units. When 
selecting an experimental design, simplicity and precision must be 
coupled. The highest precisian is obtained with a design which minimizes 
the variation not under experimenters' control, i.e, the variance of 
the experimental error. Further, the type of design to use depends on 
the hypotheses that are to be proven simultaneously. The higher the 
number of hypotheses, the mare refined the design will be. A good 
experimental design provides the desired information with a minimum of 
efforts and resources. Once the experimental design ia chosen, the 
forms for data colection and the analysis procedures are designed • 

6. Conducting the experimento Ihe experiment must be condueted 
following strictly the experimental design and the planned statistical 
and cultural controla. Generally speaking, basie recommendatlons for 
a good handling of agricultural experimenta are: uniformity· in the 
application of water, in the planting density and in the application of 
insecticides, fungicides and herbicidea, as long as these are not the 
studied factors. 

7. Analysis snd interpretatian oi results. The analyais of results 
produced by sn experiment has the objective of pr~v~ngby statistical 
means, the hypotheses established by the researcher. Ji '~"; 8.' li'ritten reporto This report must summarize ever:y aspect of 

~ interest about the experiment, froro motivation to interpretation of 
'~. results. lt is important to include a11 the unpredicted situations 
~~ .~ich ocorred, during the experimento 

. ' ...... ,. 1.4. Utility of statistics in research 

There are two types oí experiment: Deterministic sud slestory. A 
deterministic experiment ls one whose result ls, for a11 practical 

. purposes, exacto For example, a physical experimento An aleatory 
.. experiment ia one whose result cannot be predicted he cause it ia subject 

., to variations not under control of the researcher, lIuch are biological 
As a consequence. the verificaticn of a theory by aleatory 

Experimental untt is the minimum untt af experimental material to 
which a treatrnent ia applied. For example, in field experimenta 
experimental units are usually plots snd not individual plants. 

587 



experiments cannot be absolute. The worker can only conclude that the 
observations are compatible or not with the theory, wíthín the limits of 
error to which observations are submítted. 

The role of statístics ís to supply means whích allow a distinctíon 
between situations where the observed differences among different 
"treatments" are relatively small and attríbutable to chance, and 
sítuatíons where such dífferences are relatively large and are better 
explaíned by effects different from the "treatments"; in both cases the 
conclusions arrived at have a known reliability. 

1.5. Baslc concepts and terminology: 

Sample and Population. 
observations belonging to a 
universe from which we need 
is done randomly the sample 

A sample is a collection of individual s or 
bigger collection called population or 
information. If the selection of individuals 
is called a random sample. 

Random variable. Is one whose value cannot be predicted but depends 
on chanceo 

Freguency distribution. It is the table of frequencies obtained by 
grouping the data in exclusive and exhaustive classes. Its graphic 
representatíon is called a histogram of frequencies. For the case of a 
continuous variable, if the class interval is reduced indefinetely, its 
distríbution function ls obtalned. Example 1: Distribution of the odd 
diglts in each one of 200 random samples of 10 diglts. If X= number of 
odd digits ln a sample of lO, the (observed) frequency distributlon could 
have been: 

x O 1 2 3 4 5 6 7 8 9 10 
Observed 
frequency 2 2 8 25 39 45 35 25 14 4 1 

and the corresponding frequency graph ls shown ln figure (a). Variable 
has for theoreti5al distribution the so-called binomial distribution where O 
p=1/2 end n= Ial and it is possible to demonstrate that Pr(X=x)=JJQl(1/2)1 , 
~c that the theoretical frequency distribution (adjusted to whole digits) 
1.s: 

O 1 2 3 4 5 6 7 
Theoretical 
frequency O 2 9 '23 41 50 41 23 
200 Pr(X"'X) 

1/ Generally, if X'\Bin(n,p), then Pr(X-=x) = (~) pX(l_p)n-x, 

O < X < n; were (n).. n! x (n-X) :x: 

588 

8 9 10 

9 2 O 



Example 2: Normal distribution with mean Il= 5 and variancecr 2 =2.5. 
lt 15 en approximation of the previous theoretlcal dlstribution with 
the aame central tendency and equal "dispersionlf around the mean 
(variance). Figure (b) showa the corresponding graph. 

Normal distribution: 'lWo "parameters" characterize a normal 
distribution: ]l(mean) and 0 2 (varianoe; O '" standard deviation). If 
X ls dlstributed following a normal distribution with mean Il and varinnce 

(J 2 we can ",rite X'IN ( Il, C1 2). The normal dlstribution has many uses 
in statistics for practical and theoretical reasons; very mansgenble and 
extensively tabulatedj many random variables follow approximately a 
normal distributlon or may be reduced to normal by proper transformations; 
the distributien of sample means from sny population tends te be normal 
as the sample size increases. 

Some properties of the normal distributien are presented next: 

l. Probability density function: 
. 1 - 2. 2. {x(x) = r.::= e (x-P) /:J 

. .,2'fI'J 
_co .< x <oc> 

2. Cumulative distributien function. 

3. 

4. 

FX(x) = Pr(X ~ x) ~ ¡:; fX(x)dx 

- area under the curve fX(x) frolD-oo 

The following property 18 va1id fer a11 randOtn variables 

1: fX<x) dx '" 1 

l'arameters j.l and 0"2 are 
following statistics, 

" In 
11- i ~ DíI{i 

estimated from a sample of size by the 

1'r (1 ..... 0" < X < Il + 0") .. .68 

Pr (\.1""1.96 O" <: X <: j.l + 1.96 a) '" .95 

(X-lJ)/a '" N(O,l) 

x'" N(Il. O" 2fri) amI ~ '" N(O ,1) 
a /lñ 
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Frecuency 

Observed 

----- Spected 

50 , 
I 
I 

40 • I 
• I 1 I 

I I 1 
I I 1 30 I I I 
I I I 
I I I 

20 I I 1 I 

I I I I 
I I I 

I I 1 I 
I ¡ 

10 I I I I 
I I I ¡ 

H 
I I I I 

1. I .1 I ! d d • X 
O 1 2 3 4. 5 6 7 8 9 10 

Fig.(a): Frecuency distribution of the,number of odd digits in each of 

200 samp1es of size 10 . 

. 50 

·40 

.30 

.20 

.10 

Fig. ~b): Graph of the density function of a normal distribution with 

mean ¡.r=5 and variance «2""25. 

590 



6. lf X'VN(].l. ( 2 ) but0 2 1s unknown, then (x-Il)IU¡S 
follows a similar distribution to N(O,l) called t-distrlbution 
with (n-l) degrees of freedom. 

Test oi hypothe5is 

Null hypothesis (Ho): lt is the one currently aecepted as true and 
15 rejected only if the experimental evidence against lt is "large", 

Alternative hypothesis (HI): 
the null hypothesis i8 rejected. 

1t i8 the one that ",ould be "proven" "hen 

Ex_pIe 1: Two-tailed test. Ho: P1=P2 Vs. Hl: P1'¡'\.I2 

Example 2: One-tailed test HO:Pl~P2 Vs. H1: ].ll)Pa 

Type 1 error: It 18 the errOr committed when a true nu11 hypothesis 18 
rejeeted. 

Type 2 error: lt is the error eommitted ",hen a false alternative 
hypothesis is accepted. 

The classic procedures for hypothesls testing minimize the 
probabilities of a type 11 error, (called, operating characteristic of 
the test), for a predetermined level of probability of type 1 error 
(called, level of significance) and of sample size. 

Level of significance: a -Pr (rejecting HelRo ie true) 

Level of eonfidence: 1- a apr (acceptlng HolHo la true). 
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THE MOST COMl-lON DESIGNS USED IN CASSAVA EXPERIMENTATION 

2.1. What i5 the experimental design? 

By experimental design we understand a aet of rules which indica tes 
how to assign the treabnents to the experimental units. A good design 
allow5 valid comparisons between treatments snd the control of the main 
aource of variation that field experimenta present: soil heterogeneity. 
A good design must include three important aspects: random application 
of treatments to the experimental units, a proper number of replicstions 
and a maximum control of the experimental error. 

2.2. Choosing the design: 

The best type of design for a given experiment depends on the 
magnitude of the soil heterogeneity in the experimental area, on the 
type and number of treatments to be tested and on the degree of precision 
desired. 

2.3. The most usad designa in caasava research: 
~ 

!he most commonly used designs in csssava field experiments are: 

- Completely rsndomized design (ior one or several factors). 
- Complete randomized block design (for one or several factors). 
- Split-plot designs. 
- Systematic designs. 

We will describe briefly how snd when to use each one of these 
designs. We present a summary of the necessary calculations for the 
statistical snalysis and SOme examples to illustrate its use. 

2.4. Completely randomized designo 

- Usad when the experimental units are homogeneous, as in laboratory 
experimente. 

- Any number of treatments can be tested (either levels af a factor 
or combination of levels of several factars). 

- The treatments are applied to experimental units randomly. 
- Any number of repetitions are possible. 

Example: Three different ways oi cassava stake plauting are to be 
compared: horizontal, vertical snd inclined plauting. !he 
soil area available for the trial is perfectly homogeneous. 
Since we wish to compare three treatroents, we must divide the 
area in 3,6,9,12,15, etc. plots (experimental units) depending 
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Rep 1 

Rep 11 

on the maximum numbcr of repetitions possible, 1,2,3,4,5, etc. 
respectively. If, for examp1e, the available area i5 restricted 
So that the maximum possible replications are 2, the area will 
be divided in 6 equal experimental untts and each treatment ,,,ill 
be appIied to two of them, ranrlomly. The following illustration 
shows one possible layout of ehe treatments in the field. The 
tested variable would be yield per pIot, measured as fresh 
weight of roots in Kg. 

lIS ~ Horizontal stake pIanting 
liS 18 VS 

VS n Vertical stake planting 

V8 118 15 18 ~ Inclined stake planting 

Field layout of a completely randomized design with three 
treatments and two replications. 

2.4.1. Analysis of variance: 

Mathematical model 

i -:: 1,2, ........ ,t 
Yij = 11 + Ti + eij j ~ 1.2 ....... ,r 

L L Experimental error in cell (i, j) 

Effect of treatment i 

~---------- Grand mean 

Variable under study observed in plot j where treatment 
i wasapplied. 

~j "v NID(O,cr 2 ) 

t r 
If y .. ., (1: 1: Y1j) / (rt) , 

1-1 j-l . 

r 
Yi· .. <¿ Yij)/r 

j=l 
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then y is an estimator oí 11, 

Y1 • ls an estimator of ~i 

Besides, the sum of squares of the deviations with respect to Y •. , 
denominated total suro oi squares corrected for the mean, can be splitted 
in the following manner: 

The first sum in the right hand s1de 15 an indicator oi the 
differences among treatment means, and the second i5 an indicator of the 
variability of the óbnervntions with respect to the corresponding treatmcnt 
melln. For such reasons they are cal1ed treatment summ of squarcs and 
error suro of squares. respectively. To makc these two indicators 
comparable, the so-called degrees of freedom are introduced. The quotient 
of a suro of squares by its corresponding number of degrees of freedom 
is called mean square of such effect. The degrees of frecdom associated 
w1th TSS, TRSS and ESS are. respectively, rt-l, t-l and (r-I)t. 

Let's consider the nuIl hypothesis 
alternative hypothesis lIl : T:ii'jO for at 

Ho: Ti=O,i=l •.••• t. 
least one i. 

Vs. the 

tf hypothesis Ro i8 true, that ls, thare are no differences amang 
treatment means, thcn TlU·1S and mis tend to be similar and as a consequcnce 
the ratio TRMS/EMS tends to be approximately one. If, by the contrary. 
HI 18 true, then TPjiS tends to be higher than EMS and as a consequence 
the ratio TRMS/EMS tends to be higher than one. !berefora, values of 
TRMS/EMS clase to one support Ro and higher values support lII- It is 
lnteresting to point that EHS ls an estimate of the varlance a 2 , whlch 
exists due to aleatory factors out of the control the researcher. 
Still remains to decide how "big" mlS/EMS must be to be able to conclude, 
witb certain reliability, that the observed differences among 
treatment meana are due to real differences between treatments and not 
to chanceo Por this it is necessary to choose Che confidence level l-a 
and make use of the fact that under Ho the ratio TRMS/EMS follows a 
distribution called as the F distribution with t-1 and (r-l)t degrees of 
freedom. Summary"ing. hypothesiB ,:0 15 rejectea ~t th" a ltvcl cf 
significance if, snd only if, 

Observed F s - a - Upper perc:entil of the 
Ft-l. (n-l)t distributicn 

All the above procedure may be condensed in the so-called ANOVA tableo 
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--------------------.......... ..... 
Source Di Varintion d.o! f. 5a8. rn. s .. Obscrved r 

Treatment t 1 -*y .. 2¿Y .. 2 TRlIS :rrJ1S -
r ,~ rt ElIS 

Error t(r-l) TSS-TRSS ElIS 

Total (corrected fol' tr-l HYi/-L y .. 2 

tr-l global ' rt 
mean) 

The formula e for suro of squares given aboye are appropriate for the 
use of desk calculators. Yi • i5 ¿Xij e Y.. is ¡~ij' 

j ~J 

2.4.1. Numerical e:<ample: 

The yield of t ~ 5 cassavll varictif's is to be compared. Uy previous 
expcrience we knO"Ñ th~t the soil is homogeneous. Further 30 pIots are 
available. Then.re can use r ~ 6 rep<i!titions for each variety (it must 
be rcmembered that che number of repetitions i5 usually uetermined by 
the precision uesired and not by the area available). The next step is 
to assign the varieties to the p19ts in a completely random "ay. Suppose 
the fo110",1ng ,.ere the observed yields in Kg per pIot: 

v . t ar1e CY 'L1 . Yi 

1 33 129 117 312 220 99 965 161 
2 235 263 216 156 244 233 1347 224 
3 412 225 218 463 156 226 1700 283 

'4 284 484 164 1,45 338 436 2201 367 
5 674 332 595 498 571 366 3036 506 

Y •• ~ 9249 Y •• - 308.3 

Sorne calculaboas to obtaiu the ANOVA table "re: 

TRSS ~ (9652 ~ 13472 + 17ün
2 + 22012 + 3036

2
)/ 6-92492/30 ~ 431421 

TSS = 832 + 1292 + '" + 571
2 

+ 366
2 

- 92492/30 ~ 716036 
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rhe ANOVA table i8: 

Source of F (.01) 
Varilltion d. nf f. S.s. H. S. F Observo 4 125 

Varieties 4 431421 107855.3 9.474 4.17 

Error 25 284615 11384.6 

Total 29 716036 

F (.01) 
Since F observqd > 4,25 • at eL ~ .01 we must reject the null 

hypothesis that all varieties have equal yie1ds. tf we had decided to 
use CL = .05, the critica1 value would have.been F4,2S(·05) = 2.78 .. hich 
i8 a180 amaller than the observed F, so we would have concluded that at 

(X ... 05, the null hypotheais was rejected. .lt is the researcher's 
decision which significance level to use. Levels .01 and .05 are on1y 
guides which give, re5pectively, 1 and 5 opportunitiea in 100 of rejecting 
the nutl hypothesis when in fact lt la true. In this case the mlnimum 
significance level st which the null hypothesis is stitl rejected 15 
approximately 0.0001. 

• 
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THE MOST COMl-IONLY USED DESIGNS IN CASSAVA EXPERlMENTATION (Cont.) 

3.1. Randomized complete block dasign: 

- lt i5 used when the experimental material i5 not homogeneous and 
a classification in subgroups more or less homogeneous i8 passible. For 
example. if the ficld shmvs a known gradient in only one direction, lt 
ls possible to split: it in "blocks" as homogeneous as possible. !his 
gradient can be a fertillty, acidity or slope gradient in a definite 
direction. 

- Each block must contaln all the treatments. !he number of 
treatments must be relatively sroall (less than 12 accordlng to Kempthorne; 
when the number oí treatments ls higher lt 15 advlsable to use Lattlce 
deslgns). !he treatments may correspond to different levels of a factor 
or to a combination of leveIs of several factors. 

- !he treatmentsare randomly assigned to experimental units fram 
one block. A different randomization ls done for each block. 

- lt allows any number of r~plications. 

- In order for this oeslgn to be more efficient than the completely 
randomized design, lt is required that the. variation among blocks be as 
high as possible, \~hi1e the variation within the blocks i5 minimum. 
Further, for the tests signiflcance to be valid the interaction treatment 
x block muse be zero. 

Example: Following the prevlous example, let's assume that three ways of 
planting the stake are to be compared, but the fleld available 
is not homogeneousj presenting a marked elope, with drainage 
problems at the lower portion. In this case, it is best to 
split the field into "block!": HIGR, MEDltJM, and 'LO'W, for 
exampIe, and test the three stake planting methods ln each block, 
allocating them randomly on the plots. The physical shape of the 
fielcl} ~ith 2 replications may be se~n next: 

ALLOCATlON OF TREATllE;nS ON !HE FIELD 
IN A RANDOMIZED CONPLETE BLOCK DESIGN 
Wlm TRREE TREA'nlliNTS At!D TIlREE BLOCKS 

____ High ____ _ ___ -'.Iedium ____ _ __ _____ Low, ______ _ 

Zone 
(Block 1) 

Zone 
(Block 2) 
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HS ,. stake planted horizontally 

VS = stake planted vertically 

15 ~ stake plantad inclined. 

If 

~.l.l. Analysis Df Variance: 
Mathematical model: 

~ + eij i" l.2 •.••• t 
~ j - 1.2 ••••• b r .. ,""; ... , o<~. in (1," 

_____ effect of block 3 

1-__ effect af treatment i 

- grand mean 

observed response in cell (i.j). 

t b 
Assumptions: eij '" NID(O,a 2.); íTi - O '" í 6j 

. . i=l j-l 

t 
( I Yij)/t • 
i"l 

598 



Iben Y is an estimator nf \l 

y is an estimator of \l + ti 

y ia an estímator of \l + Bj 

Ibe total sum of squares corrected by the mean may be splitted 
thus: 

Ibe sumS nf squares of the right hand side are called S.S. due to 
treatments, S.S. due to blocks and error S.S. respectively. Ibe degrees 
of freedom associated wlth TSS, TRSS, BSS and ESS are bt-l. t-l, b-l, 
snd (b-l) (e-l), respectively. -Like in the case of completely randomized 
design, the quotient of a S.S. by the corresponding number of d. oi f. 
ls called mean square. Likewise, EMS ls an estiroator ofa :t,. However, 
the a Z of the re.ndomized complete block model i5 not the same as that 
of the random1zed completely design~ In fact, if blocking ls effective 
í:hen a 2 blocks «a Z re.ndomized completely. Ibis ls precisely the 
objectlve of blocklng; to lncresse the precision of comparisons by 
excluding froro the variabl1ity of the rendomized completely design, that 
due to differences among blocks. 

For the randomized complete block design lt ls possible to test 
independently the following -pairs of hypothesis:--' 

iHo: "Ti" O i = l, ••• ,t" . Va 
(I) 

ti ! O for st least one i, and 

~ lO O j .. l" ••• ,b. Va 

l3j r O for at least one j. 
(Ir) 

For similar reasons to those mentioned in the case of completely 
design the decision rules for the hypothesiswritten above 

(1) Reject the hypotbesis - 1"i ,., O, i ... 1, ... , t at the 
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significance level CI., 888 TliIlS ( ) 
B!S > Ft-l, (b-l) (t-l) a 

'(i;iJ Reject the hypothesis > Bj = O, j ~> 1, .... b, at the significance 

leve! el. , SSS ~~ > Fb-l, (b-l) (t-l) (a) 

'Ihe ANOVA tab le i8: 

Source of Variation d. of f. 

Treatments t - 1 

Blocks b - 1 

Error (t-l) (b-l) 

Total tb - 1 

3.1.2. Numerical examp1e: 

1t o 2-1 y 2. 
O?1.· Ot o. 

1. Ir 21v2. t/oj ::.5,t.L •• 

SCT-SCTR-SCBL 

\'"\'"Yo .2_ 1 y 2. 
1..1.. 1.J =- .. D1: . 

TRMS 

BLMS 

EMS 

Observed F 

TRMS/EMS 

nMS/EMS 

Suppose we wish to compare the yields of t 2 5 cassava 
varieties but the field is not homogeneous. Also,> suppose it i8 p08sible 
to group the 30 available plots in b = 6 blocks of 5 plots cach, so tbat 
the plots in one block are more or less equally fertile. !he next step 
ls to assign the varieties to the plots in each block, in a random way. 
Suppose that the yields obtalned. ln kg per p10t were: 

REP. 
Variety 1 II III IV V VI Yi ?~ 

1 88 129 117 312 220 99 965 161 
2 235 263 216 156 244 233 1347 224 
3 412 225 218 463 156 236 1700 283 
4 284 484 164 445 388 436 2201 367 
5 674 332 595 498 571 ore 

~v" 3036 506 

Y' j 169~ 1433 1310 1874 1579 1360 Y •• = 9249 Y •• 308.3 

Y.j 338.6 286.6 262.0 374.8 315.8 272.0 

T.RSS ~ (9652 + 13472 + 17002 + 220!2 + 30362 )/6-92492/30 = 431421.8 

BLSS = (16932 + 14332 +13102 + 18742 + 15192 + 13602)/5-9249
2

/30- 46644.3 
2 > 2 

TSS a 88 + 1292 + •••• + 571 + 3662 - 92492/30 = 116036.3 

ESS - 716036.3 - 431421.8 - 46644.3 - 237970.2 
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The ANOVA table is: 

of f. 
F Source of v¿Jria tion d. s.s. m.s. Observed 

Varieties 4 431421.8 107855.5 9.065 

Blocks 5 46644.3 9328.9 0.784 

Error 20 237970.2 11898.5 

Total 29 716036.2 

If( 'bl)~ .01 the null hypotbesis (1) 18 rejected since 9.065> 4.43 
= F4 ,20' ; hOI~ever, null hypothesis (tI) i5 accepted sinee 0.784} 
4.10 .. 1'5.20(·01). It is clear then tbat inthis case b10cking ... as not 
effective (P=.0002 >.0001). 

3.2. Split-plot designs 

'They are used when because of the nature of the levels of a factor, 
large experimental units are needed, ... bile leve1s of other factors rnay be 
assigned to smaller units. Por exarnple, experiments where factor 

.;¡ "irrigation" is to be mea5ured it i5 advisable to separate the plots 
receiving certain levels of irrigation. Fertilizer and insecticide 
experiments present a similar case. 

The split-plot deslgn is used .. hen two faetors are measured, one 
of which requires large units and the other may be assigned to smaller 
units. The levels of the first factor are assigned randomly to the main 

1;i:.. plots next, the levels of the second factor are assigned randomly to the 
.. '" sub-plots of each main plot. Each main plot will have as many sub-plots 
.Iit,· as there are levels of the second factor. Comparisons between levels 

,

., of the first factor are less precise than those between levels of the 
": 7. second factor and those between interact10ns of first and second factora. 
. '.:. At least twO replieations are necessary to make these comparisotl$ • 

. ". \.~'. 

. ~. '-2·',-, 
. ..' The split-split-plot design is used when three f.actors are to be $tudi,,¿ 

eno' f)'7lC o:: tl ..... H. r¿qu.!...¿c:; la:::'"Qe units ,,,,hile- the other t\.¡o can be assignr.~d 
to smaller units. The levels oí the first factor are ::ll"signerl r,ulliomly 
te the main plots. The levels of the second factor are assigned randomly 

the sub-plots of each main plot snd tbe levels of the third factor 
are assigned randomly to the sub-sub-plots of each sub-plot. Each main 

. plot contains as many sub-plota as there are levels of the second factor, 
~~I18~larly, each sub-plot contains as many sub-sub-plots as there are 

oí the third factor. The comparisons between levels of the first 
tor are the less accurate; comparisons between levela of the second 

factor and interactiona of first and second factor, have intermediate 
precision; finslly, comparisons between levels of the third factor snd 
4ts interactions, are the most precise. As in the case of the split-plot 
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design, at lcast two rcplications are needcd in order ta make valid 
comparisons. 

3.2.1. Numerical cxaropIe; 

SpIit-split-plots: nle offect of thrips on the yield oi four 
varioties of cassavn is to be analyzed. with and without insecticide 
sprayings, ,dth and l .. ithout irrigat1on. 

Factor A: Irriglltion ( 2 1evels): lV'ith irri¡¡;ation (al) 

without irrigatlon (ao) 

Factor D: Insecticida (2 levels): with insecticide (01) 

without insecticide (bo> 

Factor C: Variety (4 levels): Variety 1 
Variety 2 
Variety 3 
Varicty 4 

In order to keep thc irrigated plots separate from the non-irrigated 
ones, the area was divided into two main plots and the el'10 levels of the 
"irrigation" factor tV'ere assigned to them randomly. Each main plot 'IrlaS 
divided lnto nlO sub-plots to which the n/o levela of the factor 
"insecticide" were assigned randomly. Finally, each sub-pIot was divided 
into four sub-sub-plots to which the four varicties l#ere assigned randomly. 
Two replications were used. The foll~1inG illustration shOlV's the final 
layout. 

¡mPLlCATION 1 

Uain plot l !Úl.in plot 2 
(with irrigation: al) (without irrigation: 0.

0
) 

Hith insecticide Uithout insecto \Uth insecti"'iil .. Without insecto 

V2 (8) VI (4) V2 (5) V3 (6) 

V4 (5) V3 (6) V4 (3) Vl (3) 

VI (6) V2 (6) V3 (5) V2 (5) 

V3 (7) V4 (:3) Vl (3) V4 (2) 
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REPLlCATION II 

Main plot 1 ~!ain plot 2 
(without irrigation: ao) (wlth lrrigation: al) 

bl b1 

Without insecto with insecticide With insecticide ttithout insect • 
(6) (6) V3 (7) Vl (4) 

(4) (4) Vl (6) v) (8) 

(5) (5) V4 (4) V2 (4) 

(4) (4) V2 (7) V4 (5) 

"~~~ Numbers in brackets are yields i~ kgs. 
¡,~"k :. 

:ti;" The following tables are needed for the calculation of "the ANOVA 
sums of squares: 

b
o 
S (~3+5+2) + (6+4+5+4) 

3/ 35 70 

40 50 90 

75 85 160 - Y ••• 

a 15 20-- 22 13 70 
o 

al 20 25 28 17 90 

35 45 SO 30 160 



BxC: 

b 
o 

b1 

b 
o 

3+4 

VI 

7' 

8 

15 

V
2 

11 

9 

20 

15 21 

20 24 

35 45 

ao 

V3 V4 

11 6 

11 7 

22 13 

Ax Rep: 

Bx Rep: 

25 

25 

50 

35 

35 

70 

I 

ao 32 

al 45 

77 

00 1 

I 

35 

b1j 42 

77 
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14 75 

16 85 

30 160 

VI V2 V3 Vi! 

bo 8 10 14 8 40 

b1 : 12 ,-115 14 9 50 

2OL" 28 17 90 

8+7 

II 

38 70 

45 90 

83 160 

II 

40 I 75 

43 

11:: 83 



AxBxRep: I II 

6+-3+5+-2 
ho 

ao 16' 16 32 ao 19 

al 19 26 45 al 21 

35 42 40 

The eorrect1on term 1s: 

2 
TC .. Y ••• 

Total number of p10ts , 
= 

2 
160 

.z:2X::-'(:::2=X2:::X:-:4-:") - 800 
~', 
,,:'C 

':'¡', SST - 82 + 52 + ••• + 4
2 + 52 - Te -,70.000 

~-;. 

"1" 2 
,ji" SS Rep= (77 + 83

2
)/16-TC = 1.125 

SSA 
2 2 

- (70 + 90 )/16-TC ,. 12.500 

,. 3.125 

222 2 
,. (35 + 45 + 50 + 30 )/S-TC - 31.25 

19 38 

24 45 

43 83 

., (15
2 

+ 20
2 + 22

2 + 13
2 + 20

2 + 252 + 28
2 + 17

2)/ 4-SSA-SSC-TC .. 0.250 

• 4.125 

2 2 2 2 
SS(AxRep)= (32' + 38 + 45 '+ 45 )/8-SSA-SSRep-TC = 1.125 = Error (a) 

'":', , 2 2 2 2 
li!~',SS(BxRep)- (35 + 40 + 42 + 43 )/8-SSB-SSRep-TC • 0.5 

,;~ , .'" SS(AxllxRep) - (16
2 + 16

2 + 19
2 

+ 26
2 + 19

2 
+ 19

2 + 21
2 + 24

2
)/ 4-SSA-SSB-SSRep· 

.''':,~: SSAB-SS(AxRep)-SS(BxRep)-TC - 0.5 

" ',', Error (b) - SS(BxRep) • SS(AxBxRep) - 1.000 
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F 
So urce of variation d. of f. s.s. m.s Observated 

Replication r-l .. 1 1.125 1.125 1.00 
Irrigation =A a-l .. 1 12.500 12.500 11.11 
Error (a) (r-1Ha-1) " 1 1.125 1.125 
Inseetieide -=13 b-l .. 1 3.125 3.125 6.25 
AxE (a-l) (b-l) " 1 3.125 3.125 6.25 
Error (b) a(b-l) (r-l) '" 2 1.000 0.500 
Variety .. C c-l '" 3 31.500 10.417 11.63 
AxC (a-l)(e-l) .. 3 0.250 0.083 0.09 
BxC (b-l)(c-l)· 3 1.625 0.542 0.61 
AxBxC (a-l) (b-l)(c-l)" 3 4.125 1.375 1.54 
Error {el a b~c-ll =12 10.75J:l 0.896 

Total abcr - 1 .. 31 70.000 

- TIte effeets of replieation and irrigation are tested with the Error (a): 

~HSRep .. 1.00 ~ 161 .. F 1,1 (0.05) 
liS Error (a) 

CHA 
CMError (a) 

We accept the hypothesis of 
of no effect due to 
replieations (pe.5). 

We accept the hypothesis 
of no effeet due to 
irrigation (p= .1885). 

- TIte effects due to insecticides snd inseeticide x irrigations are 
te.ted with the error (b): 

MSB 
MSError (b) 

MSAB 
MSError(b) 

TIte hypothesis of no effects 
due to insectieide is aecepted 
(Pa .1296) 

Tile hypothesis of no 
interaetions AxB is aeeepted 
(p= .1296) 

The varieta1 effee~ts snd their interaetions are testad with Error (e): 

MSC .. 11.63 ~ 3.49 .. F3 ,lZ(.05) 
MSError(c) 

!I Error (e) 1s obtained by substraetion. 
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t 
" .... ,~:i'-;, 

Finally, l~w y values for AxC, BxC and AxBxC lead to acceptance of the 
hypotheses relatcd to those interactiona. 

3.2.2. Analysts oí variance for a split-plot design 

Source oí variation 

Replication (Rep) 

Main pIot (A) 

Error (a) = RepxA 

Sub-plot (B) 

AxB 

d. of f. 

r-l 

a-1 

(r-l)(a-l) 

b-1 

(a-l) (b-l) 

s.s. 

(R1 2+ ••. +l\- 2) I (ab) -Te 

(1.0 2+ ••. +Aa 2_1) I (rb) -TC 

(Aa R12+Ao R2 2+ •.• +Aa_1Rr 2
) Ib

SCRep-SCA-TC 
(Ba 2+ ••• +Bb_12 ) I (rb)-TC 

" (A0"i302+Ao B 1 2+ .•. +Aa-l Bb_12) Ir 
SeA-SCB-Te 

Error (b) = RepxB+RepxAxB a(r-l)(b-l) By dlfference 

abr-l In: Yijk 2 
- Te 

Rk = total for replication k, k= 1,2 ••• "r. 

Al '" Total for the l th level of factor A, i '" 0,1" .... ) a-l. 

for the jth level of factor B, j - O,l ••• b-l 

• Total for the combination (ai, bj ), i =O.I •••• a-l; j-o.l •••• b-l 

'~~AL- Total for the comblnatlon (a i , rk)' i -O.I •••• a-l; k=1,2 •••• r 
.' 2 
- Y ••• /(abr) = correctlon term 
". 

(1) The hypothesü that thc means oí al1 levels of factor A are equa1, 
ls rejected iff tlSA/MSError (8.) > F a-l, (r-l) (a-l) (a) 

The hypothesls that a1l levels of factor B are equal, 18 rejected 
lff MSB/MSError (b) > Fb-l.a(r-l) (b-l) (a) 

The hypothesis tbat tbe means of all slots (al,bj) are equal 1$ 
rejected iff MSAB/MSError (b) > F (a-l) (b-l) .a(r-l(b-l) (<<) 
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3.2.3. Numerical example Split-plot 

In an experiment condueted at the University of Wlsconsin 
tlle yields of four 10ts of oats ,¡ere compared (a"'4). for three 
cheroicsl seed treatroents and one control (b"'4). Tne seed lots were 
assigned randomIy to the main plots within each replication. 

The seed treatments were assigned at random to the sub-pIots wlthin 
eaeh matn plot. YieIds, in bÚshels per acre are ¡iven in the followlng 
Uble: 
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··,_fl~,· 
~;, 

~. 
~., .. ~ 

-'1'! • 
.~'- . 

! 
, , ~., - , .. " . -

:'i', 
'1', 

,. , 
Seed lot Replication Treatment (») 

Cóntrol Ceresan M panogen Agrox Totals 
(ao) (al) (al) (a3) 

Vicland (1) 1 42.9 53.8 49.5 44.4 190.6 
2 41.6 58.5 53.8 41.8 195.7 
3 28.9 43.9 40.7 28.3 141.8 
4 30.8 46.3 39.4 34.7 151.2 

Totals 144.2 202.5 183.4 149.2 679.3 

Vicland (2) 1 53.3 57.6 . 59.8 64.1 234.8 
2 69.6 69.6 65.8 51.4 262.t, 
3 45.4 42.4 41.4 44.1 173.3 

g,; 4 35.1 51.9 45.4 51.6 18". O 

'" Totals 203.4 221.5 212.4 217.2 854.5 

Clinton 1 62.3 63.4 64.5 63.6 253.8 
2 58.5 50.4 46.1 56.1 211.1 
3 44.6 45.0 62.6 52.7 204.9 
4 50.3 46.7 50.3 51.8 199.1 

Totals 215.7 205.5 223.5 224.2 868.9 

Branch 1 75.4 70.3 68.8 71.6 286.1 
2 65.6 67.3 65.3 69.4 267.6 
3 54.0 51.6 45.6 56.6 213.8 
4 52.7 58.5 51.0 47.4 209.6 

Totals 247.7 253.7 230.7 245.0 977 .1 

Treatmenc totals 811.0 883.2 850.0 835.6 3,379.8 



Replication Totals 

1 965.3 

2 936.8 

3 733.8 

4 743.9 

F F (.01) 
Souree of variation d. of f. !..:.!.:. !i&:. Obs. table 

Rep. 3 2842.87 947.623 13.79** 6.99 

Seed Lot (A) 3 2848.02 949.340 13.82** 6.99 

Error (a) - Rep.*Lot 9 618.29 68.699 

Treat (B) 3 170.54 56.847 2.80 4.40 

** Lot * Treat 9 586.47 65.163 3.21 2.99 

Error (b) 36 731.20 20.311 

Total 63 7,797.39 
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REGRESSION, CORRELATION AND SYSTEHATIC DESlGNS 

4.0. Regression and correlation: 

Regression and correlation are statistical techniques which serve 
to analyze the relationship between k "independent" continuous 
variables, Xl, ...• Xk and one dependent variable Y, starting 
from n aets of data of de ferm (Xl, ...• ~jY) ,which correspond to 
one experimental.unit. X's are eXpected te be ststistically independent 
but may be structurally depepdent in the sense that response function 
for a factor dependa on the levels of the other factora. 

4.1. Simple linear Regression: 

It i6 the simplest type of regression where the functienal rela
tionship between X aud Y is assumed linear sccording to the model: 

The objective ie the estimation of parametera fo and ISi , from n 
observed pairs (Xi, Yi) . 

y 

(~. 

X 

.. 

!he eriteria used to determine estimators of !l¡ and 13 1 is to minimiza 
the sum of equares of the observed deviations with respect to the regre
sion lioe fitted ta the data. This fitting method ls ealled least 
squares. 
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y. 
:L 

y 

~-----------------'r-------- X 

bo "'Y"b 1X 

b 1= ¿(Xi-X) (Yi-Y) 
¿ (~-X) 2. 

i 

_[D8 2 

] 
Var (bo) '" a 2 ni: <.lY.-X) 2 

Var 

Var ('y.) '" a 2. [1 + (Xi -X) 2. J-
:L n ¿ (Xi-X) 2 

Var (ba +b 1~) = (1 2. [1+4 .,,(;.;X*""-_-_X"'=) _2_J x* Indicates a non-existent 
n r<~ _ X) 2 level in tbe data used 

to fit the regression 
lineo 

ANOVA TABLE 

Source of variation d. of f. s. S, M.S. 

Reductíon due to Tegression 1 b 1{íXi Yi-(IXi) (IY i ) MSR 

Dev1at1on from regress10n .!cl b;:¡; gil.fference MSE 

Corrected total n-l· íY1
2 - <í'.Yi) 2/n 
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NSE i9 en estimator of H1 t 

The test of the null hypothesis Ro fl¡ = O Vs. 

Hl: fh t O ata. level 

ia done following tne decision rule: 

Reject Ro sss NSR 
}lSE 

where Fl n-2 (a.) is the a -upper percentile of the F distribution 
with 1 ar;¿ (n-2) degrees of freadom. 

Coefficient of determination a 2 

R2 = ~ = proportion of total variation expleined by the linear 
regression of Y on X. 

Values for a2close to O indicste a pOOl' fit; values close to 1 indi
cate a good fit. 

Linear eorrelation coefficient between X end Y: 

,wnere the sign for xy is the sama as the sign 
for b 1 

In general, - 1 ~ rxy < lo 

Values of Irxyl elose to zero lndieate a pOOl' linear correlation 
between X and Y while values of I rxy I clase ta one iud1cate a high 
linear eorrelation between X and Y. 

,'j~r-;¡;y measures the degree of linear assoeiation between X and Y; 
on the other hand, b 1 (both X end Y considered aS random) measures 
tne predicteble changes in Y when X ia increased one unit. 

, . - 4.2. Multiple linear regresslon: 

When ve have IllOre than óne independent variable, the model is: 
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The estimeted equation is 

A 

Y = bo+b¡Xl+ ... +bkXk 

where b3 ,b 1 •••• ,bk nre estimated by the least squares method 
and muy be obtained from a computer usiag any of various nvailable 
rnultiple regression programs. Also, the surnmary ANOVA table can be 
abtained from the computer and is as follmis: 

Sauree oí variation d. of f. 

R k 

E n-k-l 

T n-l 

s. S. 

SSR 

SSE 

SST 

H. S. 

MSR 

MaR 

As in the case of simple regresslan l!SE :lB en estilnator of a '- and 

Ho: Ik = O 11- k Vs. 

H 1: 1\: f O for s cme k 

ls tested with ~he decislon rule: 

1ff 

where Fk.n-l-k(~) is the a. -upper percentile of the F d:lBtributian 
with k and ( n-l-k ) degrees of freedom. 
The coefficient of determination, R 2 - SSR/SST, has the llame lnterpr,!\ 
tation enymore. 

4.3. Uses of regression anaIysia: 

l. Predict Y for given X values 

2. ~amine the effects of X's sn Y (when there 1s a cause effect 
relationship between X and Y) 

3. Determine the shape of the regression curve (polinomial regre~ 
sion and non-linear regression) 

4. Adjust Y far uncontrollable effects quant1fied by X's (ANCOVA) 

Example of simple linesr regreasion 

Observed data"for rainfall ( x ) and yield of wheat ( Y ) in an area 
during 10 years 

6 4 



r· 
'Xi. 
~,:; 
". 

x 

230 
210 
280 
270 
230 
280 
270 
220 
260 
250 

(mm) 

4.4. Systematic designs: 

y (Kgr./ha) 

2600 
2500 
2900 
2700 
2700 
3200 
3300 
2800 
3000 
3300 

~:perimental designs can be divided into two sroups: aleatory and 
systematic. The designs \'1e have studied so far are aleatory snd are 
characterized because the aBsigning of treatments to experimental units 
is randornized. 

On the other hand, in systematic designs, the assignation of 
treatments to experimental units is done ln a systematic or ordered 
manner. 
The objective of this type of designa i8 to allow the researcher the 
observetion oí a continuous response to the treatment. For example, 
if the response of a bean variety to nitro8en 'ls being studied, and 
experirnent can be designed consisting of different doses of Nitrogen to 
the soil in an incressing woy snd the'yield of the plants receiving 

.-. . each treatment would be measured. 

Ilr ~, Before modern experimental design was developped, that i8 before 
l~~. Fisher introdueted aleatory principIes in the assignin¡¡ of treatments 
~.;' to the experimental units, a systematic assignment of the treatment in 
I.I.~{C;.'" each replieation seemed natural. One Df the most CDmmon types Df 

, systematic arrangement ls that in whieh the assignment of treatments . 
. ,;. _ ia exactly the same in any of the Teplicatlons, as shown in the graph. 

I":::~~~: r. 11 ti 1 Re He.tion 2 Replication 3 

I 1 

.¡e OJ ce on 

A Il I e D A :B e ! D A e D 

l~ny other systematic designs have been developed, however, they 
'. a11 present relative!y the same disadventases Tespect to aleatory 

designs: 

l. The detected differences between tratments can contain a 
systematic error due to the correlation between adyacent plots. 

2. They are not efficient when the experimental area is heteroge
neous because they 11'111 not allow a valid estimation of the 
variance. 
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The advantages axe: 

l. SimpUeity 

2. 1118y ll.llm¡ an oxdering of the trestments. For example. the 
variety may be ordered aeeording to maturity, fertilizers aceo~ 
ding to their effieieney, etc. 

3. 111e response to the treetment can be observed continuously. 

As sn example of systematie designs, we will mention the ones 
usad for casseva experimentation at ClAT~ 

l. Response surfaces. 

2. Fan designo 

3. Paralell row designo 

4.4.1. Response suriaee: 

¡-/hen one or more feetors axe to be studied - Xl.X:a.xa ••.•• xn 
which respresent continuous variables like weather, llI1IOunts of nitrogen, 
temperatuxe, etc, it 18 natural to think in the yields, or response 
y as a funetion oi the levals oi these faetora. At 1s: 

y = f (X 1 .X2 .X a , •••• Xn) + E I Where e represents the 
k-____________________________ ~_ experimental error 

Function f ia ealled "response su-dace". The knowladge of f g1ves 
a complete summaxy of the experimental results and allows the pred1c
tion of the response for a combination of valuea of factora ~ .• 

ExampIe: "Effeet oi N and K on the yield of the eassava pIant". The 
effect of 16 nitrogen levela: 0.20.40,60,80 •••••• 300 sr/
plant and 16 lavela oi potash: 0,20,40,60 ••••• ,300 sr/pIant 
on the yield (as fresh weight of roots) of a eassava vaxiety 
is to be mensured. The observation axe made on individual 
plants. 
Plants were spaeed 80 eme snd lavels ef N sud K were applied 
as shown in the graph, 1B sueh a way that eaeh plant receivad 
a eertain combina~ton of N x K. Eech quadrant corresponds to 
one replteation. The number of treatments per repiieatien, 
aqual to tha number of plants, is 16xl6 - 256. 
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N x K SYSTE1l11TIC DESIGN FOR CASSAVA IN 4 REPLlCATIOHS 

JI 
1 

• • .. .. " • • .. • .. • .. • • • o · .. .. . .. . . .. .. .. " .. . " · . . . .. .. . . . .. . . .. .. .. .. ,. • • • .. • • .... .. .. .. " e 

• • .. .. • • • .. • • • " .. • .-H1 · . .. . . . . . .. .. . .. " . . · .. .. . .. .. . .. . .. . .. . . . · .. .. .. . . . . .. .. . . .. 
• • .. .. .. .. .. • • .. ... • • .8 · .. . . . . . . . . . . . . . · .. . . . . . . . . . . . .. . · . . . . . . . ... . . . . . 
• • • • .. • • .. .. .. .... .. • ·IZO · . . . . . .. . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

"'~ .:~... . . . . . . . . . . . . . . . . . . . . . .. .. 
't§' • • • • • 

:~:' .. "_.--_.~.e--'---'+---'--~.~--'--~'e--'--~'~-'---<'--'---:'~--'--:t:-t-~'~-'--~'c--'--~'+---'---'~--'---'~-'---j'7--'---1'c--'---'t---.. 
o 40 eo 120 ~ 200 240 260 ¿50 240 200 tEoO 120 eo 40 O ., 

c;~,: · . . ........... ~ ...... . . . ....... . · .. . . .. .. . . .. . . .. . . .. · . . . . . . .. . .. . .. . . . 
• .. • • • • • • • • • • • • *« · . . . . . . . .. . . .. .... · . . . .. . . . . . .. . . . · . . . .. .. . . . . . . . .. · ............... . · . .. . . . . . . .. . .. .. .. 

_. . . . . . . . .. . ... . . .. . .. .. .. . . .. .. ........ . 
• • • • • • • • • • • • • • · ................ . 
• • • • • • • • • • • • • • · . .. . . .. . . . ...... . · .. . ........... . · ................ . · . . . . . .. . . ... . . • • • • • • • • • •••••• · . . . . .. . . . .. . . • • • • • • • • • •••••• · . . . . . . .. . . . . .. • • • • • • • • • •••••• · . . . . . . . . . ... .. . . .. · . . . . .. .. . . . . . .. ... · . . . . . .. .. .. .. .. . .. .. • .. • .. • • • • • ., .. • .. "" ti' 

• .. • w .. .. .. .. .. .. .. .. .. • • O' • .. • • .. • • • • • • • * .. 11!-

m 

Eaeh ~uadr4nt representa a complete replication of the design witb 
- 256 plants per replication. .Eaeh dot i8 one ind.:l.vidual plant which 

receives one of the 256 N x K combinations. 
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!he response of cassava to :-¡ and K =y be expressed by the 
follo"ing response surface. 

y .. = ao+alNi+a2Kj+a3Kj+a4Ni+asKl + íij ~J 
• ! I 

ExperJnenta 1 error 

Quadratie effe et of K 

Quadratic effect of N 
• 

-' -Interaetion effeet 

Linear cffect of K 

Linear effect of N 

:-Average effeet 

Yield of the plant with i th level of N and jth level of K 

which mesures the linear as well as the quadratic effcct of N and K and 
the interaction N x K snd eorresponds'to what i5 callad a quadratic 
regrasaion modelo 

4.4.2. Parallel Row snd Fan Designa 11 

!hese two designs are basically used to measure the yield of di! 
ferent varietias over a wide range of plant densities. !he number of 
plants per unit area varies aystematically from one to another, but 
the pattérn for plant arrangement remains constant. Arry t'ange of 
plant densit1es can be tested. 

In the fo1lowing graphs the arrangement of the plants in the field. 
with the fan and paralle1 row designa, respective1y, i3 (hown, for one 
variety. 

11 B1easdale, ".K.A. "Systematie designa for spacing expet'iments. 
"Experimental Agriculture". August 12, 1966 
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AllRAI"GEllENT OF PLtJITS IN A PAN LESIGN TO TEST 14 

FL/\.lIT PO PllLATIOl, 

AItRANGEHmIT OF l'LIlNl's IN A PARA.I..LEl. ROt~ DESIGN TO TEsT 10 

1'Ll!.NT POPIlI/¡, TIOllS 
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In the fan design, plants are arranged in r0W8 irradiating 
írom e central point of origin, in such a way that the distance 
between plants aIang n rad1us 1s spproximately equal to the distan
ce between redii, in tPat point. 
Each are corresponds to a different plent density. lfben more then 
one veriety ie to be tested, this arrangement ia duplieated in 
another seetion of the cirele, keeping ''border rows" between tvo 
adyaeent varieties or en adequate apecing a10ng the lataral radius. 

To test or mensure the yield response to different plant 
densities, a function may by fittad. 

'- J th level of plant dena1ty 

Yield of :1. th.. plant. plaílted wie:h j th . denáity 

wh:l.ch may or may not be linear, and thus Und wb:l.ch denaity cauaea 
maximum yields. 

In the paralle! row des:l.gn. each row corresponds to a different 
plent density level, the hwnber of plants par row :l.s kept conatent. 
but the distnace between rowa var:l.es systemat:l.cally. 

The anslya:l.s :la similar to the one used for fan designs. 

. < 

. , 
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Guillermo G. G6mQz 

C ... ~sstivn, cultiv~tcd t:lrollghout tha t'l:'('lpical countrics for ita 
high energíc vnl'~e, is t1o:::ru:l1y U:'lCU in difrerent. fol."r.I:l, as a :Eood fo::: 
oo1'e tho.n 200 milI ion peoplo. 'l.11C Ilren pl!:mted to c.t1:'lsaVIl in tho tlorld 
has inercllseu cppro::inntel:: 30 percent: dur1.nt; tlle period froro 1%1-65 
to I97lf ("J!'AO, 197/¡). :.bout one-thi'¡:d ol: tIle ~lOrId total is produeed in 
Llltiu ¡,meriea obove all in Ll:Il.:i1, whic:h is by far the :Eirat easscvn
producing eountry • 

... lthou~b !:lost of tb~ ee,:;snva roots are presentl:r used ;;J.S llullum 
food, the pernpoc t:l.'1e5 fOl: eoIlS.:!"::' co Iln cnir.ml feed have been 
stinulat.ed by tilo n::;.icultnrnl poHey eh.m:;ee of tho European r.eonoraic 
COlllmUnity (EEC), 11hieh o.~de feaeible tlle use ol" alte.nlltive enet:'¡;y 
feedotl1fís, such ns imported C.t1SSIlVll. to rop1ceo hi(;h-prieod eero.t11:'l 
in cooposito foods, noCcbly far :mino (Coursoy end Uolliday, 1974; 
Phillips, 197/,). 

,As tt result or r.ctivc rcsc~rch on gcr:et1c !Jclection and the 
dovelopmant of !:loro effic~ont cultivati~n mothads nnd p~~duetion 
prtlcti~ces, thc 5.r.1provement of cüss~'\.·e y:tclds fH:!crns to be rclnt?_vcly 
e.:u;y to obtD.in under p:-actiea1 f!eld eondition:'l, I\S evidencod by 
e::perinental ro::¡:!.eru:l tridll (CrAT, 1975, 1976). I.1terl'lZ!t:tve uses of 
c&Ssava for thc industr;.'ü stareh and tho cnimlll feed =rl.ots ~lOu1d 
thus becomo eeononical1y feasiblc. 
, ~ .. 

E:;tensivc c:rper'lmentnl evidcnce h:ls becn obtninod on thc une of 
cassavn. roato "t':5 nn ,cnim~l raed, .cnd letl~t"cost fecd rotions \-lith 
verJinn priee:¡ ef CIl!lOnVll /lnd other feed in::;rodionts havo becm 
estil:w.ted 'for difierent nnir.ml speeies by several ¡mc irnporto1:s of 
el!.ssavn O.'hillip:J, 197I ,}. :lost c-f ::ho e::perimenta1 data en lnlino 
feedin~ 'hes bCC7l obtn:'nt>c "!.:"ith r;rnliin:::;-finir;hinn pi:.::;s, froIi.1 \lc-D.niU0 to 
liki:'l:etinr; ~")ci::;h:.:r:; bu~ liLli í:cd j_¡l.forn.:,t::'r¡~ ü:; n"'l.~~ilr..blc on ,t:hc 
reproductivc pcr::'nun ,c,':ld thc lifc c~"clc Slli:tc fecdi-n:::; systc=::;. Thc 
purposo of thin "'P~pcr :tn to rcviC11 ll.ud report on o::pc:r:i.r:1C~tnl 

.. -info~tion rer;crdinr; thc une of C:C.t;~llvtt roo~s. cspcciolly in thc f01:'r:l 

~f' frl!sh ct!ssava /lne ec::¡e~va meal or :Uour, threughout tho 1He cyc'_o 
the pi:;:; .. 

"i&I*"',-.,.,, " 

"enssav:! vl!.rietico ere no:rmtll1y clansified as Inieet or bitcor 
aécord;.nll to their c;¡:!uide contento 11osl: oí: the l1"]droeyanie ceid (IlC¡l) 

.. ur C)'lInide (CJ1) is found in ::he- form oí a ey::mogenic ::;lueosi<:e lmoul1 
li=rin. 1110 eoncentrlltion "r 1in=r1n. ns evidenecd b;' the 
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cynnide libernted, i:; ~ub$tuntiD.lly hi¡:;hcr in thc pec1 ol: thCl rooto 
thnl1 in thc pulp (de Druijn, 1973; ¡Iood, 1965). LinamLlrin relenses 
¡¡el! on treatment lYÍth dUute ",dds; nntur!ll1y hOllevcr, thc release ol: 
l!C~i ís due to the i:c~:ian oE thc cn;::::'l;.lC lin~llrasc, usunlly prcscnt in 
the tissues - nota" 11' in tlle pee1 - of the rootn. 'l1to contuct oi the 
c;lzyme 'l-Jith the subGtrntc linamorin norm-:!11y occurs HIlen the tisSUC:3 
c.re drunaged mech20nicclly either by crushing or by destruction of the 
cellular structure of the pb.nt or tillSUCS. 

Pigs do nol: remJily conSur.le fresh bitter caOGava rOOI;3, and 
thercfore, their grol1th is rctnrded. \1hcn II protein supp1ement was 
supplied 20d libitum .. long ~lith choppod, fresh bitter cassava roots, 
the pigs consumed an exceS3 of the supplement to compensate for the 
limited consumption of the bitter cassava roots. On the other hend, 
freah s",eet eassava roots are rendil:; consumed by grouin-g pigs and 
their growth ia acceptab1e, either \lhen fed separatel] or thoroughly 
mixed with a protein supplement (Table 1) (G6mez et al. , 1976). 

Lecause of the physica1 eontnct ol: linamarcse and lin=rin vhen 
cassava roots are chopped to be dricd, moet of the llCll ia released; 
thus meal prepared from bitter cassava roots has a relativc1y 10w UCH 
eontent (100-150 ppm on a dr; matter basia). A eompositc diet 
including high leveb (apprm,. 73 pereent) of bittcr eassliva mea! was 
consumed slightly less by growing piga t.han a diet based on similar 
levala of S~lect caasava meal (Table 2) (Gómez et al.» 1976), but tIlo 
differenee in cousUl:lption ~las not ns grent as thal: observed with the 
freah roots. 'l1,CSO data 5ug¡:;est that dr¡ing the root5 Breat1y reduces 
the problcm of limited consumption of frcoh hitter roots by the growing 
pigs. 

Limited informntion i8 nVllilllble on the effect oí: ey,mogenic 
glueasides present in bitter eassavll vnrieties when fed during the 
reproductive periada. Fre3h sweet cassnva plus n 40 percent protein 
supplement containing O, 250 cnd 500 ppm of added cyanide (as patassium 
cyanide) throughout the gestation periad had no de1eterious effeet an 
the reproductive performance of gcstllting gilts at farrowing; nor was 
any carry-over effeet observed in the subsequent 1aetation performance 
(Tewe, 1975). During lactation a11 gilts were fed Il control diat 
based on cornmon maize and Boybean meal. An en1argement of the th}~oid 
b1n.nds "1es observed in fetuscs at the cnd oí r;esttltion of giltn fed 
é icts contninil1[; hi3;·¡ cy:::::ioc levcls (Teuc, 1975); hm',cver) thQ$C 
bi1ts that receivcd high levclG oí cyanicle GurinG the bcotation period 
per.fílrmed similarly al: weaning tilac. l\ppm:ently tha pleeent .. l benier 
pJ.cys a signifiennt role in preventing tlle gro-.1ing fetuses from toxie 
effects. E.~perimental inforcntion (El~echi, 1967 1973; Ermnns et al., 
1969; Van Der Velden et al., 1973)'has been pub1ished in which a 
goitrogenie charaeter is attributed to CQssavn, especially in areas 
where dietery iodine is limited. A working hypothesis has been 
proposed (Ermans el: al., 1973) to explain the goitrogenic charneter of 
casallva, es & consequence oí che inereased thiocyanate conccntration 
in the blood. Fortunately, sinee most of the clUIsava cultivara grown 
il1 Latin .lImerica are m~ect, no =jor problema are cneountered in 
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feeding fresh, en5iled or dried caasava to enírosls, especially pigs. 

Use of fresh s,"cct csssava rocts i,n s,,,ine {"edins programs 

Fresh csasava roota and cassava meal are the forms in which 
caasava i5 l.~ost CO","1;on1y used for swine feeding. Ensiled roots are 
a1so acceptable to piga and cou1d be a form of pre5erving them in 
high1y humid enviro~ents such as those found in the lowland tropics. 
Experimental informatíon to be reported on the use of fresh cassava 
in the different periods of the life cycle of the pig has been 
obtained through collaboratíve research between the Centro Interna
cional de Agricultura Tropical (CUT) and the Instituto Colombiano 
Agropecuario (ICA) in Colombia. 

Fresh cassava was fp.d ad libitum, either separately from the 
protein supplement or throughly mixed Hith it, and fed in quantities 
caleulc.ted to supp1y the minimal dany requirements of the growing 
pigs. The control diet was fed in automatic feeders, and all 
experimental animals were ¡<ept in eonfinement on cement-floored corrala. 
The results of this experiment are presentcd in 'rabIe 3 (Buitrago. 
1964). Body weight gain was similar for the animals fed the control 
diet and those fed fresh CDssava roots and the protein supplement ad 
libitum. Tne animals fed fresh cassava mixed with eontrolled 
quantities of the protein supplerncnt, consumed less cassava and 
protein supplement; conscquently, the average daily gain was lower 
than that of the other tvTO experimental groups. On the other hand, 
the effect of restricting both cassava and the protein supplement 
according to the appetitc,and needs of the animals resulted in a 
better feed cfficiency (kg of feed consumcd/kg of body weight gafn). 

The amount oí fresh cassava required per animal to reach marketing 
weight (95-100 \tg) was approximately 390-400 kg of fresh ehopped 
roots. The basie difference ia feed intake was the amount of protein 
supplement saved whan it was mixed with chopped fresh cassava; however, 
the extra labor required to do the mixing could reduce the advantages 
of this mcthod. The consumption of fresh cassava by &rowing-finishing 
pigs varíes according to the protein content of the supplement. TIle 
daily intake of caasava was greater when the protein supplement:(fed 
free ehoice) supp11ed higher protein levels and the intake of the 
supplement decreased. fin overe1l tendency to overconsume protein 
throuf,hout the grmi1in¡:;-finishing perioos wap obscrvetl as tbe p:rotein 
content oi the supplement increcGed (Table 4) (Job, 1975). 

Fresh sweet cassava 15 readily consumed by gestating gilts or 
BOWS when an adequate supplement provides a good source of protein. 
'mineral s and vitamina. TIla results of sn experiment to evaluate the 

. 'use of fresh cassava for gestating gilts are shown in Table 5. All 
gilts were fed a control diet (maize-soybean meal) throughout the 

.. ~:" 1actation periodo Gestating gUte fed fresh cassaVI1 and kept in 
,~. , confinelllent gained more body wei¡¡ht during gestation than those fed 

fresh eassava but kept on. pasture 10ts and than the gilts fed the 
control dieto The number of baby pigs farrowed and weaned by the 
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gilts fea cassava in confinement was, however, less than that of the 
other two experimental groups. 

Lactating sm,¡s fed a dict besed on fresh chopped cassava mixcd 
Hith a 40 percent protein suppIcnent consumed 011 the average 6.5 kg 
of fresh cassava /lnd 1. 2 kg of protein supplement per day ('rabIe 6). 
The lit ter performance for the cassava-fed sm,¡s WaS inferior with 
respect to the nurnber of weaned pigs thnn the control diet-fed SOWG; 

the average weight of "eaned pies .11lS higher for the cassava-fed SOWG; 
but total litter weight was similar for both experimental groups. 

Results obtained during the different periods of the s,~ine life
cycle Buggest that fresh cassava roots are an excellent source of 
energy for growing-finishing pigs whcn properly supplemented with 
protein, minerals "nd vitamins. Handling of feed1ng programs based on 
fresh cassava 1s an irnportant aspect ta be considered. Self-feeding 
systems based on the separated, ad libitum consumption of fresh 
chopped cassava roots "nd protein supplement leads to an excess intake 
of the supplement resulting in a daily protein uptake significantly 
higher than the recommended requirement. A controlled supply of 
chopped cassava mixed with a protein supplement would rcstrict the 
excesa protein consumed to normal levels, but the additional labor 
must betaken into account. 

During the reproductivc perlods of gestation and lactation, a. 
controlled individual fecding systcm is the most advisable under n11 
circumstanccs. Unfortunately there is 110 information avaiIable on the 
use of fresh cassava during the consecutive gestation and lactation 

·perioda. lt la assumcd that no major differcnces would be encountered 
when a fecding systcm wcre based on the continuous use of fresh 
cassava; however, more experimental information i5 necded, especially 
with l"egard ta the lactatian period. 

Life-evcle swine feeding program based on sweet cassava meal 

Because of the handling difficulties normally encountered when 
fresh cassava roots are used for swine feeding, the most convenient 
nnd practical way, wherever possible, is to ery the chopped fresh 
roots in order to grind them into a oca1 or flour that can be easiIy 
incorporated anO oL~cd in composite diets. C2ssav~ me~l is an excellent 
ener¡;y source oi good nutritive v¡:¡luc due to its highly áige3tible 
carbohydrates (70-75%), mninly starch; but since its protein cantent is 
extremeIy low, it requires a great deal of supplententary pl"Otein to 
balance the diets. In all experimental work at CIAT, cassava meal has 
been obtained from sweet cassavn c~ltivars, mostIy of the variety Lla
nel"a. The roots are cb.opped, sun dried on cement fIoors aud then 
ground into a meal texture. 

Alife cycle swine feeding program was outlined. in which the 
level of crude protein of the el<perimental diets followed the 
recolIIIICndation of the Nationd Rcsearch Council (NRC. 1973) (Table 7). 
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A fecding pro;:;r= m:s baseo on cassllva meal and simultancous1y 
compared to a control fecding program buscd on common maíze. Par 
both progr=, saybean ocal "18S used as thc protein source to balance 
the experimental dieta (G6mez et al., 1976a). Tole cxperim~ntal work 
was dmed to study the long-term effects ol: ieeding high levels of 
casSllva meal on the rcproductive performance oí gilts. 

Experitlental an1r.",15 llcre grouped according to their initial body 
weight and 1ittcr hintar)' into t¡·¡0 groups of 16 weaned female pigs 
each. Selected gi1ts initiatcd the fceding program, either on cassava 
mea! or cornmon I:lIlize, v,hen they ueighed approximate1y 20 kg and werc 
fed the experimental diets throughout their growing (20-50 kg), 
finishing (50-90 kg). pre-gestation (90-120 ·kg). gestation and 
lactation periods. llethionine was not added to aoy of tha experimental 
diets (Table 8) (G6mez et al:, 197611). Boars used to breed the 
experimental gilts were fed a standard eornmon maize-soybean mea1 dieto 
Eñperimental dieta were supplied in automat1c feedera during the 
growing, finishing and lactation periods. Individual, dl1ily 
controllcd feeding \~as undertaken during the pre-gestation (2.0 kgl 
diet/gUt) and gestation (1.8 kg/diet/silt) perioda. In a11 phases or 
periads or the experiment, water WaS avnilable to the animals at a11 
times. 

Uesu1ts obtnined during tIte srowing-finishing periods are ahown 
in Table9. l'he average daily gain obtained by the growing gilts fed 
the cassnva meal-based dict was significantly l~~er (P~0.05) than 
that of the gUta fcd the control dict but simUar to gains previously 
reported when fresh cassava or cassava mea1-based diets were ·fed to 
groups of remales aud c"strated =1e8 (Uauer, 1972). Ucproductive 
performance of the two experimental groups is summJlrized in Tnble 10. 
In general. gi1ts in the cnssllva meal feeding program gained less body 
weight (37.5 vs 43.3 kg) during gestation than gilts in the common 
mai:a feeding program; hOl·lever, ¡;ilts on cassava mea1 diets continuecl 
gatnins body weight (+13.5 kg) throughout their lactation period 
wherells tite gilts on common mabe diets lost weight (·6.7 ltg) during 
the SAme periodo Consequently the overal1 change in body weigltt of 
tite gi1ts in tite cassava meal feeding program vas significantly higher 
(P<0.05) than that of the gilts in the common maíze feeding program 

;., '(41.1 vs 26.3 kg, respectively). The numher and weigbt of the live
oorn baby pigs W('Te si.m5,ltlT (P>O.05) fOT both e:tperimenta1 groups, 
alth:lUgh /1 trend oi fewcr and li¡;hter baby pigs per litter Has observcd 
for the gilts in the cassava meal feedin¡:; programo lit 21 day" of "be 
and tbereafter, the numher of !!ucltling pigs per lit ter was significantly 

'inferior (P<O.05), by approximately 3 piga per l1tter. for the 
lactating giles in the cassova feeding programo The average body 
growth of the suckl1ng pigs in both experimental groups was similar. 
as evidenced by prsctica11y the S4me average weight at weaning time 
(15.87 vS. 15.70 kg). Hmlever. because of the larger numher of weaned 
pigs per 1itter. the common maize feeding progrtllll produced heavicr 
litters than the casssva meal feeding progrnm (145.4 vS. 103.6 kg). 

·A ~imilar trend of rllising fm~(!r suclding piss throughout the laetation 
·~iod was previous1y reported in feeding fresh cnssava or cassnva 
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meal du:!:"inz eUhar tha gestadon or lactutian pariods (l-lzner, 1972). 

The rensons 01:' ftlctors involvecl. in the lotv-cr re¡Jroductive 
performance of the gilts in thc Cn$SLlva meal fcedinr; progri.U:1 a.re 
not clear. Thc slightly lotVcr body ,-¡ainht, althoullh "ithin the 
normal range, Qf the gilt~ fed the casnava meal-based diat at breeding 
could have had an adversa effect on the nurnber of ernbryos "hieh WQuld 
subsequenUy affact the nurnber of live-born pigs. Froo the produetion 
point of via", hO'-lever, the most strikinz difference was significantly 
1m,er numher of \-Tennad pins in the cassava fceding programo ¡"'hether 
these results are a conoequence clf a carry-ovar cffect from the 
gestation period or are due to the gain in body \leight during 
lactation - or to both - need further experimental evidence. 

!he absence or methioninc supplementation does not appear to be 
responsible for the 1m-Ter reproduetive performance of gilts in the 
cassavll meal feed!n:; programo 111c results of recent experimental \~ork 
in ;¡hich cassava moal-soybelln meal-based die::s "ere fed throughout the 
gestation and lllctation periods, with and ,·¡ithout methionine, shOlied 
that gilts fed tlle enssava meal diets performed similllrly, irrespective 
of ehe methionine supplementation, at lenst for I:he first gestation 
nnd lnctlltion period~ (Table 11) (G6mez and Snnto~, unpublished results). 
l1lC experimental period was initiated at brecdin¡; HIlen gilts eY.hibited 
similar body l"eights, and individual control1ed feeding (1.8 kg dietl 
gilt/day) 'las foU",~ed throughout the ¡¡estation periodo On the average, 
aU- animals of the c:'perimental groups lost ;¡eighl: during lactation, 
as compared to the "eight galn e::hibited during lactlltion in the 
previously mentioned experiments (G6mez et al., 1976a). 

l'he use of metl1ionine supplementlltion is reeornmended wl1en high 
levels of cassava are mL~ed in composite diets with plant protein 
sourees, such as soybelln meal. Apparently, matllionine supplementation 
serves the double purpose of improving the prote1n quality of the diets 
and of supplying a readily available source ox lllbile Gulfur for cyanide 
detoxication (Haner Ilnd G6mcz, 1973). In tho cane of experimental 
information obtained with rats, methionine supplementation in cassnva 
meal diets normally produces si¡;nifieant improvement beeause the 
protein aource used is casein, 1~hich ia kno,m to be deficient in thia 
<:.mino "cid. :en acéition, for thín type el: biolo¡;1cal evllluation with 
111bor~tory .e.nir.w.ls, suboptimol levels of diet.c.ry protein 41:'e cor:'tOlonly 
cr.rployed, rn.nking t! response to rncthicnine supplenentetion fcasible. 
111e effect of methionine supplementlltion ~lOuld dcpend ba:>ieally on ::he 
protein qUlllity of the feedstuíf used as tbe protein souree. 

Data on intake oí the experimental diets and the basic ingredients 
recorded from the life cyele sWine.feeding progr~ based on cassllva 
meal are presented in Table 12. Overall total intake of experimantal 
dieta snd for individual periods were similar for both groups. !he 
mest important difference was the amount oí soybean meal required for 
the cassava meal feedíng program as compared to the maize-based 
feeding programo Considcrin3 only the grO\Ting and finishing periods, 
the total relntive amounts of cassavn meal snd soybean meal required 
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per "nima1 to r""eh marJ,eting weight ar" 87 and 193 percent, 
resp"ctive1y, of the ['."'Dunts oi eOmr.lon maizc "nd soybean ocal required 
to obtain similar pcrforlilD.ncc ~.¡ith pigs in thc cornraon maize feedíng 
programo Almost tHiec "S much soybean meal is required for the 
growing-finishing periods of feeding programs based on cassnva. 

Feed intakc during the reproductivo periods (pre¡;estation, 
zestation snd lactation, ['.s ~lel1 as the b"by pig st"rter feeding) was 
also similar for both feeding progr¡¡ms. The cassava meal-based feediag 
progr~ required 87 "nd 159 percent of c"ssava meal and soybean meal, 
respeetively, as compared to the amounts of coromon maize and soybean 
meal required in the feeding programs based on common maize. l!awever, 
beeause of the l~ler experimental results obtainod at weaning time 
with the cass"va rncal-based feeding progrrun, the :".mount of diet required 
to produce a ~leal1ed pig ml.S 45 percent higher (119. O vs. 82.1 kg diet/ 
weaned pig) for this feeding system aS compared with the coromon maize 
feeding systern. 7hese data support the theoretical concept that the 
economic feasibility of using Cassava as a substitute for other energy 
sources would depend on the relative price of cassava, as well as the 
price of the protein supplef.lent needed to balance a cassava-based diet 
(fllillips, 1974). 

SffinlARY 

Sweet cassava roots "re an e"cellent source oi energy for slvine 
feeding if properly suppleoonted .vith protein, vitamins lmd minerals. 
Fresh bitter caso['.va roots are not readily cOUllUmed by pigs due to 
their hieh linamnrin contento Chopped fresh cassava could be fed to 
pigs throughout their life cycle, separately or mil:ed with a protein 
supplement. A tendency to over-consume the protein supplement and 
therefore to I-lllste the CAceas protej.n .~as obcerved in all experiments 
where rre:;11 cassava aoo suppleLlent ~lere fed ad libitum aoo sep:lretely. 

A life ~yclc sl'1ine fceding pro:;r= based on the use of high levela 
of c:lssav:l med (60-70;;) Vles tested at C¡,:.T and compared with a 
conventional coomon maíze feeding programo Soybean meal was the protein 
source uscd fo~ nll diets. Giltn in thc cnsswva menl feedin~ probr~Q 
g!:C\'l more slm;rly rlu::-in[; prc[;estll.tion end Sc:;tG.tion, C1S compc.red to thc 
t,ilts in the control progrvJu. lIm,evcl:') ¿;ilts feu. the CD.5S~Vü cliets 
gaincd wcight durins, lnctation, wherc~:J the gilts from the maize 
feeding program lost ueight during the S:lllle periodo 

Litter perform..·mce lit 1>lellning "es signiric~ntly inferior for the 
gilts fed the cassava meal diets; and since reed consumption was 
similar for both experimental groups, the amount of diet required to 
produce a Vleaned pig in the cassava feeding program was significantly 
higher than in the cOll1Clon maize feeding programo Recent experimental 
information auggests that methionine supplcmentation is not the factor 
responsible for the lmler reproductive performance obtained in the 
cassava meal feeding programo 
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Table 1. COillparison of intake and perforliUlncc of finishing pigs fed 
cither SHeet or bitter frcsh caSSava and a protein supplemcnt 
(P.S.) free choice or controlled. 

Parameter 

Avg dnily gain (kg) 

Daily intake eassnva (kg) 

Daily protein intake (lq;) 

Total feed intal~e (kg)'~ 

Feed/gain 

Protein in diet (7.) 

S~'7eet cassava -.-

P.S. P.s. 
Ad. lib. controlled 

0.66 

2.99 

0.81 

1.98 

2.99 

14.1 

0.77 

3.40 

0.82 

2.01 

2.61 

13.3 

* Express to contain 10 percent moistur.e 

titter cassava -:-

P.s. P.S. 
Ad. lib. contro11ed 

0.56 -0.08 

0.99 0.93 

1.21 0.22 

1.60 0.58 

2.86 Heg. 

23.5 13.3 

Tab1e 2. Effect of SHeet nnd bitter ~assavn mea1 as the major 
cnrbohydrate souree in diets for gro'ling pigs. 

Cnsoava meal 
Parameter Sweet Ditter* 

Initia1 weight (kg) 39.8 39.3 

Final weight (kg) 57.1 54.9 

Avg daily ¡;Ilin (1;;g) 0.62 0.56 

Avg de.ily fead (1:[;) 1. 77 1.35 

Feed/gain 2.S6 2.43 

* Estimated to eontain 150-200 mg-HCN/kg of fresh caBBava 
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Table 3~ Performance of ¡;ro\>1ing-finishin¡¡ pigs fed fresh SHeet 
cassava and a proteia supplcment (43%) free choice. 

1'arruuete! ,', Control 
dict 

lwg daily gaín (kg) 0.64 

Avg final body wt (kg) 100.4 

Avg ddly leed intake Oq;} 

Fresh ca¡¡sava 

Protein supplcrnent 

Total feed intclte ~:1: 2.89 

Feed/snin 3.43 

Fresh 
+1'.S. 

0.03 

99.5 

4.05 

1.17 

2.80 

3.36 

CllSStlVa 

llixed with 
1'.S. 

0.79 

95.6 

3.89 

0.73 

2.30 

2.90 

* llean of Uve pigs por group; avg iniUal weight. 17.8 kg; 98-dny trial 
li.. ** Approximately 10 percent moisture content 

Table 4. Perfor=ncc of growing-finishing pigs fed fresh SHeet cassava 
and 20, 30 017 40 percent protcin supplement free choice 

"!: Control Cassava + 
l'aremeter diet 20'1. P.S. 30% P.S. 40% P.S. 

Daily saín (kg) 0.63 0.70 0.67 0.65 

D.:dly feed intake (kS) 

fresh cas¡¡av& 1.73 2.74 3.32 

Protein supplement 1.39 1.00 0.75 

Total feed intllke *'~ 2.08 2.08 2.07 2.04 

Feed/gain 3.30 2.97 3.09 3.14 

Protein in dict (%) 14.3 14.6 16.6 17.3 

* l~an of five individua11y fed pigs per trcatment: AVg initial \"cight. 
21.1 kg; nvr:; final wcight. 36.1 1,g; !lS-day trin1 

**'Approxtmately 10 percent moisturc contcnt 
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Table 5. Performance of ucstating sows fed diet based on fresh 

cassnvu snd a pro te in supplement (407.) 

Parwneter Control 
dict * 

Fresh cassttva + P. s. 
Pcsturc .;. ... ., Confinement ,':11"1: 

110. sows brcd 
110. sows fllrrowcd 

tieigh:; of SOVlS (I~G) 

Breeding 
FLlrrowing 
Gcstation VIl: gain 
Lnctation wt gain 

Pr0ñew at f:lrrowing 

110. pigs/littcr 
LiCter ~ .. t (kg) 
Individual wt (kg) 

Froseny al: ~leaning (35 daya) 

No. pigs/litter 
Individud , .. 1: (kll) 

* 1 kg/sow/day 

10 
9 

165.e 
1135.7 

19.9 
13.2 

10.4 
13.3 
1.2~ 

3.3 
6.,94 

10 
7 

163.6 
1133. S 

24.9 
7.7 

10.0 
11.2 
1.12 

7.3 
6.05 

'k":' 1.7 kg fresh caasava + 0.4 1tg ,!!.S./sow/day 

'k-:rlt 3.1 leg fresh cassava'+ 0.62 kg P.S./sow/day 

10 
7 

152.3 
190.5 
37.7 
3.4 

7.7 
9.1 
1.HI 

6.9 
6.49 
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Performance of lnctllting O0l1S fed fresh cassavn and a 

protcin supplcr.lcnt (407.) 

l'ilrametcr 

l'ostfarrowing SCT'" vt (1;&) 

S0\1 wt gain 35 days (k¡;) 

Daily fecd intckc (lq;) 

Fresh cassav4 

Control diet or P.S. 

Data at farrO"wi.uf; 

No. piZs/littcr 

lndi vidual wt 0'1:;) 

Data at weanin0 (35 daya) 

Ha. pigs/litter 

Ávg l7t/ pig (l;g) 

Total litter ,~t (l;¡:;) 
• 
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Control 
diet 

13 

179.3 

11.0 

4.8 

10.8 

1.18 

9.0 

6.03 

54.3 

Prcsh cc.nsüva 
+ 40% P.S. 

16 

158.3 

7.6 

6.5 

1.2 

9.3 

1.36 

7.6 

7.63 

53.0 



Table 7. Cl~dc protein content oí' experimental diets in life eye!e 
s,dno fcoding progractl based on co.ssava meal or common lIll\ize 
end soybe:1n mcal as the souree of protein 

Life eyc1e periad 

Growing. 20-50 kg 

Finiah1ng, 50-90 kg 

Pregestation, 90-120 1:.& 

Gcstation 

:L.actation 

naby pigs, starter feed (10-56 days) 

Crudo protein 
in dict ('1.) 

16 

13 

13 

16 

16 

18 

Table 9. Experimental results of the gTot1ing-finishing periods 01" 
gilts * in lifo ~'cle swinc feeding progrnms based on co~n 
maiz::! or cnssavn meal 

Parameter Common Cessava 
ma1ze maa1 

No. gUts 15 16 

Avg daily saín (kg) 0.77 0.71 

Avg daily feed intEke (kg) 2.38 2.30 

Feed/gain 3.09 3.24 

~: Avg initial and final ~7c1ghtS: 21.4 and 89.5 l"..g, respect1vely 
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Tabla 8. Composition (%) of experimental diets in l1fecycle swine feeding progr&mS based on 

ceBsave mee! 01' cocmon maize 

Grmo¡tng 
F1nish!nc and Gestation and Starter diet 

Ingradient: 2rellostation laetetion baby 2i1)3 ___ 
Habe CIlBsava Halza Cassava l1aize Ccssave 111lize Cassava 

meal meal meal mea1 

COllll1On meiae 79.5 87.9 76.4 62.5 

'" w Cassllva meal - 69.0 075.9 67.0 50.6 
\11 

Soybean menl 15.3 26.2 7.3 19.3 18.e 28.2 22.7 34.6 

Sugar - 10.0 10.0 
¡ 

00 Hinerals and vittuni ns off 4;0 4.8 0 4.8 4.8 4.8 4.8 4.8 4.8 

* All diets contained ('7.) the follcr.·¡ing: bone meal. l •• O; tl1nerals prelrlx. 0.5 and vitamina 

premix. 0.3. 



T~bl(! 10. Expcrimcntnl xcsults or the [;cstation 2nd lactütion 

periods in lHa eyele s~line feeding progran. based on 

cassava meal or cor.nnon raaize 

Parameter 

No. gilts farrol~ed 

Changes in body weight of¡Ülts (kg) 

11eight at breeding . 
Height at 110 duys gestation 
Total gestation gain 
Postfarrol1ing \lt 
¡jet ¡¡astation gain 
HQaning wt 
Cfange in body wei¡:¡ht lactation 
Changa in body W~ibht gastation-1actation 

Data at farrO>1ing.· 

Ho. live-born pigs 
Avg weight/pig (kg) 

Data at weaning (56 days) 

No. weaned pigs· 
Avg weight/pig (kg) 
Totallitter '-1t (kg) 
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Common maize Cassava meal 

10 14 

127.6 
175.6 
43.3 

160.6 
33.1 

153.9 
-6.7 

+2.6.3 

10.0 
1.09 

9.4 
15.87 

145.4 

118.5 
156.0 
37.5 

146.11 
2.7.6 

159.6 
+13.5 
-w.l.1 

3.t~ 

0.91 

6.6 
l5.70 

103.6 
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Tuble 11. Effcct of ~thionine suppl~entation in cnssava mea1-bnsed 

diCeS for ges tnting-lactating gil ts 1, 

Parametc:r 

Uo. gUts farrOl~ed 

Dody weizht of silts (k:;) 

At breeding 
Total gaín, gestation 
ileight 10ss, lnctation 
Total gain, gestation-
'lactation 

Data at farrO\'Tin¡; 

1I0. pigs/litter 
Avg pig t~t (kr;) 

Data nt weaninr, (56 days) 

Uo. pies/lit ter 
Avg pie lrt (kg) 
Total litte:;: wt (1:S) 

* G6cez, G. and J.' Santos, 

Comnon 
maizc 

14 

117.0 
56.9 
17.3 

39.6 

8.5 
1.09 

7.1 
16.7'. 

117.02 

Ca!i$UVc. mcal + Soybean r.teal 
0.0% oethionine 0.37. mcthionine 

10 10 

121.2 12.0.1 
49.1 t.7.6 
13.3 15.3 

35.3 32..3 

9.1 9.4 
1.06 1.07 

3.2 8.0 
16~15 16.54 

120.50 131.95 

unpub1ished resu1ts 
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Table 12. Intake (l~S) of experim.ental diets and basie ingredients in 1ife cyele swine feeding 

programs based on cassava mcal or common maize 

Experioentnl pcriod Commom oaize diets Cassava meal diets 

Diel: :"la:!.ze So'!bean tlee.l Diet C~ssava meal Sovbean meal 

Grm~in3 77.9 59.5 14.7 91.9 63.6 23.9 
Finishing 137.9 121~2 10.1 124.0 94.1 23.9 

Subtotals 215.8 180.7 24.8 215.9 157.7 47.S 
CJ\ 
w . 
(lO 

l'regestation 230.6 202.7 16.8 217.2 164.9 41.9 
Cestat10n 209.9 160.4 39.5 211.0 146.0 54.9 
Laetation 265.5 202.8 49.9 292.5 196.0 82.8 
Eaby pis/st2rter 79.6 49.8 18.1 51.1 25.9 17.7 

Subtotals 785.6 615.7 124.3 771.8- 532.8 197.3 

Total 1001.4 796.4 149.1 907.7 690.5 245.1 
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PILOT PLAHT FOR SINGLE-CELL PROTEIH PRODUCTION 

J. Santos N. snd G. G6mez 

Root crops including cassava Qlenihot esculenta Crantz) are 
commonly grown throughout the tropica for food and contribute a 
considerable proportion of the total calor!c !ntake of the human 
populetion (FAO, 1973). Cassava has become the ataple food of more 
than 200 million people throughout the tropica (Couraey snd Haynes, 
1970). . 

The prospects for increasing cassava production in tropical areas 
sre very promising, not only as a consequence of sn incresse in the 
area planted to cassava but notably as a result, of improved technology, 
which auggests that drastic improvementa in crop yield could be readily 
obtained hy appropiate genetic aelection and cultural practices·(CIAT. 
1975, 1976), 

Decause pigs are efficient converters of the high energy content 
of cassava roots, the greatest possible increase in cassava utilizatian 
as sn animal feed 18 mast likely ro accur in sw1ne feeding. Extensive 
experimental information ia nvailable on the use of cassava roots in 
swine feeding. snd sorne contributions ta this knowledge have been made 
during the last few years at the Centro International de Agricultura 
Tropical (CIAT) in Cali, Colombia, Part of the worlt on the use of 
~assava in sw1ne feeding has been done in eollaboration with the Ins
tituto Colombiana Agropecuario (ICA). 

The mast important factor for determining the uae af cassava as 
sn animal feed ia its price in ralatian to alteraate energy sourees 

.and its dependence on the prica of supplement81"'¡ protdn aources 
(Phillips, 1974). Decause of its low protein content aS'compered' 
withcereals, soy substitution of C8sseva (fresh, 'ensiled or dried) 
for ce'reals in mixed feeds would be accomp.:mied by an increased 
requirement of supplernentsD' protein. lli,perimental data indicate 
tlUlt a life-cycle feeding program for _ine based on the use of casesva 
meal or flour requires ~ppro;dUn8tely 60 ta 65 percent more protein 
supplement (soybean meal) thsn s similar feeding program basad on 
common maize (G6mez et al •• 1916). The~efore, the patential of casseva 
as an animal feed in the tropics will depend ta a g~eat extent on the 
avallability of conventional pratein ar on the development of new 
protein sourcea, 

Conventional protein sources auch as fish meal and soybean meal 
while are being used increasins1y for human nutrition, are becoming 
so high in price that tbeir use in sYine feeding will be restricted 
in the future. Oeber protein lIources such as cattonseed meal are of 
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limitad use bccause of theír toxic nature. In addition, in m<lny 
cassava-produCing ureas it i5 difficult to grm.¡ other crops (í.e., 
soybeans) thllt \~ill províde. the protein requir",d to balance the 
animal feeding programs adequately. The need to find alternate 
nonconventional feed proteíns is becoming increasingly ímportant. 
Research relatíng to the use of caasava as an animal feed or as a 
substrate for microbin1 protein production is e1ear1y justifiab1e. 

The process for converting cassava into microbial protein ia an 
attractive area of research for those cassava-producing araas where 
animal production - notably swine - could be significant1y increased. 
!he production of microbial protein froro cassava would substantially 
upgrade the value of the feed and result in a nutritious product. 

The er.istence of both a Cassava l'regram and a Swine l'roduction 
Unit at CIAT makes it espeeially advantageous te undertake a project 
for the productlon of a fungal protein on a pilot plant seale. CIAT 
has completod the construction of this pilo!: plant in order to study 
the different Ilepects involved in the production of fungal protein 
using cassava as a substrate. This york ie being done in cooperation 
with the University of Guelph under the auspices of the lnternational 
Ilevelopment Research Centre of Canada. The purpose of this paper ia 
to report on sorne of the preliminary results and er.periences. 

THE PILOT l.'LANT PROCESS 

!he pilot plant at CIAT was built during 1975 and began operating 
by early 1976. The following equiproent has already been installed: a 
washer, a rasper. ~o self-aspirating fermentors (the starter and main 
fermentors with '\o1orking capacities of 200 and 3000 liters, respectively) 
and a roller-prass harvester. The first two machines,-built in Colom
bia, are normally used in the starch factories found around the Cauca 
Valley. !he two fermentors and the biomass harvester were designed and 
built at the University of Guelph. The characteristics of the 
fermentors have been described clsewhere (Az! et al., 1975). Equipment 
layout and a picture of the pilot plant are shm.m in fiGure/l 1 and 2. 
A single-cell protein (Ser) laboratcr; hes also been allocated end 
equipped in a local .:<ljacent to the pilot plu'lt. A ¡iicroferm, lO-liter 
bench-scale fermentor ," desicned for batch fermentations and 
continuous culture of rnieroorganisrns, was installed in the SCP 
laboratory. In addition. accesso~J facilities consisting of racks 
and wooden trays for sun and Ilir drying of tlle b!omass are located in 
en area adjacent to tlle pUot planto 

* New Brunswiclt Scientific Ca •• NEl1~ Brunsw:ick. New Jersey 
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A detlli1ed dcseriptiou of t11" basie Ilspects of the proces5 was 
given by I:eade and Gregory (1975). The proeess was designed to 
operate witl1 a minimun ol' instruffientation. 1'he p<lrameters for 
monitoring culturC" groí'lth ~rc. tempcratur(l, pll and dissolved o~gcn. 
Although the5e peremeters woulcl not nccessari1y be required in 
practical production units, they focilitcte re5""rch in that they 
conf1= experimental inrormation obtllined on ti laboratory seale at 
t11e University of Guelph. Doth fermentors 1>1ere provided .,lith side 
openings for t110 insertion of instrUT.lent probes, wh1ch ere eontrolled 
by moans of n master S\'liteh box. The cOl:l1'os1t10n Ilnd preparation of 
the mediur.t far 1:ho llflbon¡torJ prneess, 200 aud 3000 liter fermentan) 
are basicallJ the same as previously des cribad (Reade and Gregory, 
1975). 

The pilot plant process atarts with c1ther fresh cassava roots 
or eassava meal or fIour. liben fresh roots are usad, they are weshed 
to remova the soil and sand clingiug to the outside. !lext, the wh01e 
roots including the pe el are raoped to break open the cell ti<llls in 
order to faci1itnte the suspen5ion of the starch granules in the 
fermentation medium. The rasped cessava is then transferred to the 
fermentor, whieh ia h:üf filled l~ith tiater previoualy heated to Ilbout 
70·C by the pessage oi stenm through a heat exchanger; in tl1e case of 
the large (main) fermentor, a 11015t snd hueket nrrangement ia used to 
lift the rasped esssnva. The higb temperature of 70·C needs to be 
maintained for sbout 10 minuteo in order to :;e1atini:l:e the stareh 11M 
to prevent the developraent of fungistatie aetivity in ':he mash (Reade 
:md Gregory, 1975; Grogory et al •• 1976). llore water ia added to the 
tanl~ to briOl:: the fermentor almost to i1:s fu11 operllting volume, as 
well as to lower the temperature of the fermentation medium. to about 

to .complete the :~~e~!~;:~",.;~~ 
are urea nnd . 

Stnndardization of tlle process uas done with the 200*11tcr 
fermentor using either fresh cassava roots or cassava meal. Bccause 
people working in the pilot plant might be allcrgic to or infected by 
apores from revertants of the asporogenous Aspcrsillus fumigatua 1-2LA 
or by hyphal frllsments (Sidransl~, 1975), special safety precautions 
llave be en taken so' preliminary observations, as \4el1 as the work under 
way are being obtained with the 200-1iter fermentor. Use of the 3000-
liter fermentor m1aits more defined safcty precautions. from a 
microbiologicn1 nspoct (Grcgory, this monograph), as we!1 as from 
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Prclimin;!ry results on !)CP p!:"oduction fron C':'SZC;Y.:l nt crrts pilot plant 

Ibe micrOOr(láni~m uscd i5 ;\sperf,Hlu3 furníc,etu3 1-2lA (l\TCC 32722) 
(I:.cade ~nd Gregory, 1975)", This fua[;us in tln nsporogenou:3 mutant; 
thcrefore, the pro~lom oi nspcrGillosio (illil01otion of spores) is 
practical1y elimi=ted or 5i¡:¡nificantly reduceu. .\lthough a biomass 
ha.rvester is nOl·l instal1cu in the pilot plant, the information 
presentcd herein ues obtained uithout Che US!! oi 1.:11is !!U!chine; the 
harvesting oi the final biomess ..,,,s per:[ormad by emptying the contents 
of fermentation tanlt into burlap salta nna sc¡uee::inz most o::: the water 
conte!}t of the bior.l1lSIl, fir:;t m.nnually aud then 1"ieh a wine press to 
obtaH. a portially dried prO:duct, lmich is placed on wooden-frnmed 
trays for furtherly drying by eXposure to sun rays <lnd air. 

l¡vern¡;e data from fermentations with tho 200-liter t.:mk, using 
e1thei fresh choppcd cass::.vn roots or c,:¡ssava meal or flour ae the 
usbstJ.tate5, arc shOlYn in T"blo 1. TIlf" amount of cithcr frc:¡h roots 
or c~~sav~ meal uocd in e~ch ferment~tion t;~S dctcrmincd by the 
contet)t of tot::.1 carbohydrates of the substrato eo .:1S to obtain !In 
init1<\1 carbohydratc conccntrntioll oi the fermcnt:ation medium of 
appro#.mate1y 4 percont (,·¡/v). Ibe yic1d of tlle dried biomass obtained 
was símil::.r for both llublltrl1tcs 'lhen oxproslled on a dry =tter basis. 
TIle crude protein c'O::ltent of the finnl dried, product .. ,as ::tbout 23 
perce~t, 11hich is 10l'lor than that reported for laborabory resu1ts 
(Rondé and GregOl,'y. 1975), Gregory et .:11., 1<;76). '.Lile biomnsll, \,l1on 
we.tcr lis p<.rtially e.::tractod llith a uine preso, 11.:13 dried easily l·¡hen 
Cl:posed to sun ani! ab:; tlle ¡:¡'"lter1a1 becar.lc dark .:md hard when dried 
in an :oven. 

.A¡ biologic&1 cvaluation 11:'..th gr.,,¡in[l r:lts ~ms performed to 
ascortllin the nutritive qU:llity of the total or crude protcin contont 
of the dried bionw.sG rCllu1t:l.ll1} frola formentlltiom: ,.,ith either frcsh 
roots or c¡:¡ss.:.ve. meal as supstratos. Since 1:hill fungal protein hlls 
been reported (GregorJ et ~1., 1977) to be def1cient in sulfur
containing amino acids - notnh1y in methionine - the effect ol' the 
addition of this =ioo c.cid ~ras a1so studicd. l'llb1e 2 presonts the 
Cl:perimental rcsults obt.cincd t¡ith s:to\1ing r.o.ts. 7ota.! 'Wei[;h~ g.ainn 
over a 2G-d1'.y-e,:perilacn.:al periad Hore ver)' pOOl" for the diets bascd 
on the unsuppler.lcnted biorn..;::;r.;; I:'lC!thioninc supplcracntation sicnificantly 
improv~d thc protcin qunlity oí: thc fllngcl pl:otein, I'c::ultinn in body 
vo1ght ga1ns similar to thollo obtllined ~lith cnsein nnd superior to 
!:he soybenn meal protein. PERs (protcin efficicncy ratio: 1} body 
sa1n/s protein consurned) wero adjustcd so t:h&t standard case1n mIS 

used a3 a refcrencc uith a vaIue ol' 2.5; methionine-supplcmented 
microb~al protein exhibited adjusted PEa valucs similar to those for 
case1n¡. 

¡ 

Decause of the biohaz::rd for the personnel worlting at tlle pilot 
plant, w1th regard to the p05siblo infection by aspcrgill051s derived 
either from inhalation oE rcvertants producil1[; opores or from hyphal 
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fragments (Sydransh:j, 1975) ccrried in the aoroBols formod at 
harvesting (Grc8ory, this monúgreph), spccial safety precautíúns were 
tal<en to reduce risk5 tú a mínimum. For those reason5 and until 
completely safe conditiona can be assured for the 1'ersonnol, the 
fermontation Hill be carricd out in tho 200-liter fermentor. Tllere 
are severa! aspects that nead to be studied with the starter fermentor 
before progress can be obtained to the extcnt oí using the 3000-U.ter 
fermentor. Húvlever, despite the present uncertainties, especially as 
regards safety aspects, the procesa seems to be very promisingfor 
practical application in cassava-prúducing arcas tú solve partially 

-the increasing demand for protein supplements for cassava feeding 
programs. notably for swine. 

SU1:lUARY 

A process for microbial protein production, using caSSQva as 
the energy substrate, \~as developed and tested at a laboratory scaIe 
at the University of GueIph. l'he microorf;anism used is the fungus 
Asporgillua fumit~tua I-2lA en asporogenous matant that can grow 
under very selectivo conditiona of temperature (45°C) and pIl (3.5). 
A pilot plant has been built at the Centro Internacional de Agricul
tural Tropical (CIAT) in order ta test the technology deveIoped at a 
lnboratory scale and to produce sufficient quantity of biomass for 
practical evaluation in animal feeding, notably in.swine. Preliminary 
results obtaincd at the pilot plant ere reported, suggesting a 
potentiality oí the process once complete safe operational proccdures 
could be established. ncsules of a feeding trinl witb fungal biomass 
obtained at the pUot plant ind:l.cate thut thc product has a good 
nutritive quality, if methionine is adequatcly supplementcd. 
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Figure 1 

LAYOUT OF THE PILar PLANt FOa. SCP - PRODUCTION FROM CASSAVA 
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Flg. 2. Vlew o~ the pllot plant in the CIAT Swine Unit for produtlng 
Microbial protein utilizing eassava roots .$ the energy 
substrate .. 
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¡"ble l. Results of funglll protein (l,sperr,:i.llus fumir,atus 1-2L\) 
productíon in u 200-1ítcr fermentor using frcsh roots or 
cassava meal as substrates 

Fr-ESH CASSAvt. ROOTS ,', 

Ar.lOunt oi caGsava mash (1;¡;) 
llillount of sun-dried biornas" obtained (leg) 
Product yield (g/liter) 
Yield: ~]eight of dricd biomass in relat:ion to 

fresh cassnvn (7.) 
CassnvA. dry rnatter basis (7.) 

Crude pratein content in dried biomass (%) 

C,".SSAVA l.IEAL *'~ 

Amount of ca.Sllnva mea1 (k¡;) 
J.mount of sun-dricd biomass obtaincd (kg) 
Product yic!d (g/litcr) 
Yie1d: lreight of dricd biol:lasS ta cassava meal (7.) 
Crade protein content in dried biomass 

* 
Hean of ten fer¡::¡¿ntations 

l'¡clln of five fcrmentations 

"49 

25.3 
4.4 

22.2 

16.9 
48.5 
23.6 

11.5 
5.4 

27.0 
47.0 
28.2 
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Table 2. 'Effeet of methionine supplementation on the protein que.lity of fungal biomass grol-rn 

on a caSSAva medium and fed to rats * 

lliomasll ]2roduced on 
Fresh cassava Cassava. mea1 

Parllllleter 'l:'{, Control Soybean + 0.31. without + 0.3'7. ~dthout 

Casein l1ea1 methionine methlanine methionine methiol1ino 

Total feed intake,(g) 302.611. 308.S& 296.0a 19S.6b 323.7& 198.3b 

'Lotal ~7eight gain, (e) 78.2
a 

68.2
b a 

74.S . 24.2
c 85.0

8 
29.7 

e 

lleed/gain 3.9
0 

1¡.5 
o 4.0

c a.Sa 3.8c 
6.9

b 

Absoluta PER 2.6 2.3 2.5 1.2 2.6 1.5 

Adjusted PEn 1n*:!: a 2.5 . 2.2.b 2.51\ 1.2
c 2.Sa 1.Se 

* Average results from 10 male rats per group; 28-day experimental periad; avg initial 
wt 41.2 ± 2.1 g 

** Values with a common superscript are not sugnificant1y different. 

1rl('¡~ Values adjllsted to malte the PER for standard caaein 2.5 



Figure 3. 
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Intraduction 

THE lITILIZATlON OF CASSAVA FORAGE IN 

RUMINANT FEEDING 1 

C. Patrick Moore * 

The pIant botanically described as Manihot esculenta CranU: 18 
known around the world by many different names such as cassava, 
tapioca, manioc, maniok, mandioca, aipi, and yuca. Plants of the 
genus .mnihot occur naturally on1y in tropical Ameriea, where about 
100 different speeies are known (Rogers and F1eming, 1973). Cassava 
was used in South America as a food pIant by the native Amerindians 
long before Columbus discovered the New World and wa8 probably 
transported by the Spani8h ahd Portuguese to Africa and Asia as early 
as the 16th Century. Its diffusion wHhin the Contfnent of Afriea 
has eome about most rapid1y during the 20th Century (Coursey and 
Ha11iday, 1974.). 

In terms of praduetion, cassava ranks among the top 10 toad crops 
In the world and appears ta be increasing in importanee. In 1972 the 
world produetion was estimated st 105 millon tons of fresh roots, 
produced froro s land area af 11 millton hectares (Table 1). Considering 
the fact that cassava ranks amang the top ten foad erops in the world, 
it bss reeeived relatively ltttle attentíon froro the researeh seientlst. 
Ihe scientific eassava documentation Center lacated at CIA! in Call, 
Colombia, estimated that no more than 4,000 seientific and popular 
artieles exillt about caaaava.· 

TABLE 1. WORLD DISTRIBlITION OF CASSAVA PRODUCTION 

Major Areas 

Africa 

Zaire 
Nigeria 
Taru:ania 

Area 
000 Acres 

5,996 

810 
960 
800 

Produetion 
000 Tons 
Fresh roots 

42,220 

10,500 
9,510 
6,000 

1 Paper preaented at International Semínary on Tropical Livestoek 
produetion, In AcapuIco, Mexieo; March 8 to 12. 1976. 

* Animal Science Training Coordinator. Centro Internacional de A
gricultura Tropical, CIAT. Cali, Colombia. 
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Area Productioo 
Major Areas 000 Aeres 000 Toos 

Fresh roots 

South America 2,549 36,168 
Brazil 2.100 31,000 
Paraguay 125 1,850 
Colombia 160 1,600 

Asia 2,331 22,188 
IndOllea1a 1,350 10,099 
India 355 5.939 
Tbailand 225 3,867 

Central America and 
Carlbbean 110 713 

Oceania 11 128 

rotal World Production: 10,<)98 105,417 

Souree FAO Produetion Yearbook, 1972 

Of those ~,ooo artieles, probably no more than 5 pereent are 
related to the use of cassava in animal feeding and the major part of 
tb08e relstGi to the use of the root as an energy source with only a 
few pa~rs dealing with the use of the leaves and stems as a principal 
acure. of protein • 

. . 
The object of this paper la to bring together information that has 

been published about the utilization of cassava forage (leaves, stems 
and stalks) in the feeding of livestock with particular empbasis on 
ruadoants. 

Nutritiva Velua oi Casseve Forage 

. lt should be pointed out that most of the cxistíng data on csssava 
"'forage hile been tsken· frorn plants whieh were planted for root production 

and not apecif1ea1ly for forage productlon. 

Reporta fron Perú (Galiano, 1955): Colombia (Obreg&n, 1968): Mige
ria (Oyenuga, 1955); Brazil (Gramacho, 1973) and the United States 
(Ralllos-LedEm and Popenoe, 1910) generally agree on the cheadcal 
compoaition of the aeria1 part of the pIant when harveated at 
approx1mately one year of age (Table 2). 

, 
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TABLE 2. AN APPROXlMATE ANALYSIS OF CASSAVA FORAGE HARVESTED AT ROOT 
MA11lR.ITY 

Ana1ysis D.M. Protein Fat Fiber Ash 

Casaava torage 25.0 16.0 7.5 4.5 14.5 12.0 

Tha data presented in Table 2 should be taken as a general guide 
alnce climate, $011 type, age of harvest, fertilization and sampling 
procedure may 3ffect th~ resultíng chemleal analysis of the planto 
lt has al so been reported that the forage has a s1gnificant ~mount 
of ealcium (.B8pereent CaO); phosphorus (1.0 percent P205) aud 
earotene (208,000 I.U./lb) whieh are al so 1mportant nutri~nts 
provided bycassava forage. 

Tbe 1eaves of the eassava pIsnt have the highest proportion of 
protein. Ram()s-IR.d6n lInd Pop"'noe _(1970), reported An average of 25.5 
percent leaf protein ln plants gro~l in southern Florida, while 
Rogers (1959) reportad a range of froro 20.6 percent to 36.1 percant 
leaf protein in different cultivara of cessava found in various parts 
of Jamaica. The Florida work also showed the nercentage of'protein in the 
stema to be considerably 10wer (5.6 percent) and that a withd~awal of 
nitrogen from the leaves occu~" after the formatlon of seeds, and 
root enlargement. 

Data co11ected at CIAT (Moore and Cock) froro plants eultivated 
on1y for forage p~oduction and harvested every 90 daya gives a better 
idea of the chemical coroposicion of the plant at an age when the 
cntire plant 18 edible (Table 3 ). 

TABLE 3. CHEMlCAL COMPOSITION OF 90-DAY-OLD CASSAVA PLANT* 

Parts of '7. of total Prot. Ether Crudp 
Plant plant D.M. Nitrogen (N" 6.25) extrae. Fiber Ash 

Leaves ('7.) 52 29.0 4.38 28.0 15.3 9.0 B.1 
Stems ('7.) 15 18.0 1.65 11.3 14.3 21.9 8.5 
Staik ('7.) 33 15.7 1.76 11.0 13.0 25.2 7.8 

* Unpublished data - CIAT 
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It can be seen frnm TabIe 3 that the 1<,,,f portian af the plant 
contains more than twice the amount of protein (ti :x: 6.25) than the 
stem or staIk and mak~s Ul' ,lightIy more than one-haIf of the total 
dry m&tter of the plant at 90 days. The protf'Ín and nonprotein 
fraetíans of the plant have not been determincd to date; however, data 
published by Oyenuga (lq55) suggest that the nitragen present in the 
leafy portian may be as much as 00% trua protein. Unpublished data 
of Cock and Echeverry are of the same arder. This, however, should, 
not be n major consideratian in feedíng the plant ta ruminants since 
they are able to utilize nonprotein nitragen as well. 

Essentíally no work has been done on the seleetion of eassava 
~lants for forage production or nutrlent contento Genetic selectlon 
and agranomíc practices ta increase dry matter production and protein 
eontent is sn obvious area for future studies. 

Agronomic Aspeets of Cassava 

\{hile no agronomic practices have been developed far cassava as a 
forage plant, certain comments can be ruade which apply in general ta 
the planto 

Muller' et al (lq74) sta tes that cassnva grows best in s sandy soíl 
with optimum growing temperature of 27a C. When the temperature dr'ops 
to 1SoC, growth stops; at B ta IO·C the, plant díes. The optimum 
raínfall la 700 to 1000 mm and large amounta of sunshine are required. 
He further states that a 50 ton yield of roots per hectare makes a, 
heavy demand on the land; will remove from the soíl approximately 
120 kg P205 , 450kg K20 and 250 kg CaO. No mentlon la mada of 
nitrogen depletion; however, leaf production alone would suggest that 
400 to 600 kg of nitragen would be removed froro the soí1 per ha/yr. 
AlI eassava forage produétion data to date has been in assoeiation 
wlth root production. Either the leaves have been harvested several 
tiMeS during the life eycle of the plant or harvested at the time' 
the roats are harvested. 

Work done by Conceicao et al (1973) shows that certain varleties 
are better forage producers than others snd suggests tbat a negative 
correlation m~y exist between root production snd forage producíng 
ability (Teble 4). 

A recluction in ront gr_tb would be expected when the branches, 
are harvested three tí mes (every 4 months) during the year. No 

,éoroparison is made-as to the root production of these varieties 
, (rabIe 4) if no branches were harvested: however, Ahmad (1973) harvested 

7,.3 tons of leaves (dry wegbt) during th" y"ar (every 10 weeks) from 
one hectare whieh reduced the proquction of roots to almost one half 
of the normal. Preliminary results at CIAT (Cock, Pera. Comm.), 
wlthout intensive variety seleetion, indica tes tbat up to 20 tons of 
forage dry matter per heetare·esn be harvested 1n ane year. ,Ibis vas 

, ,. 
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TABLE 4. PRODUCTION OF CASSAVA TOPS AND ROorS FOR THE YEARS 1969-72 

Average Production (Ton/ha) * 

Topa Relative Roots Re1ative 
productlon production , 

Platina 46.79 157 12.52 100 

Graveto 37.06 125 20.99 168 

Sal.ogor Preta 33.03 lU 25.39 203 

KaQl8.0 32.29 109 20.77 166 

Clgona 30.16 103 21.39 171 

Sutlngs 2<).73 100 18.60 149 

Average 34.73 

* Fresh weight 

accomplished by increasing the pIant population from 10,000 plants/ha 
(norma1'population for root production) to 111,000 plants/ha. The 
enttre plant was harvested every 90 days, which iB equal to 4 cuttings 
per year. TIlia, production level ia spproximately twice that reported 
by other workers harvesting the esssava forage in conjunetion with 
the roots. Sinee the original plantings are st!ll in production 
(1 1/2 years) no measure has been made of root production. 

In siroilar trials st ClAT, using amall plots witb 30 x 30 ero 
spacing, a yield oí over 30 t/ha of dry matter was obtained in 11 
lI10nths in four harvests ; in three harvests. yields dropped to slightly 
more than 25 t/ha. When spaeing was increased to 60 x 60 CIl1, the 
yield wasfurther reduced to 16 t/ha. lt should be noted that these 
y1elds were obtained on intensively managed aroall plota on a fertile 
80il. Considering that the information available te date shows,that 
harvesting leaves írem the CBssava plant when planted as a root erop 
wilI greatly reduce the root production; it appears that separa te 
planting (for roots or for forage) would produce more total dry matter 
per heetare. lf certain variet:lea are better l'roducers of forage and 
othera better producera of roota, varietal selection wilI be very 
important. 

Toxity Problems in Cassava 

lt 1a vell known by the seientists working on eassava that the 
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rorage and roots contain cyanogenetic glycosides which are readily "'l'lit 
by enzymes naturally present in ehe plant ro form free hydrogen cyanide 
(HCN). Theae are normally detoKified in the body w1th the rcaultlog 
formatíon of thiocynates, which can be found in the bInod and urin". 
This cyaníde formatíon has been associated with disturbing thyroid 
function, aod the depletion of the suphur-containing aminQ acida 
(Coursey and Ralliday, 1974). 

Ir has nor been made clear whether or nnr the HCN nnrmally occurring 
in cassava production produces a toxic effect in domestic animals or 
whether the HCN present is merely tylng up some nutrient which could 
be added to the diet to overcome the deficiency. 

lt has be en reported (Ros s and Enriquez, 1969) that eassava leaf 
meal (554 ppm of HCN) in excess of 10 percent of the ration ",i11 retard 
growth in baby chicks and ls inferior to similar leve la of alfalfa 
meal. In those studies, methionine was suggested as the first limfting 
factor in the cassava mea1 and was l'robably eaused by an increased 
demand for the sulphur-eontaining amino acids used in the detoxification 
procesa of the cyanide. A look at the amino acid profile of cassava 
lcaves and stems (Table S) shows methionine and cystioe (sulphur
contatniog amino aeids) to be low in relation to most other amioo acida. 
Ihis expIaios why methionine could be lÍmiting if the amounts naturally 
present are tied up in the detoxification of HeN. 

If the HCN content in eassava i8 proven to be a seriou8 problem in 
livestock, Obregón (1968) and Galiano (1955) have shown that most if 
not all, of the HCN can be removed by sun drying before it is fed to 
livestock. 

Further evidence that methionioe 18 limiting in cassava based 
diets fed ta monogastries has beeo shown by Eggum (1970), Hutaogalung 
(1972) and Maner (1972), who improved the ~uality and digestibility 
of the dietary proteio by addiog metbionioe to the dieto 

To further verify that the toxic factor in csssava forage caused 
00 physiologlcal problema 10 ruminaots, Moore and Coek (unpublished 
¿ata), fed fresh cassava forage alona to four t"" year old steers 
for .wo months with no visual disorder. Blood thyocinates levels 
in the fresh cassava red st~crs (3.9 mg/%) wcre three Limes greater 
than Bteers (1.28 mg/l) grazing pará (Braehiaria mutiea) ~asture. lo 
a 8eparate trial, pure diets of fresh eaaBava forage were fed to a 
8~11 group of sheep in eonflnemeot ",ith no visual adverse effeets. 
Ni!1 (1973) also reported that feeding either cassava forage or roots 
had no adverse effeets in Cattle or sheep. ' 

Feeding Valu" of Cassava Forage 

Tbe limited resear~h work that has gone into determining the 
ehemical composition and protein quality of cassava forage has beeo 
largely restri~ted to the leaf, as a pre~ein aource fer humana. 

, 
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TABLE 5. PROTEIN VALUE OF DEHYDRATED AERIAL PART OF CASSAVA PLANT AND 
SOHE TROPICAL GRASSES, C<Y.1PARED \UTR SOYBEAN MEAL (ON A DRY 
BASIS) 

Cassava Napier grass Gatton SEMO 
Constltuents Manihot utllissima Pe nnl se tum panic Solvent 

Leaves Leave S+Stems Pur;eureulll Panicum extracted 
maximum 

Crude protein (l) 27.0 20.3 12.6 11.9 45.7 

-------~------g/16g nltrogen-----------------------

Amino aeids 

Arginlne 5.21 3.89 6.10 5.64 7.41 

Cystine 1.18 0.98 0.51 1.52 

Glyeine 4.92 5.10 5.85 5.00 5.23 

H!sUdine 2.47 2.32 2.54 2.82 2.39 

Isolaucina 4.12 4.40 4.32 3.45 5.45 

Leucine 10.09 8.75 8.64 7.55 6.97 

Lyslne 7.11 5.89 6.02 4.82 6.32 
Methionine 1.45 • 1.83 1.86 1.36 1.52 
Phenyla1anine 3.87 4.37 5.42 5.82 4.7'1 
Threonine 4.70 5.70 4.41 4.73 4.14 
Tryptophan 1.09 1.24 . 1.30 

Tyro81ne 3.97 4.12 3.73 3.18 3.27 
Valine 6.18 8.43 6.27 5.18 5.23 

Sour"e Draft feeding standard, Republic of Singapore, 1972. 

The nutritive value of the leaves is recogni%ed as they conatitute 
part of the human diet In parts of Africa. Efforts have besn made to 
extraet the protein from the 1eaves; however, the process i8 very 
80phistieated and '\:"ela!:ive1y elqleosive. 

Factora such as'a long growing season, low dry matter production 
and irregular harveating are probably some of the reasons why only 
a few researeh papera exist on the utilization of cass.va forage in 
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ruminant feeding. 
milk production in 
the feeding of cut 

In addUlon, the most common 
the tropics do not presently 
forages. 

systems for beef and 
lend themselves to 

HOliever, as the demand for high 'luality proteJn {meat and milk} 
increases along with the increased demand tor a11uvial landa for cereal 
gratns, the eattleman >1i11 have to look for waya of intensifying his 
ol'eration. One way ,,,il1 be to grow cultivated tropical forage crop. 
such as elel'hant grass, sugar cane, corn, sorghum. etc. to be combined 
with 1egumes, oi1 seed meals and nonprotein nitrogen as sources of 
aupplemental protein. 

In many tropical countries, beef-type animals are being used as 
dual-l'urpose animals to produce both meat and mílk, since no dairy type 
co" has been developed which can thrive in the tropical environment. 
!he cyelic l'roduction of these animals, "hich la well known by everyone 
warking in the trapics, is largely related to the ralnfal1 pattern and 
thU5 the pasture feed supply of the zone. eows tend to conceive a 
month or so after the rains begin whieh means they give birth at the 
beginning of the dry season. If they must nurse a ealf and are milked 
during the dry season, whan both Quantity and quality of forage are 
low, they "111 suffer a great physiological shock due to undernutrition. 
!he result i8 low milk yields, and a weak eow that goes into an 
anestrous period lasting for several months or until she can build< 
back body tissues. This will take her well beyond the normal breeding 
season snd thus result in a calf produeed approximately every two years. 

This ohenomenon can be avoided (assuming climatic changes are not 
greatly affecting reproduction) by developing pastures whieh will grow 
and provide adquate nutrients during the dry seaBon, or by growing 
cultivated forage erops during tbe rainy season and preaerving them 
for the dry season. Several alternative solutions have been presented 
(Preston 1975) as to how cultivated forages and other by-products can 
be utilized to eliminate weight losses and ineraaae reproductlve 
efficfency. Preston also p~lnts out that while ruminants can utilize 
a rather high level of nonprotein nitrogen they still require a 
dietary source of performed protein. 

Cassava forage has a great votentíal as a protejn source. Echandi 
(1952) in Costa Rica shOl,ed that caSSava forage meal "es almost as 
good as alfalfa meal. Grazing milk cows receiving caSsava meal gave 
90 to 967. as much milk as those receiving equal amounts of alfalfa 
meal. Sinee the alfalfa meal "as imported, it beeame the more expensive 
supplement even though it produee~ slightly more milk per kilogram fed. 

To evaluate the effeets of feeding fresh cassava forage on grawing 
animalS, a trial was designed (Moore and eoek, unpublished data) to 
feed 250 kg steera in corrals on either: (A) elephant grass alone: 
(B) 75 percent elepbant grass + 25 percent eaSS8va forage: or (e) 50 
pereent elephant grasa + 50 percent eassava forage. Both groupa B and 
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e gained 30 percent raster than group A. Group 13 (25 percent cassava 
forage) gained 4 percent faster than group e (50 percent cassava 
forage) suggesting that the pr,>teín level in ration 13 \y~s nearly 
adequate and that energy became limiting in ration e (Table 6). 

TA13LE 6. ELEPHANT GRASS AS A GROHmG-FINISHING RATION SUPPLEMENTED 
1HTH CASSAVA rORAGR 

Die t 
A 13 e 

Parameters Eleph.grass 757- e leph.grasa 50% eleph. grasa 
alone 257- c:assava 50% cassava 

fora~e fora¡¡e 

Initial weight (kg) 265.5 276.3 27Q.0 

Final weight (kg) 342.5 392.7 37'l.0 

A D G (g) 306.0 461.0 445.0 

Dry matter consumed 
(kg/da) 5.4 6.3 6.1 

Crude protein (%) 6.0 9.7 13.0 

Feed efficiency 17.6 13.7 13.7 

The animals on elephant grass alone ate 22 percent more feed 
(17.6 kg per kg of 1ive weight gain) than did either group B or 
e (l3.7 : 1). The ineff1eient conversion of feed to gaín appeared to 
be related to the low protein content of the e1ephant grass. 

As a follow-up to that eKperiment another trial was designed to 
compare cassava forage to other sourees of proteín, Le. fresh 
lJesmodium distortum aud cottonseed meal (C~!). In this trial, mature 
.ugar cane was used as the major aource of energy. !he cane was 
allowed to reach maturity (12 to 14 months of age) before cutting, 
which corresponds to the age Lhat it 15 harvested in tbe Cauca Velley 
of Colombia for sugar production. 

lJesmodium distortum was selected as anothar source of protein 
because of its high protein content (23 ~ercent) snd because of its 
growth style which lends itself to easy harvest1ng. One problem 
associated wlth Desmodium distortum ls that it la an annual species 
and while 3 to 4 cuttings (intervals of 60 days) can be obtained, 
total dry mateer production declines with each subsequent cutting 
(Paladines, Pera. Comm.). 
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All threa forage apecies were offerad ,fresh daily and inseparate 
faedera, ad libitum, to determine individual consumption of each. 
Ihe CS~I was fed once daily on top of the augar caneo Each animal was 
kept in individual pens. 

Ihe snima1s in trestment 1 (cane and CSM) gainad 7 percent faster 
(659 g/da) than treatment 11 (622 g/da) and 11 percent faster than 
animals in treatment 111 (584 g/da) (Table 7). 

Ihe average dai1y dry mattar consumption IoTas essentially the same 
for all treatments (5.3, 5.2, 5.2, respectively) IoThereas the 
efficiency of converting feed to live loTeight gaín was more varied. 
Tbe areara receiving CSM were 5 percent more efficient than those 
rece$v1ng cassava and 11 percent more efficient than those receiving 
Desmodium distortum. It is very noticeable that the percentage 
difference between treatments "j n average dai ly gain was similar to 
tbat found between differences in feed efficiency. 

However, wnen efficiency of gain is related to the amount of 
protein consumed, tbe re'lationsbips change. Since two protein sources 
weTe fe'd as fresh forage (ad libitum) and one was fed as a dry 
concentrate,there was a larga difference in da11y proteln intake due 
to the difference in moisture and protein contento !he protein 
(N x 6.25) consumed per day by those animale on CSM was roughly double 
that consumed by the other two groups. Tbis suggests that approximately 
1.4 kg of protein was consumed per kg of live weight gsin in group' 
1 while only 0.7 kg of protein was consumad per kilogram of Uve weight 
gain in group 11 and 111. 

TABLE 7. PERFORMANCE OF GRADE ZEBU STEERS FED CHOPPED SUGAR GANE PLUS 
THREE SOURCES OF PLANT PROTEIN 

ParaDleters 

-',' ," 

No. anl1118l5 
Initial weight (kg) 
Final weight (kg) 
Days on trial 
Average "daily ga1n (kg) 
Feed effic1ency , 
Avg. daily dry matter 
conaumption (kg) 

1 

, Sugar cana 
plus 1.8 kg CSM 

8 
22').5 
303.3 
112.0 

.659 
8.0 

5.3 

* Al1 "forages wbere fed sd libitum. 
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Trestments * 
II III 

Sugar cane snd Casssva and 
cassava 

8 
241.4 
311.1 
112.0 

.• 622 
8.4 

5.2 

D. distortum 

8 
241.0 
306.4 

. 112.0 
.584 

9.0 

5.2 



A possible ex:planatíon for this difference in protein utilization 
,",ouId be that grollp 1 was fed an excessive amount of protein which 
was inefficiently utilized or that the forage protein sources provided 
other nutrients not present in the cane plus CSK dieto Minerals 
should not be a consideration since all animals were offered a complete 
mineral mix free choice; however, the relatively h1gh content of fat 
especially in the cassava forage may have had a positive effect on 
live weight gaín and feed efficiency. 

The steers in group 11 ate 20 percent less cassava forage (1.52 
kg/da) ~n those receiving Desmodium distorturn forage (1.94 kg/da), 
but they ate 11 pereent more cane per head/da. The lower intake of 
eassava could represent a palability problem with the eas.ava due 
to its bit ter taste caused by the HCN contento However, the data 
suggest the HCN content of the cassava did not affect the average 
daily gain, nor feed effieiency of these steers consuming diets with 
30 percent of the total as cassava forage. 

Economic Implications of Cassava Forage Productíon 

Since the eassava plant has never been looked at as a major souree 
of protein for livestock feeding, no data exists relative to 
production costo However, it would appear reasonable to use figures 
published by Diaz, Andersen and Estrada (1974) on the eost of producing 
casseve roots in Colombia as e base line estímate for producíng cassava 
forage (Table 8). 

Thírty pereent was added to the US dollar cost for increased seed 
and harvest cost due to an increase in the plant population per 
heetare plus 4 harvests during the year to give a more reelístie 
estimate of the production cost of one hectare of cassava forage 
(US$ 428.09/ha). 

TABLE 8. ESTlMATED AVERAGE TOTAL COST OF CASSAVA PRODUCTION IN 
COLOMIIIA 

Inputs 

Average variable cost 
Land rent 
Transportatíon cost 
Interest on workíng capítal 
Other coste 

Total cost 

* Exchange rate 20: 1 

Col. PesolO/ha. 

2,390 
1,800 

720 
576 

1,100 

6,586 

uS$ I ha. * 

11 'J. SO 
'lO.OO 
36.00 
28.80 
55.00 

329.30 
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preliminary results (Cock, Pera. Cornm.) have shown that the 
production of over 20 metric tons of dry matter ls possible from one 
hectare of good lsnd (capable of producing SO tons of roots). Using 
the previously mentioned production cost figures (US$428.00{ha); one 
kg of dry matter would cost slightly more thao US 02 t. One kg of 
protein (N x 6.25) would then cost (US .02 x 20 pereent urotein) 
US. 10~. Table ~). As a comparison, one kg of cottooseed mea! (48 
percent protein) in Colombia presently costs US.15 t which i5 equal 
to US .31 ~ per kg of protein. One kg of urea, which i5 said to be 
cheapest Source ~f protein (262 percent protein equivalent) in Colombia, 
~resently costs US .24 t: equa1 to US .09 t per kg oí protein equivalent, 
or one cent 1ess than the eost of one kg protein from cassava forage •. 

!ABLE 9. COSTS OF SEVERAL SOURCES OF PROTEIN IN COLOMBIA 

Cottonseed meal 

Cassava forage 

Urea 

Per kg 
dry matter 

US$ .• 15 

.02 

Per kg 
protein 

US$ .31 

.10 

.09 

Using the present cost of producing sugar cane in the Cauea Val1ey 
of Colombia (U5$ 625/ha) with a production of 50 tons of dry mattar 
(whole plant) per heetare, the cost of one kg of dry matter wou1d be 
US ,012. 'Iha dai1y production eost of the cassave/sugar cene diet 
in this experiment would then be (1.52 kg cassava x US.02 5 US. 03) + 
(3.70 kg sugar csne x USo 012 ~ US.04) • US.07 or 1.3 cents per kg oí 
feed eonsumed. Taking the present marker ~riee of fat steera in 
Colombia of US .48 per kg live weight and An average daily gaín of 
.62 kg, the feed production cost per kg of gain (US 11 t) would 
represent on1y 23 pereent the value of one kg of gain, whereas the 
CS¡'¡¡sugar cane diet cost, per kg of gain (US 40 t), was equal to 83 
pereent of the value of one kg of gain in this experimento (Table 10). 
It should be stressed that the protein eonrent in ration wa5 probably 
higher thsn necessary snd attributeo to the nigher cost of ene ratjon. 
A.lso, the forage production figures preBented in this paper are frOC1 
ehe Cauea Valley of Colombia and wou1d be Resrer a maximum possible 
than an average for the tropies. However, there should be little 
doubt that eassava forage can playa very important role 1n ruminant 
feeding 1n the tropies, whether tt-be used as part of a fattening 
ration or in a dry season supplement program for the breeding or 
milking berd. 
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TABLE 10. COSTS OF PRODUCTION 

Dry matter cose! Cost! . Daily Daily cost 
ha ha kg consumption uS$ 

US$ kg 

Sugar cane 50 ton 625.00 .01 3.70 .04 

Calt8ava forage 20 ton 428.00 .02 1.52 .03 

Total .07 

._._---------~---------------~--.-- "-----------.----------_._--~-------

Average daily galn 

Live weight value 

Value of daily gain 

.62 kg 

uS$ .48 kg 

uS$ .30 

SUMMARY 

The nutritive va1ue of ca.sava as a forage ls litcle known and even 
less utilizad in its native tropical regions of che world. Thls paper 
shows that cassava forage 15 a good source of proteln for ruminants and 
competes well with other sources of plant proteln as measured by animal 
performance. The dry matter production per ha/yr (20 ton) 18 very high 
relative to other tropical plants high in protein, which makes it 
attraetive as a forage planto A population of 111,000 plants/ha and a 
harvesting interva1 90 days gave the hlghest yields. 
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