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SRUERAL ASPECTS ON PRODUCTION COSTS

Fornando Bernal Nino

Imoortance

Planning and control are the most important functions in
administration because decision making is done through them; in the
productive process. Cost aceounting ig a fundamental topl to exert
thage funckions and within them the relative productisn costs. These
refer to expendituraes caused when using goods and services during the
process of ovroduction in a glven period of time.

In measuring the economic results of a crnp, cattle or forest
axpldtations production costs are the starting point. However, for
this type of business, empecially family type, record keeping and
evaluation of results is somewhat difficult. This is due to the fact
that farmers do not keep precise records, the existence of mixzed
exploitation causnes combined costs, the proportion of fixed costs is
high, yields vary at every perlod, there exists a deliberate under or
over-estimulation »f costs 3nd a great variability ia techuology,
crop management, adaisdstration habllity, efficiency levels, ete.

Becanse of thz abhove reasons it is difficult to generalize about
production costs even if explaitations arve classified by sizes, use
of a certain technology, type of soils and other relevant factors.
This i3 why ia 2 given exzploitation the only real costs are those
which have already ocecurred, while budgeted or estimated costs are
always subjoct to risk of considerable variation due to controlable
or incontroalable factors. In spite of the govermments, fimnancing
and marketing fnstitutions, among others, need to establish certain
average production costsa, to serve as guides for credit policies or
to determine sustentation prices which will guarantee a minimun
profit, to handle input availability or simply to measure gross income.
Certain models exist, which may give close idea on the production costs,
We mentionnd before thst the basis for evaluation and contrel of
the business underlie greately in the productiosn costs, because they
are the result of multiplying a labor in which certain quantities of
goods and services are used, by a given price.

* Superintendent: Carimagua Experimental Station.

409




This factorization gives production costs more relevance and a
more universal! usefullness because, even if prices vary from place or
from time to time, parameters or levels of use are indeed subject of
analysis and comparison for planning and control.

Uses of production costs

1f we accept costs as sacrifice beacause they represent money and/
or products which must be paid in exchange for a service or good, we
can take them as a measure in the traditional way. If we also accept
them as those expenditures which participate somehow in the production
process and the investment of which is done hopping they will bring
benefits, we c¢an think in the inmediate profit which they may give,
allowing us to measure the extent of profit obtained.

The reason for their existance ig the aid they represent to the
management to perform a better task in the handling of the business.
Their most important aspects can be summarized as follows :

- They allow the establishment of the economical performance of
the enterprise. -

~ To measure the profit obtained from the money and goods invested

in the farm.
- To know the use given tn each of the available resources.

~ To know the credit capacity of the enterprise.

T determine different alternativés of production.

- To select technology levels for adoption,

To determine - different investment alternatives.
- To elabprate—budgets and to determime flux of cash.

Seen from another point of view, oroduction cests are used in
administration to evaluate inventories, to olanuiog and control the
enterprise and price fixation. This means that with the knowledge of
production costs it is possible to @

a. <quantify the avallebility of products as harvested and non
harvested products. ’ :

ek R

b. to plan by use of selection of nbjectives and means to achieve
them, in a predictable way.

¢. mantain control by observing the behavior of the production
factors, to determine the extent t» which things are comming out as

B
»
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planned, and

4} given the product a price equivalent to the production costs
plus a profit wish allow us more security when acting in the market.

Recommendations for the estimation of production costs

Considering the importance and the utilization of production costs,
ag referred above, it is convenient ts considere some guides in
arriving to an estimate as close as possible to reality.

It frequently happens that costs, do not represent reality for
several veasons: first because they are not considered wholly and
second because there is lack of criterionto differ fixed costs to the
different productive periods, applying to each cne of them their
correspondiag share of cost,

On the other hand, some costs are esstimated in a subjective or
fmprecise form because of a lack of vecords or a defficient utilization
of them, Records produce formation on hand labor, amounts of inputs
used, income and expenses, use of machinery. equipment, irrigation,
etc, With the efficient use of records we tead to minimize the error
when we estimate production costs,

Many agricultural enterprises, work with several lines; in othey
words they plant more than sne crop, This implies the existence of
some related production costs which makes the analysis of profits for
each crop, more difficult, To avoid this, it ie recommendable to
separate them in the proportion they are utilized in each crop giving,
that those less profitable "lean” on those which are more profitable.

It is also usefull to observe, and analize the use given to each
one of the production factors and the resources used, separately:
in this way efficiency levels and difficulties may be known and the
proper adjustments may be carried out.

When production costs are considered at farm level, speciaily
medium and snall farmers, a distortion relative to family-hand labor,
frequently occurs, beceause it is not guantified in spite of being a
normal cost.

Something similar happens with that part of the produce consumed
or enjoyed by the family, which must be congidered as a common ihcome
- which must be kept in mind.

Types of production costs

In revising the literature related with these topics, we find a
wide range of terms which refer to different types of costs such as,
inactivity ¢éosts, controllable, uncontrosllable, explicit and implicit,
differential, avoidable, exvnired, nonexpired and many more which,
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even though litrtle mentioned, are explicable to agricultural
administration., The reason they are little used in this field is the
different conditions surrounding the production process atr farm level.
When certain conditions can be controlled in industrial production,
the costs behave in a different way, without this meaning that in
other type of industries, no considerzble variability exits in costs,
such 28 havpens in the apri-business.

We will mention the most usefull and the most frequently utilized
production costs In agricultural enterprises :

a) Tixed costs

Fixed costs are those costs which have no relationship with the
volume of production. Thev will not vary if the production increases
a few kg or decreases a number of kgs. They reffer to a given period
and to a given fluctuarion, called "proper fluctuation'. This means

that fixed costs can decrease substantially if the levels of activity
decrease radically.

The moat important fixed costs are :

- Rent pald for land

- Interest for mortgage

- Taxes on fixed capital (land)
- Redeeming of mortgages

- Maintaining fixed capital

-~ Opening and maintenance of irrigation and drainage ditches
- Insurance for fixed capital.

b) Variable costs

Variable Costs are ¢hose which fluctuate within the total in direct

proportion to the changes in volume of production such as:

~ Land preparation

« Planting

- Cultivating

- Application of fertilizers
- Application of insecticides
- Applicetion of herbicides

- Manual harvesting

- Mechanlzed harvesting

- Internal traneport

- Weeding of ground and irrigation and drainage ditches

- Irrigation
-~ Transplant
~ Seed
- . Fuel

- HMachinery repairs

412
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« TFertilizers

-~ Insecticides

- Herbicides

-~  Transportation

- Packing, boges, (materials)

-  Interest osn rent

~ Interest gn credits

- Redeeming of credits

- Rental of machinery

- Rental of working animals

- Transportation within the farm
- Insurance and reserves for unforseen

¢) Total and unitary costs

They represent the sum of varlable nlus fixed costs, all which
are involved in production. The unitary cost is calculated by dividing
the total cost by some unit bases. This basis must be the statistical
production element, like tons, hectares, etc, This procedure is
usefull for plannieg and control effects,

4} Opportunity costs

Opportunity costs reffer to the income not perceived due to the
decision of utilizing the available resources in a certain crop instead
of another activity. It is a great aid in decision making because it
covers different Investment alterpatives.

In other words it means resigning to some benefit because resourvces
are dedicated to a certain activicty.

e} Disbursable costs

Disbursable costs are the most important for the farmer. They
- reffer to negotiations in cash in the buying of goods or gervices
applicable to the productive process,

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

£} ¥Wor-disbursable costs

They are oftenly subestimated because they do not mean a cash
expenditure. TFrequently they consist of fixed costs like ia the
case when the owner is the administrator, or techinical asistance when
the technician is the.owner, family labor, depreciation, etc.
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g) Direct 2nd Indirect costs

These are costs which are directly or indirecctly affected by the
cexop production. The most common divect costs are:

- Land preparation (machinery, hand labor)
~ Planting (secd, hand labor)
- Fertilization {fertilizers, application)
-« Insect and disease control (chemical products, application)
~ Weed control (herbicides, hand labor)
-  Theft
- Harvesting (recolection, bags, transport)

The following among others, are considered indirect costs:

~« lLand rental

- Technical assistance

- Administration

- 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 fivxed and variable costs.

When we want to totalize costs, categorizing them 1s no problem,
However, when we wont to make an analysis of the cost-volume profit
relationship, or any other type of financial analysis, which reflects
the use of fixed and variable factors for control and evaluation, then
it makes sense to try to classify them carefully,

-

SUMMARY

Administration relies a good portion of its functious in the data
obtained from production costs. With them it is possible to carry out
more objectively, activities like planning, control, decision making,
and the efficiency evaluation of 211 rhe resources intervening in
production.

The determination of costs is not always simple due to the lack of
records, the existence of combined costs especially in mixed enterprises,
varigtions, in produccion,'tachnologicai’1eve1 and crop handling.

Their recollection must be tareful and must reflect the Teal
situstion, without sub or overestimating the costs. It must be kept in
mind that a good portion of them, even though not disbursable, constitute
a sacrifice or opportunity cost that the producer must quantify,
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Cests have many and variate classifications depending on the purpose
and the use. The most common in agro~business are the fixed, variable,

spportunity, total and uvnitary, disburssble and not disbursable, direct
and indirect costs.

Only with reliable, complete, and in time information om production
costs, may the farmer have reliable data concerning the development of
his agricultural eaterprise sud the economical results of the activity.
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Like zny other crop, cassava presents critical stapes not only from
the physioclopical point of view but also plant protection and impat
requirements,

A general piciure of all possible problems and needs of the crop is
desirable, accordingly with the available economic resources. Cagsava
seed or planting material is not as rendily available as beans or corn
seed, and this is the first problem encountered by the farmer who
wishes to plant cassava for the first time or that wishes to chaage
variety or increzse the crop ares.

The space that cassava stakes or cuﬁtings occupies during
transportation is an important aspect. A 9 ton cap. (25 m3) truck, can
transport approximately 50.000 stakes 20 cm long and 2-3 cm diameter,
if the material is still uncut, i.e. entire stem pleces, If the
material lg alrecady cut into 20 c¢m stokes, IL is best to pack it in
sackcloth bags of 500 stzles cach., In this manner the truck capacity
is increased by 4000 stakes per cubic meter, because by eliminating
useless material the space is more efficiently exploited,

A4 clear idez of cassove production cosis, not only in econgaic
terms but fo terns of physical units discrininated by labors, could be
a very usefull tool in the planning of the casszva crop. Thus, the
needs for labor, capital and other inputs, as well as their flux, are
known.

It is important to notice thzt 2 budget for a crop is useful, but

it is only 2n zpproxminztion because the conditions are different even
for the seme field from one cassava crop to another. It is
recommeudeG, &5 & conseguence, bte adiust the preduciion costs fo eoch

o
particular case and keep a 10 percent for uniorsecn expenses,

Land preparation is obviously different, the same a2s the soils
and facilities of the farmer differ,

Because the costs can vary 22 much as from 5000 to 25000 Colenbian
pesos, It is best to develop a concrete example as the following, of.z2-
farmer with 5 ha. in the Caucaz State:

* Agronomist. CIAT
*%  Research Assistant. CIAT
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Climate and soil characterigtics:

i 5.5
% olL0. 3.5
P 8.0 pon (Bray II)

bt

18,0 1e/100 g of soil

Clay loan

fverage temperature 25°C

Precipitation 1,300 mn

Topography level with slight slopes
(Clachinery is available for land preparation)

CASSAVA PRODUCTION COST

Item Unic Price Amount/ha Cost/ha
- Col §

A, Land preparation .
600

l. Plowing hour 150 4
2. Disking
a, First - hour 250 1.5 375
b. Second hour . 300 0.5 150
3. Furrowing
2 m. distance
a, Hachine hour - 100 1.6 100
b. Helpers hour 12 1.0 12
B. Seed .
1. Cost of the thousand 80 10 800
saed at the of stakes
erop site 20 cm.
{unpicked} long
2. Fizing and Dey's wages 100 2 200
piliing of the man/day ~
plant material
which will
supply 10,000
stales
3. 25 3 truck trip 2000 1/s 400
(9 tonj* fee -
200 km
. distance
4. Three men to trip 420 175 84
" load and
unlead the
truck
S. Supervisor trip 300 1/5 60

* A 9 ton truck, completely loaded with cassave stems (25 ocm3) will
carry a weight of oaly 4 tons,
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%he bag costs 6.00 but can be used twice.

10 workers supervising may plant 1 ha in 1/2 day

Cduld be at 60 doys depending on rains

419

Ttem Unit Price Amount/ha Cost/ha
8., Cutting and Dey's wages 50 i 150
packing of
20000 stakes
{20 cn,}
7. Sack begs to bag 3 20 60
pack and treat
the stgkes *
8. Tungicide for gr, 6.4 - 150 9.60
seed treatment
9. Labor for seed Thour/men 6.23 2.5 15.65
treatnent )
10. In-farm Dag 5.00 20 100
transportaticn
of the sced
C. Planting ' -
: 1. Hand lsbor Day's wages 50 5 250
2. Supervisor &% Day's salary 109 1/2 50
D, Weed control
1. FKarmex O 165 3 495
2. land labox Dey's wages 50 2.5 125
3. Use of back Use/ha 20 1 20
sack sprayer
E. Weed contrel hand Day's wages 50 i2 600
. 1labor (45 days after
planting) #¥*
F. Thrip control aftey
60 days
1. Diostop litre 200 1/2 100
2. Hand lzbor Day's wages 50 2 100
3. Use of back Usefha 20 1 20
sack spraver
G. Veed control
(after 75 days)
hand lebor Day's wages 50 iz 600



Ttem Uit Price  Amount/fha Cost/ho

H,

Veed control

{after 120 days) Day's wages 50 15 750
I. Thrip control
{after 150 davs)
i, Diostop Litre 200 1/2 100
. 2. land labor Day's wages 50 3.0 150
3, Use of spraver Use/ha 20 1. . 20
J. Weed control
(after 240 dovs) Day's wages 50 10 500
with machete :
E, Uatchman (after 6 months 13,650 1/5 2,730
6 months) salary
{5 ha) -
L. Ant control g 40 3 120
during all )
growing cycle
(clordane)
H., Harvest "
1. Pulling % and g 0.20 20,000 4 D00
packing ’
2. Packing sacks Sack B.o0 222 1,776
{90 kg each) . ‘
3. Supervisor for 45-day’ 6,750 1/5 1,350
pulling and salary
weighing during
45 days for the
harvest of 5 ha
¥. Lend rental ha/year 1,800 1 1,800
0. Cost excluding 11,646.25
harvest
P. Interest 18%
(12 months) 2,096,322
Q. Total for harvest ‘ : . 7,126.00
% Lach man pulled and pncked 500-700 kg/day. At an average of

600 kg/man, 33 man/days zre required.
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Item Unit Frice anount/ha Cost/ha
. Interest for
harvest cozt
3% (2 months) 213.78
TOTAL COST 21, 082.35
& SIEIARY OF PRODUCTION COSTS
itenm Cost/ha % of total cost
1. Land preparation 1,237.00 5.87
3. Planting 300,00 1.42
4.  Teed en=brol with
preemergent horbicide 34C.G0 3.0%
5., llanual weed control 2,430,00 11,62
6. Inscet control 610,00 2,569
7.  Hatchman 2,730,00 12,95
8. Harvest 7,126,060 33.80
9. Land rental 1,5300.00 8.54
10, Inteyest 2,310.00 10.96
Toral  21,032.35 1007



T INCOLE

i Seiling Ynit ’ Trice Ampunt/hn Income/ha
‘fa = R .
I g 2.30 20,000 46,000
[ Value of the produce/
P Cost/ha . 21,082

Income excluding %

’i ha 46,000
. profit for

sdninistration and

agf
4 technical assistance 24,918
P 20 percent
administration and
technical assistance 4,983
llat income/ha 9,935
cost/benefit relation I 46,000 2,18
¢ 21,082
FKeep in mind that this set of production cost is related to ¢
particular Colosbizn situation, and muy be uscd 2s an example, However,
input costs will differ in different localities, countries and time,
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ADMINISTRATION CONCEPTS OF CASEAVA CROP PRODUCTION

Fernando Bernal Wifio

Introduction

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

Auy one who does not handle his agri-business as an enterprisc risks
being eliminated from competition and becoming inefficient., This means
that only the most efficient compete favorably, wmaintaining adequate
levels of production and profitabilicy.

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

Combining these two disciplines under proper conditions, a more
rational use of scientifiec knowledge of production factors is possible,
to obtain satisfaciory results in an enterprise, which, like the
ggricultural one, involves, considerable risks and investment,

Scope of Apricultural Administration

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

a} Planning

b)Y Work orpganization

c) Direction

d) Decision making

e) Integration

£Y Evaluption and control

Whatever the degree of development of the enterprise, the functioas

mentioned, applied to the resources, ccvering the production, finantial
and marketing phases.

H
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In agricultural enterprises, normally some questions arise on
wvhose answers rely the success or failure of the farmer.

From the analysis of situation such as what: how wmuch and where
to produce; how wmuch and how to invest, and to whom and how to sell,
many trascendental answers result in agricultural activity, many of
them are in the hends of the administrator.

Planning of the crops.

Planning i1s one of the activities in which technique and
administration must combine in order to: cobserve the availability of
resources, formulate objectives, select alternatives, determine
technlcal coefficlents, estimate prices, costs and incomes and the
manner in which some labors such as: land preparation, selection of
seed, densities, use of chemlcals, hand labor, packing, transport, etc,
will be performed. *

Only by the technical-administrative analysis of the above concepts
it is possible to make an evaluated ordenaticn of expenses, incomes and
investments for a more convenlent utilization of physical human and
finantial resources,

Diminution of qndertaingg

Even though cassava competes with comparative advantage in relation
with some other crops a certain degree of uncertainty still exists
related to the general performance of the crop and to the final economic
results., Administration of production handless some means which allow a
diminishing of uncertainty on the results, In general, the aspects which
present higher degree of uncertalnty are:

a) Production levels

b) Price behaviour

c) Technological variations

d) Ecological conditions

¢) Government vegulations

£) Demand for the product

£) Behaviour of production costs

As may be observed there exist many motives for uncertainty which
in different degrees affect not only this crop but all of the others too.
This means, it is necessary to have a capable, active, and with good
visilon admipigtration which is able to execute and evaluate results.

Also, there are many ways of reducing uncertainty by means of a
good administration. Planning production with certain elasticity,
keeping enough cash available, insurance against losses, diversification
of income sources, buying or selling under contracts and making proper
decisions by analyzing technical slternatives, mazy help to obtain higher
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profits in an continuous way, with less uncertainty.

Analvsis of the results

The main poal of an efficient administration is to optimize the
use of physical, human and finantial resources since this represent the
basis for the management of an agricultural enterprise. To know whether
this optimizaticn of resources is being achieved, administration mast
seek information on important aspects such as:

a} The yields of cassava harvests in order to know the income when
it is transformed in cash or goods.

b) The cost and guality of the goods and services used for the
production of cassava,

¢) The handling of the credit and interest,

d) The goverpment taxes accovding to regulations of each country.

¢) The ficantial structure of the enterprise,.

f) Depreciation of fixed costs,

g} The quality of the harvested product and the prices expected for
it.. . ‘

With the above information it would be possible to evaluate the
economical vesult of a cassava field crop; i.e. measure the yields and
profits. The administration must keep in mind that not always the
maximum profits must be seeked but the highest benefits possible with
the available resources and limitations, With this criterion, it is
possible, under certain circunstances, that the administration focus
its efforts into maxlmizing profits or minimizing losses.

The analysis of costs and the economical evaluation have such
importance that deserve to be treated separately in independent conferences,
however, it should be mentioned that the main factors affecting physical
and economical results of commercial cassava production are:

a) Size of the field cropped
: - " b) ¥ield per hectavre
. c) Labor efficlency
d) The perecentage of “enterprise effort'" spent in the crop.
e) The amount of hand labor, material and capital used in
each unit,
£} &An efficient marketing.

Many additional factors exist which condition the physical and
economical results of the production. However, some of them belong to
specific conditions and their determination and evaluation are under
the criterion of the administrator.

Record keeping

Records are the most important working tool of administration because
with them a better objectiveness is obtained in analyzing costs, incomes,
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outputs and the efficiencies,

The manager dedicates a high percentage of his time to this task
since it yields information on personnel, equipment, expenditures,
inventaries, debts, ete., All these records allow us to measure the
development of activities In respect to the expected performance. This
means that with appropriate records it is possible to except the function
of control.

When declding what records to keep from an agricultural enterprise
in general, we must have in mind what do we wish to know, what do we
wish to contrel or to measure. In other words, all the records kept
must be usable, -

The records are kept in farms designed according to the needs and
circunstances, they must be easy to obtain, conercte, simple and adequate
to the conditions of the enterprise. Otherwise, they may result useless
for the determination of important features as:

a) Finantial status of the exploitation ~ )

b)Y Information for the elasboration of budgets, taxes, iosurances,
credits and interest payments.

c) Knowledge on the existences of goods and services,

d) Historical records of the farm, )

e) Choosing between alternatives in decision making processes.

Work organization

The efficiency of an enterprise is due greately to the way the work
itself is organized and this is precisely the goal with all production
factors.

The ordering cof .the crop production ectivities in function of time
and space, inputs and materials required for each activity, the assigning
of tasks to the available vesocurces, are toples, which have to do with
organization and performance of the work. This is a fundamental part of
the administrator's job. : .

A first logical step to achieve the organization of the job is the
knowledpe itself of the labors relevant to the crop. At least the
following labors must be accomplished to obtain a good cassava crop.

a) Preparation of the land .

b) Planting ,

c) Replanting .

d) Weeding N ) .

e¢) Application of fertilizers

f) Application of insecticides
) g) Harvesting
- h) Paclding,
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We must know befovehand which inputs will be necessary. Which
and how much seed, fertilizers, insecticides, tools, will be required.
Hext, it is fundamental to know when the different labors will be done,
who will perform each lahor and the inputs or resources each one of them
will use.

Activity chronograms or Gantt programing, are a great ald because
they provide an integral view of the productive process.

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

SUMMARY

An efficient administration of production is a determinant factor
for the achievement of technical and economical objectives. Even though
cassava is considered as having comparative advantages over other
agricultural alternatives, it must be kept in mind that by an adequate
planning, work organization, evaluation and control of the productive
process, the uncertainty of these enterprises may be diminished, and a
higher profitability may be expected.

On the other hand, technical development of the cassava crop moves
rapidly towards the obtention of high yielding varieties with low input
levels. This raises hopes of governments and privates who find cassava
as baslc food in the animal and human diets. Everything which guarantees
the efficiency of production factors at farm level is of great importance
in enhancing the productive package.

Administration involves risk and uncertainty, production levels,
price behaviors, law regulations, offer and demand, production costs
performance and multidisciplinary capacity., This is why, when we speak
of agricultural administration, we think of the need for professionals
inagriculture which act with economical, social, statistical, and
mathematical criteria, applying it to the process of cassave production.
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COSTS AND USE OF INPUTS IN CASSAVA PRODUCTION IN COLOMPIA:

A BRIEF DESCRIPTION

Rafael 0. Diaz
Per Pinstrup-Andersen
Rubén Dario Estrada

Introduction

Until recently, agricultural scientists and public policy
makers paid little attention to cassava., With a growing awareness
of the importance of the crop as a stable food in tropical countries
and its potential as & livestock feed, the situation is changing.
Within five yvears, two international agricultural research institutes
have crrated multidisciplinary cassava research teams (1) some
national research programs are receiving increased support, and new
national programs are being created. (2) Private industry and
bankers indicate an increasing interest in cassava production,
processing and export as profitable investment opportunities and
some governments are becoming aware of .the crop's potential in
promoting agricultural development and contributing to foreign
exchange. (3)

Future demands for dried cassava as a livestock feed appear to
be strong both within and outside producing countries. (4) This
results partly from increased feed grain prices and partly from
cassava's efficiency in producing carbohydrates.

(1) Centro Internacional de Agricultura Tropical (CIAT), Colombia
- and International Institute for Tropical Agriculture (IIATA),
Wigeria.

(2) In addition to public funds from the producing countries, nationmal
and international research on cassava is supported by a number of
agencies such as the Internagtional Development Research Lentre
(IDRC), Canada, and the Qffice of Development Assistance (0DA},
£ngland.

{3) Schemes to expand cassava production for export snd domestic
livestock feed are being developed in a number of countries such
as Indonesia and Malaysia.

(4) A recent study by Truman Phillipe indicates strong future demand
for dried cassava in Europe (''Cassava Utilization and Potential
Markets'". International Development Research (entre, Ottawa,
Canada, 1974), Other potentially good markets include Japan.
Furthermore, the demand for livestock feed is rapidly increasing
in most c¢assava producing countries.
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To realize the demand potential, however, cassava yields must
be focused on the problems at the farm level. However, because of
lack of emphasis on the crop in the past, relatively little is
known about the cassava production process and the relative import-
ance of factors limiting production and productivity.

Thervefore, the economists within the CIAT Cassava Program
decided to emphasize research to obtain data on the production
process. The analysis reported here briefly describes the cropp-
ing systems, rescurce use and costs among Colombian cassava
producers. This report should be considered preliminary., A more
comprehensive study of the production process and the relative
importance of factors limiting production and productivity is in
progress.

After a brief discussion of the methodology, the sample is
described., Then a presentstion of the results follows and the
report terminates with a brief summary and a discussion of the
implications for future research and public policy.

A set of tables summarizing the data obtained from the survey
may be obtained from CIAT, -

METHODOLOGY AND SA&NMPLE DESCRIPTION

Data Collection

On the basis of available secondarydata, information was
collected from farmers in 18 departments of Colombia (Figure 1).
While secondary data on cassava production and area are weak, the
selected departments appear to account for approximately 92 percent
of the national production and B0 percent of the total area (1969).

As no information is available to permit identification of all
cassava producers, either nationally or in the selected departments,
random sampling wes not possible. A partial list of casgava
producing regions and producers within these regions was developed
from information provided by local extension and credit represent-
atives, cassava wholesalers and retailers. A sample of 300 cassava
producers was selected from this list. Information was obtained by
interviewing each farmer once, ’

Data Anslysis

Because of the preliminary nature of the data, apalysis was
limited to calculstion of simple and weighted averages, totals and
percentage distributions.

For data analysis, the sample farms were divided into three
groups according to topography, a&s follows:
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Zone I: Casgsava growers on flat land outside the North Coast
Region,

Zone 1I: Cassava growers on mountaioous slops.

Zone 11I: Cassava growers in the North Coast Region

Within each zone the sample farms were atratified a2ccording to
size of casgsava area as follows:

Strata 1: Less than 2 ha.
Strata 2: 2.0 - 3.99 ha.
Strata 3: 4.0 - 9,99 ha,
Strata 4: 10.0 ha. and more.

Finally for certain parts of the analysis, the sample farms
were divided into two groups, i,e. whether land was prepared
manually or mechanically.

Sample description

Forty-two percent of the sample farms were located in the North
Coast Region, 30 percent in mountainous areas and 2§ percent on flat
land. About 40 percent of the sample farms had less than two hectares
of cassava and 15 percent had 10 hectares or more. For obvious
reasons, almost all the farmers growing cassava on mountainous slopes
prepared land manually. It is less obvious why only one~third of the
farmers on flat lands and less than half of the farmerz in the North
Coast Repion used machinery for land preparation. Mechanical land
preparation is most common on large farms,

Average size of the sample farms was 5 hectares. The average
farm size in Zone I was 9 ha and about 3.5 ha in Zones XX and IXZ,

About 20 percent of the farmers interviewed owned the land on
which they produced cassava., Almost two-thirds were sharecroppers,
while the rest paid cash rent. :

PRODUCTION PRACTICES

Lropping systems

About one-third of the farmers interviewed in each of the zones
grew czssava mixed with other crops. lisize was most frequently
£ ¥ ra ’
found ;ntexa?opged with cassava, followed by plantain, coffee, yams
and beans (Figure 2).

Land preparation and glanﬁing

Hanual land preparstion is usually rudimentary and limited to
land clearing and weeding, About 5 percent of the farmers in Zone I
planted on ridges while this practice was almost non=-existent in the
other zones, About one-third of the farmers planted stakes
horizontally, a practice most common outside the North Coasst Region.

432



Pigure 2. lixed Cropping Systems
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The average plant population was 8,800 plants/ha but the number
varied greatly among the sample farms (Table 1},

The most commonly used planting distance was 1 x 1 meter,
followed by 1.2 x 1,2 meters. DMost farmers interviewed plant one
stake per site (83%) while 17 percent plant two stakes together.

The latter practice is most frequent in Zone 1 {35% of the farmers),
less important in Zome II (25%) while none of the farmers inter-
viewed in Zone IIL planted two stakes together, About 27 percent of
the farmers in each zone re-planted. No farmer treated stakes against
pethogens.

About one-third of the farmers grew two or more crops of cassava
consecutively in the same field. The others either practiced crop
rotation or planted cassava on virgin land,

Five percent of the farmers grew the variety Llanera. On the
rest of the farms, the varieties grown were identified by 56 local
names .

Weeding -

Noe mechanical or chemical weed control was performed on the
sample farms. About half of the farmers weeded three times during
the growing season while 26 percent weeded four times (Fig. 3).
The average number of weedings was 3.2.

Harvesting and lenpth of growing season

All harvesting was manual. The length of the growing season
depends on ecological conditions, variety, availabilty of labor for
harvesting, cassava prices, and other factors. The majority of the
farmers in Zones I and II harvested cassava at an age of 12-14
months while 13 percent harvested at 10-12 months and enother 13
percent at 1l4-16 months. In the North Coast Region, one-third of
the producers harvested at 6~8 months while the rest harvested
between 8 and 14 months (Figure &), The average ¢rop age at harvest
was 12.7, 12.5 and 9.1 months for zones I, II and II, respectively.

INPUT USE
Laboy

The level of wmechanization in cassava production in Colowbiaz is
low end limited to land preparation on 2 small proportion of the
casseva-producing farms. Furthermore, as will be indicated later in
this report, the use of labor-caving chemical technology, such as
herbicides, is almost non-existent. Hence, cassava production
requires & considerable amount of labor. Tables 2 and 3 show the
labor used in each production activity by zone, farm size and method
of land preparation, The total labor use was estimated at 88 man-
days/ha under mechanized land preparation and 110 man~days/ha if
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Figure 4. Length of growing season in months
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TABLE 2

Estimated labor use in

PAS I

ACTIVITY
Planting
Re~planting
Weeding

Apl, fertilieers
Apl. insecticides
Harvesting
Packing

TOTAL CONE

Zme 11

Flanting
fa-planting
Weading

Apl. fertilizers
Apl, ingecticides
Harvesting
Packing

TOTAL 2048

2one 113

Flantiog
Re~placting
Weeding

Apl, fertilizer
Apl, {nsecticides

Harvestiog and packing

FUIAL 20ME

AVEIACE ALL 20)ES
Planting
Re~-plantiog
Weediny

Apt. ferrilizers
Apl. insscticides

Harvesting and packing

TOTAL ZONES

be

K

-

L
v

w-h b B i A O3

il

b

-3
Y
-

P

iiz:t:tcl
!li!lilﬂil

& b 5 O pe b

roduction of cassava per hectare with nechanicsl land preparation,

10 or more has

Man days
per ha

[ 35 £ 20 D I A B B

.3
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[ d
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100

15
51

30

100

Helrhted averaga

Han days
per_ha .
8.5 8
9.5 I
53.7 50
1,0 1
4.4 1
33 31
—8.7 8
185.9 160
18,4 18
0.2 i
435.5 48
g ¢
6,2 1
15.3 20
ii.2 12
3.2 160
g.0 12
0.3 H
42,23 61
.2 1
0.3 1
6.2 24
67.2 100
8.1 10
.3 1
46.8 $3
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TAMLE 3

Estimated labor use in the productlon of casgava per hectare with manual laod preparation, Avarepe by farm size,

. f « 2 has ‘2 . has & « 10 has 10 or mora has ¥efshted averape

ZONE X . Han days Han days Man davs Man deys | Man days
ACTIFITY per ha % perhe R per ha % per ha =~ % per ha %
Land preparation 6.0 13 20,8 22 18.2 15 20.8 1% 20,0 1%
Planticg 7.8 7 16,5 il 9.2 8 ‘ 12,3 11 14,3 2
Es-planting 1.2 1 0.8 1 0.6 1 0,2 1 ' 0.7 1
Weeding ‘ 3.7 30 . 39,2 41 46.3 41 30,7 47 43,3 41
Apl. fertilizers 0 0 Y] ¢ 0 O 0.3 i .1 i
Apl, LInsectecides 0 4] 1.2 i -0 ¢ 0.1 1 0.4 1
Haweatins égas NS Iaai 15 22.8 24 158,58 i5 21,5 20
Packing ‘ 4 3 8.8 3 14 14 § 5 - 9.0 ]
TOTAL ZONE 105.40 100 . §5.8 100 113.1 100 106.9 100 105.3 100
 ZokE 1L ‘
Land praparation 3.3 b1 30,7 27 36,6 k ¥ . A8.8 a3 35,1 29
Planting 14,2 i1 1.7 12 13,2 11 8.5 6 13.3 it
i~ Re-plantiag 0.4 i 8.6 1 0.4 1 b.5 1 0.5 H
B veeding 40,4 34 31.8 1 46.7 41 68.0 46 42.8 35
Api. Fettilizers 1.2 i 0.4 1 1] v} 0 0 0,5 1
Apl, lozecticides 3.0 2 0.8 i 0.2 1 ) 0.3 1 1.2 1
Hayvesting 20,3 15 200 20 12.3% 11 15.5 - 10 20 17
Packing 4.% 4 5.7 _5 3.7 | 4.8 3 5.1 4
TOTAL 2042 i21.9 150 112.7 100 1133 100 147.3 100 115.5% 100
ZOuE 111
Laad preparation 22.3 24 17.5 19 0 ¢ - - 19.% 21
Flanting ’ 2.3 10 5.% ) 10,7 10 - - 9.2 9
Re=planting A 0.5 1 1.1 1 0.3 1 - - 0.8 1
Heeding . 43,0 46 51,0 55 47,0 45 - - 45.2 48
Apl, fertilizers 0 ] 0 o, 0 o - - g 0
Apl. insecticides 0 ] 0.5 1 o ] - - a.1 1
- Harvesting and packing 17.9 1y 6.5 15 48,9  _&4 — - 19,1 20
TOTAL ZONE 9.0 100 93,1 100 103.90 100 - - 93.8 10¢
TOTAL Z0WES .
Land preparation 6.6 .25 23.0 20 18.3 16 34,8 27 25.0 24
Planting 19.5 4 10.9 10 11.0 10 10.9 8 10.8 10
Re-planting 0.7 1 0.8 1 0.4 3 0.4 1 0.8 1
weeding 38.4 as 42.7 a8 46.7 42 59.4 45 43,7 41
Apl. fertilizers 0.4 1 0.1 1 0 0 R Y L 0.1 ¢
Apl. insecticides 1.0 1 0.8 1 6.1 13 0.2 4 0.6 i
Harvesting and packing 29.2 1 * 22,1 © 29 33,6 30 21.3 1z 24,9 23

100

v
o
fnd
fand
o
St
-

-]

2 R 2
TOTAL ZONES 106.8 " 100 - 100.4 100 110.1 100 -2
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land was prepared mamually. Weeding, accounting for about 40 percent
of total labor requirements, is the most labor-consuming activity
{(Figure 5). Next follows harvesting &nd packing with a little less
than 30 percent of the labor needs, land preparatxan {22) and plant-

ing (10).

Labor use per hectare increases with increasing size of
casgava area. This primarily results from increased labor use in
weeding as cassava area ilncreases.

The largest labor requirements per hectare were found where

‘cassava was produced on mountainous slopes (Zone I1) and land was

prepared manually (119 man-day/ha). The lowest labor requirements
were noted in the Horth Coast Region where land was prepared
mechanieally (67 man~days/ha). The primary reason for this relative-
ly large difference in labor requirements are expected to be: (1)
Difference in method of land preparation, (2) a shorter growing
season in the North Coast Rezion, (3) the mere difficult working
conditions on the slopes, and (4) the more favorable soil conditions
in the North Coast Hegion. Labor requirements in the Horth Coast
Region are lower than those on flat lands cutside the region,
regardless of land preparation method, przmarily because of differ-
ences in harvesting costs.

A considerable variation of labor requirements was found among
activities within each zone. About 33 percent of the farmers used
from 10 to 20 man-days/ha for land preparation, Siw percent used
lese, 30 percent used 20 - 30 man-days/ha and about 25 percent used
more. All the farmers interviewed in the North Coast Region used
10 - 30 man-days/ha. About half of the farmers used 5-10 men-days/
ha for planting, 16 percent used less and 34 percent used more.

Only seven percent of the farmers used less than 20 man-days/ha for
weeding, 39 percent used 20~40 man-days and a little more than half
of the farmers used more than 40 man~-days/ha. Most of the farmers
in Zones I and II use 20-40 man~days/ha for harvesting and packing,
while the majority of the farmersg in Zone III use less than 20 man-
days/ha.

About 8 man-days were used to produce a ton of cassava, if
land were prepared mechanically, and 10 man~days, If prepared
manually. Labor requirements per ton of cassava vary considerably
among farm sizes (Table 4). This varietion results partly from
varigtion in labor use per hectare and partly from variations in
yields, While the former was explsined previously, this analyeis
does not provide sufficieat information to explain yleld variations -
(see section onkyields), Lo

4dditional analysis of current labor use in cassava production’

. in Colombia and expected impact of the introduction.of mechanical, &
:* biological and chemical t&chnology on lsbor requirements are i
. . presented in: "Present and Potentigl: Labour Use iu Cassava Produc- *
- tioﬁ,in Lolombia" by - Pex Plnstrnp«&nderSEn and Rafael O. Diaz. -
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{(Paper presented at the Third International Symposium on Tropical
Root Crops, lbadan, Higeria, December 2 - 9, 1973. Coples available

from CIAT).

Seed

About 70 percent of the farmers obtained stakes from their
previous crop, l6 percent purchased stakes and 15 percent obtained
them free from neighbors and friends. Virtually all the farmers in
the North Coast Region obtained stakes from their own crop. It may
be expected that the level of sdoption of stakes from improved
varieties will be higher among farmers who normally purchase stakes.
If this expectation holds true, we may expect a greater ease of
sdoption outside the horth Coast Region than within,

Fertilizers

Fifteen of the 300 farmers interviewed (5%) used fertilizers
for cassava. Fertilizer use was most frequent among farmers on flat
land outside the North Coast Region (Figure 6). Where fertilizer
was used, the quantities per hectare were small.

Insecticides

Twenty~seven percent of the farmers used insecticides for
cassava. This practice agppears to be most common in the North Coast
Region and least common on flat lands outside that region {Figure 6).

illerbicides
None of the farmers interviewed used herbicide for cassava,
PRODUCTION COSTS

Estimated variable costs of production are shown in Tables 5,
6, 7, 8 and 9. A daily wage of Col $20 was assumed for all zones.
Hence, labor costs were estimated by multiplying labor use by 20.
Input costs were obtained from the survey. Labor costs aceocunt for
about 60 percent of total variable costs on farms, where machinery
was used for land preparation and 90-95 percent when the land was
prepared manually.

Investmente in fertilizer and insecticides increase with
increasing farm size. This reflects the somewhat higher level of
technology on large farms and may explain in part the higher yields
on larger farms and discussed later. Total variable costs are
higher on farms where land was prepared with machinery then on farm
with manval land preparstion. This is related partly to higher
costs of mechanized land preparation and partly to higher levels of
input use, Variable costs in the North Coast legion are considerably
below those for the other regions. Average variazble costs for all
the sample farms were estinated to be Cel, $2,400,00/ha.
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Table 4,

Mechanical land preparation

ZONE 1
ZO0UE 11
ZONE 11X

TOTAL MECH, LAID
PREPARATION

£yy

Hanual land preparation

ZOUE 1
ZONE 11
ZONE 1IL

TOTAL MANUAL LAND
PREPARATIOHN

{~) Data not available

Labox use in the production of cassava (man-days/ton)
Average by farm size,

Q - 2 has

5.1

7.1

5.8

5.6
16.6
11,1

9'3

2 - 4 has 4 ~ 1- has 10 or nore Veishted average -
9.2 5.6 7.1 6.8
12,8 7.4 - 10,4
10—9 - 5:3 ?.E!
10.7 6.4 6‘? ?.9
11.4 '9.9 11.6 9.4
5.0 17.5 18.2 3.1
11.8 8.9 - 10.%
8.6 11.2 14.7 9.7
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Estimated variasble production costs per hectsre of eassavy for Zone 1

-

Mechanical land

preparation O « % hes 2 - & Qas h = 1§ haa 10 or more has HWaighted Averape
$fba % 3i/ha & 7411 I 8fna 2 $/ha A
Land preparation 650.00 23 897.11 29 950,00 30 853,68 23 869,72 26
Planting 80,00 3 . 252,00 8 17¢,00 5 154,00 & irg.n0 5
Re-planting 10,00 . 1 14,00 t 8.00 i B.00 1 18.00 1
¥eeding 746,00 26 11556.00 37 ]15.00 k34 122,00 33 10746.00 33
Apl. fertilizexs B.00 i 12,00 1 26.00 3 24,00 1 26,00 1
&pl. insecticides 5,00 1 6.00 1 10,00 1 8.00 1 B L
Harvesting £54.00 3 400.00 13 454,00 15 0. 00 26 850,00 20
Packing 190,00 _ 7 132.00 4 222,00 7 165,00 4 176,00 *©  _ 8
TOTAL . 234,00 ¢ 85 25359.77 94 2820.00 g1 3329.00 93 2587.72 §2
INPUTS
Saad o 366,25 13 100.89 3 106,32 3 172,00 5 157,34 5
Fertilizers 30,00 1 88.69 2 - 169,27 b3 45, 69 1 87.38 2
Insecticides 9.00 1 5,89 1 27.27 1 37.50 1 25,62 _1
TOTAL INPUTS 40%.25 15 139.47 & 302.86 9 254,19 7 270.38 . 8
TOTAL.VARIABLE COST 2749.2% 100 3069.24 100 . 3122.86 100 - 583,87 100 3258.10 100
Hanyal land peparation
Land preparvation 400.00 15 416,09 19 364,00 15 416.00 17 400.00 17
planting 158,00 ? 210.00 1o 184.00 8 246,00 10 206,00 9
Re-planting 24,00 1 15.00 1 12,00 1 ' 4,00 1 14,00 1
Weeding Coy 634,00 8 84,00 37 926,00 g 1014.,00 43 B&5.00 37
£pl, fertiliczers L] 4 0 1] 0 0 6,00 1 2,00 1
Apl, Ingecticides 0 0 24 .00 1 . 0 it} 2.00 1 B.0OO 1
Harvesting . 812, 00 2% 280.00 15 456,00 19 330,00 % 430,06 s
Packing 80,00 _ 3 176,00 8 320,00 _13 120,00 __ 5 10,00 1
THTAL . 208,00 23 1916,00 90 2262,00 94 2138.00 92 | 2106.08 g1
INFUTS .
Seed 168.00 7 . 183,17 N 153,55 8 153.92 £ 164,28 7
Fertilizer 1] 0 1] 1] 0 0 42,711 1 12.93 1
Insecticides 0 0 2350 2 D 8 1,23 1 __$.72 1
TUTAL INPUTS 168.00 7 216.67 10 151,55 & 197.92 8 186.93 %
TITAL VARIABLE COST 2276.00 100 2132.67 100 2415,55 160 " 3333.92 100 2292.93 100

{~) Date not nvillahle
{*) Estimated man-day value 520.00




97y

. TABLE &

Estimsted varishle production cost per hectars of cassava for Zone 11

Hechanical land . ‘ : .
preparation 0 -~ 2 has 2 = 4 hax & « 10 hap 10 or more has Weichted average

~Alhs x $lha. " ~3fha - S$fha —% $fha e
Land preparation - - 955,33 L} 8 803,33 10 - - 904,66 31
Planting - - « 350,00 11 306.00 11 - - 336,00 11
Re-planting - - 5.00 1 0 0 - - 4,00 1
Weedding - - 872,00 28 986.00 ” - - 910.00 5}
Apl, fertilizers - - 0 vj 0 0 " - 0 g
Apl, insecticides - - .00 1 6,00 1 - - &.00 3
Harveating - - 393.00 13 364,00 14 - - 386,08 13
Packing - - 278,00 9 116,00 4 - - 226,00 - ?
TOTAL - - 2883.33 94 2581.33 H - - 2768.66 95
THPITS
Seed - - 146,00 3 57.06 2 - - 119,53 4
Fervilizers - - .00 o 4 1] - - a [+
Insseticides - - . 5.00 1 10.00 3 - - 6.58 1
TOTAL INPLIS - - 151.00 [ 71.06 3 - - 126.35 s
TOTAL VARIAMLE CO5T - - 3014.%3 100 2658.39 100 - - 2895.01 ) 160
Manusl land prepavation
Land prepazation 750,00 19 614,00 26 732,00 2% 976.50 32 752.00 28
. Flanting 204,00 ix 274.00 11 264 .00 10 190,00 & 256,00 1%
He-planting 8.00 1 - 12,00 i g.00 3 10.00 1 10,00 1
Heeding Boa, 00 n 756.00 32 936,00 33 1350,00 45 856.00 34
Apl, fertiliszers 24,00 1 8.00 3 0 1] 4 1] 10.00 1
Apl, insecticides £0.00 2 15,00 1 4,00 1 £.00 1 24,00 1
Harvesting . 408,00 1% 450,00 1% ’ 259,00 13 312,00 10 450,00 15
Packing 48,00 4 114,00 4 74,00 3 92,00 O3 102.00 _4
T0TAL 2638.00 94 2254.00 95 2266.00 92 2946.00 98 2370.00 95
152UTS ' A ‘ ' '
Seed 94,89 & 83.31 3 182,38 7 53.42 1 99.28 3
Yortilizers 19.50 1 450 |3 ] o ] 1] 6.98 1
Insecticides : 25,13, _1 7,85  _b_ 1.54 1 _ 188 1 11,51 1
TUTAL [KPUTS 139,54 5 95,56 5 184,89 5 65,30 2 117,717 S
TOTAL VARIABLE COST 2577.54 100

134%,56 100 2450,89 100 3011.30 © 100 . 268777 120
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FALLE ?

Estirated varfable sroduction cost per hottare for cmssawva for Zoge II1

Meehanical land
Preparatian

. Land prepazation

Flanting

Re-planting

Weeding

Apl, fertilizers

Apl. insecticides
Hatvesting and packing
TOTAL

INPLTS

Seed
Fortilizers
Insecticides

TOTAL THPUTS
TOTAL VARIABLE COST

Hanual land preparation
Land preparation

' Planting

fe-planting
Weeding
Apl, fertilizers

- Apl. fnsecticides

Harvesting and pecking
TOTASL

INPUTIS

Seed
Pertilizera
insecticides

TOTAL INPUTS

TOTAL VARIABLE COST

{~) Data not aveiisble

O~ 2 has
ha X
378,52 21
154.00 9
6.0G 1
820,00 47
0 4]
4,00 1
252,00 14
1616.52 93
1179 4
o [V}
1.04 1
118,83 ?
1735.3% 100
546,00 23
186,00 9
10.00 1
860,00 43
0 0
o 0
338,00 18
1860,50 94
98,66 5
¢ 0
13.%3 1
112,59 - 6
1972.59 100

2 ~ 4 has

4« 10 has

$/ha % $/ha %
.393,50 21 - -
133;03 19 - -
6.00 1 - -
802,00 42 - -
4,00 1 - -

3] 1] - -
412,00 21 - -
1863.50 96 - -
70,59 3 - -
4] o - -
309 1 - -
7&"4? 4 - -
1877.99 100 " -
350,80 i8 0 g
170,00 8 214,00 8
22,00 1 6.00 1
1020.00 51 840,00 43
D (¢] ky) (4]
10.00 1 . 0 [
290, 00 _la 918,00 Jha
1862,00 93 2078.00 G4
111,30 [ 101.37 5
0 0 0 5

' 14.95 - 21.58 1

126,25 7 122.75 5
1288.25 100 2200,75 160

I8 or more has

$fha = %
520,00 20
136,00 5
0 o
1066 .00 41
20,00 1
4] by}
536,00 2%
2278,00 88
203.17 8
£3.00 3
4,00 1
290,17 12
2568.17 100

‘0 1|It0 i'l’i‘llli

i‘%?llit’

Welchted avarage

$/ha %
198,92 ris
180,00 &
6,00 1
846,00 44
&, 60 1
4,00 1
125,00 _i7
1742.52 92
112,88 ]
g 85 1
5.93 1
128.57. 8
1871.5%% 100
392,00 19
184,00 9
12,48 H
204,00 45
4] it}

2 1
32,00 9%
18%6.00 G4
101,81 3
o &
14,21 1
118,52 &
1992,52 100
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TASME 8
Estimated variable production cost per hectare of cassava aversge, all zones

Hechinlcnl land

preparation 0 - 2 has‘ I 2 "= &4 has 4 - 10 has 10 tr more has Welghted averape

$/ha % $/ha % $/ha A $/ha o $/ha %
Land preparation 514.26 22 748,87 27 876.67 30 686.84 22 674.29 25
Planting ) _ 118,00 5 262,00 10 238.00 8 146,00 4 182,00 7
fe-planting - B.0O 1 8.00 1 4,00 H 4,00 1 6.00 1
Weeding 784,00 34 944.00 34 978.00 32 1124,00 36 936.00 34
‘pl. fertilizers - 4.00 1 6.00 3 14.00 1 22.00 1 10,00 1
Apl. insecticides 6,00 1 4,00 1 8,00 - 1 4.00 1 6.00 o1
Harvesting and packing 548.00 ¢ _24 540.00  _20 586.00 _20 818.00 26 614.00 n
TOTAL : 1932,26 88 2512.87 94 2702.57 3 1 2804, B4 91 2428,29 92
Seed 239,02 10 105.82 4 86,69 3 187.58 6 167.12 5
Fertilizers 15.00 1 29,56 1 84.64 3 63.84 2 40.99 1
1nscecicides . 8.02 1 6.26 1 18.63 1 20.75 1 12,10 1
TOTAL INPUTS 262.04 12 141,64 6 189,96 7 272,17 ] 220,21 8
TOTAL VARIA3LE €OST 2244,30 100 2654.51 100 2892,63 100 3077.01 100 2648.50 100

Menual land preparation

tand preparation 532.00 23 460,00 19 366.00 15 696.00 25 500.00 21
Plaating 1210.00 9 218,00 9 220,00 9 218.00 8 216.00 9
Re-planting ° 14,00 1 16.00 1 8.00 1 8.00 1 12.00 1
Weeding ' 768,00 1 854,00 a5 934.00 39 1188.00 43 864,00 35
Apl. fertilizers 8.00 1 2.00 0 0 4.00 1 6,00 1
Apl. insecticides 20.00 1 15,00 1 2,00 1 4,00 1 14.00 1
Harvesting and packing 580,00 _285 442,00 27 672.00 28 426,00 16 530.17 _25
TOTAL 2132.00 93 2008.00 93 ' 2202.00 23 2544.,00 95 2142,17 93
IirPUTS

Seed " 120.51 5 125,92 5 146 .02 6 103.67 3 124,34 5
Fert{lizers - 6.50 1 1.47 1 0 1) 21,39 1 5.33 1
Insecctictdes 13.03 _ 1 18,77 1 7.71 1 6,36 1 13.59 .
TOTAL INPULS 140.04 7 146.16 7 " 153,73 7 131,62 5 143.256 7

' TOTAL VARLABLE COST 2272.064 100 2154.16 100 2355.73 100 2675.62 100 - 2285.43 100
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0. =2 has
~ §/ha X
Land preparation 523.13 23
Planting ) 164,00 7
Re-planting ' - 11.00 1
Weeding ' 776,00 34
Apl, fertiifizers . 6,00 1
Apl, insecticides 13.00 1
Harvesting and packing ' 564,00 23
TOTAL ) 1057.13 44
e S
Seed o : 179.717 8
Tertitizers - - - 10,75 L
Insecticides ' 10.53% i
TOTAL INPUTS 261.05 16
100

TOTAL YARTIABLE GOST ‘ - 2258.18

i15.87
15,52

12,52
42,91

2604, 35

BRentee

8 O‘!r‘wb

oz 10 has
$iha % $fha
621.% 23 691,42
229,00 g 182.00
.00 1 6,00
956 .00 15 1156.00
7,00 1 13.00
5.00 1 © 4,00
628,00 23 £22.00
2452,34 3 264,42
)
116,36 4 145,63
2.3 2 42.62
317 - —t3eE8
171.85 7 201,91

2624,19

100 2876.33,
-

10 or more has

Weichred gveraze

Sina

%

369,96
195,15
9.52
869.30
.28
9,14

2217.48

138.04
21'93

i7.n
2389.30

557.90

11.85

had L
(== A

o

|

w IMHQ‘\

100



To estimate total production costs, an average value of land of
Col. $15,000/ha and an annual land rent of 12 percent were assumed.
Using an average land value rather than the actual value for each
farm biases production costs upward in regions with low land values
and downwards in regions with high land values., However, it was
not possible to obtain reliable land value data for the sample farms.
Hence, total costs are estimated as an aversge of all sample farms.
Transportation costs were obtained from survey data and interest
charges on operating capital were assumed to be 24 percent per year,
Finally, an amount equal to 20 percent of total costs thus far
estimated was added to cover costs not previously included such as
sdministration, protection from robbexry of the c¢rop, etc.

Under these assumptions, average total costs were estimated as
Col. $6,586/ha and Col. $598/ton as follows:

Pesos/ha Pesos/ton
Average variable costs 2,390 217
Land rent 1,800 164
Transportation costs _ . 3720 65
Interests on working capital 576 52
Other costs 1,100 100
Total cost 6,586 598

At the exchange rate of Col, peso $20 to one U.5. Dollar the
cost per ton is thus approximately US530. This is considerably
higher than the price paid to the cassava producer in the major
cassava exporting country, Thailand. Hence Colombia does not
presently appear to be competitive in the world market, The introduc
tion of yield increasing techinology could reduce rapidly per unit
costs and bring Colombia into a competitive position in so far as the
price of raw material for processed cessava products are concerned.

YIELD

Table 10 shows estimated yields by zone and farm size. Overall
average yield was estimated to be 1l tons/ha. Yields were relatively
low in the North Coast Regions while they were high on flat lands
outside the region (Zone I), Although yvields appesred to be higher
on large than on small farws, no definite relatiounship between yield
and farm size was established.

Because of the preliminary nature of the data, no attempt was
made to explain yvield differences among zones and farm sizes. How-
ever to get some idea of the relative importsnce of yield-limiting
factors beyond production practices 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 rainy season as the most important problem., Other problems
mentioned included robbery from the field, diseases and insects.
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Table 19. Estimated yield of cassava (tons/lectare)

Hechanical land preparation -

0 - 2 has 2 - &4 has 4 - 10 has 10 or more has VUelshted averase
ZONE 1 16.47 10.71 16,56 17.44 15,59
ZONE 1T . .- 7,48 _ 11,96 - B.97
ZONE 11X 8.75 6,49 - 14,05 B.84
5 TOTAL MECH. LAMD
p PREPARATION 12,61 9.23 14.26 15,76 11,132
Manual land preparation
ZO0ME 1 18,82 8.41 11.41 9,22 11,18
ZONE 1I 7.34 18.85 6.48 g.10 13,00
ZONE I11 8.37 7.88 11,70 - £.58
TOTAL MANUAL 1AYD K
PREPARATION 11.51 11.71 9.86 8.63 10.92

TOTAL ALL FARMERS 12,06 . 9.97 12,06 12.21 11.03




CREDIT AND TECHNICAL ASSISTANCE

About one-third of the sample farmers obtained eredit for the
production of cassava. Two~thirds of the farmers that obtained
cradit had less tnan three hectares of cassava, and the amount of
credit usually was less than $3,000/ha. Caja Agraria was the credit
source most generally mentioned,

Ten farmers (3 percent) reported receiving technical assistance
for cassava production. Six of these farmers were in Zone I.

MARKETING AND PRICES

Slightly more than half of the farmers sold the cassava on the
farm while the rest brought it to the market place for sale. Seven
farmers sold cassava for processing, the rest was sold for direct
human consumption. Only three farmers (all in Zone I} sold their
casgava vhile sti11l in the ground, f{,e. the buyer wus responsible
for harvesting.

Cassava is frequeatly produced far from consumption centers
and roads are often poor or mon-exlstent. -Furthermore, cassava is
a bulky product. llence, transportation problems are frequent and
costs high. Trucks are used most frequently. Although, many farmers
use-animals, primarily donkeys, to transport the cassava either to
the market or to the road wiere it is transferred to a truck, busg or

jeep.

The average of the prices paid to the sample farmers prior to
the period of the survey was Col, $76%/ton. A considerable differ-
ence was found between prices paid to samll farmers and those paid
to larger onds., Farmers with a cassava arca of less than 2 hectares
received 70 percent of the price paid to farmers with 10 hectares or
more (Tsble 11). It is not clear from the survey data why this price
differential exists, One explanation may be economies of size in
transportation and other marketing activities, Furthermore, it is
likely that small farms tend to be further removed f£rom road and
consumption centers than larger ones, hence transportation costs are
high and visits of cassava buyers more infrequent. Iowever, addition
al research is needed to explain satisfactorily the existence ef the
price differential. The issue seems suffciently important to warrant
such research. : :

FARM RETURRS

Given the preliminary nature of the data, the large wvariation
in costs, prices and yields among farms and the lack of zccurate
estimates of land values, any estimstion of net returns to the
farmer is at best superficial. Furthermore, both prices and costs
have increased considerably since the survey was completed. However,
it appears cassava prices have increased more than production costs,
Hence, the net returns estimated here arc likely to be less than those
prevailing at the time this report was written.
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ZONE 1

ZONE IX

ZONE 11X

TOTAL

Table 11,

Average price of cassava received in each size group (Col. $/ton)

0 -~ 2 has 2 - & has 4 - 10 has 10 or more Weighted average
681.87 735,69 - 1061.36 1117.40 948,32
917.52 800,93 820.45 900,77 868,21
513.31 687.41 907.41 684,70 587.52
656,21 741,68 954,00 - 955.07 769.36
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With the qulifications mentioned above, the average net returns
were estimated to be Col, $1,896/ha and Col. $171/ton and estimated
as follows:

Pesos/ha Pesos/ ton
Value of production 8,482 ' 769
Total costs 6,586 . 5938
Net returns 1,396 171

SUHHARY AND CONCLUSLIORS

This report describes the cassava production process in Colom-
bia. The description is brief and the information is preliminary,
Emphasis {s placed on a description of production practices, imput
use and coste. The results from this study provided guidelines for
a wmore comprehensive asalysis of factors limiting cassava production
and productivity now in progress.

Data for the analysis reported here were obtalned from 200
farms in 17 departments of Colombia.

The cultural practices on most of the sample farms consisted
of (1) land preparatioen, in most cases rudimentary, (2} planting,
{(3) weeding and (4) harvesting. In addition, re-planting and
application of insecticides and fertilizers were carried out on
some farms. Cassava was intercropped with maize, plantain, coffee,
yams or beans on cne-third of the sample farms.

The level of technology in cassava production was low,
Mechanized land preparation was found on a small number of farms.
No other use of machinery in cassava production was reported. Use
of fertillzers and insecticides was limited, and no herbicides were
applied. MNone of the sample farmers applied irrigation. The use
of credit and technical assistance for cassava production was limited.

It may be concluded that cassavs production in Colombia is
based on traditional production methods with land and labor account-
ing for a large majority of the resources used,

Labor use per hectare wvaried from 67 men-davs in the Korth
Cogst Reglon where land was prepzred mechanically to 119 man~days on
montainous slopes with manuval lend preparstion. On the average,
farmers using mechanical land preparation spent 8 man-days/ha while
110 man~-days/ha were used where land was prepared manually, Weeding
was the most labor-comsuming activity followed by harvesting/packing,
land preparation and planting. Labour use per ton of cassava was
estimated at about & and 10 wan~days for mechanicsel and manual land
preparation, respectively,

Average yleld of cassava was estimated at 1l ton/ha with

considerable variation among farms. Ko definite relattionship was
found between yield level and farm size.
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Totzl costs were estimated to be Col, 36,585/ha and Col.$598/
ton., HNet returns were estimated to be Col. $1,896/ha and Col.$171/
ton.  Given the preliminary noture of the 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 figure. The reliability of the estimates will be tested
on the basis of results from & more comprehensive study presaently
underway.

Prices received by farmers vary considerably. Small farmers
seem to receive considerably lover prices than larger ones, On the
averzge, the price received by the farmer with less than two hectares
af cassava is about 70 percent of the price received by the farmer
with more than four hectares. The relationship between price level
and farm size is particularly marked in the North Coast Region where
farmers with less than two hectares received azbout 60 percent of the
price received by farmers with 10 hectares or more. With respect to
economies of scale in cassava production in Colombia it appear that
price differentials are more important than cost and yield diffex-
entials., However, additional data are needed to verify this finding.

On the basis of this analysis, additional research is
recommended on the following subjects; -

1. Factors explaining yvield differences among farms and regions,
This research should focus on identifying limiting factors
and estimating their relative importance for production and
productivity. Such work is now in progress,

2. The role of intercropping. Emphasis should be place on (a)
estimating relative net return and risk from alternative
cropping systems using present and improved techanclogy, .and
{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 made to explain the
price differential,

It is not the purpese of this study o suggest priorities in
piclogical research related to cassava., However, results from the
study suggest that research be carried out:

1. to estimate the relationship between level of weeds and cassava

vields. Work on this subject is in progress.
2, to identify inexpensive means of weed control in cassava.

3. to estimate the impact of alternative degrees of land
preparation on cassava yields, Land preparation accounts
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for a copsiderable portion of total production costs on some
farms while it is of little importance on others, Controlled
experiments are needed to determine the pay-off from improved
land preparation.

It is expected that the more comprehensive study now in

progress will provide information useful for establishing further
priorities in biclogical research on cassava.
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CASSAVA PRODUCTION TM COLOMBIA : A 1

TECHNICAL DESCRIPTION

Rafasl Orlande Diaz D. *

Introduction

As in all tropical contries, knowledge about the cassava prééuctien
processes in Colombia has been limited compared with other crops like
corn, rice or sugar cane.

Due to the iwmportance of cassava as a staple food in the diet of
the low income portion of the population and to its potential as an
energy source for animals and humans, offfcial and private institutions
have shown a great interest for this crop.

This situation motivated the International Centre for Tropical
Agriculture, CIAT to initiate a study on cassava to serve the needs of
the cassava research workers, with the following goals: (1) to describe
the cassava production processes, (2) to identify factors associated with
low yields, (3) to estimate production costs and other economic indices.
Efforts were directed to suplying information usefull in decision making
to define research prierities.

Scientists from the CIAT cassava program participated in the
analysis of data in the following areas: Pathology, Entomology, Seils,
Agronomy, Physiology, Statistics, Weed contrel and Economics.

General results from this analysis are given in this paper. The
complete report is composed of 14 sections written and revised by one
or more experts in each area. Yk

; Centro Internacional ée'égricultura Tropical, CIAT.

Cassava Cconomics.

See: "Descripcion Agroeconomica del proceso de cultivar yuca en
Colombia™, Edicidn preliminar CIAT, 1977. Incluye los siguientes
temas: . .

Diaz, R.O. ¥ P. PinstrupmAudezsen. Importancia de la yuca en
Colombia. pp. :

- Franklin D.L., P. Pinstrupwﬁnderﬁen y R.O. ﬁiaz, Metodologia v
~ Descripeidn de la muestra. pp.




Diaz, R.0., J.C. Toro y ¥U. Varén, Caracteristicas de la produccidn
v gsistemas de siembra. pp.

Biaz, R,0., R. Howeler y U. Varon. Descripcidn de los suelos utili-
zados para el cultivo de ls yuca. pp.

Diaz, R.0. v J.C. Lozano. Enfermedades presentes en el cultive de
la yuca. pp.

piaz, R. 0., A, C, Belloti y A. Van Shoonhoven. Descripecidn de los
insectos presentes en ¢l cultivo de la yuca en Colombia. pp.

Diaz, R. 0., P. Pinstrup-Andersen y J. Doll. Las malezas y las
préacticas de control de vuca. pp.

Diaz, R.0., P, Pinstrup-Andersen., Usos de insumos v nivel teeno -
légico. pp.

Pinstrup~-Andersen P, y R. O. Diaz. Anilisis econdmico de la produc-
cién de yuca. pp. -

Pinstrup-Andersen P, y R, O. Diaz, Estimacidén de pérdidas en el
rendimiento de la vyuca causadas por factores limitantes. pp.-

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

SAMPLING DESCRIPTION ARD METHIIODOLOGY

The procedure followed was: (1) gathering of data from a
representative and predetermined sample of farmers and (2) analysis of
the data. Basic information was collected by agronomists and economists
with previocus field training. The field team visited periodically each
one of the cassava farmers during the entire production cycle. The data
describes: (1) all production activities and planting systems, {(2) soil
types, based on samples taken at each visited site, (3) disease, insects,
weeds and water problems based on direct field observations; {4) .
estimates on inputs utilized and production costs for eaeh of the studied
zones.

For the present analysis, a sample of 300 cassava growers were
selected, Each farmer was visited three times during the 12 month
growing period of the plant, At each visit the age of the crop was
&) less than 4 months, b) 4 to 8 months and ¢} 8 to 12 months.

In order to obtain a representative sample, five reglons where
cagsava grows under different climatic conditions, covering temperved
areas as well as tropical zones, were selected (Fig, 1)} table 1, shows
the number of farmers, states under survey, altitude and average annual
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TABLE 1.  SAMPLE DESCRIPTION BY DEPARTMENT AND THEIR AVERAGE ALTITUDE AND TEMPERATURE FOR THE FIVE ZONES.

Altitude . Tempera=
. : Dept. under Above sea ture
Zone < Farma ' Observation Level {m) *c
Yo. ’ Average Average
1 61 21.6  Cauca 1230 22
11 64 22.6 Valle and Quindlo 1200 22
111 39 20.8 Tolima 815 26
v 55 19.4 Meta 370 27
¥ A 15.6 Atlintico and Magdalena 30 30
TOTAL 233 100.0

Source: R. 0., Dlaz and Per Pinstrup-Andersen, '' Descripecidn Agro-econdmica del Proceso de
Produccidn de Yuca en Colombia", CIAT, Cali, Colombia, 1875, mimeo, p. B-3.



rainfall was over 1000 mm at all zones.
PRODUCTION PRACTICES

Cassava is grown all year round ia Colombia, always matching with
the begining of the raln seasons which vary according to the region.
The system is flexible and generally there are two dry periods during
the year.

The length of the periocd between planting and harvesting varies
betveen zones due principally to the climate. The lower the altitude
the higher the temperature and the shorter the growing cycle which
ranges from 10 to 14 months.

Approximately 40 percent of the farmers planted cassava intermixed
with others crops (Table 2) the main of which was corn, a basic product
in the Colembian diet (Figure 2).
Most of the production activities are performed by using man-day
labor (Table 3). Approximately one half of the farmers prepared the
. land by means of machinery, in the montaineous region some use oxen or
simply clean up the area with a "machete®,

Little variation occurred among small (less than 2 ha.) and large
(10 or more ha.) farmers in relation to the number of stakes planted
per site and the planting density per hectare, $Small farmers plant
cassava in the same plot more times, compared with the large farmers
- (Table &), Planting distances most frequently used were 1M X 1M.

Weed control is one of the most important activities in the cassava
production process because it uses a large proportion of the variable
¢osts, 'The first weeding is done during the first two months after
planting, The second and third clcanings are done between & and 6 months
respectively, depending on the type of weed and on the rainfall. Three
cleanings were the most frequent but there were cases like zone V where 6
weedings were needed, probably due to the low planting density of the

.+ cassava plants (Figure 3).

Most of the growers utilized the rains as water supply for the
plants. Drainsges existed at all zounes. The '"hilling"” a practice which
consists of gathering soil arcund the plant was closely related to

- weeding. '

o *xg ; " SOILS
n

i Most of the soils in the visited farms were average in the organic
+ matter content, had less than 15 ppm of the P and less than 0.2 meq/100
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x&%hﬁ 2. CROPPING SYSTEMS, LOT SIZES AND PLANT POPULATION FOR TOTAL FARMS

. Plant Population

‘ : (Plants/ Ha.)
Cropping System Percent Lot Size Percent 2nd 3nd.

of Farms, ' ¢ha.) of Area Cassava Crop Crop
Cassava alone 61.7 2.41 68 .3 10,260
Cassava-maize 2243 1.28 134 9,160 5,484
Cassava bean 1.7 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
Cgssava-m&izaubean 1.8 .90 0. 6 8,660 5,420 7,920
Cassava~plantain-cofiee , 0.4 1,92 0.3 9,800 500 5,000
Cassava~malze-dioscoreacea 0.7 0.38 0.3 10,550 5,650 7,200
Cassava-malze~-plantain 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-maize~sorghum 044 0,50 0.1 6,900 3,300 3,300
Cassava-with other crops 1.8 1.33 1. 6 7,800

Source; R. 0. Diaz and Per Pinstrup-Andersen {eds) (1977), op. cit., p. C-2.



FIGURE 2. INTZRCROPS PLANTING SYSTEMS
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Source: R, 0. DPlaz and Per Pinstrup-
Andersen {eds) (1977), op.cit,

TARLE 3. BRBD%C?IQH FPACTICES TOR TOIAL ZCUES, p. C-4
Activity 1 11 111 o v Total
Lsndhclearin;: . '
HMechanlcaily 0.0 0.0 c.0 0.0 2.1, 1.4
*ﬁaﬂb&ally 3.2 0.0' 3’"‘ 505 15.9 ﬁug
land Freparation: . .
Mechanlcally 0.0 76.€ . 3.4 76.4 54.5 41,3
Manually 9%.% 20.3 25,6 23.6 36.4 56.2
Tepopraphy: : .
flat }and 4.9 71.% 13.6 100.9 93,5 54.4
Hountalnous blopes 5.1 28.1 86.4 .0 4.5 45,6
Plotting: : -
Hechanically 6.0 20.3 0.0 7.3 0.0 6.0
Hanually 27.9 20,3 42.4% 9.1 9.1 22,6
Purrows mountainous slopes:
Coutour ¥ins - - - 88.5 . &7 12.0 0.9 2.3 6.7
Slope folluvwing furrow 6.6 23.4 8.5 0.0 2,3 8.8
PFlantiag:
Mechanfcally 0.0 0.0 0.0 0.0 .0 0.0
Hanuelly 100.0 1000 100.0 100.0 100.0 100.0
¥lanted on: .
85il level ' 98.4 $5.9 100.0 93.2 100.0 95.1
Ridges ) - 1.6 15,1 0.0 1.8 4.0 3.5
Stakes from: .
Previous crop 52.5% 56.3 644 52.7 4£5.5 55.8
Pyrchased 31.7 23.4 0.0 12.7 22.7 19.4
Stakes planted: . o '
EBorizontally ) Bb6.S © 93,8 100.0 96.4 . 0.0 9.5
Incz;egcd ' - 13‘1 " ) 602 000 3‘;6 1@.9 29-5
Re-planting: : . h
Manually 29.5 . 42.2 ©16.9  45.5 56.8  37.1
Trrigation: ; - i
Manually 0.0 0.0 G.0 a.0 27.3 4,2
Dreinages: ‘
“Hanually ] ) R . | - 7.8 1.7 - 13.6 6.0
Billfing: - ) . ) .
Manually . T 1.6 1.6 - 0.0 1.8 0.0 1.1
Apl. Fertilizers: : : '
Manually 18.0 35.%. 8.5 0 @ %1 19.8
Apl. Insecticides: ) ’ , . :
Manually 9.4 55.3 79.7 85.5% 36.4 72.8
Apl. Funglcides: : .
Menyally e : 0.0 - 1.1 © 0.0 . 1.8~ 0.0 1.1
Apl, Herbicides: T .
Manually - T 0.0 "~ " 1097 0.0 3.6 0.0 3.2

4bi



TABLE 4,  PLANTING SYSTEMS roR TOTAL ZOWES, AVERAGE BY FARMS SI2B.

?

Source: R.O. Dfaz and Pcr Plnstrup-Andersen {eds.) (1977), gp. cit,, p. C-6

ArALL MEDIUM LARGE TOTAL
. ’ (0-1.99 Ha.) {(2-9.99 Ha.} {10 or more Ha ) :
DESCRIPTION Ranks Ranks Ranks Ranis
' Averaga Low Bigh  Average. Low High Average Low High  Averape Low High
Stake per sipe 1 1 2 1 1 - 2 1 1 2 1 1 2
Stakes par hectave 107646 3900 28300 11250 3000 22600 10487 3000 24600 10884 3000 2R&D0
Pla:i:ina in the san
fieid ' 2 1 6 2 1 & 1 1 6 2 1 6
5 Planting diztances: : )
n Turrows {cms) 113 70 180 107 70 180 114 80 200 11t 70 200
Plants {cms) 102 50 150 98 0 1290 101 70 150 160 50 YEQ
i
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gr of R. The wost frequent PH was 5.5 and a little more than one third
of the sample hiad no interchangeable Al., Determinaticn for Sodium
saturation showed that only zone V, night presents problems due to excess
of this elemeni {Table 5},

Calcium~Magnesium (Ca/Mg) relationship in the soil must he larger
than 1 to avoid problems due te Mg excess or Ca deficiency. Apparently,
in most of the analyzed soils this relationship was higher than 1 and
had an average C.I.C. of 15 meg/100 gr. of soil, Distribution for
texture between clayed, loam, silty and sandy, was: 16: &44: 20: 20% for
all farmers.

DISEASES

Severity of the obscrved discases was greater during the rainy
season. At all plantations under 1206 m over sea level, all diseases
due to Cercospora spp. were important because of its high incidence
and severity. Phoma leaf spot is one of-the most important diseases
affecting yileld in plantacions above 1200 m over sea level,

Cassava bacterial blight and superelongation, are limiting factors
in the production of plantations affected in splte of the low incidence
during time when survey was performed (Table 6).

Due to the low severity of the Rust and the Cassava ash, these two
diseases are considered of little economic importance, Frog root sking
was limiting production 1ia spite of being localized in zone I, and could
be of great economic importance.

In general, it can be concluded that cassava can suifer serious
pathological problems, which can decrease ylelds considerably. Disease
-incidence appears to be highly related with envirommental and edafic
conditions.

INSECTS

Kumerous insects were found in all the studied regiomns. These
include thrips, pzellmidge, mites, white fly, horn worm, chrysomelids,
; greenleafhoeper, tingids and leaf cutter ants (Table 7). Specles
L localized at specific zones like stem borers zomes I and II, termites
in zomes III, IV, V and earthworms in zome IIX.

The fact that the insects reported were found at all the visited
zones could lead to conclude that environmental conditions have little
: influence in the presence of some species, but could have something to
e do as to their populatfon. It was observed, in a general way, that as the
' altitude over sea level descends, and average temperature increases,

@ S i
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TARBLE 5,

SOTL CHARACTERISTICS BY FARM SIZE.

AVERAGE POR ALL ZONES

SHALL

HEDIUM

LARGE

(0-1.99 Ha.) (2-9.99 1a.) (10 or rore 1) L TOTAL
DESCRIPTION % Avorage % Average % Average % Average
Orgsntc Maktter (%):
Low  {-1) 4,9 0.40 3.4 0,50 0.9 0.9C 2.8 .50
Half (1-4) 56.8 2.80 48,3 2.590 55,7 2,80 53,7 ’ 2.80
High {4 or more) 33.3 6,00 48,3 6€.20 43,4 5.50 43.5 5.90
Phosphorys (ppm P-Bray I1):
15 71.6 3.80 77.0 2.80 62.5 3.40 6.8 540
15 28.4 89,40 23,0 51.30 37.4 B4, 20 0.4 TOL66
Forvasslum (m.e/100 g 3:
20 9.1 0.15 81.% 0,18 67.0 0,14 72.1 (.15
+20 30,9 Q.48 18.4 0.52 23.0 .60 27.9 0.535
pils .
5.5 4.3 4£.%20 €6.7 4.50 58.1 4 BO 60,1 & 80
5.5 45.7 $.30 3.3 6.40 £0.9 6.00 x9.9 .20
Aluminus (i8,e/100 pu):
3 . 34,6 1.08 37.9 1.53 29.1 0,95 27.5 1.17
3 2.9 4,92 1.1 5.456 25.2 3.00 25.8 483
Sodium Saturstion: . .
15% 97.5 1.20 98,9 1.10 99.1 G.70 98.6 c.20
15% 2.5 19,70 1.1 16,00 G.9 13,00 1.4 18.30
calefum/Magnesium: ’ : '
1 : 6.2 C.80 6.9 0.80  10.4 0.70 8.1 0.70
1 93.8 3.40 93,1 3.20 . 89.6 3,80 91.9 3.50
Exchange Capacity (m.e/1l00 gm):
15 . « 40,7 8.60 47,1 1L.20 52.2 11.20 47,3 10,60
. 15 59.3 22,40 52.% 22.70 47,8 21,00 52.7 2Z.00
Texture:
Clayed 16 - 16 - 15 - 16
Loam 46 - 50 - 37 - 44
siley 18 - 20 22 20 -
Sandy 20 - 14 - 26 20 -
Source: R. 0. Diaz and Pexr Plastrup-Andersen (eds.} (1977}, op., cit., p. B-5
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TABLE 6. PROPORTION OF CROPS IN WHICH DISEASES WERE PRESENT DURING THE SECOND VISIT IN EACH ZONE. *

. PERCENT ¥ PARMS ,
DISEASE 1 iT I11 v v TOTAL
Cassava ash

(0idium manihotis) 46 56 76 13 9 42
Phoma leaf spot

(Phoma sp.) 41 42 0 0 0 18
Superelongation ‘

(Sphaceloma sp,) 2 0 63 24 D 18
Cagsava bacterial blight

{¥anthomonas manthotis) 2 0 14 23 29 13
Sooty mold disease

(Several funpi) 3 2 7 0 0 2
Rusts ‘ ‘ .

(Uromyces spp.) 0 0 3 0 ¢ 1
Root rotting

(Several fungi) 2 3 0 0 0 1

* 4 to 8 months after planting.

Source: R. 0. Diaz and Per Pinstrup-Andersen (eds.)

(1977), op. eit., p. &7
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PRCPORTION OF CROPS IN WHICH INSECTS WERE PRESENTED DURING THE SECOND VISIT IN EACH ZONE.*

 TABLE 7.
INSECTS 1 IX I1X v v TOTAL
Thrips
{Frznkliniella williamsi) 29 88 100 a5 86 A5
Gallmidge
(Fam. Cecidomyidae) 25 44 69 66 84 56
White Fly (Bemisia sp y
Irialeurcdes sp.) 70 14 37 24 70 42
Frult Fly
(Anastrepha sp.) 7 75 14 5 9 24
Mites (Qligonvychus peruvianus) 7. 9 41 9 43 20
White Fly
{Aleurotrachaelus sp.) 48 5 12 0 5 14
Shoot Fly
(8ilba péndula} 8 30 3 24 ¢ 14
Leaf Cutter Ants
{(Atta spp) 18 5 24 13 2 13
Tinglds
(Vatiga manthotae) 16 3 7 7 0 7
Horn worm
(Exinnyis ello) 0 2 0 0 11 2

* &4 to 8 months after planting.

Source:

R. O, Dlaz and Per Pinstrup-Andersen (eds.) (1977), op. cit., p F-8
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TPABLE 8. PORCENTAGE OF GRASS, BROADLEAF, SEDGES AND FERN WEEDS IN THE CASSAVA FIELDS OF FIVE ZONES DURING
 THREE VISITS. '

\ PERCENTAGE OF EACH WEED TYPE
Wead Types * Zone 1 Zone TI1 Zone III Zone IV Zone ¥ Aveg.

Firse visit

Grasses . 27.1 2.5 i5.7 23.3 32.4 25.
Broadleaves £2.5 57.5 78.1 HG.5 38.8 62,
Sedges 8.3 12.5 3.1 14,0 §.0 S,
Ferns 2.1 2.5 3.1 2.3 G 2.
Second wvisit
Grasses 20,9 26,2 24,2 27.5 37.2 28.
o Broadleaves .5 549.5 69.0 57.5 51,2 63,
~ Sedges 2.3 11.9 3.4 12.5 11.6 6.
Ferns 2.3 2.4 3.4 2.5 0 1.
Third visit '
Grasses ’ ‘ 20.6 30,8 29.4 33,3 27.8 27.
Broadleaves 75.9 61,8 84,7 61.9 63.38 85,
Sedges 0 3.8 G 0 B.4 3.
Ferns 3.5 3.8 5.9 4.8 0 3.

Source: R. 0. Disz and Per Pinstrup-Andersen (eds) (1977), op. cit., G-4
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TALLE 9. TDE TEX PAIMARY AND SECONDARY NOXIOUS WEZD SPECIES WITH TUE MICUEST PLANT POPULATION IN BACH OF THE FIVE RESIGNS}“

10008 1000*a 1000', 1008%s 1000* 4

Zone I pi/ha  Zone II Pi/ha Pone IIY P1/ha Zone IV pil/ha  Zone v pi/ha
Iridax 340 Teidax 240 Bidens ‘ 134 Dipiteria 247 Cyperus 1296
Tracumbensy procushonng pilesn sanpuinalia ratundun
Leptocioa 300 Paspalum 230 Aseratum 90 Cyperus 233 Cyperus 522
filiformis contuzatum conyzoides rotundus rotundug

Gremelina 260 Comnllng 225  Imperata B0 Iaspalum . 210 pipitarin 360
#iffusa di{ifuszn cylindrica couluratum sanguinalis )
Forolepsis 160  lLeonotis 190  Prerfdium "79  nidens 187 tynodon 260
atuvensis nepetacfolia azyilinum pilosa dactylon
aida 151 hpezatum 159 Richavdia M FPaspalum 164 Stachytarpheta 240
geuta conveaides scabra notatum cayennensis
Brtyria 140 BosmadLum 150 Cyporus &0 Imprrata 111 Himosa 180,
genicutata torruosun luzulae cylindrica pudica
Sideny 131 Lyperua 133 Stachytsrpheta 56 Stachytarpheta 110 Doerhasvie 164
plloss dfffusus gayennansis cayennensis tie___t_;_gﬁlgg_n_!:‘
fiyparrhenia 120 Eleusine 131 Huparrhenia 52 m 110 Corchorus 147
rufa indieca rufs may Lrum princcensis
Imperata 104" Plehromena 120 Androposon 50 Richardia 107  Cyperus 146
cvlindriea slifata bicornis scabra luzulae
Ageratum 101 Ptoeridium 120  Borreria 50 Euphorbia 100 ' Eleusine 124
Cenvzoides azuil (num loavis hiirta Indlica

“ 181 169 7 . 158 344

Y/ BDBased on results of second farm visit and occurring on at least 3% of the farms in a glven zone,

Source:

R. 0. Dlaz and Per Pinstrup-Ande .. (eds.) (197.,, op. cit., p. C-13




the preportion of plantations affected by some insects, especially by
thrips, gallmidge, white fly end termites, increased. On the other hand,
whilte fly and tingids, tend to be more frequent at higher altitudes.

WEEDS

Bread leaf weeds were the most commwon at all zones, they are
estimated as 62 to 65 percent of all weed species (Teble 8B)., A slight
change occurred in the presence of grasses,weeds and sedges in advanced
plantations.

Surprisingly Pteridium aquilinium was the most common and Bidens
pilosa and Cyperus rotundus were serious problems in certain zones,
Significant variations oeccurred between zones In relation with the
frequency of the species encountered, however, several weeds were common
for many zones. Species with the higher population density did wneot
coincide with those more frequently found (Table 9), Most of the grasses,
annual weeds, sedges and broadleaf weeds_found, are susceptible to the
more commonly recommended herbicides, but more research is needed for
some perennial weeds like P. aquilipium and sida spp.

USE OF INPUTS

A high proportion of cassava farmers used insecticides specially
for ant control, while use of chemical fertilizers, fungicides and
herbicides was limited (Table 10)., The use of machinery for land
preparation varied between zones and was determined principally by the
topography and the size of the farm. Zone II was the most advanced
regpect to the use of technology which was very limited at zones I, III,
end V.

The use of chemical inputs like fertilizer, insecticides, fungicides
and herbicides was less comuon among small farmers (Table ITY. The same
situation occurred with use of credit and technical assistance.

The avergge size of seed inereased from zone I to zone V in 17, 18,
19 gnd 26 cm. respectively (Teble 123, In zoue V the farmers sustained
that high temperatures dissecate the above ground portions of the stake
and for that reason they use long stakes, to facilitate rooting.

-ECONOMICAL ARALYSIS

S The average estimated yield was inferior to 7 ton/ha. with a great
. variation from 0 to more than 40 ton/ha (Table 13). Yields tend to be

473
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TABLE 10, USE OF INPUTS FOR TOTAL ZONES, OF FARMERS.

INFUT : I I1 111 v v
Fertilizer ] 18,0 35.9 8.5 21.8 13.5
Insecticides : 96,7 56,2 79.7 82.1 36,4
Fungicides 0 3.1 0 1.8 0
Herbicides . 0 10,9 0 3.8 0
Purchased seed 41.0 23.4 0 12.7 22.7
Credit 29.5 12.5 10.2 23.6 20,5
Technical Agsisrance 8.2 6,3 27.1 1.8 9.1
Mechanical Land Preparation o 81.3 3.4 8G.0 52.3

Source: R. Q. Diaz and Per Pinstrup-Andersen (eds.) {(1977), op. ¢it., p. H-2



'T&BLE 11.  PERCENTAGE DISTRIBUTION OF INPUT USED AVERAGE BY FARM SIZE.

SMALL MEDIUM LARGE
INPUT (0~1.99 Ha,} (2+9.99 Ha,) {10 o more Ha,) TOTAL

Fertilizer 12.3 25,1 21.7 19.8

Insecticides 63.0 85.1 70.4 72.8

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 18.4

Credit 7.0 25,0 23.0 18.0

" Technical assistance 7.0 8.0 15.0 9.0

2 Mechanical Land Preparation 32,1 25.3 60.0 41,3
in

Source:

R. O. Diasz and Per

Pinstrup-Andersen (eds.} (1977) op. cit.,p H-2
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TASLE 12. SEZD CHARACTERISTICS TOR TOTAL ZONES, AVERAGE BY FARM SI12E

o

SHALL ' MEDTIM LARGE T OTA L
{G-1.99 la.) (2-9.99 Ha.) {10 or more Ha.,)
lank . Phank , Rnaok Rank

DESCRIPTION Average  Low Figh Average Low High Average Low High Average low High
ZONE 1 -

Aze (days) 12 2 45 20 5 % . 25 2 75 18 2 %0
Size (etas) 17 10 25 17 12 20 20 15 25 17 10 25
Rudes  (¥o.) 5 3 & 5 3 6 6 4 6 5 3 6
20NE 11 .

Age (days) 11 1 1 13 2 LI 15 1 60 14 1 60
Size (cm3) 17 12 25 18 12 25 18 12 30 18 12 ktel
Nudes {(¥o.) 5 3 & 3 3 & 5 3 & 5 3 &
20u8 11t ,

Age {Cays) 12 2 30 12 2 30 12 1 45 12 2 45
Size {enn) 16 15 23 18 15 20 17 10 20 18 10 23
Budes  (No.}d 5 3 7 5 3 7 5 3 H 5 3 -7
Z0NE IV
Age {days) ' & 1 15 20 1 90 13 1 60 14 1 90
Size fens) 18 15 20 18 12 25 19 10 25 19 10 25
Nudes  {No.) 5 4 & 5 3 7 5 3 6 5 3 7
ZONZ ¥ '
Aze (days) 12 1 9 28 1 90 14 2 a0 1?7 1 - 50
ize {cms) 26 18 30 25 15 10 27 . 20 35 26 15 35
Nudes  (No.) 7 S 10. .8 5 i5 7 6 10 . 7 5 15
TOTAL , ‘
Aze {days) 11 | %0 19 1 90 14 1 60 15 1 %0
Size (ers) 19 . a0 18 12 30 19 10 a5 1; 12 .;s;

Nudes  (lo.) 5 3 10 5 3 15 5 3 10

Source! R. 0. Diaz and Per Pionstyup-Andersen (eds.) (1977), op. clit., p. H=7



~45LE  13.  AVERAGE YIELDS OF CASSAVA FOR TOTAL ZOMES,
AVERAGE BY FARMS SIZE (Ton/Ha.)

T
Tipical
Average Low High ] Desvliation
200E I
Small 4.5 0.4 11.7 1.6
Medium 4.0 0.1 15.6 3.3
Large 5.7 1.2 10.0 2.3
Total 4.4 0.1 15.6 3.3
20NE I1 .
Small 7.9 0.5 24.6 8.1
large 14.2 3.k 52.0 10.7
Total 12.6 0.5 52.0 9.8
ZOKE III :
Small 2.8 - 0.5 9.0 2.1
Hedium 2.7 0.5 8.0 1.9
Large 3.5 1.0 15.7 3.3
Total 3.0 0.5 15.7 . 2.6
IONE IV
Small 5.9 3.0 8.4 1.9
Medium 7.4 1.7 18.5 4.6
Large 3.7 0.4 4.1 3.7
Total ’ 6.2 0.4 18.5 3.8
LORE V H
Small 3.0 0.6 7.0 1.9
HMedium 4,2 1.2 10.0 3.0
Large 4.8 0.3 10.0 3.8
Total 3.7 0.3 19.0 2.8
© Small £.3 0.4 24,6 4.3
Medium 5.9 g.1 31.5 5.4
; large 7.9 0.3 52.0 8.0
& Total 6.2 0.1 52.0 6.5
j@V

Source: R, 0. Diaz and Per Pinstrup-Andersen (eds.) (1977), op. cit., p. I-2




higher for large farmers compared to small ones, 7.9 and 4.3 ton/ha
respectively. This situation was more noticeable at Valle aund
Quindio sites, Zone I, with 14 and 8§ tons/ha.

In spite that yields were considerably low, the use of labor for
cassava production was estimated in 86 man-days per hectare, varying
from 66 in zone IV to 106 in zone I (Table 14), More than one half
of thils hand labor was utilized for weed coantrol, Land preparation,
planting and harvesting employed around 30 percent (Figure 4).

The months of april and may took the highest proportion of
man-days in zomes I, IT and III wmaninly for land preparation, plantig
gnd weeding. At zones IV and V in august, the utilization of hand labor
is intengified (Figure 5}.

The average variable production costs were estimated in $400/ha
{table 15 and 18) and $640/ton of cassava produced (Table 17). The
variable costs per hectare range from $300 in zZone I to $5000 in Zone
I1. Almost one half of the varisble cost are due to weeding and one
f£ifth 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 &).

The average total cost of production was estimated at $6000/ha to
$1003}tca.2 (Table 17). The cost per hectare tends to be higher at
laxge farms due to the value of land rental, estimated al 10 percent of
its value, to the cost of administration, surveillance and packing, but
the cost per ton produced tends to be smaller because of larger productions.
At zone I1I where the lowest yields occurred, the cost per ton were
slightly bigger than $1600/ton and zone II, with the highest costs, the
cost per ton was the lowest,

The highest production value was obtained at zonme 11, over $25000/ha
and the lowest at zone V, close to 34000/ha, The profits for the cassava
farmers which are net income and to land payment, were higher than
$19000/ha in zone II, and negative in zone V (Table 18).

The sharecropper system in the production of cassava in Colombia is
frequent. The sharecroppers pay one third or one half of the produce to
the land owners. The latter manner is the most common, At zones 11T,

TF

IV, and V estimated net incomes for the sharecroppers were negative
{(Table 19).

Estimations indicate negative or low net incomes for some zounes,
but it must be considered that part of the hand labor used by the farmers
is compared by family members, which in this case has been considered as
a spenditure. The proportion of family labor used by the farmers was of:
42.4, 19.9, 67.4, 48, 52, 45.1 percent for zones I, II, III, IV, V and
total of farmers respectively.

2/ US$240/ha apd USS40/ton. Bate of exchange, $25 to one dollar.
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TABLE 14, ESTIMATED LABOR USE IN THE PRODUCTION OF CASSAVA PER HECTARE BY ZONES.
ACTIVITY I IX ITT v v TOTAL
Weighted
Average % Average % Average % Average % Average % Average %
Land clearing 1.4 1 0.0 0 0.5 1 0.8 1 3.7 & 1.2 1
Land preparation 33.1 32 6.5 8 12.0 15 3.7 & 2,0 g 3.1 1:
Plotting 2.5 2 0.5 1 1.4 2 0.1 0 0.4 0 1.0 1
Planting 7.5 7 9.8 12 1.9 14 10.1 16 10.0 11 .9 11
Replanting 1.4 1 1.0 1 0.6 1 1.3 2 3.2 3 1.4 2
HEilling 0.1 O 1.7 2 0.0 -0 0.1 0 c.0 0 0.5 0
Irrigation 0,0 0 0.0 0 0.0 0 0.0 0 3.4 4 0.6 1
Drainag:s 0,2 0 0.4 0 0.0 0 0.1 0 ¢,3 0 0.3 0
Apl. fertilizers 1.3 1 1.1 1 0.5 1 0.3 5 0.9 1 0.9 1
Apl. insecticides 5.3 5 1.8 2 3.4 4 3.4 0 1.2 1 3.1 4
Apl. fungicides 0.0 O 0.1 0 0.0 0 0.1 0 0.0 0 0.1 0
Apl. herbicides 0.0 0 0.1 0 0.0 0 0.1 o 0.0 0 0.1 0
Weedings 46,1 45 58.1 68 43.4 , 52 38.3 59 51.3 57 47.6 . 56
Pruning .0 0 0.5 1 0.3 0 0.1 0 0.1 0 0.2 0
Harvesting 6.8 6 3.4 4 8.2 10 7.5 11 9.2 10 6.6 8
TOTAL 105,8 100 84,8 100 82.2 100 66.1 100 91.5 100 86.4 100

Source:

R. O, Diaz and Per Pinstrup-Andersen (eds.) {1977), op. eit., p. H+1Z

:



ESTIMATED LASOR USE IN THE PRODUCTION OF CASSAVA PER
HECTARE (HEN DAYS/HECTARL) (%) TCOTAL LABOR PERCENTAGE

USED Ik THE ACTIVITIES.

FIGURE 4.
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FIGURE §. LABOR USE DISTRISBUTION FOR TOTAL ZORES (MEN-DAYS/HA)
DURING ONE SHASON AVERAGE 1973 - 75
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TABLE 15.

AVERAGE VARIABLES PRODUCTION ACTIVITIES COSTS OF CASSAVA PER HECTARE

Activities ZONE 1  2OME  II ZONE  III  20NE IV ZONE v TOTAL

8/ha % $/ha % $/ha % $/ha % $/ha % §/ha %
Land clearing 38.3 1 0 0 37.4 1 37.1 1 383.7 11 82.9 2
Land preparation B862.6 28 1183.5 26 571.1 14 769 .4 19 596.8 16 815.0 20
Ploting 65,2 2 86.9 2 63.2 2 20.9 0 11.7 o 52.8 1
Planting 197.4 7 393.8 8 538.4 14 479.5 12 293.2 8 282.6 iQ
Replanting 37.7 1 42.4% 1 27.6 1 62.4 2 95.7 3 50.5 1
Hilling 2.1 0 68.4 1 0 0 5.5 0 D g 17.0 1
Irrigation ¢ H 1] 0 o 0 ¢ 0 100,9 3 15.7 0
Drainages 6.4 0 16.7 0 1.0 0 32.8 1 27.7 1 16.0 1
Ap. Fertilizers 33.3 1 49.8 1 21.8 1 23,9 - 1 27.2 1 31.9 1
Ap. Fungicides 0 0 2.7 0 4] 0 1.4 G 0 o 1.0 0
Ap, Insecticides 140.4 5 66.2 1 156.2 4 159.4 &4 34.4 1 114.1 3
Ap. Herbicides 0 0 9.2 4] 0 o 1.5 0 0 4] 2.4 0
Weedings 1202.0 39 2333.5 47 1991.0 50 1812,2 44 1524.9 43 17%81.2 45
Pruning o 0 20,5 0 14.0 0 0 0 2.0 0 7.9 0
Harvesting 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  3784.5 92 3369.6 95  3641.3 92
Sourew: R. O, Diaz and Per-Pinstrup-Andersen (eds.) (1977), op. eit., p. I-11
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TARLE 16, AVERAGE VARIARLES PRODUCTION INPUTS COSTS OF CASSAVA PER HECTARE
Inputs ZOKE I ZONE I1 ZONE 11T ZONE v ZONE \'s TOTAL
$/ha %2 &/ha % §/ha % $/ha % $/ha % 5/ha %
Seed 117.7 4 196.3 4 69.4 1 121.3 3 128.0 b 127.7 3
Fertilizers %7 2 315.2 8 11.0 0 94,6 2 25.5 1 112.0 3
Insecticides 113.1 4 73.6 2 73,9 2 109.9 3 20.0 Q. 80.3 i
Fungiclides 0 0 0.7 0 0 0 1.0 0 0.0 0 0.3 0
Herbicides 0 0 23.1 0 0 0 4,6 0 0 o 6.1 0
TOTAL INPUTS 305.5 16 608.9 12 151.3 3 331.4 8 173.5 3 326.4 8
TOTAL VARIABLE .
COST* 68,1 100 5018.8 100 39%54.3 160 4095.9 100 3543.1 100 3967.7 100

Source:

*/  Activities (Table 15) plus inputs.

R. 0. Diaz and Per-Pinstrup-Andersen (edsy (1977}, op.cit., ps. 1-6, I-7, 1-8, 1-9, I~10, I-11,
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TABLE 17. AVERAGE TOTAL PRODUCTION COSTS OF CASSAVA PER HECTARE AND PER TON IN EACH ZOWE.

ZONE 1 ZONE I ZONE 111 ZOXE v ZONE V¥ TOTAL
£ /ha $/ton  $/ha $/ton - $/ha $/ton  §/ha §/von $/ha §fton &/ha 5/ton

H

Average varishle costs 3063 694 5019 397 3954 1318 4096 661 3543 957 3968 640
Adninigtration 199 15 0 o 33 13 6 2 &2 10
Tochnical assistan: 8 2 9 i 1 g 1 I 4] 3 1 4 1
= Surveillance 39 % 28] 21 97 32 8 1 1 12 -2 .15
£ Pack 2 12 126 - 10 55 18 344 55 33 9 123 20
Interest (127 of voriable cest) 368 84 602 4B 474 158 491 79 425 115 476 77
Total cost excluding iand rent 3535 803 6218 494 4581 1527 5022 810 4054 1096 4729 763 .
Land rent (107 of land value) 278 63 4511, 358 321 107 540 87 423 114 , 1318. 212

TOTAL COST 3813 856 10733 852 4902 1634 5562 897 4477 1110 6047 975

Sourcer R, 0. Dlaz and Per Pinstrup-Andersen (eds) (1977), op. cit., ps. I-14, 1«13, I-16.



FIGURZ 6.

ESTINATED VARIAGLE PRODUCTION CUST PER HICTARE OF CASSAVA (%)
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TABLE 18,

AND PRODUCTION VALUE,

LAND RETRIBUTION AVAILABLE FOR OWNER, RENTS AND SHARECROPPERS, AND NET RETURNS, GIVEN AS PERCENTAGE OF LAND
AVERAGE BY 20NE.

ZONE I ZGNE 11 ZONE 111 ZONE 1v ZONE v TOTAL
$/ha $/ton §/ha  $/ton  $/ha $/ton  S5/ha $/ton  S/ha  S/ton  §/ha §/toer
Value of land 2776 45153 3208 3400 4227 13185
Value of production 5859 1311 25685 2038 5846 1982 7982 1287 4016 1029 10485 1691
Net return and land
retribution 2324 528 19467 1545 1365 455 2959 476 -37 5755 92:
Percentage of land value 83.1 43.1 42.5 54,6 G 43.6
Percentage of production
value 9.1 75.8 23.0 37.0 0 4.9

Source:

R. 0. Diaz and Per Pinstrup-~Andersen (eds.){1977), op. cit., p. I-18
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TABLE 19.. TOTAL PRODUCTION COSTS OF CASSAVA AND NET RETURNS PER HECTARE AND TON POR SHARECROFPER IN EACH ZONE.
: AVERAGE BY ZONE. '

Activity zont 1 208E 11 ZONE 11X ZONE v zonE v © TOTAL

S/ma  $/ton | S/ha $/ton &/ha  §/tom S/ha  5/ton $/ha $/ton $/ha  $/ton

Averape variahls cost 3544 591 6224 546 39048, 1447 L4463 047 30 788 4526 730
Administration ‘ 0 0 34 3 ) 0 0 0 0 0 8 1
Technical assistance . 4] Q ] 0 1 0 4 0 0 Q 2 0
Survalllance ¢ 0 231 20 45 17 i8 3 75 i5 77 12
Pack : 4 1 188. 16 78 29 446 65 G G 17 2%
Land rent 3799 633 11841 -103% 2718 1007 5584 823 29396 599 5664 Si4
Interest {12% of varlezble

cast) 425 71 749 &5 469 174 535 77 473 85 543 87
Total Cost 7276 1296 19273 16%1 7220 2674 11146 1615 7484 1487 10997 1773
Value of produsticon gox7 1489 2438% 2139 4085 1846 9940 JEEAY 5392 16738 11767 1898
Het returns 1151 192 5112 548  -2235 8§28 ~1206 ~175 =-2092 -41% 770, 125

‘

Souree: K. O, Dlaz and Por Pinstrup-Andersen (eds.) {1877}, op. cit,, p.1-20




TABLE 20. AVERAGE OF CASSAVA FOR TOTAL ZOWES. AVERAGE BY FARM SIZE.
{COL. $/TON.).
Tipical
Average Low High Desviation

ZONE X :

Small 1380 330 2880 570

Medium 1260 400 2400 490

Large 13980 1000 2270 380

Total 1320 330 2880 500
ZONE II :

Small 2110 1000 3810 870

Medium 1760 760 4760 990

Large 2060 960 3920 760

Total 2000 760 4760 830
ZONA TIT :

Small 2110 1340 3520 650

Medium 2230 1080 3200 680

Large 1720 780 3360 700

Total 1980 780 3520 7290
ZONE 1Iv

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 :

Small 1550 330 3810 740

Medium 1470 400 4760 730

Lerge 1550 380 3920 750

Total 1540 330 4760 740
Source: R. O. Diaz and Per Pinstrup-Andersen (eds.) (1977), op. cit., I~4
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' TABLE 21. PERCENTAGE DISTRIBUTION OF CAS3AVA PRODUCERS ACCORDING TO ORIGINAL AND DESTINATION OF CASSAVA,

AVERAGE BY FARM SIZE.
Z0HES:
DESCRIPTION 1 11 II1 1Yy v
PLACE OF SALE
Greungéf 41,0 76,5 27.3 0
Farm ™ 27.9 9.4 52.5 1.8 83,6
local Market Place 19.6 1.6 39.6 7.3 9.1
Principal Market Place 8,2 12.5 3.4 60.0 ¥
&%  DESTINATION
O
Selling for @
Human Consumption 45.9 100.0 ¢ 94.9 96.4 75.0
Animal Consumptiocn 0 0 o 0 0
Processing 50.8 0 0 0 22.7
No selling “ 3.3 0 5.1 3.6 2.3

1/ Before harvest ("selling")

2/ Harvested

Source: R. 0. Dlaz and Per Pinstrup-Andersen (eds.) (1977), op. cit,, p. K-3
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TABLE 22,

PERCENTAGE DISTRIBUTION OF FARMS ACCORDING TO THE CLASS AND TYPE OF TRANSPORTATION FOR TOTAL
ZONES,

I ‘ 1 111 v v TOTAL
CLASS
Owned 3 ¢ 7 o 5 2
Reated 25 15 6 - 67 5 30
Mone 72 86 57 33 o0 68
TYPE
Mechanical 5 14 22 65 10 23
Anima. 23 0 20 2 4] G
Source:

R. O, Dlaz and Per Pinstrup-Andexrsen {eds.) {1977), op. cit., p. K-b



The average price paid to the farmers was of $51540/ton. The price
at zoneg II and I1Y was alwost double the price at zone V. Price at
these zones may have been favoured by the access to big markets. There
were no large differences between small and large farmers as to the price
of cassava but wide variations were noticeable in the same zones (Table 20).

Marketing and transport of cassava for industrial processing and
starch plants was produced only at zome I, with traditional technology
and at zone V, with sdvanced technology.

e One third of the farmers sold their cassava "in situ"” i.e. before

) harvesting (Table 21y, wWith this system price is defined by farmer and
buyer before harvesting the crop. The cost of harvesting is paid by the
boyer who sometimes supplies the bags. The main reasons why farmers deal
this way are: a) he believes profits are higher b) he avoids marketing
problems ¢} he eliminates the risk associated with a yield smaller than
expected and d) need of cash before harvest time,

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

Cassava production is generally found at places isolated from
consumer centers, This situation makes the marketing of the product
more difficult foreing 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 . ‘

~ SIMMARY AND CONCLUSIONS

The need for usefull information about the cassava crop in order to
make decisions according to research priorities and to develop 2 methodology
that can be ntilized by institutions or persons from other countries
. interested, motivated the International Center for Tropical Agriculture
gl - (CIAT), to initiate a study on cessava covering the following aspects:

{1) deseription of the production processes, (2) identification of facters

agsociated with low yields, (3) estimate production costs and other

. economic indexes,

A group of cassava farmers distributed in five different reglons,
were visited during different stages of the cassava growing cycle in
~order to obtain information on all activities of: (1) production and

" planting systems (2) rype of soils based on samples taken at each one

» ©of the visited farms (3) direct cbservation of insects, diseases, weeds

- and water problems (4) estimation of inputs used and production costs for
each one of the studied zones.

At the farms  surveyed most of the production activities are
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performed with hand labor, Around 40 percent of the farmers planted
cassava intercropped with other crops, malze being the most Important.

Heed contrel is one of the mast important activities in the cassava
production process. The majority of the soils are acid and loam textured.
Diseases caused by Cercospora spp were the most important at almest all
plantations under 1200 m of altitude and phoma leaf spot was the main
disease causing yvield losses at more than 1200 m over sea level. Insects
were found at all reglons surveyed, of which thrips was the most frequent,
Gallmidge, mites, white fly, fruit fly, tingids, horn worm and leaf cutter
ants where the most important. Broad leaf weeds were the most frequent
at all zones. Ferns were some of the most common weeds,

Machinery was used for land preparation and very little for other
labors. Insecticides, especially for leaf cutter ant control were the

most common chemicoal inmput. The size of seed increased as altitude
over sea level decreased.

Average yields from the survey were less than 7 ton/ha. A wide
variation was observed from 0 to more than 40 ton/ha. In spite of this,
use of labor for cassava production averaged at 86 man~days per hectare,

The variable production costs was estimated at $4000/ha and $640/tow
and the total cost at $6000/ha and $1000/ton of cassava produced. The
highest value of production was of $25000/ha and the lowest was $4000/ha.
The 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 zones
I, 11, 111, IV, V and farmers total costs respectiyvely,

The average price pald to the cassava farmers was of $1540/ton cassava
for processing and starch obtained was sold only at two zones. One third

of the farmers sold their cassava before harvesting and the majority had
no transportaticn available.

It is important to note that this type of information is indispensable
for the research workers in charge of establishing simple unexpensive

techaologies which conld be adopted to different ecosystems and cultural
levels.
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AGRICULTURAL ADMINISTRATION :
HOW TO APPLY THE ECGHOHMIC THEORY ij

J.1H, Effergson

" Yery often economistsg, eager £5 show the world how much they
know about their proffesion, have made of economics, the science of
common sense, very diffiecult to understand, By the use of unusefull
words, endless phrases and innumerable, confusing and complicated
graphs, they have made economics 2§ the most obscure of the foreign
lenguages, and even more difficult to understand and to apply to
agricultural administration local problems. As a result, farmers have
made little use of the economic theory in their daily decision making
activities. They need specific facts,” not abstract theopries,

They really need basic facts pertinent to the matter on which
they must decisions, as much as they need economic theory which is
world wide accumulated experience to evaluate and interpretate these
facts, Without both factors arriving to correct coneclusions is
impossible, "

1/ Agricultura de las Am&ricas Afio 25, Nev, 7, 1976 pp. 94



ECONOIIC AMALYSIS OF EXPERIMESTAL RESULTS 1/

Per Pinstrup-Andersen

1. Hature and usefullness of Economic Analvsis

The main purpose of economic analysis of experimental results is to
hely establishing recommendations to farmers on the use of resources
and production technology. Economic analysis look for the economic
optimum based on experimental data, It is of little use for the
farmer that the application of 500 kg. of Urea will increase yields
per hectare, The same way it is of little use to know that one
weeding per week during the first seven months of growth will result
in larger production. The farmers' objective normally is not to
maximize yield but to maximize net income, So, the farmer is
interested in an economic optimum and not a physical maximum, Agro-
biolegical experiments should be complemented with economic analysis
so that experimental results may have relevance among the farmers.

2. HNecessary data

The type of data necessary depends on the specific analysis to be
performed, It is essential then, to decide if an economic analysis is
to be made and to especific what amalysis it will be before commencing
the experiment. If these considevations are not included in the
planning of the experiment, it is probable that later on the analysis
cannot be done due to lack of data.

It is common for an agriculture research worker to perform his
experiment, tabulate the data and then ask for an economic analysis
without consulting the economist but after the experiment is finished.
It iz like estimating the efficiency of &n animal diet after a period
’ of time withont information on the qaantitiaﬂ of faed consumed. In
R most cases it is impossible.

g§? Generally, the data necessary for economic analvsis, besides
experimental resulis, consists of amounts and prices of inputs used,
prices of the produce end impact over other resources. However,
- information especifications varie from one experiment to another.

1/ CIAT, Internal Publication. August, 1974,




3. Estimation of economical optimum

Estimation of economical ontimum {35 based in the fact that an
| activity whose cost is inferior to the value of the result of the
activity increases net income.

% If the cost of applying 1090 kg of fertilizers is $30.00 and the
! value of the inerease in production is $60.00 the farmer would increase
net income by the use of fertilizers.

If the value of the increment is only $40.00 it would be best not
to use fertilizers. But, exactly how much fertilizer should be used.
It may be usad to the point where the cost of each aditional unit of
fertilizer equals the value of the increment in production., In
econamic terms, we can say, where the marginal cost {(MC, of the
i fertilizer input) is equal to the value of the marginal product (VMP,
. f@ cassava production).

SR EER e LT

k Figure 1, shows a hypothetical example of the estimation of the

E - optimum amounts of fertilizer use. Uhile the maximum yield is of
13.000 kg/ha corresponding to the use of 600 kg of fertilizer per
hectare, the economical optimum corresponds to the use of 383 kg of
fertilizers per hectare. The curve presented in figure 1 is called
"Production Function". The production function shows the input-
product relationship for a certain 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 fertilizer use is not always possible. For example,
4 comparative analysis of nst profits from using three different types
of herbicide. 1In cases like this budget methods are used estimating
the cost and benefit of each one of the three poszibilities.

&, The role of risk and uncertainty

The response to fertilization shown in table 1, expressed as a
production function in figure 1, refers to an experiment already
completed (hypsthetical data)., If the seme experiment could be repeat-
ed under exactly the same conditions the response would be the same.
However, certzin factors exist which cannot be controlled or predicted
that can influence the response to fertilization. These factors are
related meinly to environmental conditions, i{.e. rains, droughts,
winds, insect or disease attacks and price variations for the product
-or the inputs. The presence of these factors cause risk and uncertainty
in the agricultural enterprise. Because of these reasons, the farmer
must decide about the amounts to use for each input based on experimental
resultes and on the probabilities of the different degrees of the
uncontrollable factors. ‘ ‘

The epplication of experimental results without consideration of
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TABLE 1.d HYPHOTHETICAL RESULTS OF A FERTILIZERS EXPERIMENT.
Average Marginal Price 1 Price
Land Fertilizer Produckion Producticn Production {Fertlilizer) Production Y.MLP.
(Hla) ==ewmmomesscmennerrocncaemnannna. (Kgs) =emmssmmmmsmeccanc. smemmaas ($/Xgs) ($/Ton.) (6>
1 B ¢ 10.000 ' 0.50 150
~ ‘ 10 1.50
WO 1 100 11,000 110.0 0.50 150
o 8 1.20
1 200 11.800 39.0 .50 150
' 6 0.20
1 -300 12.400 41.3 0.50 150
: 4 0.60
1 400 12,800 32.0 0.50 150
2 0,30
1 SO0 13,000 _ 26.0 (.50 130
” i 0.15
1 600 13,100 21.8 G.50 150
-1 ~0.15
1 700 13.000 18.5 0.50 150

1/ Assuming that other production cost are independent of the nitrogen level.



risk and uncertainty may be cause of severe failrues. For example,
in Puebla, Mexico, it was found that optimum Nitrogen levels varied
from O to 2% kg/ha in 1763 and 1909, and the precipitation regime
was blamed as the main cause for this variation. Flor and Pinstrup-
Andersenﬁfprescnc additional considerations on the importance of risk
and uncertainty and methods for estimating the economical optimum
under such conditions,

5. Implications to the farmer and to the agricultural sector

A single farmer normally produces a very small portion of the
total production sold in & certain market, Algo, the use of a
certain input is only a small proportion of the total sold. An
inecrease in nroduction or a&n increase in the use of an input in one
or few farms, will not cause changes in prices of inputs or product.
However, when a large proportion of farmers increase their production
or use of inputs, prices tend to change. S, if estimates of the
benefit to the farmer brought by a new technology are calculated
based sn fixed prices veszults would not be valid if a great portion of
the farmers adopt the new technology. Instead of utilizing fixed
prices for product and fnputs, the calculations should include and
estimation of the expected varxiation in prices due to an increase in
production and or use of inputs.

Excercises on this matter and other cases of sconomical optimum
estimation using different phases of cassava production are explained
further, ’

2/ Carloes Flor M., and Per Pinstrup-Andersen "Some economical models
for risk and incertainty situation The case of Nitrogen" Paper
presented at the 2 Colloguium on-Soils, Palmira, Aug 29- Sept 3,
1971,

499



P

g

APPLICATED EXERCISES ON ECQUOMICAL ANALYSIS

Rafael Orlando Diaz D.

In the previous section on the economical analysis of experimental
results, it was defined that the objective of the farmer is not only
to obtain high yields but to obtain high net incomes, The point that
defines the maximum income situation to the farmer is obtained by
calculating the economical optimum for the enterprise.

Estimation of econ~mical optimum is based on the fact that the
farmer's net jncome is increased by an activity whose is lower that
the result of the activity.

To apply economical analysis to experimental results some usefull
conecepts must be kept in mind,

The expression "Production Function” 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, It can be expressed mathematically by ¥= (F{X1, X2.....%n).
The amount of resources by Xi, X2, to Xu. The equation must be read
as(the amount produced "Y' per unit time, is & function of (or depends
of) the amounts of resources X1, %2....Xn used by the company per
unit time,

Table 1 presents production relationships without considering
prices and value of production relationships considering price of
input and product. A graphic representation of a production function

- without considering prices is given in figure 1. Tigure 2 represents

relationships for value of production,

Figure 3 shows production cests commonly used in the elaboration
of budgets obtained based on a linear oroduction function,

Methematical relationships for averzge costs are given in Teble 2.

1 A more detailed explanation about functions and how they are
obtained mathematically is given in Bishop, C.E. and W.D Toussaint.
Introduction to Agrcultural Economic Analysis, John Wiley and
Sons, Inc. 1958.




Given this definitions, some exercises using hypothetical cases
of some bioclogical experiments and thecriterion used to perform the
economical analysis of results, are described below.

Cage No, 1

Estimation of optimum Hitrogen levels for cassava, Variables
will be: (1) price of Witrogen input (2) price of cassava product
end (3) price of input and product,

Costs of applying Nitrogen, weedings and harvests vary with
variations in the Nitrogen Ievel applied and the production levels
ocbtained.

Case No, 2

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

Case No, 3

Optimum number and time for weeding of cassava. This example
is the case of a comparative analysis of the net profit resulting
from ussing four different alternatives based on results of simple
budgets, estimating the cost and benefit of each one of the
alternatives,

Case No, 4
Optimum time of harvest, Variables are time of harvesting, so,

the yields vary too. Because it is probable that the cassava
harvested decreases in its guality, this depends on the type of

market, the price per ton of cassava must be varied., The alternative

cost of the land is considered. The cost of harvesting also varies.

" e



TABLE 1. RETATICNSHIP OF THE PRODUCTION

iF : %; = Quantity of the iaput
¥y = Quantity of the product

Average Product,

. ) AP = Y;/X; : The ratio of the total product (TP) to the quantity
R of input used in producing that amount of product.

Earginai Product .,

MP = A Y;/AX; : The addition to product resulting from the
addition of one unit of the input,

Relationship of the value of the Production.

B iF ¢ Pygy = Price of the input

§

Py Price of the product

Value of the total Product.

VIP = Py Y
) Value of the average Product.
G VAP = (Py ) (Yy/Xg) = Py AP
M \?if \'<= .
j Z;pg{; Value of the Marginal Product,
. .'%;‘.ﬁf% ; #
MR = om {Fy7 = The vaiue of product per unit of

input &t any particular level of
input,




TADLE 2, AVERAGE COS7T

&1C

g oS0

— ATC
- X
Average Fized Cost,
AFC = TFC/Y = (PupXo + Poglq tevaenneot Prpe & ) /Y

Average Variable Cost,
AVC = TVC/Y = RS It = (le) les;l = lefA?

AP _ = Average Product.

larpginal Cost.
1C = JTC/dY = {(IVC +TFC) /3 ¥

n
= MPyy g + 2 Py X) /e
1=2
= By 0X/2Y + 0O = (Fyy) Y/ =i

= By NP X

11z = targinal Troduct

Averare Total Cost

ATGC = TC/Y = (AVC + TFC) /Y
= AVC + TIFC

#

(P}c}.‘;{llY} +  (TFC/Y)

> s
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FIGURE 2, RELATIONSIIP OF THE VALUE OF THE FRODUCTION.
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CASE HO. 1. _ ESTIMATION OF OPTIMUM NITROGEN LEVELS FOR CASSAVA,

Apllication Price Weeding Harvesting Others (1) (1) B @ 3 (3D
Nitrogen Production Cost N/Kgr. Cost Cost Costs MP VWVMP MC VMC MG VMP MO
cemmeamee(Kg/hA) sammnm e e mmmamnannas ($/R8) ~mmmmmmmmemmemmmmmmmmmanns cmeececonan oo T
0 3,000 0 0.4 200 100 100 20 .2 0.80 2.0 0.70 1.6 0.80
50 6,000 10 0.4 200 110 100 20 2 0,22 2.0 0,12 1.6 0,22
100 7,000 1 0.4 130 120 100 15 1.5 0.26 1.5 0.16 1.2 0.26
200 ° 8,500 12 0.4 150 135 100 16 1.0 0.30 1.0 0.20 0.8 0.30
300 9,500 12 6.4 130 145 100 - 5 0.5 0.36 0.5 0.26 0.4 0.36
o 400 10,000 13 0.4 120 150 100 6.2 0.40 0.2 0.30 0.16 0.4
2 500 10,200 13 0.4 120 150 100 5 0.0 0.41 0.0 0.31 0.0 0.41
600 10,200 14 0.6 120 150 , 100

{1) Price of the Nitrogen : $400/ton, = $9.4 kgs.
Price of the Cassgava $100/ton. = $0,1 kgs.
Optimum Nitrogen Level = [J91] kgs/ha.

{2) Price of the Nitrogen : $300/ton. = $0,3/kgs.
Price of the Cassava : $5100/ton, = $0.1/kgs.

Optimum Nitrogen Level = kgs/ha.

(3) Price of the Nitropen : $400/ton. = $0.4 kgs.
Price of the Cassava : § 80/ton., = $0.08/kgr.
Optimum Nitrogen Level = 13064]Kgr./ha.



15 CASE MO, 1 (EXERCISE 3), ESTIMATION OF OPTIMUM NITROGEN LEVELS FCR
§ CASSAVA
1
g Nitrogen viip e ?y = $0,08/Kgrs.
| 250 0.4 0. 326
! > < Px = $50.004/¥grs.
l 350 0.16 0,40
j ! Vifp
gt
ol 1c
‘ (x)
0 | e
A | I
K 0.3 } }
H 1
ES ’
s !
- ]
%’ sz - E
1.
E !
;j . G- 16 _______________________ T.. mmmmmm ’
i 0.1 | : |
b ! i
£, i §
i {
i : :
1 e 'y i i 3 N
s 100 200 300 400 500 il (x)
(X1, Y1) - (350, 0.5) (350, 0.26)
(X2 , Y2) (450, 0,2) (450, 0.30)
Bz-Y) / X2-X1) = m
m (VMP) = (0.16 - 0.4 [/ (450 - 350) = 0,24 = -0, 0024
100
m (€)= (0,40 - 0.36) / (450 ~ 350) = 0,04 - 0. 0004
100
=g + m:
0.4 - 0,024 = 0.36 + 0.0004X
X = 14,28
X Cut = 350 + 14.28 = 364.3 Xgrs,/Ha.
510




CASE NO. 1 (E{IRCISE 1). ESTLIATION OF OPTLIUM WITROGEN LEVELS IFOR
CABEBAVA.,

Hitrogen ViR HC Py = § 0.01/Kgs.
Kgs/fhea,

350 0.5 0.36 B, = $ 0.04/Kgs.

450 0.2 0.40

viP
MC
(¥}
0u5 b e

et Lo e e e L
L]
e
Qo2 e e e e ———

0.21

-
Q. 2 . e Sl it e e g e . g AP WS O W D S ik k. a2 T . T e _...Jw..». A e e e

}
E
0,1 i
i
i
}
f

166 360 350 7K 10 I
) &)

Gy 5 Xy ) (350, 0.5) (350, 0.36)
(2 , Y2 ) (450, 0.2) (450, 0,40)
| (¥z-Y1) / @2-%X1) =nm '
m (ViP) = (0.2~ 0.5) / (450 - 2350) = - 0.3 = _ p.oo3

100
Foom (MC) = (0.40-0.36) /(450 - 350) = 0.04 - (.0004
T = 5 -+ om -
0.05 - 0.003% = 0,36 + 0,0004X
0.14 = 0,0034%

X e 41,17
350 + 41.17 = 391,17 Kgrs,/ha,

~




CASE Yo, 1 (IXERCIST 2), EISTIIATIOCH OF OPTTINUI NITROGEN LEVELS FOR

CASSAVA.
Hitrogen Vi iFC
350 0.5 .26 Py = $0,1/Kgrs,
- < _ :
450 0.2 0.30 P = 30.3/Kgrs.
Vi
11C _
O e e e e e e
0.4
G e e e e e e e e
0L 26
O e e e e
0.1l
} I ) " - - }
100 200 300 &L00 500 H(x)
X1, Y3 ) (350, 0.5) {350, 0.26)
(X2 , ¥2 ) (450, 0.2) (450, 0,.30)
(¥2-¥%) / E-X1) = m
n (VilP} = (0.2 - 0.5) / (450 - 250} = ~ 0.3 = . 0,002
1G0
o (MG} = (0,30 - 0.26) /7 (450 ~.3508) = 0.04=  p.0004
' 100
¥ = o4 om
605 - Q,OG3}: = 9026 I O;QQM}{
0.24 = 0.0034%
XL = J0.5%9
X Cut =

350 4+ 70.59 = 420.6 Hgrs/ha,

e B Y
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- CASE NO., 2, ESTIMATION OF OPTIMUM PLANT POPULATION (HYPOTHETICAL DATA)

S

)

Plants Production Seed "Planting Weeding Harvesting Others
Benefits /ha, (Kg/ha.) Cost Cost Cost Cost Costs MP VMP MC
remmmnsmnaecy cnosnwn( $/ha, Jevmeminaiccanannaa
50 5, 000 6, 000 - 100 ' 50 200 100 100
¥ ' T 0,8 0.08 0,023
325 - 10,000 10,000 ©o200 70 170 150 ino
Lo - D o . 6.6  0.06 0.020
495 - 15,000 13,000 300 : 80 160. 180 100
: : ' 0.4 0.04 0.024
575 20,000 15,000 400 80 160 190 100
. . . : i 0.2 0,02 0,024
2 565 23,000 16,000 o500 P 100 160 200 100
w ' _ { . -0,6 «0.06 0.022
190 13,000 . 600 : 110 1460 200 100

30,000

t

Price of the seed

Price of the Cassava

&

i :
§ 20/Thousands stakes, § 0.02/stake

$100/ton, $0.1/%gr. C
The optimum plant population per hectare {s : | 21.500 plants/ha,




CASE KO, 2. OPTIMUM FLANT POPULATION

Plants/ha. VNP MC B, = $0.1 /Kgrs.
15756 0.04 0.026
g - P = $0.02/5take
22500 0.02 0,024 ®

] vip
il e

" )

0,04 brm e e e e e e
s

0,028 | o e e e e e e

i .02 L _

:

)

I3

: 0.01 |
e
|
n A

15.000 20.000 ' 25,000 Plants(:
X1 , Y1) (15750, 0.04) (15750, 0.024)
(fp , ¥3) (22500, 0.02) {22500, 0.024)

(g ¥ Xz~ %) = m

m (VMP) = (0.02 - 0.04) / (22500 - 15750) = - 0.02 . ¢ 0000296

3750
m (MC) = (0.024 - 0.024) / (22500 - 15750) = 0 . g
6780
Y = a4+ mx
M 0.016 = 0.00000296X
BT E X = 5405, 40
_#‘ X Cur = 15750 4 5333.33
ER o

21155.40 Plants/Ha.
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- CASE N0, 3. PTIMUM NUMBER AND TIME FOR WEEDING OF CASSAVA (HYPOTHETICAL DATA)

Value of
Number of Age of the Men-day/ha Harvesting Others Total the total
Weedings crop Production | for weeding Cost Costs., Cost Product Benefit
(Days) (Rg/ba.) e e . “+{ $/ha ) -uememoocanan
1 ©30 +5, 000 15 95 200 340 500 160
1 &0 6,000 23 100 200 367 600 231
1 a9 3,000 35 70 200 375 300 13
2 30/60 10, 000 30 150 200 440 1,000 560
2 80/90 11,009 a8 160 200 474 1, 100 £26
3 30/60/70 12,000 43 170 200 505 1,2 695
4 30/60/90/120 12,400 60 170 200 550 1,240 690
Cost of the man-day :  § 3.00
Price of the Cassava ¢ 5100/ton. §0,1/¥gr.

Kumber and time for weeding ! 3, to the 30, 60, 90, days respectively.




CASE O, 4.

OPTIMUM TIME OF HARVEST (HYPOTHETICAL DATA)

Age for Price of Harvesting Others
Harvesting Production the Cassava Cost Costs. MP vie M
(Months) (Xg/ha,) ( $/ton ) wevea wuel($/ha) smamcaun
12 10,000 100 150 300 =50 75 30
14 11,500 100 170 300 550 55 27.5%
16 12,670 109 185 300 300 10 95
13 13,200 100 135 300 260 26 225
E 20 ;3,600 100 200 300 150 15 55
22 13,900 80 200 300 100 10 20
24 14,100 80 200 300

Alternative coat of the land
Price of the Cassava

Optimum time of havvest

: 8 20/month

. $100/ton.

18,33

months
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CASE NO. 4, OPTIMUM TIME OF HARVEST,

Ape Ve MC
{(Honths)
17 kD) 25 Py = $ 0.1/Xers.
> > P, = § 20/Month.
- 19 20 22,5
"
i 30
" 25
22,5
20
. i !
i E |
, 1 [
o t {
210 L 1 i
4 ! 1
: I i
: i i
¢ i i
3 - ] H 5 { -
5 15 15 17 18 19 * Yonths (x
&, Y1) (17, 30 (17, 25)
X2 , Y22 (12, 20) (19,22.5)
; (-~ Yi) 1 Oy X)) = @
* m (VMP) = (20 -30) / (19 -17) = _10 . ;5
-7

m (MC) = (22,5 ~25) / (19 -17) = - 2.5 4 1,25
: 2

Y

30 - 5X

X

X Cut

a + mx

25 - 1.25X

1.33

17 + 41.33 = 18,33 Mouths

# & 8 i
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CHARACTERISTICS OF THE WORLD'S CASSAVA PRODUCTION
UITH EMPUHASIS OF LATIN AMIRICA®

R. 0. Diaz D.

Prologue

This report amalyzes in brief form the relative importance of
cassava production in relation to other agricultural products in
cassava producing countries (CPC) and particularly as related to
those products with which CIAT is presently working.

s

2F

On the basis of historical series, the production, area, and
yield of cassava sre analyzed, especially for the Latin American
countries, with the object of evaluating their impact on the price
of the product and on the income of the producers in ezses where
new technology being developed penerates increases in crop yield.

Information supplied by Dr. Julidn Buitrago from the Swine
Program, CIAT, was considered in the preparation of this report.
He is thaoked for his colaboration. ~

Introduction

EO The cassava producing countries of the world (1) are also
responsible for 93% of the world's production of coffee and bananas
and for about 80% and 70% of the world's production of sugar cane

- and beans, respectively (Table 1). These same countries' production
of wheat %s inferior to Russia’s production (83.9 million tons) and
- superior to the production of the United States and Canada (62
1 oo million tons).

(1) In Africa the following countries: DBurundi, Cemtral African
X e Republic, Republic of Congo, Togo, Comoro Islands, Gabon, Ghana,
; “%3‘ Angola, Madagascar, Cameroons, Liberia, Equatorial Guinea, Ivory
% Coast, liigeria, Uganda, Guinea, Ruanda-Urundi, Venya, Higer,
- . Senegal, Sierra Leone, Zambis, Malawi, Mali, Gambis, Chad, Soma
S s lia, Upper Volta, 3enin (Nigeriz) Zzire, ané Sudan. -

Asia includes: Thailand, Indonesiz, Malaysia Sabah (No. Dorneo),
North Vietnaw, Timor Islands, West lislaysia, South Vietnan, The
Philippines, India, Laos Burma, Cambodia, China, Sarawek, Sri
Lanka.

Oceania includes: Topga, Figi, Trust Territory of the Pacific
Islands, New Caldonia, Papua, and New Guinea.

Latin America includes: #razil, Colombia, Paraguay, Ecuador, Ve
nezuela, Cuba, faiti, Perd, Argentina, Pominican Republic, Bolivia,

Honduras, Jamaica, Panmama, JNicaragua, Guatemala, Costs Rica, £l
Salvador, Puerto R[ico and French Guiana.

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

In production of sorghum, the cassava producing couantries do
not reach twice the production of the United States, the main world
supplier (15 million tons), but in soybean the production of the
cassava growing countries is very inferior to that of the United
Statesg, 33.1 million (56% of the world's production}., In relation
to meat, the United States produces 10.7 million tens while the
cassava producing countries only 9 million toans,

It can be concluded that the main source of animal and vegetable
protein are not produced by the cassava producing countries, but
rather in developed countries, Furthermore, cassava and rice, with
the exception of sugar cane, are the main sources of energy in all
these countries.

In relation to CIAT's commodities, (cassava, beans, maize, rice)
the area planted to cassava in 1974, was egquivalent to only 27 of the
plowable agricultural surface of all the e¢azssava produciag countries;
for beans it was 3%, maize 8%, and rice 18% (FAO 1975).

In the cassava producing countries in Latin America, the area
planted to cassava is equivalent to 2.4% of the total plowable
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 matter volumes (2}, the following yields
were attained: 2826 million tons of rice, 246 million tons of maize,
36 milifon tons of cassava, and finally, 11 million tons of beans
(3). 1Io spite of the fact that cassava has a high composition of
water, the total dry matter volume produced was three times superior
to the dry matter volume of beans produced in the world.

AREA AND PRODUCTION .

World production of cassava in 1974 was estimated at 103 million

 metric tons. During the period from 1964 to 1974, production in-

creased 2.9 percent annually (Table 3). Ares planted in 1974 was 11
million has, representing an annual increase of 2.14 percent from
1964 (Table 4). Average yvield per hecrtare was 9.3 tons in 1874 and
the rate of yield jincrease from 1964 was of (0.8 percent (Table 5).
An increase in both production and area planted is evident, ms is a
slight increase in yield.

Asia and Latin America accounted for 2971 each of the world
production of cassava, and Africa produced 42% (Table 3). Area
harvested was as follows: Africa 51%, Asia 26%, Latin America 237
{Table 4). ‘

{2) Based on the following humidity indexes for each product: cassava
65%, beans and maize 13% and rice 11%.

. {3) Estimated rom Table 1.
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FIGURE 1. Production zones and area planted to cassava {1,000 hectares)
in Latin American producing countries, 1974,
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Planted area: FAO, 1975, Anuario de Produceidn, Vel. 29,
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This reflects 2 very low average yield for Africa, 7.6 ton/ha in
comparison with 10.4 ten/ha for Asia and 11.7 ton/ha for Latin Ame-
rica (Table 5) (4).

The average yield in Asia, Oceanla and Lain America is above
the average world yield, while that of Africa is slightly below.

Compared with the rvest of the preoducing continents of the world,
few problems arise in Africa caused by the presence of insects or
diseases (Lozano and Yooth 1974), in spite of the fact that mosaic,

a viral disease has been reported to be exclusive to Africa (Terry
1974}, Thus, the main cause for low yvields in Africa are due to the
lack of adequate cultural practices for cassava farminga,

Brazil attained cne fourth of the world production of cassava,
followed in importance by Indonesia, Nigeria and Zaire with one
tenth each. In latin America only twec more countries, Colombia and
Paraguay, produced azt 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 Brazil 83%, Colombia and Paraguay 4% each, and Ecua-
dor and Peru 1% each (Table 3). -

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

Cassava is grown under traditional systems, primarily in farms
no larger than 1 ha, associated or mixed mainly with maize (Table 7).
In some countries of Asia and Africa it has been cultivated as a
secondary crop, in the shade of coconut or efrican palm plantations,
This practice has decreased in the last years. In Latin America it
is common to intercrop cassava with semestral crops.

In the majority of the Latin American countries (Figure 1) such
as Ecuador (Vardn 1975), Venezuela (Aries 1975), Paraguay (3elloti
1977) end Guatemzls (Fumegalli 1975), cascava is planted in smell
plots along with other crops of short vepetetive period. 1In Perxd
{(Kosas 1975} cassava is planted slone in femily fazrms on small plots
or occasionelly intercroped with maize or plantain.

The following ¢onelusions can be stated in relation to area

-planted and world production of cassava: (1) the largest area planted

is found in Africe with slightly lov yields resulting from tradition-
al snd rudimentary production techniques, and (2) the majority of
cassava production 1s done in plots no larger than 1 ha, established
mixed or intercroped with other semestral crops, primarily maize.

(4) Yields estimated based on the relation between production (tons)
end aren (has).
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Annual Production per Capita

Per capita production of cassava in cassava producing countries
was ten times larger than the per capita producticn eof beans, slight-
1y superior to that of maize and a little less than half that of
rice {Table 8}.

Compared with other agricultural crops grown in the cassava
producing countries, cassava per capita production was slightly
guperior to that of wheat and potatoes and close to four times larger
if compared witix sorghum and soybean.

The African continent had the highest per capita production of
cassava, but, along with Asia and Cceania, the smallest per capita
production of meat (Table 8). Asia was estimated to have the highest.
per capita production of rice - 1328 kgr person/year. This comparison
is relevant in that it points out Asia as having an advantageous
position in relation to the availability of protein sources - rice
has 8% digestible protein and cassava only 1% (Gutierrez apd Duitrago
1974).

The production of 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, 2.37), resulting in a decreasing annual
growth of production per capita (Tables 9 and 10).

In comparing the cassava preoducing countries (Table 11), Burundi,
the Central Africapn Republic and Congoe show the largest per capita
production of cassava, followed by Paraguay., Important in Latin Ame-
rica were also Drazil, Ecuador, French Guyana and Colombia (3).

The situation with cassava is similar to that of all agricultural
crops produced in the tropics, where the population grows at a slight-
1y higher rate than the production of any of these crops.

AVATLABILITY

Apparent Availshility of Calories

Presently the most important use for cassava is human consumption,
It has been estimated that 567 of the world's production is destinated
to human consumption (Hestel 1974).

Given its low level of protein content, cassava is only used =as

- & source of energy either for human consumption or for the elaboration
of concentrates,

Compared with wheat, maize and rice (Table 12), cassava preseats

‘the least apparent availability of digestible calories., In the cassava

(5) These figure were computed dividing the productiocan fizures in
Table 1 by the population data in Table 6.
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producing countries, the apparent per capita availability of calories
in cassava was 153, inferior to that of vice and maize (1121 and 366)
and supericr to that of beans, barley, sorghum aznd banana (33, 90,
110 and &40Q).

Cassava participated only with 5% of the digestible caloric
requirements in the cassava producing countries. In Africa, Oceania
and Latin America the caloric requirements supplied by cassava are
close to 16% and in Asia it is very low, only 2% (Table 13). 1In
pnly three Latin American countries did cassava participate above 8%
of the digestible calovic daily requirement per person; Paraguay 55%,
Brazil 30X, and Ecuador G%.

At the continental level it has been observed that Africa
presented the largest per ecapita production of cassava and the lowest
per capita production of meat and rice., This inverse relation has
not been very marked in Latin American countries (Table 14). As the
participation of cassava as a source of calories increases in these
countries, the avallabillity of animal or vegetable protein sources
does not present any tendency.

Animal Feed

Availghle information indicates that cassava for animal feed is
concentrated in the European Common Market (Phillips 1974). 1f
cassava prices, as compared to other grains, are favorable, good
S perspectives exist for the future, especially in those countries
A with deficiency of energy sources.

] Presently more than 90% of Thailand's production of cassava is
iﬁ consummed in Europe, practically monopolizing the European Common

: - Market demand (Boonsue and Sinthuprama 1975). Thailand first exported
its cassava in chips (6); lately they are exporting it in pellets.

Indonesia, another large producer of tuberous in the world, has
not been able to cope the world demand for cassava, and cassava
products primarily because of the fluctuations in the domestic con-
sumption levels of this produect, In Malaysiz, another asiastic
country, high production costs have difficulted the cxporting of
cassava derivatives, but the internal demand for animal feed has
shown a fast growth rvate (Firman Manurung 1574}. In Latin America
only Brazil hes exported 2% of its cassava production in the form
of flower, starch “tapioca', end chips (Phillips 1974).

Nestel (1974) indicates that the actual potential of cassava in
the animal feed industry seews to lie in these same producing countries,
especially in those where the pressure of the demand creates an increase
in the price of those products used in the manufacture of concentrates,
- and where & market for meat quality is being developed.

(6) Dencminated “raspas" In Portuguese and ''tajadas” in Spanish.

L7



iy

Nestel's theory coincides with the situation presented by some
Latin American countries such as Panama, Costa Rica, Colonbia, and
Venezuela, where dehydrating plants have been installed for producing
flower from cassava pellets. In the State of Monagas, Venczuela, a
recently established 360 ton/day plant for the production of cassava
pellets is dedicated primarily to supplying the local market with raw
materials fer the animal industry (Agroindustrial 1977).

The goals of the recent cassava flower industry in Latin America
coincide with the doubts raised by various experts in animal putri-
tion (Buitrago et al 1975) in relation to the potential in cassava
and its derivatives as a source of energy for animal feed. The
demand for grains, seeds, oleaginous, and other energy and protein
sources for the preparation of concentrate feed in Latin America will
increase notoriously. Thus, the competition for products for animal
feed is becoming more critical.

The potential of cassava as a source of energy is being recognized
in some Latin American countries., Reosas (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 area
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.

Sterch 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
Cenada, but in these countries cassava has contributed less than 10%
of the total starch used,

Cassava starch 1s preferred as raw 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 maize, West-Indian sago, and cassava. Sago cannot be grown in
the tropics as it has a long vegetative period, 8 to 10 years.
Potatoes grow in temperate zones and along with rice, are g basic
element in the diet. Another basic element in the diet of tropical
countries is maize, whlch is presently processed economically 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 following, showing an annual growth rate
fluctuating from 2 to 16%.
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In Letin America only Brazil on a big scale and Colowbia on a
small scale produce cassavag starch with low impurity content. In
this continentthe production of starch from cassava has been in the
hands of small industries with rudimentary technology.

IMPLICATIONS

As of today, three different marketg have been identified for
the farming of cassava, sccording to the investigations carried out
by Phillips (1974): starch and animal feed industries, discussed
in general in this report, and human consumption where the situation
is slightly different.

Taking Colombia as an example, where 954 of the cassava produced
iz used for human consumption and the rest goes to the industrial
sector, primarily for starch (Diaz and Pinstrup-Andersen 1977}, the
following has been observed: The area planted to cassava has varied
year after year (Table 15}, with an increasing tendency during the
last 20 years (7) (Figure 2). The average annuzsl increase in produc-
tion was estimated to be 28,080 tons (B); however, yield has been
almost constant with a slight annval increase of only 60 Xg/ha (9).
That is to say, the gradual increases presented in cassava production
are primarily due to growths in cultivated area,.

In relation to prices (Table 16), for the last 18 years, the
currect price has increased annualy by $70.34 per ton (10) and, at
constant prices, the anmmual increase has been approximately $1 per
ton (i2). No creditable data is avallable on cassava prices in more
recent years but it is known that they have risen at a very high
rate, primarily due to sdverse climatic conditions present in the
latter years in all sgricultural erees in Colombia.

Since (1) the increase in cassava production I{s a result
primarily of an increase in area planted, (2) actual prices have
been practically constant throughout the period (Figure 3), and (3)
the majority of cassava produced is used directly for human consump~
tion, it can be assumed that both supply from the farmers and demand
for human consumption has increased praportionally with population
growth, But besides population growth, incresse in income per capita
has slsc influenced cassava consumers demand {(13}.

(7) Area equation {¥) = 95,47 + 2,99x, R= (.83

(8) Production equation (¥) = 560.75 423.03x, R = 0.76

(9} ¥Yield equation (Y) = 5.98 + 0.06x, R = 0.46

(10) Current price equation (Y) = -60.65 70.34x, R= 0,94

(11) Prices deflated by the price index of the Central Bank,

(12) Constant price equation (Y) = 67.15 + 1.37x, R= 0.60

{13) Total demand growth rate is equal to the population growth rate,
plus the elasticity in demand for the product multiplied by the
growth rate of income per capita.
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According to empirical estimates available {Pinstrup Andexsen,
Per et al 1976), the increase in consumer’s income should not have
a major impact on demand for cassava since it is primarily consumed
by persons of low income (14). In other words, people consume more
cassgva as their income increases, but cnly to a certalm point.
From then on this product bghaves as an “inferior good",

Assuming that the population in Latin America will increase at
a rate of 2.5% in the next decade and that the per-capita income will
increase at a rate of 2% {Sanders and Alvarez 1977), cassava produc~
tion can increase at a rate of 2.7% without affecting prices. The
annual cassava production rate of growth for Latin America in the

~ last decade was 1.23%.

An increase in the production of cassava above JL would be
sufficient to cause a decrease ln prices occasioning a reduction in
net profits of the producing sector thus diminishing the stimulus

to future productiou.

A solution would be to reduce cassava prices to levels competitive

with those of other products, primarily of the starch and flower markets.

Thus, a competitive price level would be gttained, maintaining accept-
able profits for the producers if casgsava ylelds could be increased
through simple and inexpensive technology. For the cgse of Mexico
where cassava shows a very low popular consumption, the solution
suggested has been to increase the area planted to cassava for
industrial purpose, especially for concentrates.

Besides being an energetic supplement in animal concentrates,
cassava may be a potential substrate in the production of protein
from a fungus (Nestel 1974). By means of this bilogical process the

 level of protein in cassava could be increased up to 357 (15).

The economic feasibility of producing aleohol from cassava is
being studied in Brazil., This is a very important aspect in terms
of the present worldwide energetic crisis.

Recent studies show that bread or bread-type products can be
elaborated with formulas containing cassava flower or starch as the
basic ingredient, replacing wheat flower (Knight 1974). 1In countries
such as Yarsguay and Brazil there ere laws obliging bread producers

(14) The elasticity income for cassava demand in Cali, Colombia has
been estimated at 0,1185 (Pinstrup Andersen, P.N. de Londofio
and E. Hoover 1976), The impact of increasing food supply on
human nutricion, implication for commodities priorities in
agricultural research and policy. Americen Journal of Agricul-
tural Economics, 58(2), May 1976, p. 131-142.

(15} See Gomwez, G.G. for more detailled information on this process.
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to use a percentage of cassava flower in making bread. In Colombia
there are advanced studies on the use of cassava flower in the
elaboration of bread and noodles; however the problem here is the
scarcity of the product with consequent favorable prices for the
fresh root,

CONCLUSIONS

Lccording to information available it seems that the best
perspective for developing the industry of concentrates is the use
of cassava as an energy source for the domestic market, This implies
(1) producing countries must think more in satisfyimg the domestic
market than in exporting concentrates, given good comparative prices,
and (2) reduce cassava prices te levels competitive with the prices
of other substitute products. -

Finally, and in spite of the fact that the market for-exported
starch is very uncoertain, this line is very interesting and must be
studlied closely In producing countries as the sub-products of this
process are very useful in the concentrate industry.

*
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Table 1. Annusl production of sowa lmportant agriculsural crops in the cassava producing countries.
(ililons of tons) 1974,

Dry Sugaz Cotton Soy - ‘
Rezion ¥haoot Barley Repns Malze Rice Cane . -Potatoes Cazaava (Fiber) Sorghum bean Coffea Bansnazr  Heat

AL.g/ 9.2 0.9 2.9 31.9 10.8  230,0. 8.5 2%.7 4,0 7.6 8.7 2.9 18.7 S.ﬂ
AS. b/ 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 2.0
AF, g/ 0.5 0.02 1.0 9.3 5.7 16,1 1.2 43.7 1,9 8.1 0.1 1.1 . 4.7 1.2
oc. 4/ B ¥ B/ 0,005 0,02 2.6 0.004 0.2 W 0.004 W/  0.04 0.9 0.009
TCRC, &/ 68.5 3.8 . 8.0 86.9 257,71 505.5 52,9 103.0 16,3 26,2 21.5 4.5 33.8 9.1
)
THa g/‘ 360.0 171.0 12.6  294.3 321.,0 655.7 256,2 103.0 39.8 50.3 56.9 4.8 6.4 42.3
% g 19.0 13.9 71,2 29,5 86.3 © 17.1 17.8 100.0 41,0 52.0 37.7 92,7 82.% 214
- .
i
g
g/ L. A, Latia Azerica g/ TCRG  Total Cassava Producing Countries
b As. Asia £ ™ Total world
ef &® Lfrica s % Percantage of the Caseava Producing
Countrina in relation to the world total.
i/ o¢ Occania

h/ Data 18 not avalilablae.

SQURCE: FAD 1975 : Produstien Yeorbook Vd, 28-1
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Table 2. Anoual production of some lmportant egricultural crops in the cassava producing countries and other
countries of the world., (Millions of tons) 1974,
Total
Product lst country ind ecountry 3rd country World
Name Mill, Name Mill., Hame Hilli. M{11,
Tons Tons Tons Tons
Wheat U.8.5.8, B3.9 United States 48.3 China 37.0 359.9
Barley U.5.5.R, 56,2 China 20.5 France 9.9 170.9
Dry Beans India 2.5 Erazil 2.2 Ching 2.0 12.5
Malze United States 118.5 South Africa 11.2 Brazil 17.3 294.3
Rice China 115.3 India 60.4  Indonesia 22.8 321.0
Sugar Cane Indis 140.9 Brazil 96.6 Cuba 56.0 655.9
Potatoes U.5.5.R, 81.0 Poland 48.5 China 33,0 296.1
Cassava Brazil 24.7 Nigerdia 10.0 Indonesia 13.8 102.9
¥ Cotton Cake U.5.5.R, 8.4 United States 6.6 China 6.4 39.8
”  Sorghum United States 16.0 IndLa 10.2  Argentina 6.1 50.3
Soybean United States 3.1 China i1.8 Brazil 7.8 58.8
Coffee Pulp Brazil 1.6 Colombia 4.6 Ivory Coast 2.6 4.8
Bananas Brazil 7.0 Ecuzdor 3.4 India 3.2 36.4
Meat United States 10.7 U.8.5.R. 6.4 Argentina 2.2 42,2
SOURCE: FAO 1975, Production Yearbook. Vol, 28-1




O’QTable 3. Caasava production (thousands of metric tons} in Latin Arerican countries

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

B e
L

Country 1964 1974
Brazil 24356 24715
Colombia 700 1320
Faraguay 1449 1109
Peru 497 485
Ecuador . 189 424
' Afgem:ina 240 299
‘* Venezuela 312 293
- polivis 150 270
i - Cuba ) 200 234
.. Dominican Republie 153 205
. Haitd 120 1
Honduxas 16 by
; Panama 45 40
» Nicaragua 12 18
"+ El Salwsador 8 15
; Jamaica 8 15
| * Costa Rica 7 10
: Guatemala 3 7
#3" Puerto Rico 6 5
o French Guiana 6 FA
U oroman -
% Africa 20727 43473
% Aste 18978 29638
- Oceguia 113 217
e .
%htin Anmerica 28502 29656
b ﬁi-tﬁga}; CPC **% 68320 - 102984
in
ﬁ!* Excluding Barbedos, Trinided & Tobago, Guadeloupe, Martinique, Surinam and
Guiana, as there is no information avallable for some periocds,
;* Total Cassava Producing Countries.
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Table 4. Area planted to cassava (thousands of hecteres) in Latin American countri
total for Africa, Asia, Oceania, Latin America and World total 1964 - 197
Country 1264 1974
i
5; Brazil 1716 1989
" Colombia 125 165
P Paraguay 103 80
,i Ecuador 24 49
E;g Venezuela 25 40
§i°  Peru 50 38
L1 cuba 30 35
?§§ Haiti 30 a4
i Argenting 21 23
44 Bolivia 9 21
'51 Dominican Republic 15 20
;ﬂ Honduras 5 6
0 Panama 6 - 5
- Niceragua 3 4
N IS Cuatemala 1 3
15
; Jamaica 3 2
Costa Rica 3 2
El Salvador 1 1
Puerto Rico 2 i
French Guiana 1 1

TOTAL
Africa 3461 5636
Agia 2228 2853
Ocesania 10 20
Latin Americs 2174 2519
Total CPC¥* o ) 7873 11028

* Excluding Surinam, Barbados, Guadeloupe, Martinique, Trinidad & Tobago,
and Guiana, as there is no information available for some periads.

** Total Cassava Producing Countries,

SQURCE: See Table 1.
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Table 5. Average cassava yield (tons/ha) ic Latin American countries, total
for Africa, Asia, Oceania, Latin America and World Total 1964 - 1974%

Countxy 1964 1974
EL Salvador 8.0 15.0
Paraguay 14.1 13.9
Argentina 11.4 13.0
Balivia 16.6 12,9
: Peru 9.9 12.8
Brazil 14.2 12.4
e Dominican Republic 10.2 10,2
...  Ecuasdox = 7.8 8.6
- = Panama : 7.5 . 8.0
o Colombia 5.5 8.0
J Jamaica 2.6 " 7.5
Venezuela 12.0 7.3
" Honduras 3.2 7.3
Cuba 6.6 - 6.7
: Costa Rica 2.3 5.0

; - '
g . Puerto Rico 3.0 5.0
| e Nicaragua 4.0 4.5
; *  Haitl 4.0 4,2
French Gulana 6.0 4.0
. Guatemala 3.0 2.3

. ? - Total

. Africa 5.9 7.7
C W Asta , 8.5 10.4
g:é’Ocasnia 11.3 10.4
. iy batin America 13.1 11.7
~ Total Cassava Producing Countries 8.7 9.3

"% Excluding Surinam, Sarbados, Guadeloupe, Martinique, Trinidad & Tobago,
and Guiana, as there is no inforwstion svzilable for some periods.

iz ** Total Cassava Producing Countries.
if' Average yileld estimated on the basis of area and production data supplied
by FAQ, 1975, Production Yearbook, Vol. 29,
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; Table 6. Countries showing cassava praduction (thousands of metric tens) equivalen
! % to at least one percent of the world production, 1974 :
f Country Production Percentage of
‘ 5 World Production
; E Brazil (Latin America) 24715 24
1'% 1odonesia (Asia) 13775 11
di:  Nigeria (africa) 10000 10
47 zalre (Africa) 8879 9
JA¥ 1odta casta) 6421 6
g i§ g\ Thailaod (Asia) 6240 6
T4, sornet ariea) £000 &
i Tanzania (Africa) 3500 3
i i Mozambique (Africa) 2400 2
! ;f* Ghana (Africa) 1770 2
’;fy Angola (Africa) 1640 - 2
li§  Madagascar (Africa) 1378 1
! Colombia (Latin America) 1320 1
!:g%; Parpguay (Latin America) 1109 1
;E;; Central African Republic (Africa) 1100 1
.|  Sudan (Africa) 1100 1
bE .} VUgaoda (Africa) . 1100 1
Total CPC* 102984 100

* Total cassava producing countries.

SOURCE: TF4&Q Production Yearbook, Veol, 29,
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Thailand {e)
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-z (Africa)
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 Uganda (b)
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Table 7. Farming systems in some of the countries ha&ing a productior of cassava
; of at least one percent of the total world production, 1974

Type of Farming

Monoculture., Commerelal planting for industrial use.
Cultoure intercropped with mgize, sorghum, beans in the
majority of family farms in the northeast,

Monoeulture,
Cultures of African Palm and cassava (cassava becomes

a weed).

Honoculture. Commercial planting.
Intercropped. 58% of growers, primarily with maize
(one half), legumes or annual crops or other crops.

Momoculture, - Commercial planting.
Cassava is intercropped, the majority is produced by

small farmers.
A small proportion is planted in the shade of coconut

palm,

Monoculture, Primarily commercial,
Intercropped with young plantations of rubber,
primarily in the south. ‘

Monoculture,
The majority in parcels of cassava and maize.

Monoculture, 68% of the area planted.

Cassava, maize, 131 of the are planted.

Cassava, besns, plantains, coffee and sesame, 19%
of area planted,

Most of the farmers in the country plant cassava in
swall parcels along with other crops.

Monoculture. Small scale,
The mejority of cassava is intercropped,

Monoculture. Small scale.
The majority of cassava is intercropped.

The suzjority planted in small parcels along with
legumes, maize, rice, sorghun,

The majority are small fanmily farms with small cassava
parcels.

Occasionaly cassava is intercropped with maize or
plantains,

The majority of cassava is intercropped with coconut palm
or maize,
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Table 7. {continued)

[T S ——

a/ Toro, J.C, 1977. Personal communication, CIAT, Colombia.

b/ Terry, E.R., and R, MacIntyre (ed). The Intermational Exchange and
testing of cassava Germ Plasm, Proceedings of an interdisciplinary
workshop held at IITA, Ibsdam, Nigeria, 17-21. November 1971. 1871.
IDRC 063e., Ottawa, 59 p.

e/  Poespodarsono, 8. A. Winarno and P, Wijoyo., 1976. Survey on Mukibat
P casggava in East Java In: HNugrcho, 11 (ed) Brawijaya University,
B Maleng, Indonesia. IDRC, Ottawa, p. 3.

d/ Home, A, 1974. Taploca. A case study of India with particular
reference to Kerala, In: Phillips, T.P. Cassava utilization and
potentisl markets. IDRC. 020e. Ottawa, Canada, 107-125 p.

e

B e/ Boonsue, B, and 5., Sinthuprama 1975. Thailand In: Nestel B. and
E?~i' 2. Macintyre. International Exchange and Testing of cassava Germ
i Plasm., Proceedings of an interdisciplinary workshop held at CIAT,
i Pzlmira, Colombia, 4~6 February 1975. IDRC. 0Q49%e. p. 26-28,

£/ Diaz, R. 0. y P, Pinstruphﬂndersen, 1974. Deseripcidn agroecondmica
e del proceso de cultivar yuca en Colombia. CIAY, Palmira, Colombia
A {in press).

g/ Belloti, A. 1977. Personal communication, CIAT, Colombia,

4
f"é”; h/ Rosas, J.C, 1975, Peri. In: UHestel B., and R. Maclntyre (ed).
. j;f International Exchange and Testing of cassava Gerwm Plasm.
LI Proceedings of an intexrdisciplinary workshop held at CIAT, Palmira,
' Colombia, 4-6 February 1975. IDRC. 049e. p. 15-16.
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i, Carpena, A.L. and D.P. Baldos 1975, FPhillipines. 1In: Nestel, B.
and R. Macintyre (ed). Iaternational Exchange and Testing of
cassave Germ Plasm. Proceedings of an interdisciplinary workshop

held at CIAT, Palmira, Colombla, 4-6 February 1975, IDRC. 0G49e.
p; 23“‘24.
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Annunl per caplta production of some important agricultural crops in the cassava producing
countrioa of the world, 1974%,

Cotton
Potatoas Cassava {(Fiber) Sorghum

132.63 44.67 1039.21
26,12 138.45
37.45 18.93

TCPC, o/ 30.56 38,76 114,93

35.61
24,67
4.75
1.13
23,58

16.57

5.96
7.50

£/

7.27

{a) A.L. Latin America

6LS

(e) AF, Africa

* Index estimated on the basis

of production and population data.

Cceania
{e) TCPC. Total Cassava Producing Countrics

lion~-avallable data.

Coffee Bananas
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Table 9. Population (thousands of persons) in cassava producing countries in
Latin America, total for Africa, Asia, Uceania, Latin America and
World total 1964 - 1974, *
, Countxy 1964 1974
31
) Brazll 80216 106659
I Colombia 18086 . 25068
. Argentina 21869 25051
: Peru 11124 14887
;1 Venezuela 8818 11862
1 cuba 7646 9285
{5 Ecuador 4929 6867
jg Gugtemala 4475 5952
1. Bolivia 4148 5275
5 Dominican Republie 3588 4951
Y
1] Haitd 3888- 4483
i El Salvador 2857 3983
; ] Honduras 2141 2933
Wk Puerto Rico 2580 2868
]gga Pargguay 1965 2572
ii Nicaragua 1653 2243
?;; Jamaica 1742 1999
1 Costa Rica 1445 1940
tE Panama 1223 1631
g;- French Guiana 39 58
Total
8 &2 Africa 192481 248709
R Asta 1418673 1749642
B Oceanla 2795 3551
Latin America 184432 260587
! g Total Cassava Producing Countries 1798381 2242489

%Excluding Barbasdos, Trimidad & Tebago, Guiana, Suripam, Martinique, Guadaloupe,
as there is no information available for some periods.

i Crd X T

- —. ﬁﬂ‘ i -y
s

SOQURCE: FAO 1975. Production Yeagrbook, Vol. 29
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i
: Tgble 10. Annual per capita production of cassava (kilograms) ia Latin America
! countries, total for Africa, Asia, Oceania, Latin America and total
: for cessava producing countries, 1864 - 1974, %

{

i

i

Countzy 1964 1974
Paraguay 737.40 431,18
Brazil 303,63 231.72
French Guiana 153.85 68,97
Ecuador 38.34 61.74
. Colombia 38.70 52.61
..~ Bolivia i 36,16 51.18
Dominican Republic 42.64 41.41
Peru 44,68 32,58
Haiti 30.86 32.12
Cuba 26.16 25.20
Venezuels 35.38 24.70
Panama 36.7%9 24.52
Honduras 7.47 15,00
~ Argentina 10.97 11.94
- Nicaragua - 7.26 8.02
'ié‘ Jamaica 4.59 7.50
5 Costa Rica 4,84 . 5,15
. ¥ El Salvadox 2.80 3.77
" Puerto Rico 2.33 1.74
.y Guatemala . 0.67 1.18
.
. Africa 1067.68 174.79
.. Asia " 13.38 16.94
- Oceania u 40.43 61.11
Latin America 154.54 _ ©7123,27
L. Total CBC ** 37.99 o 45,92
. "% Excluding Barbades, Guiana, Guadeloupe, Martinique, Surinam, and Trinidad &
Tobago, as no information is available for certain periads.

. %% Total cassava producing countries

!ligﬁgi e;;iwated on the basis of production data (Isble 2) and population data
&bLE .
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! ( Table 11. Annual per capita production of cassava (kilograms) for those countries

having an index greater than the world per capita production, 1974%,
Production Production Index
i Countries : per capitsa ner capita
i
% Burundi {(Afriea) 1009.51 2198.41
: Central African Republic (Africa) 627.85 1367,27
Republic of Congo (Africa) 462,65 i007.51
i Paraguay (Latin America) 431.18 938.98
i Zaire (Africa) 371,72 B09.49
* 1 Togo (Afriea) 343.09 747.15
?;% Comoro Islands (Africa) 335.57 730.77
1. )
£§§A Gabon (Africa) 326.30 710.58
. | HMozambique (Africa) 265.81 578.83
$1Y Tonga (Oceanfa) 265.31 577.77
14 Angola (ifrica) 264.35 575.68
14 Benin (Africa) 240.72 524.22
§u Ianzenis (Africa) 233.80 509.15
4.5 Brazil (Latin America) 231,72 504,60
' 3
“4 Madagascar (Africa) 177,01 - 385.47
{54 Nigeria (Africa) 163.35 355.73
v§ Pigi (Oceania) 157.24 342,42
{+1 Liberia (Africa) 155,97 339.66
:£ Thailand {Agia) 153.19 333.60
':{ Equatorial Guinea (Africa) 150.82 328,44
‘é Ivory Coast (Africa) 131,27 285.87
camerrong {Africa) - 127.43 : 277.50
Indonesia (Asia) - ) 103,93 226,33
Uganda (Africa) 99.84 217.42
Guinea (Africa) 97.47 212.26
Ruanda (Africa) 88.08 191,81
French Guiana (Latin America) 68,97 156,20
Sudan (Africa) ) 62.11 135.26
Ecuador (latin America) ) 61.74 134,45
Kenya (Africa) 58,51 127.42
Sarasemk (Agiz) 55.12 120,03
Pacific Islands (Oceania) 52.63 1i4 €]
Colombia (latin America) 52,61 114,57
Sri Lanka (Asia) 51.76 112.72
Bolivia (Letin America) 51.18 111.45
Total Cagsava Froducing Countries 45.92 : . 100

* Index estimated on the basis of production and population statistics in:
FAC 1975, Production Yearbook, Vol. 29, 4 :

§
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Table 12, Apparent daily per capita aVailability of calories of some agricultural products
o important in the cassava producing countries, 1974%,
Avallability
Dry Soy= of total %
Wheat Barley Beans Maize Rice Potatoes Cassava Sorghum bean  Bananas Kilocalories ()
Region (3290)  (3122) (3020) (3460) (3570) ' (800) (1220)  (3450) (4500) (1000)
1A, a/ 342,34 30.28 98.13 1243,99 432,31 76.80 407,91 296,89 442,11 211.04 3601.80 100
As. b/ 302,50 111,62 23.83 247.22 1352.39 54,01 56,55 56,52 89.14 14.82 2308,60 88,7¢
AF, ¢f 17.76 0.86 34,50 353,68 184.47 10,37 582,09 305,11 3.58 47,97 1540,39 59.2¢
|
oc, 4/ b/ h/ h/ 12,89 60,93 2,37 196.60 10,21 h/ 666.19 949,19 36,51
TCPC. ef 274.74 90.41 33,01 366,48 1121.08 51.53 153,12 110.02 117.62 40.79 2358.80 90.7:
(a) L.A, Latin America {(£) The figures within the parentheses are equivalent to
by AS A the average kilocalories in one kilogram of edible
(b) . sia material of each product,
() AF, Africa (g) Percentage availability of needs considering 2,600
(dy oC, Oceania . kilocalories as the average caloric requirement per
(e) TCPC Total cassava producing countries, capita per day.

* Figures estimated by multiplying the per capita production data in Table 7 by the factors shown in parentheses

and dividing this result by 365 days per year.

(h) Information not available.



Table 13.  Apparent daily per capita availability of calories from cassava in
Latin American countries, total for Africa, Asia, Oceanla, Latin
America and World Total, 1974%,

e
A A, Mo s i, 4t N

e Apparent Daily Percentage of
L per capita the Caloric
N Availablility of Calories Requirements
'iii‘l ; Countries {a) (b)
I Paraguay 1441.20 55
@; Brazil 774.52 30
i French Guiana 230.53 2
SRS Ecuador 206.36 8
&; Coloubia 175.85 7
:1 5 5-1‘ *
i1 Bolivia 171.07 7
18 Dominican Republic 138.41 5
f18 Haitl 107,36 z
: Peru 108.90 4
Venezuela 82,56 3
Cuba 84.23 3
Panama 81.96 3
Honduras 50,14 - 2
Argentina 39.91 2
Nicaragua 26.81 1
Jamgpica , 25.07 1
Costa Rica 17.21 1
El Salvador 12,60 0
Puerto Rico 5.82 o
Guatemala 3.94 0
TOTAL
Africa 372.48 14
Aﬂ'ia Mcgz h 2
Oceania 33.63 1
Latin America 412,03 16
Totgl Cassva Producing Countries 120.50 >

* Excluding Barbados, Guiana, Guadaloupe, Martinique, Trinidad & Tobago, and
Surinam, as there is no information available for certain periods.

{(a) 1 Kgxr of fresh cassava is equivalent to 1.2 dipestible megacalories, IN:
Maner, J. H., J. Buitrago, R. Portels and I. Jimenez, 1972, la Yuca en
la Alimentacidn de Cexdos., ICA, CIAT (in press) p. 3.

(b) 2.6 megacalories as an average of the daily per capita caloric reguirements,
In: National Livestock and Meat Board, 1965. Lessons on meat. Chicago,
Illinoils, p. 27.
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rsble 14, Relation between apparent daily per capita availability of proteins
in grams and the zpparent daily per capita avallability of calories
from cassava in Latin America.

an

Apparent Daily Apparent Daily

s Per Capita Availlability  Index Per Capita Availability Index
oites of Proteins (grs) (a) ) of calories (¢) ()

Gt
acgentina 95 144,40 39,91 10.04
FELAZUEY 70 106.90 1441,20 362.43
Kicaragua 69 104,88 26.81 6,74
srazil 67 101.84 774.52 194,77
Jamaica 67 ~ 101.84 25,07 6.30
Gosta Rica 63 95.76 17.21 4.33
Cuba 63 95,76 84,23 21.18
Pangmsa 62 94,24 81.96 . 20,61
Yenezuela 62 94,24 82,56 76.00
Pert - 62 94,24 108.90 27.39
Cuatemala 58 88.16 3.94 0.99
&aﬁégrss 53 80¢.53 50,14 12.61
o1 Salvador 51 77.52 12.60 3.17
Colombia 50 76.00 175.85 44,22
ominican Republic 50 76.00 . 138.41 34.81
Bolivia &7 71.44 171,07 43.02
Scuador 43 65.36 206.36 51.89

il - 39 59.28 107.36 27.00

e

v{(,i.%}m
(8) U.S.D., ERS. F.D.C.D. Working Paper, Agriculture in the Americas.
:.. Statistical Data, April 1976.

Lafe
b)(Average for Latin America 66 gr,) = 100
(¢) -"The same data in Table 9,

i )
(), (Average for Latin America 397.65 kilocalories) = 100
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Table 15. Area planted to cassava, production and yield in Colombia 1955 - 1974
AREA FRODUCTION YIELD
(1,000) {1,000)
Years Has Index* Metric tons  Index Tons/Ha Indes
1955 111 98.2 633 82.4 5.7 83.¢
1956 110 97.3 \ 682 88.8 6.2 91.:
1957 109 96.5 687 89.4 6.3 92.¢
1958 113 106.0 768 100,0 6.8 100.¢
1959 115 101.8 748 97.4 6.5 95.¢
1960 100 88.5 650 84.6 6.5 95,¢
1961 a8 86.7 - 539 70.2 5.5 80.¢
1962 108 95.6 734 5.6 6.8 100.¢
1963 112 99.1 7713 100.7 6.9 101.!
1964 102 90.3 561 73.0 8.5 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 118 104.4 814 166.0 6.9 101,
1969 134 i18.6 . . . 965 125.6 7.2 105,
1970 148 131.0 1095 142.6 7.4 108.;
1871 145 128.3 754 98.2 5.2 76..
1972 155 137.2 . 961 125.1 6.2 91.:
1973 165 146.0 1320 171.8 8.0 117,
1974 165 146.0 1320 171.8 8.0 117,
% Index: 1958 = 100
SOURCE: DANE. Bol. Mensual de Estadistica. Area and Yield. No. 276, July, 1974.

Area, Yield and Production, 1973 and 1974. HMinistry of Agriculture

‘Ag:imlmral Programs.,
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Table 16, Cassava prices in Colombia, 1955 - 1972

CURRENT PRICES CONSTANT PRICES
Index Index
Years Pesos/Ton (1) 1958 = 100 Pesos/Ton (2) 1958 = 100
1955 193 95.5 84,5 152.5
1956 198 99.0 86.0 ‘ 144.4
1957 215 107.5 69.9 126.2
1958 200 100.0 55.4 100.0
. 1959 250 125.0 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 ' 755 377.5 112.9 203.8
1965 658 329.0 90.9 164.1
1966 , 691 345.5 80.9 146.0
1967 795 397.5 87.6 158.1
" 1968 955 471.5 98.5 177.8
1969 891 445.5 86.6 156,3
1970 891 ' 445.5 79.7 T143.9
1971 1361 630.5 109.1 196.9

1972 1467 733.5 101.2 182.7

& | “
(1) Boletin Mensual de Estadistica. No. 227, August 1974,
ri(z} Current prices deflated by the price index at wholesale levels reported by

the Central Bank,
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COITANICATION TLCUIIGURS

Fritz “vower, Tloin

1, THE COIZWHICATION PROCESS

Communication is the process by which messages get transferred

= from ¢ sourecec ia 2 recciver,
. To commwnicate eilzctively, we rust be femilinr with tae commu-

nication process and 211 the factors invelved, Inowing gbhout
comrwanication hielps us to better miaster our problem solwving tasls, be
they of a prolessional or persenal nature,

The comrmmnication process ooy be looked at in terms of five
elenents, They cre: Source / liessage / Channel / Receiver / Zffects.

1.1, lource

A source is the initiator of the meoszome. I0 moy le zn individuszl,
& group of individuals, or an institztion or erganizotion,

There are sovercl things which will determine how 2 source will
operate in the cormunication process, These inelude the
communication skills (the scurce’s ability te think, write, speak,
draw). ihey also include his attitudes toward his sudience,
toward the subjecet he is comrmunicating about, toward himself, or
towzrd any factor pertinent to the situation., nowledse of the
subject, the zudience, the situation, and other background faclors
zlso influcnces the woy the source will operate in the -
communication situntion, So will his sogial backrround (his

y education, his Iriends, his salrry, his socisl status), ond
finally, tue culturaleontent in which the source lives,

gz

§
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1.2 ilesgarc
A S

The messcne is the stisulus fransmitted frem the source to the
Teceiver., It is the didec thot is cormunicated. In sneeoding &
nessage, the source must consider several subfactovs: TFirst, of
course, tho countent has to be selected, Second, the snurce st
preoaine the eontent sveh that it is reeepicble for 2z given
cudience, Yhnt 45 to sey, the source rmust select n proper
treatoaai: of the centant, And thind, the code has to Lo chosen.
Cenerally, we think »f code in terrs of the noturcl lonpusges,
(szmish, 5:1}{_,:‘.1531, S‘i?i‘ihili, Cuinesc, ete, ). .. However, there nro
" athey cedog, such ~5 posturas, music, art, znd 5o on, In all




1.3

1.4

cases, ve noed o ool o the code in fevns of the effcctiveness
with wviaich wao eon rench o piven sudicmee, IF Che source makes &
soor choiee in either content, treatment, or code, the message

17111 lilely be inelifcctive.

{3 (D

~

Vie should remerer thot the messans ftself is sieply o complen of
stimuli  without ary inherent meaning. lessages de net pesn by
themsclves, [lessages weay anly oo people. Ur, to say the sanc
thing differently, meanings are in people, not in messages., Uhe
message is assinned meaning only when it is translated (or decoded)
by the receiver.

Charmel

A chanazl is the means by which o nessage sets from 2 source Le 2
receiver. Channels connect the source and receiver, enabling

then Lo communicate. Uhere are gevestl woys of classifying
channrlez, lleve, we will examine tuo of these: First, a caamnel
may either be o nasg medis chanpel or an interpersontl channel.
Irss media chievacls arve those that invelve & mass mediun, such as
Lelevision, newspapers, mogasines, films, radio, ete, These
chamaels mzhe LD pessible for o nevree to vesch o large number of
Teceivars, Iaterporsonzl channels zre thoss that inveolve a face-
to-face exchange Detween o source axd receiver, In general, it is
the case that mass media chanuels are highly effective in
inforning receivers of things that are happening. However, taey
are ot effeetive in actually influencing people's benavior, llere,
internersonzl chonnels ore ruch mare relevant.

A secerd way of elzaocsifying channels is on the bazis ¢f the
phiysiczl sences they aficect. For enample, o drowing azffects sight,
a tape recording cifects hearing, s fist in the face affects

touch, and the fumes of gaseline zffeet smnll,

Generally, it hns becn found that at iy given mement, a receiver
can pay attention to only onc sense. lHowever, it also holds
true that the nore sens2 channels ue use to get 2 nmessage across,
the mores effective our nossane.

Leceiver .

ihe receiver is the vecipicnt of thn source's message the decoder
2f the mespape stimwli, The receiver is porhops the most
important single clement in the communicztion pracess. Tet, we
often overlook hiim, Sources becone message-oriented; they get so
concernad with their topic cnd eipressing it cemprehensively that
they do not encode their messages in terms that the receiver can
understand,

A1l of the fzetors that deternine how = source oporates equally
opply to the receiver., Communicotion shills may be thought of as
how well z receiver can hear, zead, or usc his senses. Aftitudas
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1.5

Telate to how o receiver thinks of the source, of himself, of the
message, lis hnovledne obout the topic may be greater er lesser
thon the souvree's lnewledge. lis socinl baclyuound ox oven his
culture mar be different in meny ways from that of the source,
Tach of the above sublinetors will aifect the receiver's

understanding of the message.

nifects

The effeets of communication are the changes in receiver behavior
that result from deceding the message. Let us vealize that the
primary purposce of communication is te briang choul certain chanjes
oxr effects in the recelver,

—

zaerce are three basic types of communicatien eflccts:

~a) Changes in the recciver's hkaovledge;
b) Caznges in the receiver's attitudes;
¢} Changes in the receiver's overt Lehavior

Quite often, these three chonges occur in seqeence: thel is, the
receiver £irst gains knovledge of an idea, proctice, or toel.
Then, he evaluates the inmovntion against his needs, 1f he feels
that it is "better,’” he hos formed a favorasble zttitude toward the
innovation, Finallr, he actuclly incorporates the innovetion in
his behavier; that is, he overtly changes his behavior,

We now hove discussed the five basice ingredients of the
communication process, Up to this peint, ocur model of the
communication process looks like this

FIG.. 1

ot ags,

SOURCE 1IESBAGE CUALNEL RECEIVER ETTECTS

45 it mow stonds, the model seems to imply that there is but 2 cone-
way fleu of messzpes. Ouy oim experience in cormmunicating tells us
this is mot rezlly what happens. Think for o —waeat zbout talking
with somenna, After speaking for a2 few nminutes, you will stert to
encode your message diiferently if your receiver responds with
sniles ond z2ffirmative nods as oppesed to the cise where vour
receiver starts to frovm, or even shov his £ist, If you don't
zlter your message encoding, you will be ¢ very ineffective
communicator,

ihen the receiver responds to the source's message, he genercies
messanes bach to the source. iho sourece ond the receiver sre now

interaeting., This all-important lick is huown es feedboclk,
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1.6, Yeedback

“d
24

Feedbach can be thought of a3 response by the receiver to the
source's message, which the souzece may perceive znd vse to nmodify
his further mescrpes, acically, there cro two kinds of feedbhack:
positivo end neg tive, Positive Jeadbocl: confitms o the source
thet the intended effcet was ochieved. llepative feodback infowns

.t

he source that tnc intended recciver effect was not achieved.
a general, the move feedback-oricented we are in communicating,
the greater our potential for being effcciive.

ot 1t

Let us nowr present the 12 na’ comnication model that presents all
five elemonts plus the all-important factor of feedback,

Fig, 2

SOURCE LESGAGD CUALRIELS RECEIVER ETFTECTS

rmu—mm
Ko, st i i g

e rEEDRRCT ;.____,_._..,,m_mwmm”

2. THE COIZWLIICATICN PROCESS FROU TIE RECEIVER'S PERSPECTIVE

Communication i3 & mesns to ond end, The end, as we have seen, is
to cannge the behavior of our receivers. Nefore we czn change the
pehavior or our recei:cxu, hovever, we must hknow more chout The process
by which 2 receiver changes his behavior.

Trom psychology, we kaow that the process works something es
follows:

Jirst, our receiver must vant seocthino,

Second, e must becone ouare of the enistence of sometning that
may satisf his wants.,

ihird, our receiver must mate 2 decision to incorporate the new
idea in his behavier pattern,

-

Fourth, he must ggtuslly incorporate the idez.

Fifth, he must be yreugsrded, That his, our receiver must feel that
his behavior change hias indced resulted in z satisfaction of his wants.
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2, TIE COIZWNICATICN PROCESS FROID D SENDCR'S TLRGPECTIVE

W

The £bove discunsion denmonstrztes to uvs that in order fo change
belhizvior, we nust ropent the communication process several times., To
the early steopes of our communicotion endeavors, our iatention is to
create a need, then to ilutreduce o selution, then te get the solution
cdopted, and finzlly, to reward the receiver for having adopted the
solution.

Lest, we will see il theve ore ony guidelines we can follow at
each of the different phases of leading our receiver to a cexrtain
behavior change:

Mhese L: To point oub a need

lere, the intended purpose is to5 have our receiver aclknorledge
that there is a need to improve his situztion in a2 given xespect. Ian
order to achieve this end, the source must point out a basi
inconsistency between the values the receiver holds and what he is
actually doing. (4 value is a desived endstate of the receiver, as,
for euxample ™ a pood 1ife 7, ' prosperity,” socizl esteem," ete.)

Thaze 2: To provide novledre of an zltarnntive

In this phese, the purpese s Lo simply introduce the weceiver
a new idea, proctice, o toel., llere, we ore not so much interested
providing hnovledre as to how the imneovation worlks., 411 we want is to
make the receiver gyzcre of the innovation's existe-ce, ite often,
nass media can do an cieellent job here, lizss media can easily reach
large audiences at low cost,

wQ

e o

e

Fhase 3: Io relate alternative to the problem context of receiver

The purpnse of this communicaticn phase is to get the recciver to
nzke 2 comnitment or docision te use the zlternstive. It is probobly
the nost critical phase in our work, We must be successful in
convincing the receiver thot the incorporation ef this innovation would
resclive tae conflict that wos pointed out in phase 1, Lesecrch shows
that one of the most criticzl factors that will determine our success
is the degree to which we have credibility. Credibility is the extent
to which we, the source, zre considered trustworthy, autheritative,
and dynamic., As cur credibility increases, our success in our efforts
to convince the receiver of the desirability of the imnovation will
increase,

Thase 4: Incorporatine the Innovation into the Reecciver's

mnvironment

Zven though our receiver may have made a decision to use the new
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idea, he may not know how to use it, llerc is where the task of
raining cones in. o, the seurce, must clearly identify the traiuing
ob jectives whieh the receiver must be able to master; then, we must
provide him with the necessary instruetion; {ollowing instruction, we
must gpive the receiver an opportunity to practice what we have told
him, and finally, we oust evaluate the receiver's behavior to sec if
he indeed can master the kind of objectives that we had identified.

1

FPhase 5: To Rewayd the Lecceiver

Ye must keep in mind that a receiver will mzintain a change in
his behavior only as long &s he is being rewarded for engaging in it.
During the fifth phase of communication, ouvr concern must be with
pointing out to our receiver that his new way of doing things is
indeed an improvement over what he has been doing in the past, Of
course, quite often this kind of ' relevation " is obvious to the
receiver all by himself, IHowever, we ney do well te make it an
explicit effort to reinforce our receiver in his new behavior., Of
course, the most coavinecing way of doing this is by demonstrating to
our Qliﬁﬁﬁ the reduced gap beiween his values zad what he is actually

doing.
4, THE FLAIMIING OF COIGARICATION STIRATEGIES

4As we have seen, communicction is 2 goal-oriented activity., 7o
reach our goals with as little resources as possible, we must proceed
in a systematic manner. Just as is the cese with any systematic
endeavor, we must pass through the following phases: (1) Problem
Beflﬁitlﬁn“(2} Dovelopment of Solutien; (3) Implementatlon of Solution;
and (4) Evaluation.

4,1, Problen Definition

Lefore considering routes and kinds of vehicles to use, we must
know where we are going, That is, we must know vhat the preblenm
is. 1o get an caswer to this question, we must have information
about the following topicsa:

-~

4.3.1, ¥Whet 3is the Hesd to be liet

Yo identify the need to Le met, we must make @ simple comparison
between what is (the status gquo) ad vhat we would like it to be
{ideal state)., 1In other words, we rmst firnd out where our
receiver is with regard to o certain problenm, and where we would
like him to be., To answer the former question, we must identify
where ~ur client is in terms of the behavior change process. Tor
exanple, if our gozl is to have our clients use fertilizer we
have to ask ourselves: are our clients already recognizing a need
for change? Do they have knowledge of the fertilizer package we
are interested in? Have they already formed an attitude toward
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this pockage? Or are they already using it?  Unce we kvow where
our clients are in using an innovation, ve can then. specify vhere
we want them to be next., The problem, then, is how we nust
erwrmnicate in ovder to get ocur reccivers from where they are

to where we want them to te,

4.1.2, Vhat is the Situatipn of the Receiver

The success of our cosmunication eiforis is dependent on our
nowing our reccivers., Defore plonming any cormunication strategy,
we must carefully consider our receiver's totel situation, that
ere their communication skills? Uhat are some of their values thet
they cre holding? o are their f£risnds and what is their
influernce over our clients? 1hat is their sncizl status? What cre
some of the attitudes that may have o bearing on our co.wws ication
atterpts? ‘that media are our clients exposed to? Vhat Linds of
resources do they have aveilsble? The answer to such questions
rncy help us to identify potentizl obstacles or potentisl
facilitating factors that may help us,

£.1,3. What Resources nre Available?

U'ext, we must make a complete inventory of the kinds of resources
that are available to us, Yor example, we rust knew how much time
we have Lo prepare ourselves, how much money is available, vhat
skills we Iirve e5 cormunicators, what services we can draw on,

what the nenpover 1s that we czn counl on, to what extent we huv
cceess end control over our receivers, what cormmunication medis are
evailable, ete.

4,1.4, Statement of Chiectives

Once we have & good iden of vhat thv need is that we must neet,
what the characteristics are of our clients, &nd what resources
we have svailzble to us, we rmst clearly state what our objectives
are. The statement of objectives is an important step, but it is
frequently by-passed or given minimzl thought, Cften objectives
are stated too generally, such zs ' I want farmers to use

fertilizer." To have more Specific gaiﬂeliﬁes for zll our future
retivities, we must specify . .
{z) wan iz nur tzrget sudiencel Thich formers are we
specificelly concerned about?

(b) what do we want our target zudience to Le s2ble to do
after being exposed to cur communication that they csuld
not do before it? Remember that expected behavior changes

are of three types: . ~

{ba) ehenge in knowledse. Here, the torget
cudience lacks informction zbout =z
certain topic, The purprse of
communication is to ensure that
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(b)) Chenpe in attitude. ilere, our
gudionce h:s = neutbral or even
negative zttitude towsrd the
1d¢a or ab ect thaot we zre

interested in. The purpose of our

cosrwuinication is to orecte 2

poditive fecling towsrd the object,

{be) Chonge in skills,  Zven though our
audience may know of an innovation
gnd be convirced that it is of value
to them, they may not have the
skills to use this infermation., In
this case the purpose of our
communieation is to ensure that our
clients wills be given the know-how
knewledge and that they will acquire
the slkills o use it.

(c) houv ore we going to measure whether or noft ovr zudience
hes changed their behavior wccording to our intentions ?

4,2. Selection of Preseatation Strateny

4.2&}1

herecs the objective tells us VAT is to be gecomplished, the
presentaiion strotegy inferms us U0V the objective is to be
acconmplished, The how should tzke inte necount whet medic will be
used, wast conteont will be precented, 2nd how this content is to
be organized,

. Selection of lindip

The selection of media depends on the objective as well as on the

availebility of media. Consider Lhe great variety of media thot
are potentinlly avoilable: field drys, lectures, demonstrations,
exhibits, redio, pamphlets, £ilms, ete., or aay conbinztion of
these. Seldom iz it the czse that one single nediunm is gufficient
te carry the ertire nessons fo o ren pizjective,  Jather, it dio
usually rdvisable to use nud interyelate o veriety of medin,

4

[SR Rt
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T

4.2.2. Selection of Content

Again, the objective provides the basis for the sclection of
information. Always Lecep in mind that only informetion is
included which is negessary to achieve the objective, Never
include content that is not direetly relevant to the objective!!

4,2.3. Jelection nf Cor

X Thendzation

After the informntion Lo be presented has beoh collected, the

558



»

R AN

4.3,

first step in orgonizing it is to preprre o ¢onlent nullie, o

putline reguires eywongnme-l of the dinfrra-tion L0 a systenztic

order, Ii allows fo1r 2 quich chechk of extrenacus motericl or
tion of the

T
T
e
of essentizl infermotion, cod feor the evaluntio
£ o

cmilssions a
inferoatinn ineluded sgainst the stated objectives,

After preparing a content outlise, the inform<tinn needs to Lo
orgenized in a move detailed foshion, This oloiborated conkeal
outline weo call o tyveasmovi, YWhe treziment for 2 flip ehart or
o Ieaflet i a rough sketch of the finsl I-yout whiech shous the

Lrom the treatmeant

BRI ¢ Il ¥}
¢

locztion of the visual and verbel elemonts,
it is but a short step to the Lincl presentation,

Tweeubicn of the Comvwmndection Dwveant

The execution of the event requires coreful zttention to details,
& planning chechklist is helpiul. For example, if you are planning
a fiecld day, the [ellouving points may hove to be considored:
Transportation of farmers to and fron cxperimental plots,
~ Iuforootion to farmers o out deperiure time and place.

- mperimental plote ready for visits,

Clrn for dividing fzymers into small groups ot experimentazl

-

-

plots. .
- Training derostrators to host sach smcll group.
- Mrocedurces for rotatiug sm~1ll groups.
arpe greup meeting ploce ovailable for guestion and answer

period,
-~ Leaflets for distributieon at end of day.

4.4, Tvclurtion

4.4,

In evalunting a communication attempt, it is useful to distivpuish
between two different kinds of evaluation:
form-tive evaluation and
surpetive evizluation,
1. Formntive evalustio

Sw———

-

arfers to the review of our activitles before ond daring our
communication evont, Feor sxmamnle, during the plauning of an evert
we may o5k currclves sueh eveluztion questions as:

- Iz the ides tn be corvunicotedl imperonnt, wseful, velid?
- 1ill our receiver understand the messone

- ¥ill he consider the message relevant?

- Will he be able to do what the message osks 7

~ Is the message accurately prepared?

- 1Is there anything sbout the message that might offend?
And for the zctunl execution of the event we moy usk ourselves:

~ idas the presentation timely?

-~ U~z it clecr?

- Did it pernit audicnce feodbacl?

2
¥
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4.4.2, Swealive evalurtion

in the other hand, refers to the actual measuring of our ebjectives.
That is, we are asking ocurselves the guestion:
* &3

“How that our sudience hns been cxposed to the presentatioen, heve
they gctunlly chonped their behavior as wo had spreified it in
our objective?”

Thus, you can see that fornmative evaluction helns us to makimize
the chances that cur presentation will e successful, Jummative
evaluation informs us whether we hove actually been successful or
not,

Se ToAll WORK

lore often than not, a given change task is beyond the means of
Just one individuczl, Uhenever 2 whole jzroup is acting as 2 source,
thiz proup sust be highly crganized and coordinated in order to
achieve the change goals,

3 b

5.1, Group Siructure

The way we orgoanize a group has definitive effects of how the
group functions, ’

ECssentially, there are two ways we can orpganize a group, There
is verticsl structure, in which the leader oppears at the top cad
individuals of legser ranls sppear further doun the list., There
may be several levels at which some individuals will have cqual
rank but different roles. Such 2 structure is common to military
organizations, ’

Jn the other hand, there is herizontal structure. This type of
structure impliecs that cveryone has equal rank but different roles
and tasks, & group with a horizontal structure will democratically
select o leader., Leadership of o pgroup with horizental structure
will chornpe from time deponding on the type of task the group is
working on.

5.2, Croup (biectives

Croups may devote thelir time to two different objectives, First,
a group hos 2 certain nission to fulfill, Toxr emzmple, if the
noal is to chanpge the behavier of o certain target sudience, the
group has to define the problem, design a solution, Implenent the
solution, and finally, evaluate it. Ue may call this the task-
orientation of the group,

However, in order to function as o group, the members of the
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croup hava te devote some time to the purc mointenance of the
creup itself, This includes teking care of Che porsoncl
probleas » gronp merber moy cupcrience, or ©o resolve inter-
group problems as they mny eecur. this, we moy refer to as
the peonle erientotion of the group,

imy, il nppears obviovs that 2 group that is organized nround o
verticol structure is5 much nore effcctive in its tashk-orientation,
Authority is delegated. Iwervone koews his responsibility., 11
the resources are groupedaround a single geel: to get the job
done, liowever, it hes been found that groups with & vertiecl
structure have considerable personnel problems, The members of
the group feel thot they sre just one part in @ mechine~ a part
that could ensily be replzeed. ilembers alse tend to fecl thet
their talenis are not fully utili-ed, and thot they have to
behove in a rather mechanical way

On the othew hand, & groun with 2 horizental siructure is
gomewnat less task oriented, st the expense of belng nore
concerned zbout the mointenance of the group.

Since every sroup member has gbout equal ronk, communication
within the group is5 much more extensive, and decisions como zbout
more slewly, lovever, group nmerbers feel happier in this
structure, aud they fecl that their tolents are fully utilized,

Groun Lezdorship

»

Group lecdership is of emtrenme importonce in any group. Any leader
! be pleced on o autocrney~democracy continuum, The
authoyritarion leade? is o true superviser., o decides vhaot cach
member of the grovp is going te do, and hew he iz going to do ir.
The authoritarizan leader seldom eonsults proup members for their
ideas, cnd he tends to make decisions in isaiatxan.
On the other harnd, a more demoeratic lea de* believes that
leadercilp iz the property of the group. ile sees himself more as
& coordincter of the group, rather than as 2z decision-malicr for
the grovp, & demeeratic looder will zetuzlls ternd to follow the
group, rather than lesd (. merens the authoviterian leader
expects his subordinctes to enccute nis orders, the democratic
lezder exmpects his fellow group members to participate and
contribute in aay important matter that mey conlront the group.

It 15 to be empected thot a verticzlly structured proup with its
heavy emphasis on tas kworientnt&on is much more condurive to on
authoritcrian leader, - Cn the other hand, & horizontally organized
oreup uvith its orientation townrd group mﬂnbcrs is much more
likely to produce 2 democratic leader.
In organizing ocurselven ta uadertale o mojor communicstion tosh,
ve nust corelfully weigh nur opiiens. Given the nature of the
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tzsh anend of un, to vhat extert suosuld we plan fov a vcr%ﬁi{:“l
o1 horizontel sivueture; uow much time nnd offort can we expand
on maintaining our group ( people n“lcnt ticn ), and vha :1nd of
leadersaip do e want to encourage’?

v gy 2e¥ . g g PR
me up with, we musi assure that {he
.

hotover arvong meris wo o
folloving things wiil hoppous

1. ﬂcfinc miS—iQﬁ zd rple, dvery mesber in our gr oup must
v brofe ermmitments oand gools are, These
cotziiments and goals are lilely te be set by ourselves,
a3 well as by those whon we Serve,
2. Prfine Noles and respopgibilities, Ivery one proup membor
aceds to know waat he fo fc do ond Lhe hlnms of things e is
responsible fox,

3. Linit internal eonflict. llswever it is dene, cuﬂf1§ct betueen
sronp necbers or botucen aubwgro ups must be Lent at
ninimum, Thiereas sone degree of cnmpetitfon can be very
halpful, open conflict will jeopardize our lomg-range
policies, our missien, our special capebilities, and our
identity.

6. CIAL COMZIHICATICN

Cn any given doy, yeu are delivaring many, many messages. lost
or them gre prsﬁubly hrch‘ the great mcjority of them informal; mony
of them vitzl to your momantMHO*mcmcnt enistence,

Sone of these s

sages will be preopered, that is thought zbout
in a&v“nce, but most of them vill be oa tho opur of the moment. Dut
they are 21l meossages ond moat of them will be oral,

Selow, we will anclyze in more detail the oteps you should tohe
in preporing and presenting on oxzl message.  Althoush seme of these
steps opply mainl o situntinng thot ezll fZor o plaaned, corefully
prepaved messene, st of them apply to the daily, infernal mossages
that malie up the uulh of our communicoiion,

« Steps in communicating orclly

Lelow we will present = list of steps taht ene may o throunma
in preparing on orel communicotion, This list is intended to be
workable for the beginning spesker, and the order of the steps
is probably the most surtable order for him or her. 435 he
attains the freedom thet comes with exmperience and gsuccess, the
comaunicator will learn to vary the erder of preperation and

the degree of comphasis on the steps.
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6.1.1, Deeide the vy and what of vour mesaooe.,

Ty are you eommunicating cnd what will veu nalie Imown? Thece
westions nust daminate your thinking once you feel the urge Lo
L o L=
cpen your mouth,

g,

sny further prepsration depends upon the cnswers to the questiens:
ot

~ "oy am I comunicating ?
- "Mihat do I want to do with my cudience 17

4

B
w e

prodcbdle reaction, Will they be intevested or bored, receptive ox
hostile, apeciuetie? If it secns unlikely that your subject will
receive some hind of positive reaction, now is the time to chonge
it.

6,1,2. Adapt the speech to the sudience thot you zre addressing

Tirst, lecrn of the purpsse of fhe nmeeting., If the subjoct has
been sssigned, linit remsrhks to o particular sspect that Fits the

oecasion and the cudience. If the avdience is coming to hear you
speak, prepare your message with this in mind, If the meeting is
mre a round table discussion, or & commitiee meeting, presare your
nessage with an eye to contributing wiaat vou con to the meeting's
intent,

5
¢

R

§§ ‘Learn a5 much 25 you can about the people you will comemunicate

. with., It may be helpful to Lmow in advance the sex and age groups
§§@. of the listemers, theilr occupations snd life siyles, their

B culturzl Inclinztions, and views on current controversizl issues.
4 These things help reveal the personalities, atiitudes, beliefs,

and behaviers of vour listenmers end they will zssist cou in

deciding vont hindas ~I languases nnd Jdeas you'll need te usc to

geLw your messoses acress mast effectivels,

6.1.3. Comstruct a basic, rbbrevinted plan for YoUr messsne

lere, you must thiuk of « basic plan of vhat you intend to ooy,
tnd the orxder of your main peints. Divide your speech inte two,
“turee, or four mnin hezdings. liost listeners cannot reperber
nore than four basic peints,

kgﬁ

- 61,4, Collect linterinl for your mossrre

Yhe naterinls of gpecking coan be ¢lassifiad into three dinds.
a2) persensl proof. Tersoual proof iz used to rafse or maintain

563

B in preparing your commnication, you should debermine your gpeeifl
= ypuznose for spenking., State what you want your listeners to de or
= believe, or understand. This is your purpese sentence, snd you
siould rel~y to it throughout the preporation of your messoge o
e that you nover loose troek of why you are speching.
. after you hive choson your fepie, tyv to enticipate vour listeners

T
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our credibility with our listeners, Try to shew tn your listenn
that you gre intorested in thenm, that you kuouw your subjeet, uﬂ:t

*

wou really want to share your ideas with them,

s
i
I

Y listerizls of developmont, This kind of material is tn cergy
ahc sease of cur messace, Weur listener will not uanderstand your
rmessage unless ot back up your stotements with evidence and

re aaﬂﬁzng. You nust mole clear to thea peints they mey net

readily understand.

3

¢} liatexinls of oumerience. This {ype of moterial is used to help
your listeners acsoclate your experience with their euperience,
lelp your listencrs assoclate your ceuperience with their

spericnce, Ilelp vour listeners to associcte with your talk as
much a5 possible.

545 you gather meterials, eonsider houw nuch vou knev zbeut your
subject and how much more vou need tn know to sccomplich your
speaking purpose,

6.1.5, Sreanize Your licasare

iormally, the ment vseful plan is one that has four parts: the
purpose sentance, the introduction, the body of the message, and
the gonclusjon., The sequence is important, First prepare your
purpose sentence, then prepare the body, then the conclusion, and
Linglly, the intvoduction, (Since the introduction presents the
messege, you cannot logically premare it until you know what the
nessege is all obout).

6.1.6. Deliver the llcssoro

There ere two zcpeets of effective delivery: Inice, and lon-verbal
behavioer,

6.1.6.1, ¥cice.

Rate of Dpeech : Variety is nzeded. Rzoto must £it the mood of
the materizl, Usc pauses to let ddeas sink in.

ritern @ The geod specking veice uss range cnd Llemibility of pitch.
Use | pitch to.enncnce vour message. )

rorce and Loudness: Lote the physical conditiens ef the place in
vaich you will communicate and adjust vour veice accordingly, Also,
try to use the voice as 2 tool for emphasis.

artieulation: Try to clecrly articulate your words. Dcn t mamble,
mutier, or run words togelhoy.

6.1.6.2. ilon-verbal Lehrvior

.

In delivering a speech, make your body work for you. Consider the
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folloving points:

Zosturme: Puring your presentation, use a reloxed posture,
sut do art slump,  De cnnzextqula v;thout being sloppy. A
no timn should your posture draw ctieatlon ouay fronm what
vou are soying.
Eoptuves: Lse _estures to reinforce your ideas, Gestures nay
be used te deseribe the size, shape, nr motion of an sbject,
U oyou moy use commen soectuves of bhe head, shoulder, aoms,
and hands fo support a verbal poiant,

. povenent of the body as 3 vhole @ 0 siep fnrvard usually

e ormunicates the idec thet the point you are making is more
;?criant, 4 step bacloiaud invites the audience to relam,

or to think zbout o point, Alseo, to ifnvite nnre infoymclity

vou ey valk around while you sre talliug, Jnd trv Lo use

Lody movemeants as a neans  to indicate trensition Detween

thaurats,

6.1,6.3. Stace Trirkt

ASlanst everyone is nervous before a formal setting. iwen in
improptu sitvations, you may find thot your hands zre sheling o
little, the reon is suddenly toe warm, and you are at a loss fov
words, o eoflectively desl with these symplons, try the Iollowing:

By aelon
Pt

There are ways Lo Qeluﬂ zad they con be leorned,

o of the simplast are: (1) ke o fev deep, long breaths just
vefore you rise to  face your 1Lﬁte“e~u. {2} il yeur time in
setting veady te speak., Ycolie a moment Lo get set to spech, o

. :
- rae is in ¢ hurry,

Po not atienpt te pemorize —sour Speech @0 liothing promotes
stage IZvight oo quickly as trying to mencrize- o speech.

Lhamnel aeruors encrpry dnto Lodr mowvements zikl sesiuroesd.
delk creund; use e cuzlbbonrd; demnnstyo Lerongﬂcts; oVenR ArTnnge
Jour neples, :

.

6.1.7. Dvslucte Unur liosnnon

Ve most elten cemmunicnte feor oo purpose, Anc waciever Lhe purpnso

.

is, it iz nore lilely to be schieoved 28 we eon recelve ond
accurately interpret foedboel from our messagse. Luperienced

spealiers rccogniae wank every beginning speaker and evezy

- comrmnicailor should come to know: that iny through evolustion
c2a ene learn te improve his spezkin ioke an effort io evaiuate
listener rcactions while you nre upe.kiﬂ whis will allow you

t~ improve your message while you ore communicating it.

llake a deliberate attespt to cvaluate the effects of your speech
cfter delivering it, The questisn vou want te answer is: has the




sudience changed in the Jdirection that you wonted it toe change ¥
Apswer to this question may be obtoived through a discussion
session after the gpecoch, Ur you nay wani Lo usoe some
guestionnaires, (¥ you nwy use any other forn of observation
measufement that will inform you of the degrez to which you have
been successful, Finally, aever avoid erxiticism amd evaluation,
take it in good grace, and then evaluate the evaluation. Do not
be depressed when the eriticism reveals your faults, Use it to
become a better comaunicator.

7. IEDIA OF COIGIUNICATION

Larlier, we introduced the comnunication model:
SOURCE 1 LOSAGE CHAMEL RECZIVER EFFECT

Ue will now concern curselves more with the channels or media that
are available to us, Of courss, the messages we want to send accross
a given chaunel must be prepared such that they will be compatible with
the chomnel, After all, if we are using radio, for example, the ective
message must be in the forms of sound ( speech, rusie, sound effects J,
Thus, as we introduce any onz medium, we will also discuss Low the
message may be prepared to fit that particular medium,

Iu presenting the nedia, we will use the following breakdown: Tirst,
we will discuss non-prnjected media, follewed by projected mediz, and
finally we will discuss tape recording.

7.1. Zon - I'rojected lledia

7.1.). Presentation Doards

There are several different types of presentation boards that can
be used to supplenent a lecture or demonstration. These include
bulletin boards, chalkbozrds and flammel boards. Lase the selection
of a presentation hoerd eon the avdience, the goals, the coutent
being presented, and cvailable noterials.

7.1.1.3. Tulletin Loord

A bulletin bozrd con be plywood, the wall of a building,
2 blanket stretehed tautly between twe trees, heavy corrugated

cardboard, or wire screening. In using bulletin boards, consider
the following: .

Utilization : - choose 2 location vhere the board will be seong
-~ lrecp the board neat and clean; rermove old materials
promptly;
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~ une 2 varicty of techniques to attract gtiention,
In addition te plctures ond drawings, try

ul“p18”~ﬁ“ real objects. A fow stalks of rice, o
pabd or o speceinen will odd cppeal and

credibility to displays on ogriculture,
- urs a wariely of lcgtn‘.-g cechniques,  Lettoers
can be cut out eof paper, cloth, caxdbenzd, or

000,

- involve the acdience., Displays can ask questions
thet relate to the nceds of the sudience. ilandoul
leaflets can be a part of o dioplay.

ot

Supeested Snplications:

~ to aanounce upconing ovonts;
- to renind your clients to weed their crops, use
a specific wvaristy, ote,
- ~ tn display photographs of local activitioes;
0 - to denonstrate comparisons;
A - to display pictures of projects in other places
* that are of local intevest;
- to provide supplementary information.

= ovaluation Guestions: Always try to grt some neasure of the
P effectiveness of a bulletin board. There are many questions that
- can be asked:

- what percentage of people passing the board are
laclking at it

~ what epuld hove heen done to attract more
attention?

- was the lettering legible ?

- wos the message casily understond?

7.1.1.2. Chall- Daard :

Zae best-lnown and rost easily-used presentation board is the
challboard, Challbozrd preseatations cas be improved by following
a few guidelines:

Urilizerisn: -~ aluryr plon care l‘V:
- snke writing azd illustrations nest ond ligilbile;
~ don't gtand in front of matericl that the sudiencoe
should sco;
- don't put to0 much on the board;
= be sure that the audience can cce;
- use coler for empaasis.

Surrested Applications:

i oral presentation;

~ to surmerize key words of &




~ Lo list the steps in a process;

- to list ideas suggested by the sudience;
- to develop @ concept point by point;

- Lo present new words or terms.

Evaluation: - was all material on the board neat, legible, and
easily understood 7
~ how could the presentation have been improved 7
- was the chalikboard the moct appropriate medium
to use ?

7.1.1.3, Flannel Doards:

The flannel board can be useful in conjunction with an oral
presentation. Items can-be placed on the board progressively to
tell the story or to keep the audlience aware of the main points in
a talk., A flannel board is easily constructed:

1, Cut 2 piece of plywood or heavy cardboard to the appropriate
slze ( for 100 persons, 10O centimeters by 100 centimeters is about
right,

2, Stretch a plece of rough-surfaced cleth, such as flannel or
burlap, over the board and tightem it securely in place,

A wide variety of materials will adhere readily to such a board.
These include:

-~ Cloth cutouts;

~ Pieces of varn or string; -

- Cardboard strips with a piece of rough cloth or coarse sandpaper,

Utilization: = Lean the flannel board back slightly when in use;
-~ Lwvoid windy locations;
~ Carefully plan the steps of representation. Rehearse
the presentation in advance,

- Gtand beside the board; not in front of it}

-~ Comsider legibility;

-~ Leave items on the bozrd only as long as they are
needed,

=~ Avoid excessive handling. It distracts the
audience, '

Applications: ~ To illustrate = process as it is being explained;
~ To develop cherts.

Evaluation: - Was the flannel board relevant 7
= Was the material organized logically 7
- Were all the words on the board legible ?
= Did the board help meet the objectives ?

7.1.2. Charts end Posters -

7.1.2.1. Charts:

Pictorial and graphic charts are smong the most useful visgual
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H metarials, TPresentod dering discussion, thoy can clarify difficule
: concepts and emphosize important points,
: 7.1.2.1.1, Zar Choxes:

Indicate welntive quumtities Ty a serics of vorticnl or horizontal
- bars cnd ore geod for showving changes over o poviod of time.

Tho bzrs chould not ereud the edzes ond the spren between baors
shwould be sbout holf the width of a bar. Choding or coloving bers
will add esphasis. Charts should be used on only sophisticated

; gudiences,
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7.1.2,1.2, Pic Charts:

Show the relationship between a whole nnd its parts, such as the
relationship betwecn single crop and totzl ¢rop production, or
between variouz budget entegories znd total budget. Io meintain
clarity, slice the pie into no more than six or seven pieces. .dd
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emphasis and separate different items by using eolors,
7.1,2.1.3. Line Charts:

Show trends by using a line that indicates o relationship betweeon
two facters such as growth and time.

Several bits of dots con be handled on one chart by using solid
lines, daghed lines, ond dotted lines. Colored lines can also be
used, Iowever, too much information ean be confusing. So keep
the chart simple,

%

7.1.2.1.4. Ploy Charts:

Conbine boxes or drewing with lines znd coptions to show sequences
or processes such as life cycles or administrative structures.

Such charts can form the structure for an entire talk, supplemented
by charts explaining each step in the basic flow chart,

Avoid complicated diagrams that will confuse the sudience,
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7.1.2.1.5. Illustrative Chorts:

Ao pictuzes or dissrams that y
by verbal descrintiouns, Complicated chinr
& wall or mldletin board so
cazris are to bo wsed with o ¢
illustrations simple and the let
read ot a distanec.

nelt be accomponicd
1 he displsyad on

~

e Z
studind ot leisure. I
- C)
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4
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i
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.7 7.1.2.1.6. Flip Charts.

sre sinmply a series of charts bound together at the top. They are
usced primarily te present a step-wy-ctep seguonce such 25 the steps
in planting, in weaning cslfs, or the steps in norketiug one's
CIONSG. '

Uze plain peoper for pnges to make 2 pad which can be used in much
the sawe way o5 a chell: board, licke drowings on the paper with

crayons, caalk, felt pens, or charcoal.

Tlip charis have the cdventage of allewing the user to roiurn o
previcus drmzings by Llipping back a fow pages.




Evalugtion Questions foxr Charts:

- Did the chart attract gittention ?

« Was the content appropriste to the audience and the objectives ?
- Was the content organlaed in a logicel, easy to understand
sequence ?

Did the chart help meet the objectives ?

7.1.2.2. Yosters:

Posters are small signs that represent oane idea simply and concisely.
Pogters can be used to announce coning events or to remind the
rudience of an earlier presentation, When planning posters, keep
these ideas in nind:

- Heep it simple. 4 poster ia intended to remind, not to convey a
large amount of information.

- Begin designing a poster by making several small sketches, Then,
have members of the audience pick the one they feel will be most
effective,

- Place posters in conspicuous places. They must be readily seen
by the intended cudience,

~ The message of the poster nust be immediately spparent,

If only a fow posters are to be made, do them by hand.
For larger quantit;es, use stencils, silk screen, or off-set

printing,
i
- \\r
DIA DE CAMPO
— |CIAT

Supgested Appl ieations:

- To announce a campaign er a coming event;
= To remind an audience of an idea or concept.

Cvaluation: -

- Did the poster attract attention ?

- How could it have been more eye-catching ?

Was the poster's message clear to viewers ?

Were there enough posters to get across the message ?
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7.1.3. Leaflets and Pomphlets

Yhese easily-produced meteori-~is can be invalunble fox
compmuniccting with many different groups. The important thing
is o mabke the leallet or bonllet attractive cnd meaningiful te
the audicnce,

to Zollow when

Yeilization: There ore & number of points
cetive written nmoterinls,

¥ n
L
planning and producing off

= Plom careiully, lmow the audience and write fox
thot specific group. imweswr the greals and sclect
and organice mnterial apprepriate to thesc goals.
- Attroct ond hold the sttention of the reader.

Teople zre czttracted to 2 lcaflet or booklet by

three things:

1, Shie Cover. It smst attreet attention, and its
messape should be immedintely
apporeant,

2. Size and style of type and illustrations, ond

layeut on printed page. & simple

type face is most legible, Tor

leaflets, & type size of 14 points
is idecl, ilost printers cezn suppest
type chodeen and loyout as well o
saist with other prrduction problens,
o

and interests, oo well zo their
recding Levell IZ the content is
written humorsuvsly, be sure it is
humer the cudience will appreciate.

Lo ppecific and pecurate. 411 facts should be
correct and up-to-date. Consider wvarious

production possibilitics., Each method of duplicating
and printing has advantepes and disadventapes,
depending on the guontity of lzaflets necded, the
ind of pe and flluastrations beiang reproduced,

" P oann * * s PR L] e T
the cualitry desized, on? Che budnel aveiloble,

Srdrie depliersion { lectomzanh J 45 unelfvl vhon
fTouay than 107 coplen ore noedod and professingl
pirinting cunlity is U escenticl.  dnc-graph is
vseful for 1C0 to 1000 cepies. I high qualits
iz important, if paotogrephs are te be included,
or if larce quantities ore needed, offscl or

citerpress printing nwst be onploved.

- Censider dintribultlon problems. liow will the

audience gzt copiles of the leaflet or prophlel 2




Suncested Spplicstions: Seldom is it the case that a pamphlet o
icaflet is cffective 211 by itself. This
type of publliection should be considered
in order ro cugment 2 meeting,s personal
visit, a traiaing sessien, a radio program,
ete,

Evaluation Questions:

i

Is the leaflet or booklet zppropriate to

the needs, interests, and literary level

of the audience ¥

~ Is the writing dianteresting to the audience?

- Is the material organized in such a way
that it can be followed and understood ?

- Were the production and distribution
methods gppropriate 7

- Does the cover attract attention ?

- Do the {llustrations contribute to the
measage ?

- Is the content factually correct ?

7.2, lledia that require projection

Lecause a bright light stands out in darkened surroundings,
projected materials often capture the exclusive attention of an
pudience, Lecause of their appeal, properly produced materials may
promote acceptance of new ldeas or practices that are presented by
slides, filmstrips and motion pictures, or by projecting photographs
or drawings with opaque or overhead projectors.

7.2.1, Slides

A single slide or carefully plammed slide sequence, zccompanied by
narration, can be one of the most useful projected materials. Lefore
making slides, check the kind of slide projector available. The
most common slide is celled the 2 by 2. This refers to the slide
anount and actually includes a2 number or different imagen sizes.

The four most common &re shown below:

574



et

Suprested Anplicotisns: You ooy use

ldandnmade slides: There are many occasions waen a title slide or
n slide with o sinmple illustrztion or peorhops o for words i3
needed,  Luere croe:

b rith o charp ebject on o pio o of blnelk ond
itc £ilm th:t ans bDeen ciposced and developed
e e en clenr photograpuic Zilm
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Ge. “hermofan ) is available,

i

]

In tlc "100* nﬁ
£ (e,

t high quality slides.

a thermnrl nr Qcat copier
can be used o nake

ilnndmade slides can De nmade the size of super slides or ony other
snape and size thei will £i¢ in g 2 by 2 mount, /lso, handmnde
glides are ideal fnr use with lerger projectors such as = 3,.1/4
by &4 lantern slide projector, Slide mounts can be purchosed ox
nade from thin cardvozid,

ghptoqranhjp gliggqi_ Hany i1 upensive cameras are availerble
waich will malie gond qualil 0101 slides, ‘aen plgn ing such

J
slides, consider the Folloving .

- Chcose a comern and accessorics that will mect your noeds.

4 camera in the range of 30C0 to 4000 peses can be used for mo
outdoor paotography including distances as close as 60
centineters.

Generally, single lens refle:n ecomeras are vest o5 all-round
cameras, Thoy are cicelleat for copying and close-up photography.
ilowvever, ithese canerss cest in the neighborhoed of 60C0 pesos.
Lefore buying any ceonera, ceasult 2 qualified dealer for
informetion about the klnd ol equipmeni to meet the neced.

5]

- Learn to usc the camera properly.

- Choose the right filn. A wide variety of color films are
available
Some sre designed for indoor use, some for outdoors, and some
for pure lighting conditions or " high speed " paoctography.
Chonice of film depe2nds on the job te be done, a&allability,
and personcal prefe-ence.  Technical foeilitles and expertise
are nceded to p:ncess color f£iln, so the sclection of z coler
film ghould zlse ba based mn the ovallcobilits of poed, wreliable,
cormereizl processing withiin the couniry or on o velinule
1niling service.

- Strive for good techmniczl quality, e careful about focus,
correct .po""rc, lignting within picturz, znd composition,

clides to
risons of demonstratirn pilots;
step-by-step procens;

- 5lov comnpar
- Yo tecch a
- To supplement o commeseizl filisirip with
locally nnde pictures;




- To support any verbal presentatiom with
parallel pictures. '
- To record the activities of a field day
or any other agriculturzl cvent as a
- guide for planning later such events.

Ivalustion Ouestions:

Were the slides carefully planned ?

- Could they have becn organized in a more
cffective way 7

= Could the czudience understand each
photograpa or draving ?

- Did the slides help meet the objectives ?

7.2.2, Filmstrips

4 filmstrip is a scries of pictures on one continuous piece of

£ilm, Although filmstrips lose the flexibility of slide sets,

they do have some rozl advantages, Filmstrips cen be carefully

sequenced and the sequence will remain unchanged no matter who

uses the strip. Filmstrips ere compact, and one small can will
hold the equivalent of several dozen slides.

lost commercial filmstrips ave made with a single frame cemera.
However, double frame filmstrips can be made by usins a double
frame camera, whichever is used depends on the kind of cemera and
projection equipment available,
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Viilizotion: e Lilnstvips, Deep lhe fello-ing in nind:

Tlan carefelly, The individual vomes cannot

ecasily be renrranged nfter the sheoting, so plan
the sequence of pictures corefully and then follow
the plan cxactly,

~ Consider a wvariety of production techniques. A
filmstriy can be made by shooting a series of
live action scenes or by shooling a scries of
still photographs. Witles can be interspcrsed by
taking pictures of titles written on a challboard
or cutout letters on a flannel Loard or other
suitable background.

Sugsested Applications:

Filmstrips covering basic processes can be carefully
planned and produced so they will be appropriate to
large segments of the population. With printed
~guides zbout using them, these filmstrips can be
A - distributed to extension workers, teachers, etc,
- - Such materials con increase the effectiveness of
' their communication.  1f recording facilities are
aveailable, & filmstrip can be accompanied by a tape
" nerration,

7.2.3, iivrion Pictures

wotion pictures compell attention in almost any circemstance.
liowever, motion picture projectors are expensive to purchase and
generally are not readily available, However, if a projector is
available, {ilms ccu often be obtained from agencies or the
United States and other Hations as well as llinistries of
Agriculture, Educatinn, lealth an& information., These will

- usually be 16mm. iilm$,‘




In recent years there has Deen increased use of Bum f£ilms. A new
format called ™ super 8 " has come into the market and is being
widely used for short, single, single concept films or film loops.

For anyone interested in making films, several publications explain
the fundamentals of planning a film story. Camera operation is
also discussed in a nusber of publications, Dut, in general,
quality £ilm making is the domain of professionals,

Utilization: Xeep these ideas In mind when choosing and using
Lilm:
- Consider your sudience when choosing a £ilm,

- Preview the film in advance.

- Introduce the film. Defore showing a £ilm tell
the viewers what the £ilm is about and what they
should look for.

- Use proper projection practices, Follow
instructions. Always set up in advance, Keep a
spare projection bulb and & spare exciter lamp on
hand and know how to change them,

- Discuss the film. Discussion, after a film, may
be the most important part of the presentation.

« Re-show all or part of the film., Re-showing allows
the audience to grasp more fully the concepts
presented. '

~ Combine the film showing with other redia.
Bulletin boards, posters, or pamphlets can be used
to announce film showings, & presentation board
can be used to list important points when
introducing a film or when reviewing it after a

 showing.

Supgested Applications:

- To show processes where movement is of particular
Importance.

- To demonstrate a process to a large group.

- To entertain an audience, Tilms can be followed
by & slide show, & short talk, or some other
presentation relating to an sgricultural problen.

- To attract and focus the attention eof a large
EYDUpP on & major campalfn of project.

Evaeluation Questions:

~ Was the film content and style of presentation
suiteble for the- audience..?

« Would the game ideas have been presented with equal
effect by simpler means?

- ias the projection adequate,..?

- Would additional discussion before or after the film
have helped the audience understarnd the ideas being
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presented, .?

Fe2.4. Opacue Projection

Cpaque projectors are availzble for projecting materials such as
maps, photegraphs, beok pages, or even three-dimensional objects,
This is often quicker, moxe convenjient, and safer than handing
the materials around the room. The diszdvantage is that most
opaque projectors are large and cumbersome., Opaque projectors
require a dark room because they have a2 low light cutput compared
with projectors vhich show transparemcies,

7.2.5, Overhiecad Prolection

Overhead projectors are used to project large transparencies as
well as some opaque and translucent materizls. With an overhead
projector the image is projected on the screen bebhind the person
doing the presentation. The large transparency size coupled with
an efficient ilumination and lens system provides a large,
bright imege on the screen that does not necessitate darkening
the room.
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There ore scveral techniques for maling overhcad transparencies,
hend-drawn trausparencies are the most useful vhen rescurces are
limited. “hey can be made on cellophane, clear acetate, or old
photographic f£ilm that hes been cleared in 2 strong chlerine
househald Bleach, 0©ld Z-ray film are often available from
hospitals and they are ideal.

Lettering or draving can be done vith waxed pevells, india ink,
and some felt-point pens,

When making and using overhecod materials, consider these factors:

~ Leep 1t simple. Use one hasic idea in each transparency and
avoid unnccessary visual clements.

- Use legible lettering.

= Use imaginative design. .

- Use good projection techniques., Line up the projector and focus
in advance,

Overhead transparencies can be used to hielp present a variety of
concepts in many subject areas., Evaluation of effectiveness should
be based on their contribution to meeting the instructional
objectives,

Recording

Tape recordings are incupensive, durzble, easy Lo transpori or to
mail, Also, tapes can be erased and used over ond over again.
fecorders are available in a variety of types, sizes, and prices.
Until recenily, most recorders used 1/4 inch tape on a reel, but
recorders that use 1/5 inch tape in cassette are becoming
increasingly popular, Reel-to-rveel recorders are advantagrous
vhen high quality is needed or when a considerable amount of editing
is required, Cassette recorders arve particularly useful wvhen
portebility end ease of operation are important. Doth types are
available for operation om batteries or external power sources.
Choice should be based primarily ea the intended use. The
instruction booklets that come with epeh machine provide step-by-

"nssep details of operation.

llierophone choice and use. Tape recorders come with a microphone

that is electroincally matched to the particular
type oi recorder. '

In peneral, when recording ome veice, place the -
microphone 20 to 30 centimeters from the person at
about the level of his or her mouth, Uhen recording
the voice of several persons, try to place the
nmicrophione nexr the center of the group in the
middle of a table. Vhen a microphone is set on &
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rable, put a folded cloth under it to avoid
vibrations., Do not run o microphene cord pavallel
Lo an ALC, power cord. Cross the eords at right
ensles to avoid hum. Avoid handling the m1Cfﬁghnne
during a recording to reduce noise.

bcoustlc treatnent., Recording qualit} con be improved by making

a temporary blanket Loot or by placing the
microphone in & corner with & blanket or other soft
matericl behind it. ‘This reduces reverberations
and helps cut down background noises.

Recording Level, Tolleoyvy the instructions that come with the

Tape splicine,

Tape editing.

lecordins from

recorder to determine the proper settings. Setting
the recording level too high will result in
distorted sound., Seltting It teo low will emphasize
background noise.

Sooner or later a tape breaks, but it can easily
be spliced together., Use tape-splicing tape, not
ordinary ceilopﬁane tape, and follow these three
steps:
1.} Hiold the ends of the tape together with a slight
overlap and cut both pileces at the same time at
an gagle of sbout 60 degrees,

2,) Join the two ends together, uncoated side up
(shinmy side ) 2nd cover the joint with a piece
of splicing tape.

3.) Wrim off the excess splicing tape alongside the
edges of the recording tape.

This is a selective cutting and splicing operation
used to remove unwanted portiens or to rearrange
parts of a recording. The exact point for editing
can be located by moving the tepe back and forth by
hand across the recording head and marking the
point with wazted pencil,

record plovers or _xad lios. VWaenever possible,

connect the recorder dirvectly to the speclker
terninals. The gl"cmﬁ“ ci the microphone in Iront
of the speaker results in pooT guality sound
transiers.

suprested Applications:

-

- To record Interviews for later play back over a

- local radio station,

~ To record comments of local person to accompany a
glide showr, silent film, flip chart, etec., TFor
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evample, recovdings of conments made at a
{avtiliger demomsiration site could be used with
slides of the treated and wntreated plots,

- To record the verbal presentation that goes along
with a set of slides ox filmstrip,

- Lvalustion Questions:

Tere dilferent veilces casily identified..:
« Would different microphone placement or zcoustical
treatment have improved the recording quality..?

3%; = Heuld editing have helped to remove extranesus
%gi noise or unnecessary details,.?
e ~ Could editing have helped orgonize the coutent in

2 more lozical manner..?
- Did the tape really help do a better job of

communicating..?
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USE OF CTATISTICS AND EXPERLNENTAL DESIGH IW CASSAVA RESEARCH

*

Gaston Mendoza
Maria Cristina Amezquita *

.GENERAL INTRODUCTION TO STATISTICS AND EXPERIMENTAL DESIGN

1.1, Introduction

I would like to starct this first conference by giving you an out
look on the blometrics Unit at CIAT a2nd on the reasons fovr our existence
within an agricultural research centre. We will define the Scientific
Method, as an intepral of the different steps followed by a research
worker, from the critical observation of a phenomenon to the inference
of conclusions. This will lead us to a better understanding of the
relationship between the question on the investigators' mind and the
experimental design he must use to prove his hypothesis, Tinally, we
will disecuss —vhy statistics are used in research and we will introduce

some basic concepts and terminology.

The second and third confercnces will cover the designs most used
in agricultural experimentation. The fourth conference will end the
theoretical part of the tourse with an ovarvicw on regression, correlation

‘and surface response techniques.

" The topic for the last conference will be the use-of statistics in
regional trials, conducted by the CIAT cassava Agronomy Program in 1975,

" 1.7. The role of the CIAT Biometrics Unlt - - -

The Tiomerriec Unit is 2z ceniral service group which sesists in the
plamning, design, suslisis end interpretagion of the resulls related to

. the different experiments conducted by CLAT programs.

These services are financed by funds from the unit itself and are

supplied to the research and training program at no cost.

Biometrics Unit, CIAT.
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The functions of the Biometrics Unit are:

1. Statistical assistance in the planning, design, analysis and
interpretation of the experiments.

2. Handling of large volumes of information (scvecio-economic and
agricultural surveys, germplasm banks, creation and maintenance
of data files).

3. Development of cooperative research preojects 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. Traloning of professionals in the field of statistics.
1.3. The Scientific Method:

Scientific method is the set of logical steps followed by a research
worker in arriving to an inference startling from the critical observation
of a phenomenon., We can say that scientific method is the use of logic
and objectiveness for the better understanding of a phenomenon. Its
essential characteristic is that staerting from 2 critical observation
one can arrive to a hypothesis which may be experimentally proved. We can
describe the process followed by the scientific method thus: :

1. Observation of the Phenomenon: The phenomenon is observed in a
eritical way but without leading us to any couclusions. 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 of the hypotheses: The investigator can develop many
hypotheses on the possible csuses of rhe observed phenomenon. The important
thing is to formulete hypotheses relevant to the problem and experimentally
verifiable. In other words, the operational significance to-wards solving
the problem, must be kept in mind. Continuing with our example, a
reasonable hypothesis could be: Ho: Nitrogen deficiency in the soil causes

lack of vigor in the plant.

4. Planning of the experiment: Once the hypothesis 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 zall
factors except those whose effect he wishes to measure. However, some
factors exist which are impossible to control, for example, weather
varfables. The uncontrolled factors constitute the "experimental 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 will be applied
to, and the desired accuracy. If hypothesis Ho from our previous
example was to be proved, one way of checking it obiectively would be

to test different levels of nitrogen and observe the performance of the
plant keeping other factors constant {sther minerals in the soil, water,
etc.}.

5. Choosing the experimental design: The experimental design
indicates the manner in which the experimental unitel’ 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 precision {s 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 c¢f hypotheses, the more refined the design will be. A good
experinental design provides the desired information with a minimum of
efforts and resources. Once the experimental design is chosen, the
forms for data colection and the analysis procedures are designed.

6. Conducting the experiment, The experiment must be conducted
following strictly the experimental design and the planned statistical
and cultural controls. Generally speasking, basic recommendations for

i a good handling of agricultural experiments are: uniformity in the
application of water, in the planting density and in the application of
Insecticides, fungicides and herbicides, as long as these are not the
studied factors.

7. Analysis and interpretation of results, The analysis of results
produced by an experiment has the objective of proving by statistical
wmeans, the hypotheses established by the researcher.’

8. Written report. This report must summarize every aspect of
interest about the experiment, from motivation to interpretation of
+%. vesults, It is important to include all the unpredicted situations

>~ which ocurred, during the experiment.

®* 1.4, Utility of statistics in research

i There are two tvpes of experiment: Deterministic and alestory. A
vj - deterministic experiment is one whose result fs, for all practical
- purposes, exact. For example, a physical experiment., An aleatory
experiment is one whose result cannot be predicted because it is subject
to varistions not under contrel of the researcher, such are biological
- axperiments, As a consequence, the verification of a theory by aleatory

1/ Experimental unit is the minimum unit of experimental msterial to
which a treatment is applied. For example, in field experiments
experimental units are usually plots and not individual plants.
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experiments cannct be absolute. The worker can only conclude that the
observations are compatible or not with the theory, within the limits of
error to which observations are submitted.

The role of statistics is to supply means which allow a distinction
between situations where the observed differences among different
"treatments'" are relatively small and attributable to chance, and
situations where such differences are relatively large and are better
explained by effects different from the "treatments'; in both cases the
conclusions arrived at have a known reliability.

1.5. Basic concepts and terminclogy:

Sample and Population. A sample is a collection of individuals or
observations belonging to a bigger collection called population or
universe from which we need information. If the selection of individuals
is done randomly the sample is called & random sample.

Random variable. Is one whose value cannot be predicted but depends
ont chance.

Frequency distribution. It is the table of frequencies obtained by
grouping the data in exclusive and exhaustive e¢lasses. 1Its graphic
representation is called a histogram of frequencies. For the case of a
continuous variable, if the class interval is reduced indefinetely, its
distribution function is obtained. Example 1: Distribution of the odd
digits in each one of 200 random samples of 10 digits. If X= number of
odd digits in a sample of 10, the (observed) frequency distribution could
have been:

X |0 | v | 2] 3| &« 5 6] 7] 8| 9] 10]

Observed I l | i
frequency| 2 2 8 25 39 45 35 25 14 4 1

and the corresponding frequency graph is shown in figure (a). Variable

has for theoretical distribution the so-called binomial distribution where
p=1/2 end n= 101/ and it is possible to demonstrate that Pr(X=x)=£%gl(1/2)lo,
sc¢ that the theoretical frequency distribution (adjusted to whole digits)

18:;

| o1 | 2] 3] 4| s] 6] 71 8] 9]10]
Theoretical
frequency 0|2 9 |23 | 41 | 50 | 41 | 23 9 2 0
200 Pr(X=x)

1/ Generally, if X\Bin(n,p), then Pr(¥=) = (2) Px(l"P)n_x:

) t
0<x<n;were(n)== n.
X n-X) .X.
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Example 2: Normal distribution with mean y= 5 and varianceg % =2.5.
It is an agpproximation of the previous theoretical distribution with
the same central tendency and equal "dispersion' arocund the mean
(varlance). Figure (b) shows the corresponding graph.

Normal distribution: Two "parameters"” characterize a normal
distribution: i(mean) and aiz{variancegc' = gtandard deviation). If
X is distributed following a normal distribution with mean y and variance
g? we can write XN ¢ u,0 ). The normal distribution has many uses
in statistics for practical and theoretical reasons; very mansgeable and
extensively tabulated; many random variables follow approximately a
normal distribution or may be reduced to normal by proper transformations;
the distribution of sample means from any population tends to be normal
as the sample size increases.

Some properties of the normal distribution are presented next:
1. Probabilicy densiny.function:

fX(X) = f%g e” (x-w3kb? -t < X <o

2. Cumuiative distribution function,

X
e = PrX <) =/ Fxdx

= area under the curve IX(X) from -«
3. The fofiowing property is valid for all random varisbles

‘f& f(x0)dx = 1

4., Parameters U and 0° are estimated from a sample of size by the
following statistics,

S 11}-:1 n
= w = § ~32 -2 = e -
'§I x .( nit:;{i o S mT z (x X

5. 1f XWN(u,0% ando? is known, then
Pr (o <X <u+o) = 68
Pr (w1960 <X < p+ 1%o) = .95
(X=-w/o ~ N(O,1)

X N, 0%n) and XH ~ N1
o /v ,
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Frecuency
{

Observed
mmmmm Spected
50 L )
1
40 L ; I .
t | {
I ! 1
I ! |
30+ I 1 |
} i i
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20 o [ 4 | | 1 ]
1 i i i
¥ i | i q
I T L
10 1 Rt i ) i
i } I i ! i i
PR [ I b . Y —x

g 1 2 3 4 5 6 7 8 9 10
Fig.(a): Frecuency distribution of the .mumber of odd digits in each of

200 samples of size 10.

)
.50 }
'1}0' /-\
.30+
.20 L
.10 )
H
5 :
i ¥ X
01 21!3 4 5 6 718 9 10
. o M wha

Fig. (b): Graph of the density function of a normal distribution with

mean 5 and variance «2=25,
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6. 1f XAN(u,o0?) buto? is unknown, rhen {X-uvn /8
follows a similar distribution to N(0,1) called t-distribution
with (n-1) degrees cf fresdom.

Test of hypothesis

Null hypothesis (Ho): It is the one currently accepted as true ‘and
is rejected only if the experimental evidence against it is "large'.

Alternative hvpothesis {(Hj): It is the one that would be "“proven" when
the null hypothesis is rejected.

Example 1: Two-tailed test. Ho: ¥,;™l, Vs. Hi: 33%92

Example 2: One«tailed test Ho: W15Hy Vs. Hj: H2Hp

Type I error: It is the error committed when a true null hypothesis is
rejected, '

Type 2 error: It is the error committed when a false mlternative
hypothesis is accepted.

The classic procedures for hypothesis testing minimize the
probabilities of a type II error, {called, operating characteristic of
the test), for a predetermined level of probability of type I ervor
(called, level of significance) and of sample size.

Level of significance:r o =Pr (rejecting Hahig is true)

Level of confidence: 1- o «Pr (accepting Hc]Hn is true).




THE KMOST COMMON DESIGHS USED IN CASSAVA EXPERIMENTATION

2.1. What is the experimental design?

By experimental design we understand a set of rules which indicates
how to assign the treatments to the experimental units. A good design
allows valid comparisons between treatments and the control of the main
source of variation that fleld experiments present: soil heterogeneity.
A good design must include three important aspects: random application
of treatments to the experimental units, a proper number of replications
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 tﬁ&t&é and on the degree of precision
desired,

2.3. The mest used designs in cassava research:

4The most commchly used designs in cassava fleld experiments are:

- Completely randomized design (for one or several factors).
Complete randomized block design (for one or several factors).
Split~-plot designs.

Systematic designs.

i

We will describe briefly how and when to use each one of these
designs. We present & summary of the necessary calculations for the
statistical analysis and some examples to illustrate its use,

2.,4. Completely randomized design.

- lised when the experimental units are homogeneous, as in lsboratory
experiments.

- Any number of treaiments can be tested (either levels of a factor

or combination of levels of several factors).

The treatments are applied to experimental unlits randoumly,

Any number of repetitions are possible.

1

Example: Three different ways of cassava stake planting are to be
compared: horizontal, vertical and inclined planting., The
soll area available for the trial is perfectly homogeneous.
Since we wish to compare three treatments, we must divide the
area in 3,6,9,12,15, etc. plots (experimental units) depending
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on the maximum number of repetitions possible, 1,2,3,4,5, ete.
respectively, TIf, for example, the available area is restricted
so that the maximum possible veplications are 2, the area will
be divided in 6 equal experimental units and each treatment will
be applied to two of them, randomly. The following illustration
shows one possible layout of the treatments in the field. The
tested variable would be yield per plot, measured as fresh
weight of roots in Kg.

= 118 = Horizontal stake planting
W Rep 1 HS Is Vs

VS = Vertieczal stake planting

4

“Rep ITI | VS | HS | IS 1S

inclined stake planting

Field layout of a completely randomized design with three
T treatments and two replications,

2.4,1., Analysis of variance:

Mathematical model

o4

2,0&:..:,‘:

' ' i=1,
Yij = ut+ T + ej3 3= L2000,

Zﬁxperimenml error in cell (i, j)
Effect of treatment i

Grand mean

Variable under study observed in plot j where treatment
i was applied. )

o 3 - oot . b
¥ Armumptions: ey v NID(D,02) ;¥ I‘Ti =0
Ci=l

L. t T
1 Y., = ( ¥ys)/ (),
g jz}. 1377

r
Yi.= Q¢ Yij)fr
j=1




then ¥ .. is an estimator of |,

yi{ » is an estimator of pFTi

Besides, the sum of squares of the deviations with respect to Y..,
denominated total sum of squares corrected for the mean, can be splitted
in the following manper:

13 0rs5-T. 0 2=f (T -¥. 0% + JRC¥i-Tae)?

The first sum in the right hand side is an indicator of the
differences among treatment means, and the second is an indicator of the
variability of the observations with respect to the corresponding treatment
mean. For such reasons they arc called treatment summ of squares and
error sum of squares, respectively., To make these two indicators
comparable, the so-called degrees of freedom are introduced. The quotient
of 2 sum of squares by its corresponding number of degrees of freedom
is called mean square of such effect. The degrees of freedom associated
with TS88, TRSS and ESS are, respectively, rt-1, t«1 and (r-1)t.

Let's consider the null hypothesis Ho: riﬂﬂ,iml,..,,t, Vs. the
alternative hypothesis Hj: T 70 for at least one i, )

If hypothesis Ho is true, that is, there are no differences among
treatment means, then TRMS and EMS temd to be similar and as a consequence
the ratio TRMS/EMS tends to be approximately one. 1%, by the contrary,

H; is true, then TRMS tends to be higher than IMS and as a consequence
the ratio TRMS/EMS tends to be higher than one. Therefore, values of
TRMS/EMS close to one support Ho and higher values support Hy. It is
interesting to point that IMS is an estimate of the variance 0 2 » which
exists due to aleatory factors out of the control the researcher,

Still remains to decide how "big" TRMS/EMS must be to be able to conclude,
with certain reliability, that the observed differences among

treatment means are due to real differences between treatments and not
to chance. TFor this it is necessary to choose the confidence level 1l-a
and make use of the faet that under Ho the ratio TRMS/EMS follows a
disrribution called as the F distribution with t-1 and {r-1}t degrees of
freedom., Summaryzing, hypothesie 3o 15 rejected st the o level of
significance 1if, and only if,

Observed F = IRMS »> Fro1 (r-l)t:(“) = o «~ Upper p&:cent::.l Qt?:' ﬁ}e
EMS ’ . Ft-1,(n-1)t distribution

All the above procedure may be condensed in the so-called ANOVA table.
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or 2 L. [P
P e e RN
:hﬁxﬁfnwdﬁv%ﬁ”
) il
. i

R T

L. B

Source of Varintion d.of £, 5.8, Mmy5. Cbserved T
~ - 1 1y..2 1 4
Treatment t -1 _{Y,,z o TRMS TS
Tel rt LMS
Exrror t{r-1}) TS5-TRSS ElS
Total (corrected for tr-1 Zizijz~;F*Y..z
tr-1 global . Tt
mean}

The formulae for sum of squares given above are appropriate for the

use of desk calculators. Y;. is XYij e¥Y.. is EzYij‘
k| 1]

2.4,1. Humerical example:

The yield of t = 5 cassava varieties 18 to be compared, Uy previous
experience we know that the soll is homogeneous, Further 30 plots are
available. Then we can use r = 6 repstitions for each veriety (it must
be remembered that the number of repetitions is usually determined by
the precision desired and not by the area available), The next step is
to assign the varieties to the plots irn a completely raudom way. Suppose
the following were the observed yields in Kg per plot:

Variety i, vy
1 83 129 117 312 220 99 265 161

2 235 263 216 156 244 233 1347 224

3 412 225 218 463 156 226 1700 233

4 28B4 484 164 443 338 436 2201 367
5 674 332 595 498 571 366 3036 508

¥.. = 9249 v,.= 308.3

'fh Some calculations to obtain the AROVA table are:

TRES = (9652 = 13677 + 1700° &~22012 s 3G362)f 6-9249°730 = 431421

2 2 z 2 2
I88 = 887 + 129% + ... 4+ 571 + 366 - 92497/30 = 716036
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The AKOVA table is:

Source of F ¢.01)
Varisation d. of f. 3.5, M.5, F Chsery, 4,25
vVarieties 4 431421 107855.3 9.474 S 4,17
Error 25 284615 11384.6
Total 29 716036
¥ (.01)

Since F observed » 4,25 , at 0 = 01 we must reject the null
hypothesis that all varieties have equal yields, If we had decided to
use ¢ = ,05, the critical value would have been *4,25 05} = 2.78 which

is algo smaller than the observed F, so we would have ¢oncluded that at

o = .05, the null hypothesis was rejected. It is the researcher’s
declsion which significance level to use. Levels .0l and .05 are only
guides which give, respectively, 1 and 5 opportunities in 100 of rejecting
the null hypothesis when In fact it is true. In this case the minimum
significance level at which the null hypothesis 1s still rejected is
approximately 0.0001,
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THE MOST COMMONLY USED DESIGNS YN CASSAVA EXPERIMENTATION {Cont.)

3.1. Randomized complete block design:

- 1t is used when the experimental material is not homegeneous and
a classification in subgroups more or less homogeneous is possible. For
example, if the field shows a known gradient in only one direction, it
is possible to split it in "blocks" as homogeneous as possible. This
gradient can be a fertility, acidity or slope gradient in a definfiwm
direction. '

~ Bach block must contain a1l the treatments. The number of

" treatments must be relatively small (less than 12 according to Kempthorne;

when the number of treatments is higher it is advisable to use Lattice
designs). The treatments may correspond to different levels of a factor
or to a combination of levels of several factors.

- The treatments are randomly assigned to experimental units from
one block. A different vandomization is done for each block.

~ It allows any number of replications,

~ TIn order for this design to be more efficient than the completely
randomized design, it is required that the variation among blocks be as
high as possible, while the varistion within the blocks is minimum.
Further, for the tests significance to be wvalid the interaction treatment
x bleck must be zero, 3
Example: Following the previous example, let's assume that three ways of
planting the stake are to be compared, but the field available
is not homegeneous; presenting a marked slope, with drainage
problems at the lower portion. In this case, it is best to
split the field into "blocks': HIGH, MEDIUM, and LOW, for
example, and test the three stake planting methods in each block,
allocating them randomly on the plots. The physical shape of the
field, with 2 veplications may be seen next:

ALLOCATION OF TREATMENTS ON THE FIELD
IN A RANDOMIZED COMPLETE BLOCK DESIGH
WITH THREE TREATMENTIS AND THREE BLOCKS

High . Medium Low .
Zone Zone Zone
{(Block 1) (Block 2) {(Biock 3)




HS

Vs

Is

It

i

stake planted horizontally
stake planted vertically
stake planted inclined.
3.1.). Analysis of Variance:
Mathematical model:
Yij L T T4 + Sj -+ ej j i=1,2,...,t
;\ & § = 1,2,’.0;1’
[—— experiménml error in (i,})
effect of block J
effect of treatment I
L grand mean
observed response in cell {i,j).
t b :
Adssumptions: ejij v NID(O,0 2); i‘ti = ) = Eﬁj
. . i=] jm}'
7.5 3
1=] Fwl J
TyomC } =]
Yi.=( ) Yi3i)/b, Y.:= ( } Y3392/t ,
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Then ¥ 1is an estimator of p
Y is an estimator of u + T4
¥ is an estimator of uy + Bj
§§‘ . The total sum of squares corrected by the mean may be splitted
thus:

T3 (¥ 3-. ) 21T (Yy .~ D T (Y. - D) 24 T (Vg =Yg T 41 )

The sums of squares of the rvight hand side are czlled S5.5. due to
treatments, $.5, duc to blocks and error 8.5. respectively. The degrees
of freedom assoclated with TSS, TRSS, BS8S and ESS are bt-1, t-1, b-1,
» and (b-1) {t-1), respectively, -Like in the case of completely randomized
o design, the quotient of a 5.5. by the corresponding number of d. of £,
is called mcan square. Likewise, EMS is an estimator ofg *. However,
the ¢ ? of the randomized complete block model is not the same as that
of the yandomized completely design. 1In fact, if blocking is effective
then 0% blocks <<g ? rendomized completely, This is precisely the
objective of blocking; to increase the precision of comparisons by
excluding from the variability of the randomized completely design, that
due to differences amocong blocks.

For the randomized complete block design it is 9ossihle to test
JAndependently the fallowing‘pairs of hypothesiS'"

;?.l’m: ti el e i = 1,#’.,‘,_ . VS
; ‘ (D)

};1: T¢ #£ 0 for at least one i, and

o: Biwo0 §=1i,.0.,b, Vs
e ‘ (11}
-Hy: £y £ 0 for at least one j. :

: For similar ressous to thosge mentioned in the case of completely
rrandomized design the decision rules for the hypothesis written above

BTR

{1) Reject the hypouheéis tqg =0, i=1,..., t at the




significance level & , 858 TR

s > Fe-1, (b-1) (£-1) (&

‘(11 Reject the hypothesis By =0, j= 1,..., b, at the significance

level o , BLMS
evel o , 858 o= > Fy- 1, (b- l}(t-l)(a>

The ANOVA table is:

Source of Variatjon d. of £. S.5. w.s, . _Obsexrved F
Treatments e - 1 %{5_ . Q“B‘_]; Y..* TRMS TRMS/EMS
Blocks b - 1 1 Y. iz_B,__YH BLMS BMS/EMS
Error Le=1) (b-1) SCT-SCTR—SCBL s
Total th - 1 L 2. 1 2

S Iyl v

3.1.2. Numerical example:

Suppose we wish to compare the yields of t = 5 cassava
varieties but the f£ield is not homogeneous. Also, suppose it Is possible
to group the 30 available plots in b = 6 blocks of 5 plots each, so that
the plots in one block are more or less equally fertile. The next step
is to assign the varieties to the plots in each bloek, in a random way.
Suppose that the yields obtained, in kg per plot were:

: REP.
Variety I IX T1X v v VI ¥y 14
1 88 129 117 312 220 99 965 161
. 235 263 216 156 244 233 1347 224
3 412 225 218 463 156 2386 1700 283
4 284 484 164 445 3B8 436 2201 367
5

674 332 565 493 571 344 2036 506

Y.j 1693 1433 1310 1874 1579 1360 Y..= 9249 ¥.. 308.3

Y.} 338.6 286.6 262,0 374.8 315.8 272,0

TRSS = (965% + 13472 + 17007 + 22017 + 30362 )/6-9249/30 = 431421.8
BLSS = (16932 + 1433% +1310% + 18742 + 15797 + 1360%)/5-92497 /30~ 46644.3
Tss = 88% + 1292 4.... + 571% + 3662 - 9249%/30 = 716036.3

ISS = 716036.3 - 431421.8 - 46644.3 = 237970.2
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The AROVA table is:

Source of variation d. of f. £.3. m.s. FObserved
Varieties 4 £31421.8 107855.5 9,053
Blocks 5 46644.3 9328.9  0.784
Error 20 237970.2 11898.53
b Total 29 716036.2
LE ;é(f%1§’.?1 the null hypothesis (I) is rejected since 9.065> 5.43
= . ; however, null hypothesis (II) is accepted since 0.78&*

4.10 = ?5.20(‘01). It is clear then that in this case blocking was not
i effective (P=,0002 >.0001),

3.2. split-plot designs

- -They are used vwhen because of the nature of the levels of a factor,
large experimental units are needed, while levels of other factors may be
assigned to smaller units. For example, experiments where factor
g "irrigation" is to be measured it is advisable to separate the plots
receiving certain levels of irrigation. Fertilizer and insecticide
experiments present a similar case.

- The split-plot design is used when two factors 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
% - plots next, the levels of the second factor are assigned randomly to the
. - gub-plots of each main plot. Each main plot will have as many sub-plots
#.: as there are levels of the second factor. Comparisons between levels
i of the first factor are less precise than those between levels of the
second factor and those between interactions of first and second factors.
At least two replications are necessary to make these comparisons.

"« The split-split-plotdesign is used when three factors are to be studied
end e of them veaulics lzrge units while the other two can be assigned
to smaller units. The levels of the first factor are amsigned raadomly

« to the main plots. The levels of the second factor are assigned randomly
to the sub-plots of each main plot and the levels of the third factor

. are assigned randomly to the sub-sub-plots of each sub-plot. Each main

plot contains as many sub~plots as there are levels of the second factor,

simiiarly, each sub~plot contains as many sube-sub-plots as there are
levels of the third factor. The comparisons between levels of the first
~factor are the less accurate; comparisons between levels of the second
factor and interactions of first and second factor, have intermediate
precision; finally, comparisons between levels of the third factor and

.4te interactions, are the most precise. As in the case of the split-plot
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design, at least two replications are needed in order to make wvalid
comparisons.,

3.2.1, lHumericzl example;

Split-split-plots: The effect of thrips on the yileld of four
varieties of cassava is to be analyzed, with and without insecticide .
sprayings, with and without irripgation.

Factor A:; Irrigation { 2 levels): with irripation {ay)

without ixrigation (ag)

Faetor D: Insecticide (2 levels): with insecticide (bl)
without insecticide (bo)

Factor C: Variety (4 levels): Variety 1
Variety 2
Variety 3
Variety 4

In order to keep the irrigated plots separate from the non-irrigated
cnes, the area was divided into two main plots and the two levels of the
Yirripation" factor were assigned to them vandomly, Each main plot was
divided into two sub-plots to which the two levels of the factor
"ingecticide” were assigned randomly, Finally, each sub-plot was divided
into four sub-sub-plots to which the four varieties were assigned randomly,
Two replications were used. The following {llustration shows the final
layout,

REPLICATION T
Main plot 1 7 ' Main plot 2
(with irrigation: ay) {(without irrigation: aa)
Hith insecticide Uithout insect. With insecticide Without insect,
VZ (8) vy (4) Vo (5) Va {6}
Vg, (5) Va (6} . vy (3) Vq (3)
vy (6) Vy (6) Vs (5) Vy (5)
V3 (7) Vi (3) Vi (3) Vi (2)
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REPLICATION TI

Main plot 1
(without irrigation: ao}

Maln plot 2
(with fryigation: ai)
e b, , by by b,
H .g?ﬂy Without insect. with insecticide With insecticide without insect.
i%%g” v, (&) | V4 (6) - v, D v, @
5§: vy (4) Vy (%) vy (6) Vq (8)
A2 O N A () v, ® v, %)
H Y, @ v, @ v, D v, ®
AT - )
juﬁuébers in brackets are yields in kgs.
Lo

sums of squares:

(6+345+2) + (6HI+5HL)
bo ,f,gzw e el
a, 3 35| 70
ay 40 50 90
75 . 85) 160 =Y,..
Vg oVyeee ¥, o,
a 15 20- |- 22 - 13 70
a, 20 25 28 17 90
35 45 50 30 160

60
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BxC: Vl ?2 V3 ?é
bo 15 21 25 14 75
bl 20 24 25 16 85
35 45 S0 30 160
AxBxC:
M al
VeV, vy v, iV v, v,
. bo 7 11 i1 & 35 b, 8 10 14 8 40
bl 8 9 11 7 35 bl 12 415 14 9 50
15 20 22 13 70 20 25 28 17 90
B4+7
Ax Rep: 1 11
a,| 32 38 | 70
2y 45 45 | SO
77 83 | 160
Bx Rep: I 1I
bl 35 { 40 | 75
by| 42 43 | 85
77 83 160



AxExRep: I II
C+3+5+2
bo /;L bo bl
a,| 16/ | 16 32 a, | 19 19 38
a; 19 26 &5 ca, |2 24 45
35 42 77 40 43 83

it T
= 3 *
g The correction term is:

1% 2
: el Y., = mmm_
IC Total number of plots - 2X{(2X2X4) = BOO

% sst=8% 452 4442+ 5% - ¢ = 70.000

% 2 2 .
:ggh §S Rep= (77 + 83%)/16-1C = 1.125
L ssA = (70° + 90%)/16-1C = 12,500
= (75 + 85°)/16-TC = 3.125

L

s 2
(35% + 357 + 40° + 50%)/B-5SA-5SB-TC = 3.125

2
(352 + 45 + 50° + 30%)/8-TC = 31.25

2 | .
(5” + 20% + 2272 + 13% 4 202 + 252 + 28 + 17°)/ 4-SSA-SSC-TC = 0.250

2
as? + 212 + 257 + 162 + 202 + 262 + 257 + 16°)/ 4-5SB-SSC-TC = 1.625

i

TR 8SABE = ( 70 + 112 +.. .4+ 142 + 92)/2-G8A-SSB-SSC-SSAB-SSAC-SSBC-TC = 4.125
2 2
SS5{AxRep)= {322 -+ 382 + 45 + 45 )/8-5SA-5SRep-TC = 1.125 = Error (&)

2 2 i 2
x:;‘ SS{BxRep)= (35 + 40  + 42 + 43 ):‘8-sszmssgep-—rg = 0.5

SS(AJ:BXRep) = (162 + 167 + 19° + 262 + 190+ 19% + 212 4 z& )/ 4-ssa-ssz-ssxep—

- S8AB~85 (AxRep) ~S5 (BxRep)-~TC = 0.5

»r.’aL -

" Error (b) = SS(BxRep) = SS(AxBxRep) = 1.000
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F
Source of variation d. of f, 5.5, n.s Observated

Replication r-1 = 1 1.125 1.125 1.00
Irrigation =A a-l = 1 12.500 12.500 11,11
Exror (a) (r-1)(a-1) =1 1.125 1.125
insecticidesl . b-1 =1 3.125 3.125 5,25
AxB {a~1)(b~1) = 1 3,125 3.125 6.25
Error (b} ca(b~1Y{r-1) = 2 1.000 0,500

Variety = C e-1 =3 © 31.300 10.417 11.63
Axe {a~1)(c~1} = 3 0.250 0.083 0,08
BxC (b-1){c~-1) = 3 1.625 0.542 .61
AxBx{ E-1){B-1)(c-13= 3 é.lZSxf 1.375 1.54
Error (c) a ble-1) =12 10,750 0.896

Total gber - 1 = 31 70.000

- The effects of replication and iyrigation are tested with the Error (a):

HMSRep = 1.00 b 161 = Fy 1(0.05) We accept the hypothesis of
MS Error (a) ' of no effect due to
replications (P=,5).

CMA = 11.11 P 161 = PI 1{0.65} We accept the hypothesis
CMError {(a) * of no effect due to

- The effects due to insecticides and insecticide x Irrigations are
tested with the error (b):

" MSB = 6.25 PlS.Sl = ¥ 2(.05) The hypothesis of no effects
MSError (b) * due to insecticide is accepted
R - : (P= .1296)

‘MSAB _ = 6.25 P18.51 = F, ,(.05) . The hypothesis of no
¥SError(b) ’ interactions AxB 15 accepted

o (P= .1296)

The varietal effects snd their inreractions are tested with Error (c):

MSC « 11.63 3.49 = F; 1,(.05) The hypothesis of no effects

MSErvor{c) due to varieties is rejected
- {P=0,0007}.

1/ Error (c) is obtained by substraction.
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Finally, low F values for AxC, BxC and AxBxC lead to acceptance of the
hypotheses related to those interactions.

3.2.2. Analysis of variance for a split-plot design .

Source of wvariation d, of f. B.5.
Replication (Rep) r-1 (R;*+.. '+R‘r2) / (ab)-TC
...  Maim plet (A) a-1 (B¢ *+. . . FA,*-1) [/ (xb)~TC
. Error (a) = RepxA (r-1)(a-1) (Ao Ry 2+Ag Rp %+, . +A, 1R %) /b-
r SCRep-SCA-TC
Suhj'-’plot () b-1 (Bg .- ‘+B§>-12} /{rb)-TC
T AxB (a-1) (b-1) (B By Ay By . . A 1Bpo12)/T
ey SCA-SCB-TC a-l

Error (b) = RepxB-iRepxAxB aflr-13(b-1)} Bv difference

- Total . abr-1 1Y Yi5® - IC

‘ Where:
Rk = total for replication k, k= 1,2,..,r.
f‘",:"; &4 = Total for the ich level of factor A, 1 = 0,1,.0.., a~1.

33 = Total for the jth level of factor B, j = 0,1...b-1

- AiBj = Total for the combination (aj, By, 1 20,1,...8-1; §70,1,...b-1
-!}:mk = Total for the combination (ai, rk}, i=0,1,..,a-1; k=1,2,...r
- TC = Yz.../(abr) = correction term

(i)i The hypothesis that the means of all levels of factor A are equal,
. ds rejected 1ff MSA/MSError(s) - Fa.nl (r-1) (a~-1) (a)

(3.3,} The hypothesis that all levels of factor B are equal, is rejected
20rn . AFf MSB/MSError () > Fpo1,a(r-1) (b-1) ()

£

%r(i.ii} The hypothesis that the means of all slots (al,bj} are equ&l isg
+:  rejected iff MSAB/MSError (b) * F(a—-l) (b- 1},&{r~1(b-1)
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3.2.3. Bumerical example Split-plot

In an experiment conducted at the University of Wlsconsin
the yields of four lots of opats were compared (a=4), for three
chemical seed treatments and one control (b=4}., The seed lots were
assigned vandomly to the main plots within esch replication.

The seed treatments were assigned at random to the sub-plots within
each main plot. VYields, in bushels per acre are given in the following

table;
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T ST
Treatment (B)
Ceresan M Panogen Agrox Totals
(a1) (as) {aq)
Vicland (1) 1 42.9 53,8 49.5 4h 4 190.6
2 41.6 58.5 53.8 41,8 195.7
1 28,9 43,9 40.7 28,3 141.8
A 30.8 46.3 39.4 3.7 151.2
Totals 1442 202.5 183.4 149.2 679,23
Vicland (2) 1 53.3 57.6 59,8 64,1 2348
< 2 69.6 69,6 65.8 57.4 262.4
3 45 .4 42.4 41.4 44 .1 173.3
4 15,1 51.9 45,5 51.6 184.0
Totals 203.4 9221.5 212.4 217.2 854.5
Clinton 1 62.3 63.5 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 50,13 51,8 199.1
Totals 215.7 205.5 223.5 294 .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 57.6 45.6 56.6 213.8
A 59,7 58.5 51,0 47.4 209 .6
Totals 967 ,7 25%,7 230,7 245.0 977.1
Treatment totals 811.0 883,27 850.0 835.6 3,379.8




fteplicatrion

Source of variation

1

2

d. of £,

Rep.

Seed Lot (A)

Error (a} = Rep.*Lot
Treat (B)

ot * Treat

Error (b)

Total

36

63

w B.8.

2842 .87
2848.02
618.29
170.54

586.47

731.20

7,797.39
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Totals
965.3
936.8
733.8

743.9

M.S.
947.623
949,340
68.699
56.847
65.163

20.311

F
Obs.

13,7G%*

13.82%*

2.80

3.21

F

(.0L)
table

6.99

6.99

4,40
2.99



REGRESSION, CORRELATION AND SYSTEMATIC DESIGNS

4.0, Repression and correlation:

Regression and correlation are statistical techniques which serve

to analyze the relationship between K ""independent" continuous
variables, X;,... R and one dependent varisble ¥, starting
from n seta of data of de form Xi,...,%:;Y) which currespond to

one experimental unit, X's are expected to be statistically independent
but may be structurally dependent in the sense that response function
for a factor depends on the levels of the other factors,

4.1, Simple linesr Regression:

It is the simplest type of regression where the functional rela-
tionship between X and Y is assumed linear sccording to the model:

) = B+8iX; + ey, ef v NID(0,g?).
The objective is the estimation of parameters f, and B , fromn
observed pairs (Xi,Y{).

The criteria used to determine estimators of & and B; 1is to minimize
the sum of squares of the observed deviations with respect top the regre-
sion line fitted to the data. This fitting method is called least
&quares,
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Y
Y”i ~
Y = b,+4b,X
/ di = Yi“Yi
X; X
— —— B z: .iuz
by =¥~b ;X Var (bs) “<72[jni(xi_§)2:J
by= ) (Xi-X) (¥4-Y) 2
= g
(X:-X)? Var (b,) = oerm—————
1(xg ! T (Xi-X)2
. 1, (X-%)2 |
Var (¥;) waz[—-{' o
i ooy (X -%?
Var (by+b,X;) =o 2 1+J~'+ (Xie = X)? '| X# Indicates a non-existent
n E(XJ, _ E) 2 level 1a the data used
. to f£it the regression
line,
ANOVA TABLE
Source of variation d. of £, 5. S,
Reduction due to regression 1 b I{EX._;_Y:-L-— (EX:Z} (ZYi)
beviation from xegression n-2 by difference
Corrected total Lol Y¥52% - (¥ */n
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MSE is an estimator of 5o f
The test of the null hypothesis H, : B: = 0 Vs,

Hi: B1 # 0 at o level

is done following the decision rule:

Reject H, sss HSR
| - L s F e

where Fj p-2(a) is the O ~upper percentile of the T distribution
with 1 and (n-2) degrees of freedom,

Coefficient of determination R *

B.z e %’%‘% = proportion of total variation explained by the linear
regression of ¥ on X, A

Values for RZclose to O indfcate a poor fit; values close to 1 indi-
cate a good fit. '

Linear ecﬁ:elation coefficient between X and ¥:

. rxymﬁfﬁf ,where the sign for Xy dis the same &s the sign
e for b, .

M B . z (Xs ..352 2 S -
T . L bl = X’ b
R : YN 2 = = b,

s N 1Y) 5

In general, - 1 < r,, < 1.

Xy
Values of |ryy| close to zero indicate a poor linear correlation
between X and ¥ while values of |rxy| close to one indicate a bigh
linear correlation between X and Y.

J.Exy measures the degree of linesr associstion between X end Y3

on the other hand, b1 (both X and Y considered ss random) measures
the predictable changes in ¥ when X is increased one unit,

ot

inr

b - 4.2. Multiple linear zegress;.aé&

When we have more than one independent variasble, the model Is:

Yu = &+B;sz+szxzu+.. o+ BeXirtey, e, v NID(O,0 )



The estimated equation is

™

Y = bo+b X+, . FbrXi

where by , b1 ,..., by are estimated by the lesst squares method
and may be obtained from a computer using any of various available
multiple regression programs., Also, the susmary ANOVA teble can be
obtained from the computer and is as follows:

Source of variation d. of £. 5, S, M. 8.
R k SSR MSR
E nok-1 SSE MSE
T n~1 55T

As in the case of simple regression MSE {s an estimator of ¢ ? and
Hy: =0 ¥k Vs,
Hi: B ¥ 0 for some k

is tested with the decision rule:

————

Refect 1£F MSR
elect % wE > Fk,n-1-k (@)

vhere Fic n-1-k(®) is the @ -upper percentile of the F distribution
with k and ( n~1-k } degrees of freedonm,

The coefficient of determination, R? = SSR/SST, has the same interpre
tation anymore,

4.3, Uses of regression analysis:
1. Predict Y for given X values

2. Examine the effects of X's an ¥ (when there is & caunse effect
relationship between X and ¥)

3., Determine the shape of the regression curve (polinomial regres
¢lon and non-linear regression)

4, Adjust Y for uncontrollable effects quantified by X'a (ANCOVA)

Example of simple linear regreseion

Observed data for reinfall ( x ) and yield of wheat ( Y ) in an &rea
during 10 years
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ferd
o4

X () (Egr./ha)
230 2600
210 2500
280 2000
270 2700
230 2700
280 3200
270 3300
220 2800
260 3000
250 1300

k.4, Systematic degigns:

Erperimental designs can be divided into two groups: aleatory and
systematic, The designs we have studied so far are aleatory end are
cheracterized because the assigning of treatments to experimental units
is randornized.

On the other hand, in systematic designs, the assignation of
treatments to experimental units is done in a systematic or ordered
manner,

The objective of this type of designs is to allow the researcher the
observation of a continuous response to the treatment. For example,

if the response of a bean variety to nitragen 1is being studied, and
experiment can be designed consisting of different doses of MHitrogen to
the soil in an increasing way and the -yield of the plants receiving
each treatment would be measured,

Pefore modern experimental design was developped, that is before
Fisher introducted aleatory principles in the essizning of treatments
to the experimental units, a systemstic assignment of the trestment in
each replication seemed natural, One of the most common types of
systematic arrangement is that in which the assignment of treatments °

'“is exact;y the same in any of the replicationm, as shown in the graph.

Teplicetion 1 Replication 2 Replication 3

auS |
By C| D ianc‘;ép

; H

A I G D Fi

Hany other systematic designs have been developed, however, they

.. 811 present relatively the same disedventages respect to aleatory

designs:
1. The detected differences between tratments can contgin a

systematic error dve to the correlation between adyacent plots.

2. They are not efficient vhen the experimental area is heteroge-
neous because they will not allow a valid estimation of the
varisnce,




The advantages are:
1, Simplicity
2. They allow an ordering of the treatments, For example, the
variety may be ordered according to maturity, fertilizers accoX
ding to their efficiency, ete,

3. The response to the treatment can be obgerved continuously.

As an example of systematic designs, we will mention the ones
used for cassava experimentation at CIAT;

1. Response surfeaces.
2. Fan desigun.

3. Paralell row design.

4.4,1, Response surface:

When one or more factors are to be studied - x;,X%,;,X;,...,%n
which respresent continuous varisbles like weather, amounts of nitrogen,
temperature, ete, it is natural to think in the yilelds, or response
Y as a function of the levels of these factors, AL is:

y=f (%,,%;,%;,...,%x,) + ¢ | Where £ represents the
: experimental error

Function £ i{s called "response surface”’. The knowledge of £ gives
a complete summary of the experimental results and allows the predic-
tion of the response for a combination of values of factors X; .

Exemple: ''Effect of N and K on the vield of the csssava plant". The
effect of 16 nitrogen levels: 0,20,40,60,80,....,300 gr/-

plant and 16 levels of potash: 0,20,40,60,....,300 gr/plent
on the yield {(as fresh weight of roots) of a cassave variety
is to be measured., The observation ere made on individusl
piants.

Plants were spaced 80 cms and levels of N and K were applied
as shown in the graph, is such a way that esch plant received
a certain combination of N x K. Each gquadrant corresponds to
one replication. The number of treatments per replication,
equal to the number of plants, is 16x16 =~ 256,

616



N x K SYSTENMATIC DESICYN FOR CASSAVA IN 4 REPLICATIONS

1T 1
# 8 & & & 5 2 % & & B B € ® 0T &8 0w & £ & ® 0 = s ¥ * & * 2 =
) [ 2NN B S S N T T R T RS T S 3 * % &£ ® 2 & & #* & & & % & © €
. @ a & # ® » - . % & = - = 2407 # s = & % B ® 4 % * = > e &
) * + e a6 ® e a & % @ * @ * & 0w - B 8 2 & * = LI
] & 8 & & & & & # % W80T & & W & & 4 & & & " s 0 & &
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Each quadrant represents a complete replication of the design with

-~ 256 plants per replication, .Each dot is one individual plant which
Yeceives one of the 256 N x K combinations.,



The responge of cassava to ! and & may be expressed by the
following response surface,

Y5 = a +a1£§§:§~a21{j+a31{j+anﬂi+a55{5 + Tij

Zxperimental error

Quadratic effect of K

“Quadratic effect of N

——Interaction effect

Linear effect of K

Linear effect of N

- Average effect
th

Yield of the plant with 1'® level of N and §™ level of K
which mesures the linear &s well as the quadratic effect of N and K and

the intersction N x K and corresponds to what 1s called a quadratic
regression model,

4.4.2, Parallel Row and Fan Designs X/

These two designs are basically used to measure the yield of dif
ferent varieties over a wide range of plant densities., The number of
plantg per unit ares varies systematically from one to another, but
the pattérn for plant arrangement remains conatunu. Any range of
plant densities can be tested.

In the following graphs the arraﬁgament of the plants in the field,

with the fan and parallel row designs, respectively, is thown, for one
variety.

1/ Bleasdale, J.K.A., ''Systematic desigus for spacing experiments.
YExperimental Agriculture’, August 12, 1966
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LRBANGEMENT OF PLANTS IN 4 TAN DESIGN TO TEST 14
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In the fan design, plants are arranged in rows irradiating
from & central point of origin, in such & way that the distance
between plants along a radius iz approximately equal to the distan-
ce between radil, in that point.

Each arc corresponds to a different plant dengity, Uhen more than
one veriety is to be tested, this asrrangement is duplicated in
another section of the circle, keeping "border rows” between two
adyacent varieties or an adequate specing along the lateral radius,

Te test or messure the yield response to different plant
densities, a function may by fitted,

iy = £ D

L‘“ Jth 1evel of plant density
Yield of 1th plant planted with jth density

vhich may or may not be linear, and thus find which density causes
maximum yields, '

In the parallel row design, esch row corresponds to a different
plant density level, the humber of piants per row is kept constant,
but the distnace between rows variles systematically.

v The analysis is similar to the one used for fan designé,

=
K]
¥

e &% S -
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2
LITF CYCLE SUIUEC FLEDING SYSTEIS WITH GASSAVA
' Guillermo €., GOmez

‘("f

g

o Cassava, cultivated throughout the tropical countrics for its
g high encrgic value, is nornzlly used in different forms, as a food for
i%i nore titan 200 million people. The area plonted to cassava in the world

has increased spprouzinmately 30 percent during the period from 1961-G65
to 1974 (TAO, 1974). About one-thivrd of the world totel is produced in
Latin smerica above all in Dvazil, which is by far the first cassova-
producing countyy.

B Although most of tho cossava roots are presently used as human
s food, the perspectives for cassava oo an animel feed have been

; stimilated by the zovicullbural policy chanmes of the European lconomic
Community (EEC), which nnde feasivle the use of alternative cnerpy
feedotuffs, such 28 imported cossava, to replace high-priced cereals

Y in ecomposite fceds, notably for suine (Coursey end Halliday, 1974
C % Phillips, 1974). ,

As o result of nctive resezrch on geretic selection znd the
developnent of more efficient cultivaticn methods and pusduction
- practices, the improvement of eassove yields seems to be relatively
" easy to obtain under practical field conditions, as cvidenced by
erperimental regienal trisls (CIAT, 1975, 1976). Llternative uses of
cassava for the industyrial starch and the onimal feed markets would
, tﬁfs become economically feasible, - o

Estensive enperimental evidence has been obtained on the use of
cassava roots ns an animal feed, and least-cost feed vations with
~ werying prices of cassava and other feed ingredients have been
;o estinnted for different animnl specics by several ZEC importers of
cessava (Phillins, 1974), llbst of the experimental dete on swine
feeding hes boen obtained with srovine-finishing pins, from weaning Lo
marketing weishis: but limited infermoting iz svoilable on the
. reproductive periods -ond the life ercle svine feeding systems. The
'éﬁf‘%gk purpose of this poper is to review and repori on experimental
SEA¥ . information regcrding the use of cassava roots, especially dn the form
of fresh casseva ond eassava meal or flour, throughout the life cycle
of the pins. ©

i
Pl
Lhs
W

Mo D

1 -

fect of cvanopenic olucosides In egssova feedinn proframs
o A S

¥ Cossava varieties cre normolly classified as sweet or bitter
adecording to their cyanide content, ilost of the hydrocyanic acid (G
“cor eyanide (CIT) is found in the form of a cyzanogenic glucoside knoum
a8 linamarin. The concentration of linomarin, as evidenced by the




¥

cyanide liberated, is substantially higher in the peel of the roots
than in the pulp (d Druijn, 1973; Vood, 1965}, Linamarin releases
LiCH on treatment with dilute acids; naturally however, the release of
TG is due to the zction of the encyne linamarase, usually present in
the tissues - notably In the peel - of the roots, The contact of the
enzyme with the substrate linzmarin normzlly cceurs when the tigsues
are damaged mechanically either by erushing or by destruction of the
cellular struvcture of the plant or tissucs.

Pigs do not readily consume fresh bitter cassavae roots, and
therefore, their prowth 1s retarded., Uhen a protein supplement was
supplied ad libitum zlong with chopped, f£resh bitter cassava roots,
the pips cousumed an excess of the supplement to compensate for the
limited consumption of the bitter cassava roots, On the other hand,
fresh sveet cassava roots are readily consumed by growing pigs and
their prowth is acceptable, either when fed separately or thoroughly
mixed with a protein supplement {Table 1) (GSmez et al, , 1976).

Lecause of the physical contact of linamarsse and linemarin when
cassava roots are chopped to be dried, most of the UCH is released;
thus meal prepared from bitter cassava roots has a relatively low HCH
content (100-150 ppm on & dry matter basis), A composite diet
including high levels (approxz. 73 percent) of bitter cassava meal was
consumed glighitly less by prowing pigs than a diet besed on similar
levels of sweet cassava meal (Table 2} (G6mez et al,, 1976}, but the
difference in consumption was not as great as that observed with the
fresh roots, These data suggest that drying the roots greatly reduces
the problem of limited consumption of fresh bitter roots by the growing

pigs.

Limited information is aveailable on the effect of eyanogenic
glucosides present in bitter cassava varieties when fed during the
reproductive perieds. Fresh sweet cassava plus a &40 percent protein
supplement containing 0, 250 and 500 ppm of added c¢yanide (as potassium
cyanide) throughout the gestation periocd had no deleterious effect on
the repreductive performance of gestating gilts at farrowing; nor was
any cerry-over effect observed in the subsequent lactation performance
(Tewe, 1975). During lactation all gilts were fed a control diet
based on common maize and soybean meal. An enlergement of the thyroid
glonds wes observed in fetuses at the end of gestation of gilts fed
ciets containing high cyanide levels (Teve, 1975); however, those
S5ilts that received high levels of cyanide during the gestetion period
performed similarly at weaning time. Apparently tle placental barrier
pleys a significant role in preventing the growving fetuses from toxic
effects, Experimental information {(Elpechi, 1967 1973; Ermans et al.,
1969; Van Der Velden et &l.,, 1973)-has been published in which a
goitrogenlc character is attributed to caessava, especially in areas
where dietery iodine is limited. A working hypothesis has been
proposed (Ermans et al., 1973) to explain the goitrogenic character of
caszava, &8 & consequence of the incressed thiocvanate concentration
in the blood, Fortunately, since most of the cassava cultivars grown
in Latin America are sweet, no mojor problems are encountered in
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feeding fresh, ensiled or dried cassava to animals, especially pigs.

Use of fresh sweeb cassava roots in swine fceding progranms

Fresh cassava roots and cassava meal are the forms in which
cassava is wost comuonly used for swine feeding., Ensiled roots are
also acceptable to pigs and could be a form of preserving them in
highly humid environments such as these found in the lowland tropics.
Ixperimental information to be reported on the use of fresh cassava
in the different periods of the life cycle of the pig has been
obtained through collsborative research between the Centro Interna-
cional de Agricultura Tropical (CIAT) and the Instituto Colombiano
Agropecusrioc (ICA) in Colonbia,

Fresh cassava was fed ad libitum, ecither separately from the
protein supplement or throughly mixed with it, and fed in guantities
calculzoted to supply the minimal daily requirements of the growing
pigs. The control diet was fed in automatic feeders, and all
. experimental animals were kept Iin confinement on cement-floored corrals,
& The results of this experiment are presented in Table 3 {(Buitrago,

' 1964), Body weight gain was similar for the animals fed the conrrol
5 diet and those fed fresh cassava roots and the protein supplement ad
v libitum, The animals fed fresh cassava mixed with controlled

) quantities of the protein supplement, consumed less cassava and
protein supplement; conscquently, the averapge daily gain was lower
than that of the other twe experimental groups. On the other hand,
the effect of restricting both cassava and the protein supplement
accoxrding to the appetite and needs of the animals resulted in a
better feed efficiency (kg of feed consumed/kg of body weight gain).

ok The amount of fresh cassava required per animal to reach marketing
LE weight (95-100 Ikg) was approximately 390-400 kg of fresh chopped
e roots. The basic difference ia feed intake was the amount of protein
§§§~ supplement saved when it was mixed with chopped fresh cassava; however,
3t the extra labor required to do the mixing eould reduce the advantages
of this method, The consumption of fresh cassava by growing-finishing
pigs varies acrording to the protein content of the supplement, The
daily intgke of cassava was greater when the protein supplement (fed
free choice) supplied higher protein levels and the inteke of the
supplement deercased, Apn overzll tendeney to overconsume protein
Cthroughout the growiung-finishing periods war observed as the protein
content 0f the supplement increased (Table &) (Job, 1975).

Fresh sweet cassava is readily consumed by gestating gilts or
sows when an adequate supplement provides a good source of protein,
‘minerals and vitamins. The results of an experiment to evaluate the
k%: ugse of fresh cassava for gestating gilts gre shown in Table 5. All
-« gilts were fed a control diet (maize-soybean meal) throughout the
- lactation period. Gestating gilts fed fresh cassava and kept in
> confinement gained move body weipht during gestation than those fed
-% fresh cassava but kept on pasture lots and than the gilts fed the
» . contrpl diet, The number of baby pigs farrowed and weaned by the
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gilts fed cassava in confinement was, however, less than that of the
other two experimental groups.

Lactating sows fed a diet Desed on fresh chopped cassava mixed
with a 40 percent protein supplement consumed on the average 6.5 kg
of fresh cassava and 1.2 kg of protein supplement per day {(Table 6),.
The litter performance for the cassava~-fed sows was inferior with
respect to the number of weaned pigs than the control diet-fed sows;
the average weight of weaned pirs was higher for the cassava-fed sows;
but total litter weight was similar for both experimental groups.

Results obtained during the different periods of the swine life-
cycle suggest that fresh cassava roots are an excellent source of
energy for growing-finishing pigs when properly supplemented with
protein, minerals and vitamins., Bamndling of feeding programs based on
fresh cassava is an important aspect to be considered., Self-feeding
systems besed on the separated, ad libitum consumption of fresh
chopped cassava roots and 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 restrict the
excess protein consumed to normal 1evels, but the additional laebor
must be taken inte account,

During the reproductive periods of gestation and lactation, a.
controlled individual feeding system is the most advisable under all
circumstances, Unfortunately there is no information availlable on the
use of fresh cassava during the consecutive gestation and lactation

“periods. It is assumed that no major differences would be encountered
vhen a feeding system were based on the continuous use of fresh
cassava; however, more experimental information iz needed, especially
with regard to the lactation period.

Life-cycle swine feeding program based on sweelb cassave meal

Because of the handling difficulties normally encountered vhen
fresh cassava roots are used for swine feeding, the most convenient
and practical way, wherever possible, is to dry the chopped fresh
ropts in order to gzind them inte a meal or flour that can be easily
incorporated and mixed in composite diets. Cagsava mezl is an excellent
energy source ol good nufritive value due to its highly digestible
carbohydrates (70-753%4), mainly starch; but since its protein content is
extremely low, it requires a great deal of supplementary protein to
balance the diets. In all experimental work at CIAT, cassava meal has
been obtained from sweet cassava cultivars, mostly of the variety Lla-
nera. The roots are chopped, sun dried on cement floors and then
ground Iinto a meal textura,

A life cycle swine feeding program was outlined, in which the

level of erude protein of the experimental diets followed the
recomendation of the National Reseprch Council (BRC, 1973) (Tsble 7).
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A feeding program wos based on cassava meal and simultsncously
compared to a econtrol feeding program based on common maize., For

both programs, soybean meal was used as the protein source to balance
the cxperimental diects (GSmez et al., 1976s). The experimental work
was pimed to study the long-term effects of feeding high levels of

u cassava meal on the reproductive performance of gilts,

Experimental animals were grouped according to their initial body
weight and litter history ioto two groups of 16 weaned female pigs
each, ©Selected gilts initiated the feeding program, either on cassava
meal oy common naize, when they weighed approximately 20 kg and were
’ e fed the experimentsl diets throughout their growing (20-50 kg),

™ finishing (50-90 kg), pre-gestation (90-120 kg), gestation and

ﬁ§~, lactation periods. MNethionine was not added to any of the experimental
L diets (Table 8) (GSmez et gl., 1976a). Boars used to breed the
A o experimental gilts were fed a standard common maize-soybean meal diet.

A Experimental diets were supplied in automatie feeders during the
growing, finishing and lactatien periods. Individual, daily
controlled feeding was undertaken during the pre~gestation (2.0 kg/
diet/gilt) and gestation (1.8 kg/diet/gilt) periods. In &ll phases or
periods of the experiment, water was available to the animals at all

o times.
th:gfﬁv n -
et Results obtained during the growing-finishing periods are shown
s in Table 9, The average daily gain obtained by the growing gilts fed
= the cassava meal-based dict was significantly lower (P<0,05) than

that of the gilts fed the control dief but similar to gains previously
reported when fresh cassava or cassava meal-based diets were fed to
groups of females and castrated males (Maner, 1972). DReproductive
performance of the two experimental groups is summarized in Table 10,
In general, gilts in the cassave meal feeding program gained less body
weight (37.5 vs 438.3 kg) during gestation than gilts in the common
maize feeding progrem; however, gilts on cassgva meal diets continued
goining body weight (+13.5 kg) throughout their lactation period
whereas the gilts on common maize diets lost weight (-6.7 kg) during
the same period. Consequently the overgll change in body weight of
the gilts in the cassava meal feeding program wes significantly higher
- (P€0,03) than that of the gilts in the common maize feeding program
(41.1 ve 26.3 kg, respectively), The number and weight of the live-
born baby pigs wore similar (P>0,05) for both experimental groups,
although 2 trend of fewer and lighter baby pins per litter was observed
for the gilts in the cossove meal feeding program. At 21 days of age
and thereafter, the number of suckling pigs per litter was significantly
~inferior (P<0,03), by approximately 3 pipgs per litter, for the
lactating gilts in the cassava feeding program,” The average body
growth of the suckling pigs in both experimental groups was similar,
as evidenced by practiczlly the same average weight at weaning time
(15,87 vs. 15,70 kg). However, because of the larger number of weaned
~pigs per litter, the common maize feeding program produced heavier
litters than the caseava menl feeding program (145.4 ve, 103.6 kgl.
‘A similar trend of raising fewer suckling pigs throughout the lactation
pericd was previously reported in feeding fresh cassava or cassava




meal during either the gestation or lactation periods (Maner, 1972),

The reasons or factors invelved in the lower reproductive
performance nf the gilts in the cagssava meal feeding program are
not clear, The slichtly lower body weipght, although withia the )
normal range, of the gilts fed the cassava meal-based diet at breeding
could have had an adverse effeoct on the number of embryes which would
subsequently affect the number of live-born pigs. Trom the production
point of view, however, the most striking difference was significantly
lower number of weaned pigs in the cassave feeding program. Whether
these results are a consequence of a carry-over cffect from the
gestation period or arce due to the gain in body weight during
lactation ~ or to both - need further experimental evidence,

The absence of methionine supplementation does not appear to be
responsible for the lewer reproductive performance of gilts in the
cassava meal feeding program. The results of recent experimental work
in which cassava meal-soybean meal-based diets were fed throughout the
gestation and lactation periods, with and without methionine, showed
that gilts fed the cassava meal diets performed similarly, irrespective
of the methionine supplementation, at least for the first gestation
and lactation periods (Teble 11) (GSmez and Sentos, unpublished results).
The experimental period was Iinitiated at Breecding vhen gilts exhibited
similar body weights, and individual controlled feeding (1.8 kg diet/
gilt/day) was followed throughout the gestation period. On the average,
all animals of the cuperimental groups lost weight during lactation,
ag compared to the weight gain exhibited during lactation in the
previously mentioned experiments (Gémez et al,, 1976a}, -

The use of methionine supplementation is recommended when high
levels of cassava are mixed in composite diets with plant protein
sources, such as soybeazn meal. Appzarently, methionine supplementation
serves the double purpose of improving the protein quality of the diets
and of supplying a readily available source of labile sulfur for cyanide
detoxication (lanecr and GOmez, 1973). 1In the case of experimental
information obtained with rats, methionine supplementation in cassava
meal diets normally produces significont improvement because the
protein source used is casein, which is known to be deficient in this
emine ecid. Tn addition, for this type of biological evzluation with
laboratory enimals, suboptimal levels of dietery protein zre commonly
crployed, maling 2 rvesponse to methicnine supplementation feasible,

The effect of methionine supplementation would depend basically on the
protein quality of the feedstuff used as the protein source.

Data on intake of the experimentcl diets and the basic ingredients
recorded from the life cycle swine feeding progrom based on casssva
meal are presented in Table 12. Overall total intake of experimentsl
diets and for individual pericds were similar for both groups. The
most important difference was the amount of soybean meal required for
the cassava meal feeding program as compared to the maize-based
feeding program., Considering only the growing and finishing periocds,
the total relative amounts of cassava meal and soybean meal required



per animal to recach merketing weight are 87 and 193 percent,
respectively, of the amounts of common maize and soybean meal required
to obtain similar pecrformance with pigs in the common maize feeding
program. Almost twice as much soybean meal 1s required for the
growing~finishing periods of feeding programs based on cassava.

Feed intake during the reproductive periods (pregestation,
gestation and lactation, as well as the baby pig starter feeding) was
also similar for both feeding programs. The cassava meal-based feeding
program required 57 and 159 percent of cassava meal and soybean meal,
respectively, as compared to the amounts of common maize and soybean
meal required in the feeding programs based on common maize, However,
because of the lower experimental results obtained at weaning time
with the cassava meal-based feeding program, the cmount of diet required
to produce a weaned pig was 45 percent higher (119.0 vs. 82,1 kg diet/
weaned pig) for this feeding system as compared with the common maize
feeding system. 7These data support the theoretical concept that the
cconomic feasibility of using cassava as a substitute for other energy
sources would depend on the relative price of cassava, zs well as the
price of the protein supplement needed to balance a cassava-based diet
(Phillips, 1974),

SUMIIARY

Sweet cassava roots ore an excellent source of energy for swine
feeding if properly supplemented with protein, vitamins znd minerals,
Fresh bitter casscva roots are not readily consumed by pigs due to
their high linamarin content. Chopped fresh cassava could be fed to
pigs throughout their life cycle, separately or mixed with a protein
supplement. A tendency to over-consume the protein supplement and
therefore to waste the excess protein was observed in 21l experiments
where fresh cassava and supplement were fed ad libitum and separately.

A 1life cycle swine feeding progrom based on the use of high levels
of cassava meal (60-70%:) wos tested at CLAT and compared with a
conventionzl common maize feeding program. Soybean meal was the protein
spurce uscd for 21l diets. Gilts in the cassava meal feeding progrem
grew more slowvly during pregestation and gestation, as compeared to the
gilts in the contrel program. lowever, gilts fed the cassava diets
gained weight during lactation, whercas the gilts from the maize
feeding program lost weight during the same period.

Litter performance at weaning was significantly inferior for the
gilts fed the cassava mezl diets; and since fecd consumption was
similar for both experimental groups, the amount of diet required to
produce a weaned pig in the casszva feeding program was significantly
higher than in the common maize feeding program, Recent experimental
information suggests that methionine supplementation is not the factor
responsible for the lower reproductive performance obtained in the
-cassava meal feeding program,
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Table 1. Comparison of intake and performance of finishing pigs fed
cither sweet or bitter fresh cassava and a protein supplement
(2.5.) free choice or controlled.

Sgeet cassava - Ditter cassava -

Parameter

P.sS. P.S. P.S. P.5.

Ad, 1ib. controlled Ad., 1ib, controlled
Avg daily gain (kg) 0.66 0.77 0.56 -0,08
Daily intake cassava (kg) 2.99 3.40 0.99 0.93
Daily protein intake (kg) 0.81 0.382 1.21 0.22
Total feed intake (kg)= 1.98 2.01 1.60 0.58
Feed/gain 2.99 2.61 2.586 Keg.
Protein in diet (%) 14,1 13.3 23,5 13,3

* Express to contain 10 percent moisture

Table 2. Effect of sweel and bitter rzssava mezl as the major
carboliydrate source in diets for growing pigs.

Cassava neal

Parameter Sweet Ditter¥
Initial weight (kg) 39,8 39.3
Tinal weight (kg) 57.1 54,9

Avg daily gain (kg 0.62 0.56
Avg deily feed (Ig) 1.77 1.35
Feed/gain 2.56 2.43

*

Estimated to contain 150-200 mg HCN/kg of fresh cassava
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Table 3, Performance of growing-finishing pigs fed fresh swveet
cassava and 2 protein supplement (43%) free choice.

Tresh cassava

Parameter * Control +P.5, Mixed with
diet P.5.

Avg daily gain (kg) 0,84 0.83 0.79

Avg final body wit (kg) 100.4 99.5 95.6

Avg daily feed intake (kp)

Fresh cassava - 4,05 3.89
Protein supplement - 1.17 0.73
Total feed intale %% ( 2,69 2,80 2.30
5; Feed/gain 3.43 3.36 2,90

* llean of five pips per group; avg initial weight, 17.8 kg; 98-day trial
¥ Approximately 10 percent meisture content

- Table 4. Performence of growing-finishing pigs fed fresh sveet cassava
, and 20, 30 or 40 percent protein supplement free choice
g%, o Control Casgava +
SR Parameter diet  20% P.S. 30% P.S. 40% P.S5.
b i
kS Daily gain (kg) , 0.63 0.70 0.67 0.65
Daily feed intaslke (ko)
fresh cassave - 1,78 2.74 3.32
Protein supplement - 1.39 1.00 0.75
Total feed intehe %% 2,08 2.08 2,07 2.04
Feed/gain 3,30 2,97 3.09 3.14
Protein in diet (%) 14,3 14.6 16.6 17.3

* lHeon of five individually fed pigs per treatment; avg initial weigbt,
2L.1 kg; avg final weight, 86,1 kg; 98-day trial

**!Approximately 10 percent moisture content



Table 5. Performance of gestating sows fed diet based on fresh

cassava and a protein supplement (407)

Porameter Control Tresh cassava - P. S,
diect ® Posture %% Confinement **#

o, pows bred 10 10 10

o, sows farrowed 9 7 7

Veight of sows (&

Breeding 165.6 163.6 152.8
Forrowing 185,7 183.5 190.5
Gestation wt pain 19.9 24,9 37.7
Lactation wt gain 13,2 7.7 8.4

Proreny at farrowing

No, pigs/litter 10,4 10.0 7.7
Litter wt (kg) 13.3 11,2 9.1
Individual wt (kg) 1.28 1.12 18
Progeny at weandng (35 davs)
No. pips/litter 3.3 . 7.3 6.9
6.94 6.05 6.49

Individual wt (kg)

# 1 kp/eow/day
*v 1,7 kg fresh cassava + 0.4 kg P.5,/sow/day

*¥% 3.1 kg fresh cessava + 0,62 kg P.S5./sow/day
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Table G. Performance of lactating sows fed fresh cassava and a
protein supplement (407%)
Perameter Contrel Fresh cossava
diet + 40% P.5,
Ho, of sows 13 16
Postfarrowing sow wt (kg) 179.3 158.3
Sew wt gain 35 days (kg) 11.0 7.6
Paily feed intrke (ke)
Fresh cassava - 6.5
Control diet or P,S, 4,8 1.2
Data at farrowing
o, pigs/litter 10.8 2.3
Individual wt (kg) 1.18 1.36
Data at weanins (35 doys)
Ho, pigs/litter 9.0 7.6
Avg wtfpig () 6.03 7.63
Total litter wt (kg) 54,3 58.0

-
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Table 7. Crude protcin content of experimental diets in life eycle
swine feoding programs based on cassava meal or conmon maize
and soybean meal as the source of protein

Life cycle perioed ‘ Crude protein
in diet (Z)

Growing, 20-50 kg e 16
Finishing, 50-90 kg h“_ 13
Pregestation, 90-120 lg 13
Gestation 16
Lactation~ 16
BDaby pigs, starter feed (10-56 days) 18

7

Table 9. Experimental results of the growing-finishing periods of
gilts * in life cyele swine feeding programs based on common
maize or cassava meal

Parameter " Common Caesava
maize meal
Neo. gilts 15 16
Avg daily pain (kg) 0.77 0.71
Avg daily feed intske (kg) - . 2.38 2.30
Feed/gain 3.09 3.24

% Avg initial and finel weoights: 21,4 and 89.5 kg, respectively
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Table 8, Composition (%) of experimental diets in 1ife cyecle swine feeding programs based on
cassaw;. meal or common malze
: Finishing and Gegtation and Starter diet
Ingredient Grouing pregestation lactation baby pirs
. licize Cassava llaize Casgave lalze Coagsnva llnize Casseve
‘ meal meal meal meal
! |
Coomon maize 79,5 - 87.9 - 76.4 - 62.5 -
o * . i "
&’ Cassava meal - 69,0 - - 75.9 - 67.0 - 50.6
Soybean maal 15,8 25.2 7.3 19.3 18.8 28.2 22,7 4.6
Sugar - - - - - - 10,0 10,0

" Minerals and vitamins * 5.8 4.8, 4,8 4.8 4.8 4,8 4,8 4.8

|
;

* All diets containad (%) t:h:a follo‘.-riné: bone meel, 4.0; ninerals premix, 0.5 and vitamins

premix, 0.3,




Tabi& 10;

Bxperimental results of the gestation and lactation

periods in life cycle swine feeding program based on

cassava meal or common neize

Parameter

Common meize

Cassava meal

Ho, gilts farrowed

Changes _in body weipght of gilts (kg) ..

Veight at breeding’

Weight at 110 days gestation

Total gestation gain

Postferroving wt

llet gestation gain

Hganing wt S ,

Clfange in body weight lactation

Change in body weight pestation-lactation

Data at farrowing -

Ho, live-born pigs
Avg weight/pig (kg)

Data at weaning (56 days)

No, weesned pigs-
Avg weight/pig (kz)
Total litter wt (kg)

10

127.6
175.6
42,3
160,06
33.1
153.9 .
-G.7
+26.3

é.zl‘
15,87
145.4

14

118.5
156.0

37.5
146,11

27.6
159.6
+13.5
+1.1

8.4
0.97
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Table 11. Effcct of methionine supplementation in cassava meal-Dosed

diets for gestating-lactating gilts *

Common Casgavz meal 4 Soybean neal
Parameter maize 0.0%4 nmethionine  Q,37% methionine
Ho, gllts farrowed 14 10 10
Dody weight of gilts (ke)
At breeding 117.0 121.2 120.1
Totzl gain, pestation 56,9 49,1 47.6
Yeight loss, lactation 17.3 13.8 15.3
Total gain, gestation- :
“lactation ‘ 39.6 35.3 32.3
Data at farrowving
Ilo. pigs/litter 8.5 9.1 9.4
Avg pig wt (kp) 1.09 1,06 1,07
Data at weaning (56 days)
lo. pigs/litter 7.1 8.2 8.0
Avg plg wt (kg) 16,74 16.15 16.54
Total litter wt (kg)w - 117,02 128,50 131.95

* G6oez, G. and J,-Santos, unpublished results
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Table 12, Intake (kg) of experimental diets and basic ingredients in life cycle swine feeding

prograns based on cassava meal or comon malze

Experinental period Commom malze diets . Cassava meal diets '
Diat Higize Sovbean meel Dlet  Cassava meal Sovbean wesl
Growing 77,9 59.5 - 14.7 91.9  63.6 23.9
TFinishing 137.9 121.2 10.1 124.0 94,1 23.9
Subtotals 215.8  180,7 26,8 215,9 157.7 AN
Pregestation 230.6 - 202,7 16.8 217.2 16,9 41.9
Gastation 209,9  160.4 T 39,5 211,0 146,0 54.9
Lactation 265.5 202.8 45,6 282.5 166.0 , 82.8
3aby pilg/sterter 792.6 45,8 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 9087.7 690.5 +  245.1
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PILOT PLANT FOR SINCLE-CELL PROTEIH PRODUCTION
J. Santos H. and G, Gfmez

~ Root crops including cassava (llznihot esculenta Crantz) are
commonly grown throupghout the treopics for food and contribute a
considergble proportion of the total caloric intake of the human
population (FAO, 1973). Casseva has become the staple food of more
then 200 million people throughout the tropics (Coursey end Haynes,
1970).

The prospects for increasing cassava production in tropicel areas
are very promising, not only as a consequence of &n increase in the
erea planted to cassava but notably a&s & result of improved techmology,
which zuggests that drastic improvements in crop yield could be readily
obtained by eppropiate genetic seiectien and cultural practices - (CIAT,
1975, 1876).

Decause pigs are efflcient converters of the high energy content
of cassava roots, the greatest possible increase in cassava utilization
&s an animal feed is most likely to occur in swine feeding. Extensive
experimental information is aveilable on the use of cassava roots in
swine feeding, end some contributions to this knowledge have been made
during the lest few years at the Centro International de Agricultura
Tropical (CIAT) in Cali, Colombia. Part of the work on the use of
cassava in swine feeding hes been done in collaeboration with the Ins-

.tituto Colombiano Agropecuario (ICA)

The most meortant factor foxr determining the use of cassava es

“an animal feed is its price in relation to alternate energy sources
.and its dependence on the price of supplementary protein sources

{Phillips, 1974). Decause of its low protein content as compered =
with ceresls, any substitution of casszva (fresh, ensiled or dried)
for cereals in mixed feeds would be accompanied by en increased
requirement of supplementary protein, Ixperimental data indicate

that a life-ecycle feeding program for swine bzsed on the use of cassava
meal or flour requires zpproximately 60 to 65 percent more protein
gupplement (soybean mesl} than & similar feeding program based on
comnon maize (GSmez et al., 1976). Therefore, the potential of cassava
&5 an animal feed in the tropies will depend to & great extent on the
availebility of conventionsl protein or on the development of new
protein sources, - o

Conventional protein sources such as fish meal and soybean meal
while are being used increasingly for humen putrition, are becoming
so high in price that their use in swine feeding will be restricted
in the future. Other protein sources such &s cottonseed meal are of
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limited use because of their toxic nature. In addition, in many
casseva~producing areas it is difficult to grow other crops (i.e.,
soybeans) that will provide the protein required to balance the
animal feeding proprams adequately. The need to f£ind elternate
nonconventional feed proteins is becoming increasingly important.
Research relating to the use of cassava as an znimal feed or as a
substrate for microbinl protein production is clearly justifiable.

The preocess for converting cassava into microbial protein is an
attractive area of research for those cassava-producing areas where
animal production -~ notably swine - could be significantiy increased.
The production of microbial protein from cassava would substantially
upgrade the value of the feed and result in a nutritious product,

The existence of both a Cassava Program and a Swine Production
Unit at CIAT mekes it especially advantageous to undertake a project
for the productlon of a fungal protein on a pilot plant scale. CIAT
has completed the construction of this pilet plant in order to study
the different aspects involved in the production of fungal protein
using cassava as a substrate, This work is being done in cooperation
with the University of Guelph under the auspices of the International
Development Research Centre ¢f Canada, The purpose of this paper is
to repart on some of the preliminary results and experiences.

THE PILOT PLANT PROCESS

The pilot plant at CIAT was built during 1975 and began operating
by early 1976, The following equipment has already been installed: a
washer, a rasper, two self-aspirating fermentors (the starter and main
fermentors with working capacities of 200 and 3000 liters, respectively)
and & roller-press harvester, The first two machines, built in Colom-
bia, are normally used in the starch factories found around the Cauca
Valley. The two fermentorsz and the biomass harvester were designed and
built at the University of Guelph, The characteristics of the
fermentors have been described clsewhere (Azi et al,, 1975), Equipment
layout and z picture of the pilot plant are shown in figures 1 end 2,
A single-cell protein (5CP) laboratery hes also been glloceted and
equipped in & local cdjacent to the pilet plant. 4 lficroferm, 10-liter
bench-scale fermentor,¥ designed for batch fermentstions and
continuous culture of microorganisms, was installed in the SCP
laboratory. In addition, accessory facilities comsisting of racks
and wooden trays for sun and air drying of the bilomass are located in
& ares adjacent to the pilot plant,

* New Drunswick Scientific Co.; New Brunswick, Hew Jersey
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A detailed description of the basic aspects of the process was
given by Deade and Oregory (1975). The process was designed to
operate with a minimum of instrumentation., The parameters for
monitoring culture growth asre temperature, pil and dissolved oxygen.
Although these parametcrs would not necessarily be required in
practical production units, they facilitete research in that they
confirn experimentel information obtained on a laboratory scale at
the University of Guelph, Doth fermentors were provided with side
openings for the insertion of instrument probes, which are controliled
by means of & master switch box, The composition and preparation of
the medium for the lzbaratory process, 200 and 3000 liter fermentors
are basically the same as previcusly described (Resde and Gregory,
1975).

The pilot plant process starts with cither fresh cassava roots
or cassava meal or flour. Vhen fresh roots are used, they are weshed
to remove the so0il and sand clinging to the putside. Hext, the whole
roots including the peel are rasped to bresk open the cell walls in
order to facilitate the suspension of the starch granules in the
fermentation medium. The rasped cessava is then transferred to the
fermentor, which is half filled with water previously heated to about
70°C by the pessage of steam through a heat exchanger; in the case of
the large (main) fermentoxr, a hoist and bucket arrangement is used to
lifr the rasped cassava. The high temperature of 70°C needs to be
maintained for about 10 minutes in order to geletinize the starch and
to prevent the development of fungistatic activity in the mash (Reade
and Gregory, 1975; Gregory et al., 1976). ilore water is added to the
tank to bring the f{ermentor zlmost to its full operating volume, as
well as to lower the temperature of the fermentation medium to about
46-47°C, , Ihe~xamaxnmng.1ngred1ents nﬂcnss&ry to comglete the.adequate _

enf aipply: For e S

temperature is maintained throughout the fermentation perzaa by means

of a tempersturc controller, which actuates a solencid-~controlled

water valve to regulate the flow of cooling water at ambient temperaturea
the end of the fermentation period, the biomass is horvested and

czn be fed fresh or sun/air dried to be subsequently incorporated

into composite diets for animal feeding. The flow diagram for these

$teps is shown in Figure 2.

Stendardizetion of the process vas done with the 200-liter
fermentor using cither fresh cassava roots or cassava meal. Decause
people working in the pilet plant might be allergic te or infected by
spores from revertants of the asporogenous Asgcrgillﬁ° fumigatus I-21A
or by hyphzl fragments (Sidransky, 1975), special safety precautions
have been tzken so preliminary observatioms, as well as the work under
way are being obtained with the 200-liter fermentor* Use of the 3000-
liter fermentor avaits more defined safoty precautions, from 2
microbiological aspect (Gregory, this monograph), as well as from
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egxporimental results al CIAT's pilot plant.

Preliminary results on SCP production frorm cozssova atb CIT's nilot plant

The microorganism usced is lspersillius fuminctus I-214 (ATCC 22722)
(teade ond Gregory, 1275). This fungus is an asporogencus mutant;
therefere, the preblem of aspergiliosis (inhalation of spores) is
practically eliminated or significantly reduced. Although a biomess

harvester is now installed in the pilot plant, the information
- presentcd herein wos obtained without the usa of this machine; the
harvesting of the finzl biomess wos performed by emptying the contents
of fermentation tank into burlap saks and squeezing most of the water
content of the biomass, first manually and then with a wine press to
obtain a partially dried preduct, which is placed on wooden-framed
trays for furtherly drying by exposure fo sun rays and air,

fverage datz f£rom fermentations with the 200-liter tank, using
either fresh chopped cassava roots or cassava meal or flour as the
usbstrates, are shown in Table 1. The amount of either fresh roots
or cagsava meal used in  each fermentation was determined by the
content of totel carboliydrates of the substrate so as to obtain zn
initial carbohydrate concentration of the fermentation medium of
approximately 4 percent (w/v). The yield of the dried bicmass obtained
was similar for both substrates when cupressed on a dry matter basis,
The crude protein content of the final dried, product was about 23
percedt, which is lower than that reported for laborabory results
(Readd and CGregory, 1975), Cregory et 2l., 1876). ‘he biomass, when
weter s pertially exprzcted with a wine press, vas dried easily vhen
exposed to sun and 2ir; the materizl became dark and hard when dried
in an oven.

& blological evaluation with groving rats was performed to
ascevtnin the nutritive quality of the total ox crude protein content
of the dried biomass resulting from fermentztions with either fresh
Toots or cassova meal as substrates. Since this fungal pretein has
been reported (Gregory et nl., 1977) to be deficient in sulfur-
conteining amino acids - notably in methionine - the eficet of the
addition of this zmino zcid was also studied. Table 2 presents the
experimental results obipined vith growing rats. Total weight gains
over o 25-day-cuperimental period were very poor for the diets based
on the vasupplemented biomass; methionine supplementation significantly
improved the protein quality of the fungel protein, resulting in body
weight gains similar to those obtained with casein and superior to
the soybean meal protein, PERs (protein efficicncy ratio: g body
gain/g protein consumed) were adjusted so that standard casein was
uged as 2 reference with a value of 2.5; methionine-supplemented
microbial protein exhibited adjusted PIR vzlues similar to those for
caseim,

Decause of the biohazard for the personnel working at the pilot

plant, with regard to the possible infection by aspergillosis derived
either from inhalation of revertants producing spores or from hyphal
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fragments (Sydransky, 1975) carried in the aerosols formed at
harvesting (Gregory, this monogreph), special safety precautions were
taken to reduce risks to a minimum, For these reasons and until
completely safe conditions can be assured for the personnel, the
fermentation will be earried out in the 200-liter fermentor, There

axe several aspects that need to be studied with the starter fermentor
before progress can be obtained to the extent of using the 3000-liter
fermentor, HMowever, despite the present uncertainties, especially as
regards saefety aspects, the process seems to be very promising for
practical application in cassava-producing areas to sclve partially

“the increasing demand for protein supplements for cassava feeding

programs, notably for swine.
SUMMARY

A process for microbial protein production, using cassava as
the enerpgy substrate, was developed and tested at a laboratory scale
at the University of Guelph, JThe microorganism used is the fungus
Aspersillus fumipatus I-21A an asporogenous mutent that can grow
under very selective conditions of temperature (45°C) and pil (3.5).
A pilot plant has been built st the Centro Internacional de Agricul-
tural Tropical (CIAT) in order to test the technology developed at a
laboratory scale and to produce sufficient gquantity of biomass for
practical evaluation in animel féeding, notably in swine. Preliminary
results obtained at the pilot plant are reported, suggesting a
potentiality of the process once complete safe operational procedures
could be established, XResults of a feeding trinl with fungal biomass
obtained at the pilot plant indicate theat the product has a good
nutritive quality, if methionine iz adequately supplemented.
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Fig. 2. Yiew of the pitot plant in the CIAT Swine Unit for producing
Micrabial protein utitizing cassava roots as the energy
substrate.
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Tohkle 1. Results of fungal protein (Aspermillus fumicatug I-21A)
production in & 200-liter fermentor using fresh roots or
cassava meal as subsirates

*,

FRESH CASSAVA ROOTS

Anount of cassava mash (kg) 25.3
Amount of sun-dried biomass obtained (kg) 4.4
Product yield (g/liter) 22,2
Yield: weight of dried biomass in relation to
fresh cassava (%) 16.9
Cassava, dry matter basis (%) 43,5
Crude protein content in dried biomess (%) 23.6
CASSAVA MEAL, %
Amount of cassava meal (kg ‘ 11.5
Amount of sun~dried biomass obtained (kg) - 5.4
Product yield (g/liter) 27.0
~Yield: weight of dried biomass to cassava meal (%) 47.0
28,2

Crude protein content in dried biomass

4
Hean of ten fermentations

Pre ]
Hean of five fermemtations

Mg« T
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Teble 2. Effect of methionine supplementation on the protein quality of fungal blomass grown

on a cassava medium and fed to rats %

Soybean

Biomass oroduced on

Fresh cassava

Jr—

Cagsavy meal

Parsmeter ¥% Control + 0,3% without + 0.3% without
Casein Heal methionine methinnine methionine methionine

Total feed intake, (g) 302.6°  308.8°  296.0% 195,6 323, 7° 198.5

Total weight gain, (g) 78.2% 682 74.8° 2.,2° s5.0° 29,7
Teed/gain 3.9° 4,5° 4,0° 8.5° 3.8° 6.9b

Abgolute %ER 2.6 2.3 2.5 1.2 2.6 1.5

Adjusted PER % 2.5% 2. 2.5 1,2° 2.5 1.5°

* Average resultas from 10 male rats per group; 28 ~-day experimental period; avg initial

wt 41,2 + 2.1 g
o Values with a common superscript are not sugnificantly different,

ol Values adjusted to make the PER for standard casein 2.3
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THE UTILIZATION OF CASSAVA FORAGE IN
RUMINANT FEEDING 1

€. Patrick Moore *

Y
Introduction

The plant botanically described as Manihot esculenta Crantz is
known around the wozrld by many different names such as cassava,
tapioca, manioc, maniok, mandioca, aipi, and yuca, Plants of the
genus Manihot occur naturally only in tropical America, where about
100 different species are known (Rogers and Fleming, 1973). Cassava
was uged in South America as a food plant by the native Amerindians
long before Columbus discovered the New World and was probably
transported by the Spanish and Portuguese to Africa and Asia as early
ag the 16th Century, Its diffusion within the Continent of Africa
has come sbout most rapidly daring the 20th Century (Coursey and
Ralliday, 1974.}.

In terms of production, cassava ranks amoug the top 10 food crops
in the world and appears to be increasing in importance, In 1972 the
world production was estimated at 105 wmillon tong of fresh roots,
produced from a land area of 11 million hectares (Table 1). Considering
the fact that cassava ranks among the top ten food crops in the world,
it has received relatively little sttention from the research scientist.
The scientific cassava documentation Center locared at (CIAT in Cali,
Colombia, estimated that no more than 4,000 gcientific and popular

'&tticles exist about cassava..

TARLE 1., WORLD DISTRIBUTION OF CASSAVA PRODUCTION

Area . .. .. _ |Production
Mejor Areas 00 Acres 000 Tons
¥resh roots

Africa 5, 996 42 220
Zaire - 810 10,500
Nigeria _ 960 . 9,570
Tanzania - 800 ' &, 000

1 Paper presented at International Seminary on Tropical Livestock

production, In Acapulco, Mexico; March 8 te 12, 1976,

* Animal Science Training Coordinator., Centro Internacional de A-
gricultura Tropical, CIAT. Cali, Colombia,

653



Area Production
Major Areas 000 Acres 000 Tons
Fresh roots
South America 2,549 36,168
Brazil 2,100 31,000
Paraguay 125 1,830
Colombia 160 1,600
Aﬁi& 2,331 22,188
Indoneaia 1,350 10,099
India 355 5,939
Thailand 225 3,867
Central America and
Caribbean 110 713
Oceania 11 128 |
Total World Production: 10,998 105,417

Source ¢ FAD Production Yearbook, 1972

Of those 4,000 articles, probably no more than 5 percent are
related to the use of cassava in animal feeding and the major part of
those relateal to the use of the root as an energy source with only a
few papers dealing with the use of the leaves and stems as a principal
source of protein. _.

.

The object of this paper is to bring together information that has
been published about the utilization of cassava forage (leaves, stems
&nd stalks) in the fe&ding of livestock with particular emphasis on
ruminants.

A s e ks W e e < . e — - e . v - ,

Nutritive Valva of Cassava Fara&m e E

It should be pointed out that most of the existing data on cassava
--forege has been taken. from plants which were planted for root production
and not specifically for forage production,

Reports from PerlG (Galiano, 1955); Colombia (Dbregbn, 1968); Nige-
ria (Oyenuga, 1955); Brazil (Gramacho, 1973) and the United States
{Ramos-Ledbn and Popence, 1570) generally agree on the chemical
compogition of the aerial part of the plant when harvested st
approximately one vear of age (ITable 2},

654




" bt aly b

TABLE 2. AN APPROXIMATE ANALYSIS OF CASSAVA FORAGE HARVESTED AT ROOT

MATURITY
Analysis D.¥. Protein Fat  CHz0 Fiber Ash
Cassava forage 25.0 16.0 7.5 45 14,5 12.0

The data presented in Table 2 should be taken as a general guide
since climate, soil type, age of harvest, fertilization and sampling -
procedure may affect the resulting chemical analysis of the plant.

It has also been reported that the forage has a significant amount
of calcium (.8Bpercent Ca0); phosphorus (1,0 percent P205) and
carotene (208,000 I,U./1b) which are also important nutrvients
provided by cassava forage.

The leaves of the cassava plant have the highest proportion of
protein, Ramos-Ledbn and Popenoe (1970}, reported an average of 25.5
percent leaf protein in plants grown ia southern Florida, while
Rogers {1959) reported a range of from 20.6 percent to 36.1 percent
leaf protein in different cultivars of cassava found in various parts
of Jamaica, The Florida work also showed the percentage of protein in the
stems to be considerably lower (5.6 percent) and that a withdrawal of
nitrogen from the leaves occurs after the formation of seeds, and
root enlargement.

oy R Rt e, S

Data collected at CIAT (Moore and Cock) from plants cultivated
only for forage production and harvested every 90 days gives a better
idea of the chemical composicion of the plant at an age when the
entire plant is edible (Table 3 ).

TABLE 3. CHEMICAL COMPOSITION OF 90-DAY~CULD CASSAVA PLANT+

Parts of % of total Prot. Ether Crude

Plant plant D.M. Nitrogen (¥x 6.25) extyrac. Fiber Ash
Leaven (%) 52 29,0 4,38 28.0 15.3 9.0 8.1
Stems (%) 15 18,0 1.65 11.3 14.3 21.2 8.5
Stalk (%) 33 15.7 1.76 11.0 13.0 25.2 7.8

* Unpublished data - CIAT
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It can be seen from Table 3 that the lea? portion of the plant
contains more than twice the amount of protein (H x 6.25) than the
stem or stalk and makes up slightly more than one-half of the total
dry matter of the plant at 90 days. The protein and nonprotein
fractions of the plant have not been defermined to date; however, data
published by Oveonuga (1955} suggest that the nitrogen present in the
leafy portion may be as much as 907 true preotein. Unpublished data
of Cock and Echeverry are of the same order. This, however, should.
net be a major consideration in feeding the plant to ruminants gince
they are able to utilize nonprotein nitrogen as well,

Egssentially no work has been done on the selection of cassava
plants for forage production or nutrient content, Genetic selection
and agronomic practices to¢ increase dry matter production and prctein
content is an obvious area for future studies,

Agronomic Aspects of Cassava

While no agronomic practices have been developed for cassava as a
forage plant, certain comments can be made which apply in general to
the plant.

Muller et al (1974) states that cassava grows best in a sandy soil
with optimum growing temperature of 27°C. When the temperature drops
to 15°C, growth stops; at 8 to 10°C the plant dies. The optimum
rainfall is 700 to 1000 mm and large amounts 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 soil approximately
120 kg P205 , 450 kg X20 and 250 kg Ca0., No mention is made of
nitrogen depletion; however, leaf production alone would suggest that
400 to 600 kg of nitrogen would be removed from the soil per ha/yr.
All cassava forage production data to date has been in association
with root production. Either the leaves have been harvested several
times during the life cycle of the plant or harvested at the timz
the roots are harvested, 4

Work done by Conceicso et 2l {1973) shows that certaln varieties
are better forage producers than others and suggests that a negative

ceorrelation may exist between root production and forage producing

ebility (Teble 47,

A reduction in root growth would be expected when the branches
are harvested three times (every & months) during the year. No

,comparison is made as to the root production of these varieties
. {Table 4) if no branches were harvested: however, Ahmad (1973) harvested

7.3 tons of leaves (dry weight) during the year (every 10 weeks) from

“one hectare which veduced the production of roots to almost one half
_of the normal. Preliminary results at CIAT (Cock, Pers. Comm.},
without intensive variety selection, indicates that up to 20 tons of

forage dry matter per hectare.can be harvested in one year. -This was
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TABLE &. PRODUCTION OF CASSAVA TUPS AND ROOTS FOR THE YEARS 1969-72

Average Production (Ton/ha) *

Tops Relative Roots Relative

production production
Platina 46.79 157 12.52 100
Graveto 37,06 125 20,99 168
Salangor Preta 33.03 111 25,39 203
Mamao 32.29 " 109 20,77 ‘ 166
Cigona 30.76 103 21,39 171
Sutinga 29.73 100 18,60 149
Average 34.73

* Fresh weight

accomplished by increasing the plant population from 10,000 plants/ha
{normal population for root production) to 111,000 plants/ha. The
entire plant was harvested every 90 days, which is equal to 4 cuttings
per year. This production level i{s approximately twice that reported
by other workers harvesting the casssava forage in conjunction with
the roots, Since the original plantings are still in production

{1 1/2 years) no measure has been made of root production.

In similar trials at CIAT, using small plots with 30 x 30 cm
spacing, a yield of over 30 t/fha of dry matter was obtained in 11
months in four harvestg ; in three harvests, yields dropped to slightly
more than 25 t/ha. When spacing was increased to 60 x 60 cm, the
yield was further reduced to 16 t/ha. It should be noted that these
vields were obtained on intensively managed swall plots on a fertile
soil. Congidering that the information available to date shows that
harvesting leaves from the cassava plant when planted as & root crop
will greatly reduce the root production; it appears that separate
planting (for roots or for forage) would produce more total dry matter
per hectare, If certain varietiesare better producers of forage &nd
others better producers of roots, varietal selection will be very
important.

Toxity Problems in Cassava

It i8 well known by the scientists working on cessava that the
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forage and roots contain eyanogenetic glycogides which are readily split
by enzymes naturally present in the plant to form free hydrogen cyanide
{HCN). These are normally detoxified in the body with the resulting
formation of thiccvnates, which can be found fn the blood and urine,
This cyanide formation has been associated with disturbing thyroid
function, and the depletion of the suphur-containing amino acids
{Coursey and Ralliday, 1974).

It has not been made clear whether or not the HCN normally occcurring
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.

It has been reported (Ross and Enriquez, 1969) that cassava leaf
meal (554 ppm of HCN) in excess of 10 percent of the ration will retard
growth in baby chicks and is inferior to similar levels of alfalfa
meal, In those studies, methionine was suggested as the first limiting
factor in the cassava meal and was probably caused by an increased
demand for the sulphur-containing amino acids used in the detoxification
process of the cyanide. A look at the amino acid profile of cassava
leaves and stems (Table 5) shows methionine and cystine (sulphur-
containing amino acids) to be low in relation to most other aminec acids.
This explains why methionine could be limiting if the amounts naturally
present are tied up in the detoxification of HCU.

If the HCN content in cassava is proven to be a serious problem in
livestock, Obregdn (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 methionine is limiting in cassava based
diets fed to monogastrics hag been shown by Eggum (1970), Hutangalung
(1972) and Maner (1972), who improved the guality and digestibility
of the dietary protein by adding methionine to the diet.

To further verify that the toxic factor in cassava forage caused
no physiological problems in ruminants, Moore and Cock (unpublished
deta), fed fresh cessava forage slone to four twn year old steers
for two months with no visval disorder. Blood thyocinates levels
in the fresh cassava fed stecrs (3.9 mg/l) were three times greater
than steers (1.28 mg/%Z) grazing par8 (Brachiaria mutica) pasture. In
a separate trial, pure diets of fresh cassava forage were fed to a
smzll group of sheep in confinement with no visual adverse effects.
Hill (1973) also reported that feeding either cassava forage or roots
had no adverse effects in cattle or sheep. '

Feediqg Value of Cassava Forage

The limited research work that has gone into determining the
chemical composition and protein quality of cassava forage has been
largely restricted to the leaf, as a protein source for humans.
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TABLE 5. PROTEIN VALUE OF DENYDRATED AERIAL PART OF CASSAVA PLANT AND
SOME TROPICAL GRASSES, COMPARED WITH SOYBEAN MEAL (ON A DRY

BASIS)
Cassava NHapier graes Gatton §BMO
Constituents Manihot utilissima Pennisetum panic Solvent
lLeaves Leaves+Stems Purpureum Panicum extracted
ma xTmuum
Crude protein (%) 27.0 20,3 12.6 11.9 45.7

mwnwnu:ﬁmﬁ-u-muwgflég i’li;’fﬂg&ﬂ**"*“-*“ A e D W

Amine acids

Arginine 5.21 3.89 6.10 5.64 7.61
Cystine 1.18 0.%8 0,51 - 1.52
Glycine 4,92 5.10 5.85 5.00 5.23
Histidine 2,47 2.32 2.54 2.82 2.39
iscleucine 4,12 4 .40 4,32 3.45 5.45
Leucine 10.0%9 8.75 8.64 7.55 6.97
Lysine 7.11 5,89 6,02 4,82 6.32
Methionine 1,45 .+« 1.83 1.86 1.36 1.52
Phenylalanine 3.87 4.37 5.42 5.82 4,79
Threonine &.70 5.70 4,41 4.73 4,14
Tryptophan 1.09 1.24 - ‘ - - 1,30
Tyrosine 3.97 4,12 3.73 3.18 3.27
Valine 6.18 8.43 6.27 5.18 5.23

Source : Dreft feeding standard, Republic of Singapore, 1972,

The nutritive value of the leaves is recognized as they constitute
part of the human diet in parts of Africa. EREfforts have been made to
extract the protein from the leaves; however, the process is very
sophisticated and relatively expensive,

Factors such as'a long growing season, low dry matter production

and irregular harvesting are probably some of the reasons why only
a few research papers exist on the utilization of cassava forage in

639



ruminant feeding. In addition, the most common systems for beef and
milk production in the tropics do net presently lend themselves to
the feeding of cut forages.

However, as the demand for high nuality proteio {meat and milk}
increases along with the increased demand for alluvial lands for cereal
grains, the cattleman will have to look for ways of intensifying his
operation. One way will be to grow cultivated tropical forage crops
such ag elephant grass, sugar cane, corn, sorghum. ete., to be combined
with legumes, o0il seed meals and uonprotein nitrogen as sources of
supplemental protein.

Inmany tropical countries, beef-type animals are being used as
dual-purpose animals to produce both meat and milk, since no dairy type
cow has been developed which can thrive in the tropical environment.

The cyclic production of these animals, which is well known by everyone
working in the tropics, Is largely related to the rainfall pattern and
thus the pasture feed supply of the zone, Cows tend to conceive a
month or so after the rains begin which means they give birth at the
beginning of the dry season., If they must nurse a4 calf and are milked
during the dry season, when both quantity and quality of forage are

low, they will suffer a great physiological shock due to undernutrition,
The result is low milk yields, and a wesk cow 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 and thus result in a calf produced approximately every two years,

This chenomenon can be avoided {assuming climatic changes are not
greatly affecting reproduction) by developing pastures which will grow
and provide adquate nutrients during the dry seasomn, or by growing
cultivated forage crops during the rainy season and preserving them
for the dry season. Several alternative solutions have been presented
(Preston 1973) as to how cultivated forages and other by-products can
be utilired to eliminate weight losses and increase reproductive
efficiency. Preston also peints out that while ruminants can utilize
a rather high level of nonprotein nitrogen they still require 2
dietary source of performed protein,

Cassava forage has & great potential as & protein source. Echandi
{1952% in Costa Rica showed that cassava forzsge meal was almost as
good as alfelfa meal, Grazing wmilk cows receiving cassava mezl gave
90 to 96% as much milk as thoge receiving equal amounts of alfalfa
meal. Since the alfalfa meal was imported, it became the more expensive
supplement even though it produced slightly more milk per kilogram fed.

To evalvate the effects of feeding fresh cassava forage on growing
animals, a trial was designed (Moore and Cock, unpublished data) to
feed 250 kg steers in corrals on either: (A) elephant grass alone:
(B} 75 percent elephant grass + 25 percent cassava forage; or (C) 50
percent elephant grass + 50 percent cassava forage, Both groups B and
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C gained 30 percent faster than group A, Group B (25 percent cassava

forage) gained & percent faster than group C (30 percest cassava
forage) suggesting that the pratein level in ration B was nearly
adequate and that energy became limiting in ration C (Table &}.

TABLE 6. ELEPHANT GRASS AS A GROWING-FINISHING RATION SUPPLEMENTED
WITH CASSAVA FORAGE

Diet
A B C
Parameters Eleph,grass 757 eleph.grass  50% eleph, grass
alone 25% cassava 507% cassava
forage forage
Initial weight (kg) 265.5 276.3 270.0
Final weight (kg) 342.5 392.7 379.0
ADG (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 live weight gain) than did either group B or
C {13.7 + 1), The inefficient converzsion of feed to gain appeared to
be related to the low protein content of the elephaut grass.

As a follow-up to that experiment another trial was desighed to
compare cassava forage to other sources of protein, i.e. fresh
Desmodiuvm distortum and cottonseed meal (CSM). In this trial, mature
sugar cane was used as the major source of energy. The cane was
gllowed to reach maturity (12 to 14 months of age) before cutting,
which corresponds to the age that it is harvested in the Cauca Valley
of Colombia for sugar production.

Pesmodium distortum was selected as another source of protein
because of its high protein content (23 percent) and because of its
growth style which lends itself to easy harvesting., One problem
associated with Desmodium distortum is that it is an annual species
and while 3 to & cuttings (intervals of 60 days) can be obtained,
total dry matter production declines with each subsequent cutting
(Paladines, Pers. Comm.).
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All three forage species were offered fresh daily and in separate
feedersg, ad libitum, to determine individual consumption of each,
The C5M was fed once daily on top of the sugar cane. Each animal was
kept in individual pens.

The animals in treatment 1 (cane and CSM) gained 7 percent faster
(659 g/da) than treatment II (622 g/dg) and 11 percent faster than
anlmala in treatment 111 (584 g/da) (Table 7).

The average dazly dry matter consumption was egsentially the same
for all treatments (5.3, 5.2, 5.2, respectively) whereas the
efficiency of converting feed to live weight gain was more varied.
The steers receiving CSM were 5 percent more efficient than those
recejving cassava and 11 percent more efficient than those receiving
Desmodium distortum. It is very noticeable that the percentage
difference between treatments in average daily gain was similar to -
that found between differences in feed efficiency.

However, when efficiency of gain is related to the amourit of
protein cousumed, the relationships change. Since two protein sources
were fed as fresh forage (ad libitum) and one was fed as a dry
concentrate, there was a larpe difference in daily protein intake due
to the difference in moisture and protein conteant, The protein
(N x 6,25) consumed per day by those animals on CSM was voughly double .
that consumed by the other two groups. This suggests that appraximately
1.4 kg of protein was consumed per kg of live weight gain in group
I while only 0.7 kg of protein was consumed per kilogram of live weight
gain in group 1T and I1YI.

TABLE 7. PERFORMANCE OF GRADE ZEBU STEERS FED CHOPPED SUGAR CANE PLUS
THREE SOURCES OF PLANT PROTEIN

Parsmeters : . . Treatments * .
1 : I i1x
. Sugar cane . Sugar cane and Cassava and
plus 1.8 kg C8M cassava D. distortum

Ho. animals 8 ( g 8
Initial weight (kg) 229.5 o 241.4 241.0
Final weight (kg) 303.3 311.1 ) 306.4
Days on trial 112.0 112.0 B § 25 I
Average daily gain (kg) .659 - .b622 . . 584
Feed efficiency : . 8.0 ., B.h4 9.0
Avg. daily dry matter N e
consumption (kg) 5.3 & . 5,2 5.2

¥* All forages where fed ad libitum.
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4 possible explaration for this difference in protein utilization
would be that group I was fed &n excessive amount of protein which
was inefficiently utilized or that the forege protein sources provided
other nutrients not present in the cane plus CSM diet. Minerals
should not be a consideration since all animals were offered a complete
mineral mix free choice; however, the relatively high content of fat
especially in the cassava forage may have had a positive effect on
live weight gain and feed efficiency.

The steers in group 11 ate 20 percent less cassava forage (1.52
kg/da) than those receiving Desmodium distortum forage (1.94 kg/daj,
but they ate 11 percent more cane per head/da, The lower intake of
cassava could represent a palability problem with the cassava due
to its bitter taste caused by the HCN content, However, the data
suggest the HCN content of the cassava did not affect the average
daily gain, nor feed efficiency of these steers consuming diets with
30 percent of the total as cassava forage.

Economic Implicatjons of Cassava Forage Production

Since the cassava plant has never been looked at as a major source
of protein for livestock feeding, no data exists relative to
production cost. However, it would appear reasonable to use figures
published by Diaz, Andersen and Estrada (1974) on the cost of producing
cassava roots in Colombia as a2 bage line estimate for producing cassava
forage (Table 8).

Thirty percent was added to the US dollar cost for increased geed
and harvest cost due to an increase in the plant population per
hectare plus & harvests during the year to give & more realistic
estimate of the production cost of one hectare of casssva forage
(USS 428.09/ha).

TABLE 8, ESTIMATED AVERAGE TOTAL COST OF CASSAVA PRODUCTION IN

COLOMBIA
Inputs Col. Pewos/ha, uss / ha. ¥
Average variable cost 2,380 | 117.50
Land rent 1,800 %0.00
Transportation cosgt 720 36.00
Interest on working capital 576 28.80
Other costs 1,100 55.00
Total cost 6,586 329,30

* Exchange rate 20: I



Preliminary results (Cock, Pers. Comm.) have shown that the
production of over 20 metric tons of dry matter is possible from one
hectare of good land (capable of producing 50 tons of roots)., Using
the previously mentioned production cost figures (US$428.00/ha); one
kg of dry matter would cost slightly more than US 02 £, One kg of
protein (N x 6.25) would then cost (S .02 x 20 percent protein)

US. 10 . Table 7). As a comparison, one kg of cottonseed meal (48
percent protein) in Colombia presently costs US,15 ¢ which is equal

to US .31 ¢ per kg of protein. One kg of urea, which is said to be
cheapest source of protein (262 percent protein equivalent) in Colombia,
presently costs US .24 ¢£; equal to US .09 ¢ per kg of protein equivalent,
or one cent lesw than the cost of one kg protein from cassava forage.

TABLE 9. COSTS OF SEVERAL SOURCES OF PROTEIN IN COLOMBIA

Per kg Per kg
gry matter protein

Cottonseed meal vss .15 use .31
Cassava forage .02 A0

Urea - ’ 09

ety

Using the present cost of producing sugar cane in the Cauca Valley
of Colombia (USS 625/ha) with a production of 50 tons of dry matter
(whole plant) per hectare, the cost of one kg of dry matter would be
Us ,012. The daily production cost of the cassava/sugar cane diet =
in this experiment would then be (1.52 kg casssva x US.02 = US. 03) + -
(3.70 kg sugar cane x US, 012 = US.04) = US.G7 or 1.3 cents per kg of ”
feed consumed. Taking the pregent market price of fat steersz in
Colombia of US .48 per kg live weight and an average daily gaia of
.62 kg, the feed production cost per kg of gain (US 11 ¢) would
represent only 23 percent the value of ooe kg of gain, whereas the
CSM/sugar cane diet cost, per kg of gain (US 40 ¢), was equal to 83
percent of the velue of one kg of gain in this experiment, (Table 10).

It should be stressed that the protein content in ration was probably

higher than necegsary and attributed to the bigher cogt of the ration.
Also, the forage production figures presented in thig paper are from
the Cauecs Valley of Colombisa end would be nearer & maximum possible =
than an average for the tropics. However, there should be little b
doubt that cassava forage cen play & very important role in ruminant 2
feeding in the tropics, whether it-be used as part of a fattening i
ration or in a dry season supplement program for the breeding or =
wmilking herd. iz




TABLE 10. COSTS OF PRODUCTION

g

Dry matter Cost/ Cost/ - Daily Daily cost
ha ha kg congsumption Uss
uss kg

Sugar cane 50 toa 625.00 .01 3.70 04

Cassava forage 20 ton 428,00 .02 1.52 .03

Total .07
Average daily gain .62 kg
Live weight value USS .48 kg

Value of daily gain Us§ .30

SUMMARY

The nutritive value of cassava as s forage is 1ittle known and even
less utilized in its native tropical regions of the world. This paper
shows that cassava forage is a good source of protein for ruminants and
competes well with other sources of plant protein as measured by animal
performance. The dry matter production per ha/yr {20 ton) is very high
relative to other tropical plants high in protein, which makes it
attractive ag a forage plant. A population of 111,000 plants/ha and a
harvesting interval 90 days gave the highest yields.
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