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THE STORAGE OF FRESH CASSAVA ROOTS
by
R.H. Booth

Tropical Products Institute (T.P.I.), 56-62 Gray's Inn Road,
London WC1

INTRODUCTION

It is well known that cassava roots cannot be kept in
the fresh state for more than a few days after harvest. This
presents serious probléns in the marketing and utilization of
the crop and results in heavy losses. Most of the literature
relevant to the storage of cassava, both in the fresh and
dried state, has recently been reviewed by Ingram and
Humphries (13). They concluded that "Knowledge of technigues
for preserving and storing fresh cassave is still rudimentary
and few reliable date exist". Similarly, little reliable
information is available as to the nature of the rapid post-
harvest deterioration which prevents storage in the fresh
state. This has been reported as decay or rotting, dark
bluish or brownish discolouration, dark or vascular streaking
and/or softening of the affected ereas. Several workers
(1, 6, 10, 17, 21) have isolated &nd identified many micro-
organisms from deteriorated cassava and in some cases these

organisms have in turn been shown to cause decay and

sl
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discolouration. Other workers (3 1h, 18, 19, 20) have suggested

that both discolouretion and softening are the results of

physiologicel or enzymatic reactions. Ingrenm and Humphries (13)

concluded that "It appears that the spoilage arises from &

combination of physiological and patholosicsl factors".

The importance of mechaenical demage as a major factor in

poat—harvest loss of all tropical root crops has recently been

emphasized (5) Averxe (3) reports that vascular streaking of

cassava roots commences &t cut surfaces and several workers

(4, 24) have emphasized the need for careful handling of roots
intended for storage.

While extensive mechanical demage can only be reduced by

imporved hervesting and handling methods, & process of wound

nealing which occcurs in several other root crops, potato [

sweet potato (16) and yams {11, 23) has been shown to reduce

storage losses of slightly damaged produce. This process,

generally referred to as curing, is stimulsted by conditions

of relatively high temperatures snd humidities and involves

first suberisation followed by the development of & wound

periderm that is effective in retarding water 1oss and acts as
& barrier mgainst infection.

I+ has long been xnown that cassave roots can be preaerved

for & few days using several simple technigues such as reburial,

placing under water, and coating in mud, There are, however,

few recorded instances, with the exception of the use of high

Dieiti :
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cost systems, such as refrigeration (9, 21) and vexing (ak, 22,
of successful long term storage of fresh cassava roots. The
normal practice in much of the tropicsal world is to leave the
cassave in the ground until required, e practice which, it has
been estimated, occupies 3/4 million hectares of land
unnecessarily (13). While refrigeration and certain waxing
techniques meybe of use in limited situations, such as export
marketing or for experimental purposes, it is not considered
that at present they can be extensively applied to practical
on-farm or loecal market storage.

There are reports in early ethnographic literature (12)
that Amazonian Indisns successfully stored fresh cassava
during the annual flood period by buring the roots in the soil.
Further, it is reported (2) that M. de Reine in 1741
successfully stored fresh ceassava roots in a trench resembling
a European poteto clamp for periods of up to twelve months in
Mauritius. In the Philippines, Baybay (4) showed that cassava
roots could be stored for up to twenty-five days in a trench.
It has alsc been reported (2, 22) that roots piled up and
covered with straw alone or with straw and soil situated
inside 2 building could be stored for periods of one to two
months. Similer structures have also been used to store sweet
potatoes under tropical conditions (15). Conditions of above
ambient temperature and relative humidity have been shown to

develop in European potato clamps (7, 8).

e
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The present paper records observations on the nature and
occurrence of the rapid post-harvest deterioration of cassava

roots and reports a simple inexpensive on-farm method which is

being developed for curing and storing cassave roots at C.I.A.T,.

DETERIORATION OF CASSAVA ROOTS

As & result of post-harvest cobservations, two distinct
phases in the deterioration of cassava roots have been
identified.

A. Primary Deterioration

It has been observed that the initial cause of loss of
ecceptability is internal discolouration which normally
develops within one to five days after harvest. This internal

discolouration is first evident as fine blue/black vascular

streaks as reported by Averre (3) and described and illustrated
by Montaldo (18), who also reported that there are considerable

varietal differences in the rate of development of the condition.

With time this streaking increases in intensity and spreads to
non-vascular tissue where a more diffuse brown discolouration
accompanied by dry white lesions occurs. This discolouration
renders the roots completely unacceptable both for human
consumption and for most industurial purposes and will be
referred to as "primary deterioration" (Fig. 1).

B. Secondary Deterioration

At e later stage pathogenic rotting, fermentation and/or
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softening of the roots occurs, the roots already having become
unaccentable because of primary deterioration. Thus, this

type of root deterioration will subsequently be referred to as
"secondary deterioration". However, in West Africa, softening
can sometinmes render cassave partislly or completely unacceptable
even when little or no discoclouration occurrs (Coursey, private
communication). Montaldo (18) has indicated that in those
verietics which are least susceptitie to discolouration,

useful 1life is terminated in sdout 2 week by desicecation.

c. Qzcurzence of Datericratiorn

fpr hes bocen cbserved between the onset

el

& strong sassoceia
of primary deteriorsticn ecd the ocourrente of various forms
ofmechanicel damase. Zeceuge of the nature of harvesting
operations, cassava roodts eve alyays demeged, frequently
severely. Roots ere cffen cut duriag the digging opersation,
and tips of rocts regulerly brokenw-of? snd shon’ ders brulsed as
they are pulled out of tis zromnd. Sever.nce ¢f the roots from

the plent ercates a Turths= lesion, whiiz itransport from the

field can often reeuit in meck ga by uw=zuising. It
is at these sites of meckznieal danzpe tant diseclouration has
besn cbscrveé to commence, and oaly minor differences among
varieties tave been found. The importance cf mechanical
demege in ryost-hervest deteriorstion has been confirmed in
artificial vounding tests in which primary deterioration was

observed to commence at the sites of
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The extent of the root damage that occurs during
harvesting depends on several factors, probebly the most
importent being soil type, veriety and the care with which the
operation is underteken. Roots grown in sandy soils can be
harvested with greeter ease eand with less deamage and thus have
a greater storage potential than those roots produced in heavy
soils. Varieties of cassava differ widely in root shape, size,
distribution through the soil and in their means of attachment,
some varieties heving more sessile roots than others. These
factors, some of which may be mocdified by cultural practices,
all influence the final amount of root damage. Table 1
illustrates the effect which severity of damage has on water
loss and deterioration of freshly harvested roots.

The deterioretion index in this and other tables is
arrived at by totalling the deterioration score for each root
within a treatment and expressing it as a percentage of the
total possible score for that treatment. Deterioration score:
0=n0 deterioration, 1=1/4 deterioration, 2=1/2 deterioration,

3=3/4 deterioration, U= complete deterioration.

L ¥
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Table 1 Effect of severity of damage on fresh weight loss and
deterioration of cassave roots stored at ambient

conditionsl in the laboratory.

Time in storage Fresh weight loss? Deterioration Index?
(days) (%)
Slightly3 SeverelyIl Slightly3 Severelyh
Dameged Damaged Damaged Damaged
1 2.9 3.5 2 TH
2 T.4 10.1 27 32
. L 12.k 15.9 62 65
T 17.9 215 5T 67
Al 2251 34.2 T2 T5

1 - ambient conditions : temperature 20°C + L°C

2 = 3 x 10 roots per sample
| 3 - Roots with no obvious gross physical damage
L - Roots with obvious physical damage.
D. Nature of Deterioration

An indication as to the possible cause of primary

deterioration resulted from trials using surface sterilants.
It has been observed that the onset of primary deterioration
can be delayed when roots, portions of roots, or root slices
are surfece sterilized. For exemple, 10 mm thick transverse
root slices untreated or dipped for thirty seconds in sterile
distilled water and stored on moist filter paper in petri dishes

became completely discoloured within twenty-four hours.

| sistelf Lo ultH
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Similar root slices dipped for thirty seconds in calecium
hypochlorite (>2.0%) or commerciel alcohol (>40%) showed no
such deterioration for between two and four days, depending on
the concentration of surface sterilant used (Table 2).

Table 2 Effect of caleium hypochlorite and commercisl alcohol

on the deterioretion of cassava root slices,

Treatment Deterioration Index (%)
0 2§ 2 3 L  days

Undipped Control 0 100 100 100 100
30 sec. dip in sterile

distilled water 0 100 100 100 100
30 sec dip in 1.0% com. alcohol (] 100 100 100 100
LA S S TR S n 0 75 100 100 100
rO St S W g0 0% i 0 50 75 100 100
i S e 5 0 25 50 15 108
L Rl G ] e n 0 0 T2 8530
i i WS T Gl b A £ 0 0 o] 0 2

30 sec dip in 0.1% Ca hypochlorite O 81 100 100 100

L A - s ! 0 25 50 5 100
RS Lt (L L 0 0 12 50 60
" " L - TN o) L " 0t 02 02 22 192
" " " " 3.0% " " n? 02 o? 02 o2
" " LUBRRLR T AL " 02 02 02 02 02

! = 4 x b slices per treatment
- slight discolouration because of phytotoxicity

s
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As & result of these observetions and those on the
importance of mechanicel damage, it is suggested thet the rapid
primary deterioration that occurs following the harvest of
cassava roots may be the result of injury invasion by epiphytic
microorganisms naturally present on the root surface. While
these organisms, at present uncherascterized, do not normally

cause rotting or decay of undamaged roots, they may enter

wounds produced by mechanical demage and stimulate the onset
of discolouration which subsegquently spreads throughout the
root. i

STORAGE OF CASSAVA ROOTS

In view of the reported success of early workers in storing
cassava roots in structures similar to potato clamps,
investigations into this type of storage were initiated.
Several clamp units were built on the C.I.A.T. station from
November 1972 to June 1973. Each clamp wes built by first
placing a circular bed of rice straw of 1.5 m diameter and of
sufficient thickness so that when it was later compacted it
was approximately 150 mm thick on a suitably well drained
piece of ground. On this straw the freshly harvested roots
were heaped in & conical pile. For each unit 500 roots
weighing approximately 300 kilos were used. This guentity

was selected as representative of roots that one man can

readily harvest in a day and also as it formed a convenient

experimentael unit. Unseleeted roots were used and so there
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was therefore a large variation in root size and a substantial
proportion of roots were mechanically damaged. Because of the
heavy soils on the C.I.A.T. station, ahrvesting damage was
perticularly severe. The pile of roots was then covered with
straw which compacted to & layer 150 mm thick. The whole
clamp was then covered to & thickness of 100-150 mm with soil
dug from around its circumference so as to form a drainage
ditch (Fig. 2).

Storage clamps were opened and the roots examined after
periods of one, two and three months (Table 3). During cooler
periods or during pericds of freguent but light rainfall, the
roots were successfully stored, with an acceptable level of loss,
for two months. During such periods the temperature inside the
clemps was between 30°C and 35°C. Thsi temperature was found
to remain constaent throughout the storage pericds whereas the
temperature of the soil cover fluctuated with the day and
night veriations. A large proportion of the stored roots were
successfully cured, and there was visible evidence of the
wound healing after one month in storage (Fig. 3). After two
months storage, the bulk of the roots remained undetericreted
(Fig. 1). However, a few of the stored roots elthough
remaining undiscoloured, had softened in the centre. After
three months storage, the percentage of unmarketable roots
increased considerebly as did the amount of central softening

in otherwise undeteriorated roots.
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During long, hot and dry periods when the temperature of
the stored roots inside the clamps rose to more than yo0°c,
high percentage losses occurred after one month. Also, during
pericds of prolonged heavy rainfall vhen water penetrated the

units, wetting the roots, heavy loeses resulted.

Table 3 Results of clamp storage at different temperatures.
Time in storage Undeteriorated rcctsl
(months)

Temperat%re of stored roots

300= 35°¢C 40°C and above
1 85 - 90 5 - 25
2 70 = 75 [
3 ko - 60 0

1 - Average of five clamps within esch temperature range.

Each clamp contained 500 roots which weighed approximately

300 kilos.

The main causes of loss in all cases were pathogenic rots,
fermentation and softening at the centre of the roots. Little
loss because of primary deterioration was observed. On several

occasions roots at harvest time were seen to be coated with

hyphae of Corticium rolfsii Curzi which, during storage,

rapidly invaded wounds before effective curing could take
place end resulted in considerable decay. The other organisms
associasted with rotting and fermentations have not yet been

identified.
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All the clamps in the main series of experiments were
constructed using readily eveilable rice straw. However,
edditional storage clamps built using dry sugar cane leaves,
dry maize stems and leaves, and dry grass gave similar results.
Also, two larger units of similar cross-sectionel design and
size but elongate instead of conical were built to accomodate
one and two thousand roots, respectively. These gave similar

results to the smaller clamps.

QUALITY OF STORED ROOTS

Tests were undertaken on numerous root samples after
varying periods in storage to assess the acceptibility of
stored roots. The majority of undeteriorsted roots passed
local freshness tests, such as nature and firmness of the
skin, flesh moisture, and latex exudation after cutting.

Uncooked stored roots consistently tasted considerably
sweeter than freshly harvested roots of the same variety, even
after one month in storage. This sweetening was, however, less
noticeable in cooked semples. Preliminary results indicate
that there is & conversion from starch to sugars during storage.

In a few samples a slightly longer cooking period weas
required to soften the stored roots than was required for
freshly hervested roots. Roots which had softened internally
during prolonged storage frequently regained an accepteble
texture and edible quality during coocking. The biochemical
changes that oeccur during storage and the effect of these

e
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changes on the eating quality of roots are being investigated.
It has slso been observed that after successful curing
the shelf-life of the roots subsequent to removal from storage
vas considerably longer than that of freshly harvested roots
kept under the same conditions (Table L).
Tgble 4 Comparison of shelf-life of fresh uncured roots (A)
with that of rocots that had been cured and stored in

e clamp for eight weeks (B)

Laboratory storage Deterioration Indaxl
(weeks) (%)
A B
1 L5 10
2 8o T
3 100 20

It is considered that during curing not only does wound healing

occur but alsoc suberisation and/or thickening of the root skin.

This slows down water loss and renders the roots more resistent

to further damege. Individual, successfully cured roots have
been stored for up to eight weeks at ambient conditions in the
laboratoray after which they were of accepteble eating quality.
Thus, in most cases, even after three months storage,
undeteriorated roots were acceptable, although guality

differences could be detected between the stored and fresh

1 -3 x 10 roots per sample
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roota. The effect of these differences on the marketability,

human acceptability end animal feeding qualities of the stored

roots is at present being investigated.

CONCLUSTIONS

Although this project is still at an early stage of

development, some fairly definite conelusions are beginning

to

2 =

emerge.
Internal stresking and discolouration ere the primary
causes of the loss of acceptability of harvested
cassave roots.
Mechanical damage is & crucisl factor in the rapid post-
harvest deterioration of cassava roots.
Cassava roots can be cured, during which process wound
healing occurs and delays the onset of rormal
deterioration.
The curing process proceeds satisfactorily in cassava
roots stored in structures similar to potato clamps which
are inexpensive end easy to build with readily availsable
materiels. In such clamps, unselected roots have been
stored with acceptable levels of loss for up to two
months under the conditions preveiling at C.I.A.T.,
Colombia, during cool sermsone.
The exact design of the clamps may need to be mofified

to suit locael conditions. In regions or seasons of

Digitized by the Hunt Institute for Botanical Documentation




15

prolonged high temperatures clamps may need to be
provided with shade end means of increased ventilation.
Similarly, under conditions of prolonged heavy rains
shelter mey be needed,

G During the reported storage trials internal guality
changes associated with an increase in sweetness, add a
softening of the root core occurred.

Ts Following successful curing, cassava roots have a longer

shelf-1ife than freghly harvested roots.
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Systematic Germ Plasm Collection of Grain Legumes
in West Africa
Kanti M. Rawal
Botanist
International Institute nf Tropical Agriculture, Ibadan

Plant breeders must meet the threat emerging from the geometrically
increasing world population and the consequent, impending food crisis. They
need new genetic inputs to carry out their large scale breeding programs which
are initiated in light of these new objectives.

Rapid reglonal development can bring about the erosion of genetic re~
sources in two ways. First, the native farmer ceases to grow indigenous
agroecotypes adapted to local environmental conditions with the introduction
of new, high yielding varieties developed through carefully manipulated breeding
programs. Second, with the sophistication of communication systems, particu-
larly road-transport, the agricultural innovations spread rapidly, thus trans-
forming present subsistence agriculture into cash-produce economy of marketable
commodities. As a consequence, the farmer mostly grows that variety of a crop
which the consumers far away from him prefer. He may, however, continue to
grow some of the previous variety for his own consumption. The result is slow
but inevitable extinction of genetic resources of crops, since the population
size of his own variety will gradually shink. The varieties farmers grow have
come into existence through many generations and cycles of selection specifi-
cally directed by the farmer towards his preferences and by nature towards
adaptations to the habitat.

Exploration, collection and use of genetic variability in most of our crops,

with a few exceptions, have been haphazard and often aimless. A systematic

collection program requires well-planned and alm-oriented strategy with plenty
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of international and Inter-displinary coordination. A sound, logistical
support is an essentlal prerequisite for the implementation of such a pregram
since the germ plasm of most of our major crops is scattered over a wide geo-
graphic range and often into remote, not easily accessible areas.

The collector needs to be well informed about the range of variability in
the crop he is going to collect, prior to his expedition. He must also be
familiar with the wild and weedy forms of the crop and with the related species.
Knowledge about variation in the cultivated major crop species is gained by
visiting various agricultural research stations, whereas that about other rela-
ted non-cultivated forms is obtained by studying regional Floras and herbarium
specimens. This information enables him to reach the right place at the right
time. When planning, he should acquire some knowledge of taboos associated
with the crop. Some appraisal of local traditions is necessary to facilitate fleld
work. Even rudimentary understanding of local language does help but an inter-
preter is indispensable for collection in the remote areas. Interpreters are not
difficult to find if the collector gets in touch with the local agricultural officers,
volunteers from foreign countries, or educational institutions.

Market samples usually misrepresent geographic origins. The West African
is as much or even more mobile than man from any other part of the world. The
crops grown by the subsistence farmers might not be on the sale at the markets
in that area. Since every farmer grows his own requirements, the surplus would
naturally have to be shipped out into the areas where the production of the crop
is not higher than the demand. As a corollary, the principal markets where a

crop is sold are not necessarily located in the area where that crop is predomi-
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nantly cultivated. For example, more than 80% of cowpea production in
Nigeria is from the region north of 10° latitude. At least 40% of the total
preduction Is sold in the markets of Western State alone. (Garewedl, ¥082).

Fleld collections provide valuable information regarding the ecology of
the crop and the prevalent gene flow among its wild, weedy and cultivated
forms. Knowledge of the geographic distribution of diseases and pests gained
durlng the flcld-work provides useful information for plant protection measures.
Sampling procedures for field collection cannot be standardized without prior
knowledge of variation in the crop in relation to geography. The number of
sites to be sampled and the number of samples per site to be collected would
depend largely upon the collector's own familiarity with the crop. Separate
envelopes contalining single plant harvests facilitate subsequent evaluation
of the germ plasm.

Short interviews of farmers, with the aid of an interpreter, provide very
useful information about local agronomic practices and ethnobotany of the crop.
The collector could gather useful data about reasons underlylng farmers' special
techniques and practices. He could also learn about local preferences and
utilitarian criteria determining such preferences. These preferences indicate
the direction of selection pressure that the farmer is exerting on a particular
cultivar he grows.

With these objectives the systematic collection of cultivated grain legumes
in West Africa was initiated at IITA in 1972. During a period of 57 days of active

field collecting from October to December almost 14,000 miles were covered in




Nigeria. The germ plasm collections belonging to various grain legume specles
made in two expeditions are listed in Table 1. They were evaluated for various
botanical and agronomic characteristics in 1972-1973.

Table 1. Germ plasm collections of Nigerian
grain legumes in 1972

Species o, of Ac io

) 0 Vigna unguiculata

a) cultivated 394

b) wild and weedy 49
2. Sphenostylis stenocarpa 42
3. Voandzeia subterranea 22
4. Phaseolus lunatus 16
Se Cajanus cajan 5
6. Mucuna sloanel 5
7 Canavalla ensiformis : 3
8. Kirstingiella geocarpa 2
9. Lablab niger 1

symbiont rhizobia on the various grain legumes were collected from 60
sites during these expeditions. Both rhizobial nodules and soil around the
roots were obtained g;a microbial nitrogen fixation studies.

Local collaboration was developed with the Agricultural Extension Service
of the Northern States through the Institute of Agricultural Research, Samaru.
They provided additional seed samples of grain legumes grown in the area super=
vised by their field staff which exceeds 250 men distributed throughout the six

northern states of Nigeria.
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Detalled morphological analysis of Vigna unguiculata collections indicated
c¢xtensive gene flow between the cultivated and weedy forms in Northern Nigeria.
The roadside weedy V. unguiculata is recognized by the Hausa people as WAKEN

BEYI BEYI (forbidden beans) and WAKEN GIZO (the bean that grows by itself).

Waken Gizo is a common name for all introgression variants which are often
harvested and consumed but never sown.

In the future this systematic germ plasm collection program will be extended
to cover the complete range of geographic distribution of Vigna unguiculata and

other legumes for lowland humid tropics.




ROOT CROP PRODUCTION IN A FIJIAN VILLAGE
By

L -

S. CHANDRA, J.P. EVENSON
e

and A.J. DE BOER

Paper to be presented to the III International Symposium on
Tropical Root and Tuber Crops, Ibadan, Nigeria. December,
1973.

Ll
Satish Chandra, Fiji Department of Agriculture.
#s J.P, Evenson, Department of Agriculture, University of Queensland.

s** A %, DeBoer, Department of Agriculture, University of Queensland.

Digitized by the Hunt Institute for Botanical Documentation




-1 =
LRIRODIECIOR

The aim of this paper is to present data on land use productivity,
lakour utilization and energy relations in root crop production in village
agriculture in Fiji. The data was collected weekly for 12 months by the
senior author and trained enumerators in the 1970=71 cropping season in
the Naduri = Emuri village. This village is nucleated in native land
located on the banks of the Sigatoka River in the lower valley in the
south=west Viti Lewvu. The main root crops grown, in order of importance,
are cassava, sweet potatoes and yams and these are almost wholly used for
subsistence. Other less important crops grown in this village are maize,
tomatoes and water melon, which are marketed and form the basis of cash
incomes

The data was collected from nine sample farms out of a total of

21 farms in the village. The sizes of the sample farms ranged between

1.42 ha and 4,05 ha and comprised a total area of 23.89 ha. The parameters

that were recorded were:=
(1) area of crop
(b) vield
(3) manhours and animal hours used in the following farm tasks:
(i) Land preparation
(ii) planting
(iii) hoeing
(iv) harvesting
(4) seasonal distribution of operations
(5) percentage of yield sold commercially
(6) transportation and marketing costs and,

(7) selling price of the goods
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Prior to the beginning of this study a detailed soil survey of all
the village farms at the scale of 1:25,000 was carried out. Also a com=
plete census of the sample farm population was taken which inecluded such
parameters as sex, age, employment status, short=term migrations and any
other relevant information regarding each individual on the farm. The
ownership of draught animals (usually horses) and farm implements was also
noted,. Other cropping comparisons derived from this survey to be published

elsewhere (5).

DESCRIPTION OF THE AREA
Meteorological data recorded at the Sigatoka Research Station, which

is located only four kilometers from the Naduri-Emuri Village, is repre=
sentative of the study area., The annual rainfall is 190 cm,, distributed
unimodally with a moderate dry season in the winter months,. Between May
and October inclusive 53.84 em of rainfall is obtained. The mean monthly
temperature ranges from 26.5°C in January to 22°% in Julyas The most sun=
shine is obtained in December at 6 hrd/day and least in June at 4.5 hrd/day.

The nine sample farms are located on the flood=plains of the Sigatoka
River and all the soil types here belong to the alluvial Sigatoka Series
(2). There are two distinct levels of alluvial terrace. The upper ter=
race, which stands at 11-13 m above normal river level, is larger and more
important agriculturally and has soil textures ranging between sandy loams
and clay loams (3). The lower terrace which occurs as isolated patches
between the upper terrace and the Sigatoka River generally has loamy seands.
The upper terrace is usually preferred for cassava and yams; the lower

terrace for sweet potatoes.
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CULTURAL PRACTICES

Each farm operates as a family enterprise, the labour force con=
sisting of family members of both sexes. The total population of the nine
sample farms was 47 of whom 25 were available for productive farm work.
During the course of the survey it became evident that the working effic=
iency of women was as high as that of men and therefore a standard manhour
could be adopted, Horses were the only drought animals used on these farms.

In this village four major tasks are associated with root crop
production: land preparation, planting, hoeing and harvesting. Land
preparation is defined as all tasks from the time the land is first ploughed
from a weed fallow or a previous crop t3 the time the soil surface has been
made suitable for planting. Planting includes all tasks involved in the
preparation of vegetable parts and tubers and the actual act of planting.
Hoeing is only carried out in cassava and yams in the early stages of their
growthe. This task involves the erradication of weeds by hoe or kinfeand
also iincludes the removal of weeds by hand from near the crop plants.
Harvesting covers all tasks involved in the transfer of a crop from the
ground to the farm house.

Sweet potatoes are usually grown on lo mounds. Cassava is
generally grown on continuous ridges but some farmers prefer mounds.
The mounds for sweet potatoes amd yams are normally spaced about 0.75 m
apart within the rows and 1 m apart between the rows. Sweet potatoes
are almost always propagated by plant stems cut in 0.3 m lengths. When
GaBsava is grown in mounds about four to five such stems are used per mound.

The mounds are usually spaced 1 m apart within the rows and 1.25 m apart
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between the rows. Depending on the food requirements of the individual
households, one or two such pounds of cassava and sweet potatoes are

harvested daily or every few dayse.

CROP PRODUCTION
Cassava is by far the most important crop grpwn by the sample

farmers (Table 1).

Table 1

Crop Production

| Totel | g | Mean iNo. of " Yield | Edible $
Crop | 4Area ' Total ! Plot | er ha=1 Yield Total
| cropped | cropped  Size per ngg oFew (kg) ha=1 Keals.
| (ha) | area I Farn (ha)| (kg) Contribus-
| | i i ted by
! i | [
. | :
Cansaxa | 6.50. | 4ks9 | oo I 9 9432 8489 6648
Sweet | J 1 | .
Potatoes| 1.05 | 7.4 | 0.15 b | Bk22 | 7580 11.1
i ' 5 { F
Yans | 0s8& | Za7 | 008 155 5895 5310 2.2
J ; !
Sube= i | } |
total | 7.69 5keo0 | = nile - - 80.1
: TOTAL ?lk.2b ?100.0. S / f = - = 100.0 =

Over 90% of the root crops produced by these farmers are used for
subsistence and the remainder marketed at infrequent intervals. Their
diet is supplemented by green beans, cabbages, egg plants and bananas,
About 80% of the food energy produced by these farmers is contributed by

root crops of which cassava contributes 66.8%.
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LABOUR UTILIZATION

Table 2 shows the extent of labour usage by the root crops in the

nine sample farms:

Table 2

Labour Utilization

Total | ¥ Total Horse | %
Manhours| Total Hours Total | Efficiency
Used Manhours Hnnggurs Used Horse Ratio
{ Used ha Hours (E)*
Used
Cassava | 2989 58.3 L67 640 L40.6 71
Sweet
Potatoes 376 7e5 358 105 6.7 82
Yams 69 1.3 287 2k 1.5 77
. .
Sub=Tota} 343k 6649 L4653k 769 4L8.8 76
L
A1l othez o2 ' ok
Crops | 1649 33.1 257 B0o6 LI 28
‘; : -n e
! TOTAL | 5133 | 10000 | 359 | 1575 100.0 | 53

L]
The efficiency ratio (E) is defined as the calorific output of the
crop divided by the calorific input, excluding photosynthesis
(Blacky 1971).

EL ]
Arens weighted mean.

About two=thirds of the total manhours worked are devoted to
the root crops. Less draught animal hours are required per unit area
in root crops than in the major cash crops such as maize, timatoes and

water melon.
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In the latter crops horses are used for inter=row cultivation in the
early stages of the crop growth. Once the land preparation has been
completed draught animals are not required in root crops.

Cassava and sweet potatoes have no seasonality in an agronomic
or cultural sense and are planted and harvested all the year round.
Yams, on the other Bnad, are generally planted between September and
January and harvested between January and May.

Figure 2 shows the comparison between the total monthly manhours
required in root crops with those required in all the other crops.

Insert Figure 2

Apart from maize which is generally grown throughout the year,
81l the other crops such as tomatoes, water melons and green beans are
planted and harvested in the winter months. This pattern of labour
utilization is reflected in Figure 2, The lowest total manhours work
is recorded for the month of March which is the wettest month,

Figure 3 shows the breaskdown of the to al manhours used in root
crops into specific tasks.

Insert Figure 5

Of the total wmanhours used for root crop production 52.6% went
into the harvesting process as it remains a manual operation. Such
a high input is worthy of closer research attention for both agricultural
engineers and breeders to ptoduce either a more hand harvestable plant

or suitable mechanical methods of harvesting.
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The Energetics of Root Crop Froduction

The 'Efficiency Ratio! (8) which is the calorific output of the
crop as yield divided by the calorific input excluding photosynthesis
is extremely high in the root crops examined here compared with the
mean of all other crops grown (Table 2). More detailed comparisons
have been made elsewhere (&).

This substantiates Coursey and Haynes' (6) statement that
tropical root crops are more efficient energy convertors than most
other crops; especially cereals. The root crops grown also have much
more even monthly labour requirements than the other crops which show
a more pronounced seasonal pattern, and therefore have a damping effect
on fluctuations of seasonal labour requirements.

IINERGETICS AND ECONOMIC DEVELOPMENT

The process of naonanie development depends, to a large extent,
upon the substitution of capitnl for labour; this in turn has a pro=
nounced effect upon the energetics of the food producing system. Using
a combination of village and experimental data, the relationship be=
tween biological efficiency and increased capital inputs is examined
for three Fijian rool crops using four sets of production technology =
hand labour only (1), hand plus horses (11), hand, horses and chemical
fertilizers (III), and hand, chemical fertilizer and tractors (1v).

In the simplest production systen using all hand labour, it took
617 manhours to produce 9200 kgs. of cassava root, or

617 (M) + o(H) + O(F) + O(T) = 9200 kgs.

where

¥ = manhours of hand labour per hectare

H = hours of draft power provided by horses per hectare
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F = kgs. of chemical fertilizer per hectare

T = hours of tractor power per hectare

Each of these inputs as well as the resulting output were converted
to kcals of energy- For human labour, draft power and tractors, only
direct energy expenditures actually used in root crop production were
considered, vhile estimates of fertilizer energy inputs were made using
estimates of energy required to produce Ny Py and K (7).

Crop output was measured as edible root and takes no account of
energy used in transport or processing.

The resu ts of this energy budgeting exercise are presented in

root
Table III for the three major/crops grown in Naduri=-Emuri.
Table 3
iEfficiency Ratios! for Three Crops and Four Production
Technologies
l Production Technology
-
1 ( IX I1I X
i
Cassava | 10C ! 71 5.6 5e5
Swaet Potato 119 i 82 9.2 8.8
Yams 147 | 77 8.1 7e7
!

Weighted by output

LE 3
This is the present production technology used by the sample

farmers and corresponds to the E ratios given in Table 2.
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As Table 3 indicates, the efficiency of energy use declines most
rapidly when chemical fertilizer is used (Stage III) and then only slightly
when tractors are used. This is partly a function of energy estimation
problems and partly a result of tractors only replacing a single task,
land preparation.

A revealing pattern emerges when we look at these E ratios plotted
against (a) energy use per hectare and (b) the average groww value of
production per man=hour, an indicator of economic development, Figure &4
shows the effect of the wholesale substitution of chemical energy for man
power while Figure 5 illustrates the decreasing biological efficiency of

the system as fewer man-hours are required to produce a crop.

CONCLUSION

These results again illustrate the care with which recommendations
for wholesale change must be made, especially in a world where the terms
of trade are turning progressively against petreleum based products. To
maintain soil fertility while also maintaining a reasonably efficient
system from a biclogical point of view, emphasis needs to be placed on the
use of renewable resources and on agronomic practices requiring minimum

amounts of fossil fuel based inputs (7).
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CASSAVA AS A DIVERSIFICATION CROP

From the above analysis it can be concluded that there will be
a growing demand for cassava products, and that global supply, given past
trends, will meet future demand. Therefore, prima facie, any producing
country which is attracted to cassavé as & diversification crop must be
prepared to provide cassava products at competitive prices and at suitable
quality and quantities. The potential exporter of cassava should realise

(1) that the price of cassava products must be competitive.
In the EEC this means a cif Rotterdam price of approximately
$75.00/ton;

(2) that supplies of cassava must be readily available throughout
the year - consumers do not wish to stock=pile large quantities
of cassava products;

(3) that Thailand may continue to expand exports, and thereby
capture an even larger proportion of the European market;

(L) that if Brazil can either increase production by a few percent=
age points op divert a small percentage of production to ax=
port markets , Brazil and Thailand could meet total export
demand.

Notwithstanding these reservations, it appears that there is

scope for a number of, geveloping countries to now consider cassava as a
diversification crope Furthermore, the current interest in cassava
trade may also highlight the possibilities of promoting cassava because
ot its potential import=saving ability. The use of cassava as an input
to indsutry and mnimal earing instead of other starches or grains, es=-
pecially those which must be imported, could free LDC resources for more
productive uses. Cascava may soon cease to be criticised for what it
is not, and become valued for what it is,

*Note that Brazil produces 30,000,000 tons of casaava a year (25% of world
production). Therefore, a 10% increase in output or a similar diversion
of production to exports would produce an additional 1,2000,000 tons of
pellets (35% of the low EEC projection, Table 3).

.-The demand for cassava as an animal ingredient may increase dramatically
if Japan bLecomes a user of cassavas Present estimates are that Japan
could easily consume 1 million tons of pellets a year once cassava is
used in compound animal feeds,.
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PRESENT AND POTENTIAL LABOR ABSORPTION
IN CASSAVA PRODUCTION IN COLQWBIA

By
Per Pinstrup-Andersen and Rafael O, Diaz

High and increasing rates of unemployment resulting in severe poverty
among large segnents of the population is a common problem for a large
nunber of developing countries. The problem is generally caused by a combi-
ratien of high rates of population growth and the inebility of the economy
to absorb the resulting expansion of the labor force. A strong rural to
urban migration trend accelerates urban unemployment since industry ard com-
merce frequently are unable to provlie the necessary additional jobs. It
is not uncommon to find urban areas with an anmual population growth rate
of 7-8 percent, with about half of this growth resulting from rural to urtan
migration, while the annual growth in urban employment opportunities may be
only 3-4 percent.

Creation of more productive jobs at a faster rate than what is presently
encountered is essential to reduce poverty. Even to maintain proverty at
its present level the rate of employment generation must be accelerated
considerably.

Additional jobs may be created in the rural as well as the urban
sector. More ‘jobs in the rural sector tend to reduce rural to urban migration
provided that earnings ard working corditions in the rural sector are
sufficient to satisfy the aspirations of the potential migrant. However,
théi'e have been few cases of rapid expansion of rural employment during recent
past. Since the economic growth of Western Europe and North America included

a rapid reduction of the rural labor force, govermments of developing
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countries frequently consider a rapid reduction of the rural labor force
necessary to accelerate economic growth. This, of course would be true

only to the extent that sufficient productive jobs are made available in the
urban sector. Rurthermore, individual farmers tend to replace labor by
machinery in order to increase labor efficiency and reduce the problems
associated with meintaining a large labor force. Farm machinery is frequently
imported, hence domestic agricultural labor is replaced by forelgn labor
services and the mechanization does rot create additdonal jobs in industry
and commerce to absorb the displaced farm workers.

Recently, 2 number of developing count es have become concerned about
the enquiry issues of econcmic growth. Income distribution and productive
employment have been added to the efficiency goal to establish a new social
objective function. Included in this new politieal trernd, goverrments look
for ways to increase labor absorption in agriculture while gaining time to
expand urban employment.

This paper deals with a small fraction of the complex problem of labor
absorption in agriculture. The paper attempts to amalyze present and poten-
tial labor absorption in the production of cassava in Colombia. The specifie
objectives of the paper are:

1. To estimate present labor use in cassava production in Colombla.

2. To compare labor use in cassava production to that of other major

agricultural products.

3. To estimate how certain new technology applied in cassava produc-

tion may influence labor absorption.
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The analysis is limited to the production process. No attempt 1s made

to estimate labor absorption in processing and marketing of cassava.

The employment problem in Colombia.

The total population of Colombia was estimated at 22.6 million for
1970. Twenty nine percent of the ponulation was considered economically
active. Of the economically active, 2.5 million or 38 percent were engaged
in agriculture. Past population growth of 3.2 percent per year along with a
massive rural to urban migration resulted in an urban population increase of
5.4 percent anrually during 1951 64, while the rural population inereased at
a rate of 1.3 percent. During the same period, the three largest citles
grew at T percert per year (5). Employment creation has been insufficient
to meet the increase in the labor force amd unemployment is increasing.

Despite the rapid outmigration, it is estimated that only 70 percent
of the present agricultural labor force is employed. This figure takes into
account unemployment as well as urder--employment .

The Colombian labor force is projected to grow at a rate of 3.5 percent
anrually for a period of at least 15 years, while employment during the last
two decades rose by only 2.2 percent. It is estimated that agriculture will
need to provide employment for 50,000 additional persons anrually during
during the period 1970-85 (5). Wnat is the contribution that cassava produc-

tion can make to help fulfill this need?

Cassava in Colombia
Although cassava occuples a considerable area in Colombia (Figures 1 and
2), the crop has received little attention from researchers and public agencies

engaged in agricultural development. Yields are low, ard no significant
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improvement has been noted during the last 10 years (FPigure 2). The
production increases ercountered nave been due almost exclusively to
expanded area. A linear treni shows an anrual increase of 3.760 ha.

Cassava is typieally grown on small farms and a considerable amount of
the production is consumed by the producer ard his family. hence does not
enter the market place. Because of the past lack of interest for the crop
on the part of decision makers in researchand public policy and because of
1ts utilization as a subsistence crop, reliable statistical informaticon on
cassava is extremely scarce.

In order to obtain more information on the cassava production process,
a survey was carried out among 300 producers in 19 departments of Colombia.
Major emphasis was placed on obtaining reliable information on production
costs ard input use. This paper reports the major findings with respect to
labor use.

About 30 percent of the sample farms used machinery for land prepara-
tion. MNo other activities were mechanized. Considering the impact of mecha-
nized land preparation on labor use and cost of production, the sample farms
were divided into two groups according to whether land preparation was mecha=
nized or not.

Estimated labor use in cassava productlon.

Table 1 shows the esbimated labor use by production activity. Total
anrual labor use per hectare vas estimated at 81.7 man days for producers
using mechanized land preparaticn and 111.6 man-days for producers that pre
pared the lard manually. Weeding was fourd to be the major labor absorbing
setivity. Almost 60 percent of the total labor use among farmers with
mechanized land preparation was used for weeding. Manual land preparation

e and harvesting were other important consuming activities.
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In order to assess the general applicability of the results reported
in Table 1, comparisons are made with results from similar studies in other
regions. Total labor use per hectare in cassava production in the coffee
zones of Colombia was estimated to be similar to that estimated for producers
preparing land manually (Table 2). The distribution of labor on production
activities was quite different. More labor was spent on harvesting and
less on weeding in the coffee zones. Estimates from Northeast Brazil show a
considerable variation among regions. However, the average labor require-
ments are similar to those estimated for Colombia. ILabor requirements in
the production of cassava in Jamaica were estimated to be considerably
larger than those estimated for Colombia and Brazil.
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Table 1. Estimated labor use in the production of cassava

in Colombia by activity

per ha/yr & per ta/yr. =
land preparation 8.4 25.4
Planting 8.0 10.0 11.0 9.9
Re -planting 1.6 2.0 2.0 1.8
Weeding hg.1 59.0 43.7 39.2
Application of fertilizers 3.9 5.0 (R 6.5
Application of insecticides g2 1.0 4 4.2 3.8
Harvesting and packing 8.9 23.0 5.0 134
Total 81.7 100.0 11.6  100.0

1, ‘A refers to producers that use mechanical land preparation.
B refers to preducers that do not use mechanical land preparation.
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Table 2. [abor use per hectare and per ton of cassava

produced in Colombia  Brazil and Jamaica

ian-days Yield lMan-days
per ha/yr. (ton/ha) per ton
Colombia:
HMechanized land preparation BLT LT 7.0
naual land preparation 111.6 10.8 10.3
Colombia: &/
Coffee zones 105.0 - A
Northeast Brazil: ¥
Alagoas 96.0 10.7 9.0
Maranhao 69.0 10.0 6.9
Sergipe 165.4 13.9 1.9
Average 110.0 11.5 9.6
Jamatca: Y/
Mandeville 191.5 15.9 12.0
Sartta Cruz 186.0 6.3 29.5

1/ Data estimated in this study.

2/ From: Fondo de Desarrollo y Diversificacidn de zonas cafeteras.
Cultivos y Fmpresas de sustitucidn para zonas cafeteras margimales, 1968,
p. 35.

5/  From: Feasibility of manioc production in Noctheast Brazil. University
of Georgia, 1971, p. 45.

4/  PFrom: Rankine, Lloyd B. and lMarlene Hee Houng. A preliminary view of
cassava production in Jamaica. Occasional series No. €, Department of
Rzricultural fconamics University of the West Indies, Trinidad.
December_ 1971.
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The labor needed to produce a ton of cassava was estimated to be 7
man- days if machines were used for lamd preparation and 10 man-days if the
land were prepared marually. Labor needs per ton of cassava produced appear
to be very similar for Colombia and Northeast Brazil while they are somewhat
larger for Jamaica (Table 2).

Table 3 compares the labor use per hectare for 10 mejor erops in
Colombia. Among the 10 crops, cassava occuples a fifth place in terms of
labor use per unit of lard exceeded by sugarcane, coffee, plantain and
potatoes. Cassava provides twice as many jobs as corm per unit of land
ard three times as many as wheat. About one third of the farm value fo the
cassava production was estimated to be labor costs as compared to 58% for
sugarcane and 20 percent for irrigated rice.

Assuming that the Jabor use per hectare reported in Table 3 1is valid
for the total national production, the total anrual labor absorption in
cassava production was estimated to be approximately £0.000 man-years (Table
3). This amounts to approximately 2.4 percent of the total agricultural
1abor force. It is interesting to note that cassava absorbs more labor than
cotton, the latter traditionally being considered a major labor consuming

crop.

Potential labor absorption.

We now turn to the gquestion of the future role of cassava production
as a labor absorbing activity. The analysis will be divided into two parts.
First, we will attempt to estimate the demand for labor as a function of
the adoption of new technology assuming constant cassava prices. Then we
will remove this assumption to iclude the effect of product market relation
ships. Throughout the analysis, we assume an unlimited supply of labor, i.e.

increasing demand for labor will have no impact on wages. This assumption
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Table 3. Estimated labor absorption in the production of

various crops in Colombia

Total labor absorption

Percent of Labor costs
Man-years  total i in % of
?er na/ye. X/ (1.003_%’ Tot to o o valuw

S (1%%) man days)
(Ha.)

Coffee 1.069 134 572.8 22.9 38.1
Sugarcane 398 145 230.8 9.2 57.5
Corn 5h2 56 121.6 4.9 39.1
Plantain 240 120 115.2 4.6 35.0
Rice 273 68 Th.Y 3.0 20.5
Cassava 155 96 59.6 2.4 31.2
Cotton 238 62 59.2 2.4 28.9
Potatoes 80 115 36.8 15 26.4
Beans 92 &8 25.2 1.0 -
Sorghum 104 15 6.4 0.3 18.5
Wheat 61 31 7.6 0.3 25.5

1y Samuel R. Daines, et al. Summary Results of Employment, Income Distribu
£ion ard Small Farm Analysis. Amalytical VWorking Document No. 24
Colombia Agriculture Sector Analysis, AIL, Bogotd, 1972.

2/ Assuming that a man year is equal to 250 man-days.
3, Total agricultural labor force in Colombla 1970 was estimated to be

approximately 2.5 million (Economie growth of Colombia, problems and
prospects, World Bark country economic repart, Washington, 1972.)
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appears valid for the relatively smll demand changes to be dealt with
L]
in this analysis, in view of the present employment situaticn in Colombian

agriculture, as previcusly discussed.

Labor demand and new technology assuming constant cassava prices.

Virtually no technological changes has occurred in cassava production
in Colombla with the exception of some mechanization of land preparaticn.
Hence the analysis attempts to predict changes in labor demand if new
technology were adopted (ex ante)rather than evaluate what happened in the
past (ex post).

Three levels of technological development will be considered:

1. No new technology will be adopted. Area and yields will contimue
along past trends.

5. Mechandcal technology will be adopted for land preparation 1/.
Areaand yields will contirue along past trends.

3. Improved biological technology will be adopted. Area will continue

along past tremds but ylelds wlll increase.

1. o new technology. Past trends in cassava area show an anmual
increase of 3.760 ha. while yiclds have been constant (Figure 2). Assuming
constant factor and factor product proportlons, each additional ha. would
require an additional 96 man days per year (Table 3). Hence, assuming that
250 man-days equal a man year, the demand for labor would increase by 1.444
workers anmally. Tnis amounts to 2.9 percent of the estimated additioral

needs for employment in agriculture (50.000 workers) as previously discussed.

1/ Mechanical technology refers to traditional four-wheel tractors and

implements. Intermediate size machinery such as two-wheel garden tractors
are mot considered because of lack of data.
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Present employment in cassava is only 2.4 percent of total agricultural
employment. Hence an expansion of the cassava area along past trends would
provide more then its chare to employ the additional lator force. To the
extent that the new cassava area originates from subsitution between cassava
and other crops, labor requirements for the production of foregone Crops

would decrease. For example, substituting cassava for corn will Increase
1abor demands for cassava by 96 man days/ha and reduce it for corn by 56
resulting in a net increase of 40 man days/ma. However, 1t may be expected
that the majority of the net expansion of the cassava area comes fram land
not previously used for crops.

2. Mechanical technology: A large portion of the cassava ared is fourd on
hill sides where mechanization would not be feasible. Although its extension
is not known. there is a considerable area where present manual land prepara-
tion could be replaced by mechanical means. Such replacement would save
approximately 30 man days per }a. (Table 2). Figure 3 shows the relation-
ship between increasing mechanization of land preparation ard the reduction
in labor use. We may speculate that about 10 percent of the total cassava
area is apt for mechanical land preparation but presently prepared marually.
A change from manual to mechanical means on this area would displace about

1 860 vorkers. Assuming a contimuation of past trends in area, the additional

employment due to area expansion will be offset by mechanization.

3. Bioclogical technology: Assuming that a new biological technology adopted
by the farmers (high ylelding varieties resistance to certain diseases, ete.)
results in increasing yields, its major impact on labour requirements per unit
of lard will be felt through inereasing harvesting and packing costs. If new
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varieties mist be accompanied by increasing fertilizer use or improved
cultural practices, labor requirements for these activities may change as well.
On the other hard  insect resistant varieties may reduce labor requirements
for insecticide application. This amalysis is lirlted to the impact on
harvesting and packing labor requirements. Changes in labor requirements for
other activities would probably be relatively smll and would depend on the
specific characteristics of the biological technology, hence cannot be
estimated in this pgeneral analysis.

Iabor requirements for harvesting and packing as a furction of yield
vas estimated for the farmers inciuded in the sample previously mentioned.
A simple linear regression equation was used for each of the two activities.
The results were as follows:.

L, = 6.3986 +1.2781 ¥ ST = 0.6817

L, = 0.0220 + 0.5059 Y R = 0.8255
Wnere Iy = labor requirenents for harvesting (man days/ha.)

Ip = labor requirements for packdng (man days/ta.)
and Y = yleld (tons.ha.)

Hence, each unit increase in yields (ton/ha.) would require an additional
1.28 man days/ha. for harvesting and 0.51 man days/na. for packing or a total
of 1.8 man days-ha.

Based on this estimate we then proceeded to estimate the change in
labor requirements as a function of the level of yleld increase among
adopters of new biological technology and adoption rates. The following

equation was developed:
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L = (3 Ya) (% Az) (fn) (b +Dby) An
100 100 250

changes in total labor requirements (man years)

enf
"

(2 Ya) = percent change in yields on farms adopting new technology 2%

—
k-
5
—
[}

percent of total cassava area where new technology was adopted
¥n + average mational yields before adoption (ton/ha.)
3 D = coefficients of the above regression equations
2

An = total cassava area (ha.)

Substituting 1969 average national yields and cassava area for ¥n and
An and using the estimated values of the b coefficlents, the equation becomes:
L= 0.6747 (% Ya) (%Aa)
Hence, the impact of the adoption of new biological technology on
labor requirements can be estimated directly from the equation on the basis
of yield increasing effects and rate of adoption. Figure 4 shows the

relationship between rate of adoption nad lator requirements for selected

levels of yield increases. If, for example, adoption of a certain new biclcgleal
technology increases yields on adopting farms by 100 percent and the technology

is being adopted on 10 percent of the cassava area, the estimated increase
in labor requirements is 675 man years. If the technology is adopted on
50 percent of the area, labtor requirements increase by 3.374 man-years.

A certain increase in labor absorption may be brought about by a
rumber of combinations of yield increases ( ) and adoption rates (Aa).

Figure 5 shows this relationship for selected levels of labor absorption.
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As an illustration of the use of the curves presented in Figure 5, assume that
the desired level of increase in employment in cassava production is 1.000
man-years. This level may be reached by any combination of yield increase
and adoption rate shown by the curve labelled L = 1000 man years, for
example a yleld increase of 100 percent on 15 percent of the area.

Assuning a continuation of past trerds in area, the additiomal

labor demand estimated above should be added to that estimated here.

Iabor demand and new technology considering market impact .

In tle previous section we estimated the impact of new technology on
labor demand assuming constant cassava prices. We may conclude that, under
this assumption, the adoption of yield inereasing biological technology will
inecrease labor demard. Furthermore, assuming a continuation of past
trernds in cassava area, a considerable increase in labor demands will occur
even without the adoption of new technology. An expansion of mechanical
land preparation could severely reduce labor demards. However, a large
portion of the cassava area 1s fourd on 12latively steep slopes, not suited
for mechanized land preparation.

As yield ircreasing techrology is adopted and area 1s expanded, more
cassava will be produced. If the increase in the quantity produced excesds
the increase in the quantity demanded at the current price, a dowrmard
pressure on the price will result. 'The price decrease likely to result from

supply expansions can be estimated from the prize flexibility of demand ¥,

3/ The price flexibility of demand 1s defined as the percentage change in
the price of a cormodity for each one percent: change in the supply of the
commodity in order that the market may be cleared.
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The majority of the cassava grow In Colombia is used for direct human
consumption. The price flexibility for cassava for direct human consump:-
tion is such that supply expansions beyond rormal demand increases will
result in price declines proportionally larger than the supply expansions,
hence total reverues to the producer sector will decrease as production is
increased. This implies that traditiomal resources (land and labor) must
move out of cassava productlon as new technology is adopted. Herce, if the
cassava producers were to depend exclusively on the demard for direct human
consumption, large supply expansions caused by the adoption of yield increasing
biological technology would most likely result in a reduction in labor
demand. While the farmers adopting the new technology would expand labor
demands at least initially, the expansion would probably be insufficlent to
counteract the reduction in labor demands among non-adopting farmers, a
proportion of whom would not be able to cover costs at the lower prices.
The adopters, however, can stand a considerable price fall. The additicnal
production brought about by the new technology adds little to total costs
per ha. 4/ and the cost per ton is severely reduced.

There are & number of reasons why cassava prices may oot fall as
drastically as indicated above in the case of large production expansions.
The government, may establlsh support prices to protect the producer.
Furthermore, if prices are allowed to fall. new markets, such as cassava far
Iivestock fzed, will appear. This will slow down the rate of price decrease.
The price flexibiligy for the direct human consumption market is no longer
valid and further production expansions may well increase returns to the

producer sectar herce allow for a net increase in labor'demands.

iy Each additioral ton/ha. 1s expected to add the cost of 1.8 man day,
while the average current labor use, to produce 10 tons was estimated
at 06 man days/ha. Furthermore, the new technology itself may carry
a cost.
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Sumary and Concluslions

The present paper analyzes the present and potential labor absorption
in cassava production in Colembla. Present labor absorption is estimated to
be about 60.000 man-years, or 2.4 percent of the total agricultural labor
force. Accourting for 40 60 percent of the total labor reguirements,weeding
is the most labor consuming activity in cassava production followed by
land preparation.

The potential labor absorption was aralyzed as a function of increasing
cassava area and the adopbion of mechanical as well as biclogical technology.
If past trends continue, additional cassava area will require an anmual
inerease of 1.44l workers or 2.9 percent of the expected anmual increase in
the agricultural labor force. lechanized land preparation reduces labor
requirements per fa. by about one third. Herce, extensive mechanization
could have a very simmificant negative impact on labor demand .

While new bilological techiology is expected to increase labor demand
among adopters, the increase is relatively small (1.8 man day/additiomal ton
produced) and may well be offset by labor reductions among non -adopters
if cassava prices are permitted to adjust to large supply expansions result.-
ing from the new technology. Ther marginal cost asseclated with adoption of
yield increasing biclogical tecimology is extremely low. Hence, the
adopters will be able to absorb a considerable price fall and still maintain
a reasonable net return. As prices,fall, however, the non-adopters will
£ind their net returms reduced and losses may occur. This will cause a
reduction in labor and land dedicated to cassava among non-adopters. New
uses fcr cassava, such as livestoclk feed and imustrial processing are

1ikely to become economically sourd as prices fall. When this occurs, the
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price amy stabilize as production expands resulting in increasing reverues
to the producer sector, which in turn allows for additional employment.

pased on this study we may draw the following conclusions:

1. Cassava productlon makes a significant contribution to agricultural
employmert in Colombia.

2. TIncreasing the cassava area along past tremds to meet Increasing
demand may be expected to absorb a considerable rumber of agricultural
workers.

3. Adoption of yield expanding bioclogical technology will increase
labor demands among adopters.

I, The impact onl labor demand among ron-adopters will be neutral
if gassava prices remain constant, ard negative if prices fall.

5. The net effect on labor absorption in the producer sector could
be positive, neutral or negative depending on the extent to which cassava
prices decrease.

6. As the cassava production is expanded and prices decrease, new
markets for cassava are likely to be economically feasible. Hence, prices
will ot fall to the exterd indicated by the price flexibility of demard for

direct human consumption.
7. Extensive mechanization of land preparation is likely to have a

considerable negative impact on labor demards.
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8. The social objective of creating employment may conflict with
private objectives of maximizing profits. This paper has dealt with the
1ssue of labor absorption within a framework of profit maximizing firms.

It is quite clear from this analysis that while biological research may have
a considerable positive impact on productivity hence increase consumer real
income through reduced food prices and/or ircrease producer real income
through higher net returns, it may at the same time have an adverse impact
on employment. It is important that these trade offs among goals be

fully understood by goverrment policy makers so that corrective measures
may be introduced if needed to meet overall development objective.
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THE SAGO PAIM; A POTENTIAL COMPETITOR TO ROOT CROPS
- by
¥. FLACH
Introduction

Sago is the starch the sago palm accurmlates in its trunk as a reserve.
The pith of a sago trunk has the composition as given in table 13-4t
closely resembles cassava roots and therefore can be used for the same
purposes, i,e, for human food, for preparation of industrial starches and
probably also as an animal feed,

Table 1, Composition of cassava roots and sago pith (4)

tapioca root sago pith
fresh dry matter fresh dry matter

Moisture 62.4% - 80,0 -
Soluble carbohydrates | 35.5% 94.4% 18,5% 92.5%
Protein 0.4% 1.1% 0.3% 1.5
Fat 0.2% 0.5% 0.1% 0.5%
Fibre 0.8% 2,1% 0.3% 1.5%
Ash 0.T# 1.9% 0.8% 4.0%
Convertible to chips 43% 22,8%
(at 14% moisture)

Rasped and dried sago pith already for a long time has been used as a
feed for pigs and poultry, while refuse from starch factories is used as
a feed for pigs and also for cattle, It is likely that rasped, dried and
pelletized sago pith will be completely acceptable for the animal feed
industry, However, thies needs to be proven in experiments,

Botany

The palm genus Metmlcn consiete of some six species, The name is
derived from Greek, i.e. metira meaning pith and xylon meaning xylem. The
genus is indigenous in the lowlands of southeast Asia and Melanesia;
thore it occurs between 10° N and S up to a height of 700 m. Most species
are found on and around New Guinea which probably is the gene centre. The
economically most important species are M. sagn ROTTBOL and l, rumphii
(WILD,) MARTIUS. The latter name was given in honour of RUMPHIUS (1755)
who, in his 'Amboinsch Kruyd-boek' gave the first description of the palm
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accompanied by a drawing., The mein difference between the two species is
that M. sagu has no thorns, whereas in M. rumphii leaf sheath and petiocle
are covered with sometimes 8 cm long sharp thorns, BARRAU (1) favours the
idea that they should not be considered to be separate as they appear to
cross readily, This was proven in ocur department: the offspring of two
unthormed palms in Singapore Botanical Gardens also gave a few thorned
palna,

Under natural conditions the palm occurs in fresh water swamps in the
tropical rain forest zone, Single palms occur outside thie natural habitat
and appear to do well, provided they are tended properly. Probably in its
natural habitat the palm possesses a competitive advantage, The best
natural stands occur in clayish fresh water swamps, high in organic matter;
peat soils clearly are lesau well suited., Although sago occurs in swamps,
permanent inmundation appears to present a disadvantage.

In technical terms the palm is a once-flowering and tillering perennial,
The trunk acts as a sink in which the palm collects its superfluous
carbohydrates as starch, which is used for flowering and fruiting affer
which the trunk dies, Mostly already in the first year the palm forms a
number of buds in the axils of lower leaves which develop into shoots or
tillers, Such tillers may develop into new stems. (photo 1)

The crown of the palm consists of some 6-15 feathered leaves each composed
of leaf sheath, petiocle and approx, 20 pairs of leaflets of 60-180 cm (6).
The rachis is on the upper side concave whereas it is convex on the under-
side, On the trunk the leaf sheath may reach a width of 30 om, The oldest
leaves break at their leaf sheath; later the leaf sheath also drops and a
leaf scar remains on the stem.

Appearance of the inflorescence is preceeded by a number of smaller leaves
and ammounces the end of the life cycle of the trunk, The terminal
inflorescence, resembling an enormous antler, consists of a primary axis
dividing into secondary and tertiary axis, The tertiary axis bear the
small flowers in pairs, = male and an apparently complete flower together
(photo 4). Male flowers open and shed their pollen before the complete
flowers open; in the latter the stamens probably are not functional, The
palm therefore probably is an obligatory cross pollinator, In male and in
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complete flowers the six stamens have grown together into a tube, In the
complete flowers the half inferior ovary contains three ovules out of
which only one develops, This results in a beautiful scaled fruit with
only one seed (photo 3).

The palm possesses a large number of mostly superficial primary roots from
which often pneumathodes grow above ground level, Also the trunk may be
covered with roots, Each tiller develops its own root system, provided it
does not grow to far above the soil, After the first trunk has disappeared,
the connexion between its tillers may be severed, Tillers may produce their
trunks at considerable distances, sometimes even a few meters from the
original trunk (photo 1), The height of a flowering trunk without its
inflorescence may vory from 10-15 m, Usually at its base the stem has a
girth of 35-~50 cm, slowly increasing till 50-60 cm and tapering off again
111 approximately the girth at ite base, At harvesting the average trunk
welighs over 1000 kg.

The palm may be propagated from seeds (photo 3). In harvested wild stands
however, the palm as & rule is not permitted to produce ripe seeds,
because then the product to be harvested is used. Only low producing palms
will receive the opportunity of giving ripe seeds. This results into
negative mass selection, In cultivation however, the palm is propagated by
means of tillers or suckers, mostly from selected mother trees,

Yields of wild stands

In wild condition as on New Guinea and in the Moluccas palms are harvested
as their first young fruits are formed, This apparently is the moment with
the highest starch production per stem, It is however, very difficult to
obtain data on production per unit of surface and time under such
conditions, Wild stands show large variations in numbers of stools per
hectare of which also the age may vary, Moreover the age of harvested
trunks is only vaguely known. Best estimates on possible ylelds of wvery
nearly pure wild stands are 40-60 stems per ha and year (14), At 1000 kg
pith per trunk and a starch content of 18,5% this would result in 7-11
tons of waterfree starch or 28-44 x 106 kcal per ha and year,

It is amazing that such potentials, high even if compared to modern methods
of cultivation, have not been realized, especially if one considers that
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PHOTO 3

FRUIT,

PHOTO 1

FREE GROWING SAGO PAIM STOOL IN WET RICE
FIELD (SARAWAK)

PHOTO 2

SEED AND SEEDLINGS OF THE

WELL MAINTAINED SAGO PLANTING CLOSE TO
BATU PAHAT (W.MAL.)
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Indonesia possesses several hundreds of thousands hectares of nearly pure
stands, According to =11 reports the transport of the harvested stems to a
factory was the main difficulty. In a high producing wild stand transport
of 40-60 tons of rew material per he and year to a central point is
required for processing, This raw meterial, containing 80% moisture, has
to be transported in a swampy area, without roads and mostly also without
navigable waterways. The indigenous population has a very sinple solution
to this problem, The trunks are harvested and processed in the swamp. Only
the wet starch is taken out of the swamp.

Only in 1957 systenatic research in this field was started by a Dutch
company in New Guinea, Trunks were cut and rasped in the wild stands,
Rasped pith with its contents of starch was mixed with clear water and
pumped through a pipe line towards a floating factory and refined there,
In 1962 results appeared promising, but the experiments were ended because
of the politiecal situation,

Yields under semi wild conditions

The situation in the semi wild cultivation in Sarawak differs in a few
aspects from the situation in Indonesia, In Sarawak moBt sago areas are
established on peat scils instead of on mineral soils. On peat soils the
palns have less leaves; the leaves show all kinds of deficiency symptoms
and growth is slower, A palm grown on mineral soil may reach maturity after
8=10 years, whereas a paln on peat soil is said to reach maturity after
15-17 years (3). Yields from good sago land are reported at a level of

some 60 stems per ha and year, The quality of the soil is believed to

influence the size of the trunks also,

There is another difference Letween the sago arez in New Guinea and the
area in Sarawak. In Sarawak the sago area shows a fairly dense network of
small rivers and creecks, Although transport even of one-meter logs from

the site of felling to the river is difficult, transport in the water is
fairly easy, This resulted into the esiablishment of a number of sago starch
factoriea, These factories produce second quality starch because in the
procesaing they have to use water coloured by peat, Refuse of starch
production is not utilized but washed into the river.
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¥ields under cultivation

RIDIEY (7) already mentions the existence of sago plantings arcund Batu
Pahat, Johor, West lMalaysia, NICHOLSON (5) gives an accurate description
which, as I could see for myself in 1971, still holds true. Such cultivation
existed also on the island Benkalis and in the Lingga archipelago, east

of Sumatra in Indonesia (9; 8). Vhethor cultivation is still practised
there remains uncertain, Dut cultivation is still extended around Batu
Pahat, Official estimates amount to 2000 ha while in the last few years

at least 100 ha were planted.

In the Batu Pahat area the palm is planted in clayish soils in coastal
areas, under tidal influence but above the salt water line, This results
in twice daily flooding and draining of the plantings with fresh water,
The palm is planted by means of carefully selected well sized suckers at
6 x 6 m (277 suckers per ha). Around the palms the soil is kept clean
weeded; the plants are regularly and carefully pruned in oxder to ensure
an even spread over the surface,

After eight years of growth the first trunks may be harvested (photo 2).
Each stool of palms, derived from one planted sucker, produces one trunk
per two years, So an estimate of 130 trunks per ha and year on good sago
land == clayish soil, high in organic matter - is realistic. This would
lead to a production of 24 tons of waterfree starch or 96 x J.(It6 keoals It
was observed that the trunks ave harvested before the inflorescence
develops in the growing point, This probably is the moment with the
highest production per unit of surface and time. Trunks are cut as low
above ground level as possible and transported to the processing plant as
rafts consisting of one-meter logs. For this purpose the whole area is
provided with a dense network of interconnected small canals connected
with the river., This metwork also enables the area to flood and drain
easily.

This continuous flooding and draining of the sago area probably also
provides the mutrients for the sago paln, as no fertilizer is used. From
data of WOOIMAN et al (13) it was calculated that the pith of the palms
he used for analysis contained the rmutrients given in table 2, It is
assumed that these figures also apply to Batu Pahat, because of lack of
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bettor figures, All nutrients in other plant parts are assumed to be
returned to the soil, approximately in situ,

It stands to reason that in an area flooded and drained twice daily the
nutrient contents of the soil are in eguilibriun with the mutrient contents
of the fresh water that floods the soil, Data on the river running through
+he area is not available, contrary to 2 survey on the nearby lMalacca
river (10). A comparison of these data with the nutrient contents of sago
pith is given in table 2, It is aseumed that the area is flooded twice
daily with a layer of 10 cm water above ground level.

Table 2, A comparison of nutrient contents of harvested sago pith and
mutrient contents of flooding river water

Matrient Totel of nutrients Parcentage to be
contents flowing over the withdrawn from the

Wotuiart of pith soil in zqueous aqueous solution in
of 130 solution in kg order to maintain
trunks per per ha and year the yields
ha and year

N 80 kg 763~ 903 10.5- 8.9

P05 30 kg 161~ 301 18,6-10.8

K0 160 kg 1,883-2,772 8.5= 5.8

Cal 100 ke 1,834-2,030 5e5= 449

Mgo 40 kg 1,295-2,296 Sel= 1.7

The conclueion can be drewn that the sago cultivation as described could
be considered to be a kind of water culture, Thie probably is the
explanation for the continuous high yield level without the addition of
fertilizer, Ae application of fertilimer in such a situation is wvery
difficult, it might also be a linmiting factor to an increasing yield level,

It is amazing to note that this interesting and high yielding culture

hardly received any attention in research., This level of production was
reached by the farmers themeelves without any outside influence, It is
therefore of interest to caleulate whether yields still could be higher

and research is worthewhile,
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Potential Production

If all other conditions are optimal the dry matter production of a crop

ig determined by photosynthesis ond thus by sunlight. In the tropiecs
theoretically one can grow & crep the year round, In the region between
109 N and S gross photosynthesis amounte to on the average 400 kg of
carbohydrates per ha and day on & day without clouds, On 2 clouded day,
however, photosynthesis reaches only 220 kg carbohydrates (12), Roughly
308 of the carbohydrates produced the plant uses for respiration. Assuming
that in the humid tropics the sky will be half elouded on the average,
production of carbohydrates could be roughly estimated at 200 kg per ha
and day. Of course, depending on the cloudiness production could be higher
or lower, As an average however, the figure given serves well,

A comparison of potential production of rice, cassava and sago palm under
the circumstances mentioned is given in table 3, In this table the percent-
age of usefull dry matter in rice and cassava is based on data given by
de VRIES (11). Usefull d,m, production of the sagopaln was estimated by
means of comparisen with the o0il palm (2). A sago paln is estimated to
consist of erown and roots 50 kg, bark of trunk 200 kg, pith 1000 kg, Iis
20% d.n. contains starch at 18,53 of 1000 kg fresh pith ox 74% of total
dam.

It appears from the comparison that the sago palm wins in potential
production from both cassava and rice, Two factors can be distinguished,
i,e, a more fayourable d,m, distrivution, which is important for both
cassava and sago palm, and sccondly a longer period of closed canopy, by
means of which the sago palm also wins from cassava, The latter point
shows clearly the advantage of sago palnm, that if closely resembles the
climax vegetation in the hunid tropical lowlands, actually even is part
of it. Moreover the present yields of the sago palm theoretically may be
doubled,
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Table 3. A comparison of the potential production of rice, cassave and

sago palm
rice cassava sago palm
Assuned duration
of growth 120 days 270 days 30 yeaxrs
Estimated period
before closed
canopy is reached 50 days 90 days 4 years
Estimated d.m, prod,.
b BeLaEs 50:;2001:3 90;2901:3 még_;_z_ogkg
b. after T0'= 200 kz | 180 x 200 kg |26 x 365 x 200 kg
closed canopy
Hstimated d.m, prod.
per day of vegetation 158 kg 166 kg 186 kg
Percentage usefull d.m. 40 80% T4%
Usefull d,m, per day of
vegetation in kilocalories | 252 x10° | 531 x 10° 550 x 10°
Production per day
in % of rice prod. 1005 210% 218%
Part of increase over
rice due to
a, longer period of
closed canopy - 5% 18
b. more favourable
d.m, distribution - 105% 100%
Potential orop yield
in practical texrms 84500 kg 97 tons of 270 tone of
polished rice fresh roots | debarked pith

per harvest |

per harvest

per year of full
production

Main advantages and disadvantages of the crop

It is fairly easy to mention a few distinet advantages of this crop over

all other starchy crops:
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(I) It is perennial orop fitting into the olimax vegetation.

(ii) The orop is especially suited for swampy areas which at the moment
pannot be used without expensive measures for water control,

(4ii) The crop is @ relatively simple one as regards maintenance and care.
One man could probably easily tend 5 ha,

(iv) Ha&vasting of the crop is not confined to a seasonj neither is
harvesting limited to a strict physioclogical growth phase,

(v) Harvested stems cun be kept in water during some weeks without great

losses,

In other words the sago palm is a relatively simple crop, suitable for
small scale farming and well adapted to continuous production of either
animal feed or starch, in regions where other uses of the soil are limited,

There is, however, in addition to the problem of transport of harvested
produce, one other problem which presents a clear disadvantage, i.e, the
long == 8 years -- periocd from planting to first harvest, This is the main
economiec problem for a rapid expansion of sago cultivation throughout the
tropical belt of the world. The evidence presented here gives some support
to the thought that this period could be shortened by means of fertilization,
In peat soils, which are characterized by being acid and poor in nutrients,
the palms take 15-18 years untill maturity. On good mineral soils maturity
nay be reached after Be=l0 years, Therefore with heavy fertilization it
might be possible to harvest earlier; but fertilization may prove impossible
because of the flooding,

If earlier harvesting proves impossible, other means are available to

reduce the economic disadvantage of the long juvenile period, If virgin
swanp forest is used for planting, one could start clearing by means of
poisoning the large trees and later on the undergrowth could be cut
progressively, In this way the cost of clearing would be reduced,

There may be another possibility to reduce the economic effect of the long
Juvenile period, In the first four years after planting much unused space

is awvailable between the suckers, If the finally remaining palms are planted
at 6 x 6 m, one then could plant one additionsl sucker in the centre of

each sguare, The latter suckers then could be left to grow into one or

maybe two trunks each, In the first few years one could then harvest
approximately double the usual number of trunks, in this way compensating
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the losses of the eight-years' juvenile period.
Conclusion

The sago paln appears to be a hithertc neglected starch crop with a high
yield potential and suited for marginal soils, Due to its unique
poesibilities, a research effort directed to this crop could lead to
inmportant results aiding in a solution to the werld food problen, It is
suggested that this crop be included in the ones of interest to the
International Society for Tropical Root Crops, despite it not being a

root CroDe
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THE COMPARATIVE ETHNOBOTANY OF AFRICAN AND ASIAN YAM CULTURES
By
D.G. COURSEY

Tropical Products Institute, 56/62 Gray's Inn Road, London, England.

Introduction

At a Symposium attended mainly by agricultural scientists and
other biologists, a discussion of the prehistory of the development of
yam cultivation may to. some appear out of place. But, conversely, if
there is to be concern with the present strains of root crop production
in the world, and with the development of such production in the future,
to the highest optimal level, it is appropriate and indeed necessary to
understand something of the past. This is especially true when dealing
with root crops rather than with some of the better-known crop plants.

Agricultural science, wherever in the world it may be applied, was initial~

.1y a development of Western Europe and has been much influenced by European

modes of thought: these in turn were influenced by cultural concepts ulti=
mately derived from the so-called "Neolithiec Revolution" of South=-Western
Asia of 7 to 10 millenia ago, where the process occurred that brought seed-
propagated grain crops and a number of animal species, but not vegetatively=-
propagated root crops, into domestication by man. Various authors (7,
16, 40) have drawn attention to the interpenetration that has occurred
between scientific thought and the folk ethnocentricism of Western Europe,
and the confusion so generated when tropical food production systems are
being considered: it is in this context that the culture history of man
in relationship to tropical root crops is of great importance.

One outcome of this interpenetration is the frequently made
supposition that any non=grain-using or pre-grain-using culture is
necessarily at a very low order of evolution; that only grain-based cul=-

tures are based on a symbiotic relationship between man and plantj; and
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that thess must be constrasted sharply with the hunter/gatherer cultural
level at which it is supposed that man is purely parasitic on his envi-
ronment. It may therefore seem surprising that in connection with the
cultivation of yams there are two major areas in the world to which,
quite independently, the term "la civilisation de l!'igname!" has been
applied. The first of these is that part of West Africa between
Central Ivory Coast and the Cameroun where root crops, especially yams,
are the dominant staples (32, 14, 18). The other is that part of the
Indo=Pacific area based on Melanesia, but extending into Micronesia
and Polynesia where yams and other vegetatively propagated crops are
important (23). Yam cultivation in this area has been considered in
detail by Burkill (8, 9) and by Barrau (4, 5, 6, 7).

This paper examined some aspects of the culture history of
the man/plant relationship in these two areas, and attempts to draw some

more general conclusions.

Botany

The African and Asiatic species of Dic.corea have long been
isclated genetically from each other: pvobably since the Miocene and
in any case since long before man's apoearance in the world. The
differences between Asiatic and African species are, however, far less
than between Old World and New World Dioscorea, where divergence occurred
much earlier in geological history, and there are close morphological
parallels between many African and Asiatic species, even in the wild

state (14).
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Man has thus domesticated different species of yam in the two
continents (see Table 1) but there are a number of parallels between
the domesticates in the two areas. Particularly ciriking is the fact
that in each continential area yam utilisation tends to be dominated by
a single cultigen. In Asia the cultigen D. alata is of the greatest
importance,; though D. esculenta (a species which has no parallel in
Africa) and some others are also widely grown. In Africa the extreme=
ly similar cultigen D. rotundata is dominant in cultivation, even though
several other species are also cultivated in the earlier times a greater

variety was probably utiliscd.

Table 1

Principal African and Asian Yams Utilised as food

African Asian
D. rotundata Poir. D. alata L.
D. cavenensis Lamk. D. esculenta (Lour) Burk
D. praechensilis Benth. D. nummularia Lamk.
D. bulbifera L. D. bulbiera L.
D. dumetorum (Kunth) Pax D. hispida Dennst.

D. pentaphylla L.

What is perhaps most significant is that both the dominant
species, D. alata and D. rotundata are cultigens - i.e. artefacts of
man, which are known in the wild state only as escapes from cultivation.
The Asietic species is believed to have originated from spontaneous
hybrids between D. hamiltonii Hook and D. persimilis Prain et Burk.,

two closely related species whose natural ranges overlap in Northern

Burma and Thailand (8, 9). The ancestry of the African cultigen is
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less clearly understood but is believed (3, 15) to have originated from
D, cavenensis and a savanna species, probably D. praechensilis, with
a possibility of a second savanna species D. abyssinica Hochst also
contributing to its ancestry.

Both cultigens belong to the section Enantiophyllum of the
genus Dioscorea whose members are characterised by the formation of
a single large tuber with only limited formation of subsidiary tubers.
Both have been in vegetative propagation under domestication for sexual
reproduction and fertile seed is only very rarely formed, although it

is known in both species-

Asian Yam Cultures

In his early work on the origins of cultivated Asiatic yams,
Burkill (8) assumed that the emergence of cultivated forms was com=
paratively recent; that domestication occurred subsequently to the
introduction of grain-based agriculture into both India and Chinaj
and that the pressures generated between these two grain-based cultures
on the aboriginal peoples of the S.E. Asian peninsula provided the
jnitial stimulus for yam domestication, at a date only about 2000 to
3000 BP. Although there is every reason to accept the hybrid origin
of D. alata, and that it is in tropical, as opposed to equatorial,
regions where large-tubered forms of plant are most likely to
oceur (as the fluctuation in seasonality between wat and dry makes
a large, and more esculent, organ of dormancy necessary) the dates

suggested for domestication are far too recent.
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The original concept of a separate origin of agriculture in the
S.E. Asian region can be attributed to Haudricourt and Hedin (25) and
after being more widely popularised by Sauer (36) was developed sub=
stantially further by Barrau (5565 7)s These writers hypothesize
that vegetatively propagated crops were brought into symbiotic associ=
ation with man in S.E. Asia area independently of the S.W. Asian "Neo=

1ithic Revolution" and probably at a much earlier data. The aroid

Colocasia esculenta (L.) Schott was probably the first plant to be

e

domesticated in this area and was brought into cultivation by littoral
or riverain people dependent on fishing as their major nutritional
base; this crop was subsequently developed in cultivation particular=
1y in the moister areas (5). The yams, essentially plants of some=-
what drier conditions than Colocasia are associated with regions of
higher seasonality of rainfall, i.e. the savannas rather than the
forests, and were suggested as somewhat later, but still exceedingly
early, demesticates, although it has been suggested (13) that they
were the first plants ever to be cultivated, These concepts are now
beginning to receive scme firm archaelogical support. Though no
recognizable fragments of either aroid or vam material have so far
been isolated in excavations, both artefacts and other plant material
strongly indicate a positive symbiotic association between plant and
man of an essentially horticultural nature at dates around 10,000

BP in various parts of S.E Asia. Most of the available evidence
which has recently been reviewed (12, 38) suggests an entirely
separate and earlier agricultural revolution, quite independent of

the "Neolitic Revolution" of S.W. Asia.
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On most of the S.E. Asian mainland and many of the neighbouring
islands the cultivation of vegetatively propagated crops such as aroids and
yams is now of distinctly secondary importance although these crops are
still known and used. Displacement was initially by rice (which may have

been originally (12) a weed in flooded Colocasia fields); by dry land

grain crops of more recent introduction; and, in the last few decades
by cassava. But before this displacement occurred these crops were
carried by the Polynesian migrations, archaelogically dated as originating
on the coasts of the South China Sea between 4000 and 3000 BP, to the
furthest reaches of the inhabited Pacific Ocean; and in many parts of this
area they are still of very great importance.

It is in Melanesia, the area based on New Guinea and extending
through the Soleomons, New Caledonia and Fiji, that the cultivation of
root crops, in particular yams, has survived to the present day as the
core of the agricultural complex: it was parts of this ares which were
designated by Haudricourt as "la civilisation de 1l'igname'. Within this
large and climatically diverse region, there are variations, depending
basically upon ecological factors between specific areas as to whether

yam or Colocasia is favoured, and the whele production system of the

area has alsc been modified within recent centuries by the intrcduction
of the sweet potato (Ipomoea batatas (L) Lamk.) which made possible
extensive colonisation of the New Guinea highlands where the climate is
too cold for either yam or Colocasia to grow well. Throughout the area,

the yam more than any other crop is not only the major nutritional base but

is also the focus of the human socio=cultural system. In most of

1
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Melanesia, one may find a complex of ritual and socio-religious beliefs
associated with almost every phase of the cultivation, storage and handling
of yams. Although other species are also respected for their value as
food, these cultural associations relate meinly to the cultigen D. alata.
It is not possible here to go into detail, but reference may be made to
the practice of growing giant tubers of D. alata, (frequently more than
2m long and weighing more than 50 kg) under very carefully ritually con=
trolled conditions (26, 29); to the highly complex system of ritual ex-
changes of yams between inidivduals and groups: to the sexual taboos
associated with yam cultivation, which can even insist on total celibacy
during the entire growing season; and the role played by giant yams in
formalized ritual conflicts (29, 30, 39). The concept of a close
spiritual relationship between man and yam appears in the writing of all
these workers, but even more strongly in the legends recorded in New
Guinea (2) where iseas of an actual transubstantiation between man and
yam, associated with the mythical origins of the human race, occur.

The antiquity of yam cultivation in Melanesia is not clearly
established. Most of the little archaeology so far done has concen=
trated on the highland areas of the Ipomoean culture where human occu=-
pation may not be of very high antiquity. Recently, however, evidence
has been produced for the existence of horticultural systems closely
similar to those of the present day at dates around 5000 BP in New
Guinea (34). These dates would be consistent with the origin of the

yam and C-locasia-based agricultural systems deriving from earlier

cultures of mainland S5..E. Asia.
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In addition, there exist in several parts of Asia, small, isolated
groups of people who are culturally and ethnically distinct from their
neighbours, and who utilise yams as their major staple. Notable
amongst these are various Indian hill tribes such as the Kadar; the
Veddas of Sri Lanka; the Andaman Islanders; the Semang and Malaya and
various aboriginal groups in the Philippines (16). These people are
at an early level of cultural evolution and have often been described
by ethnographers as being completely non-agricultural. However, as
pointed out by Burkill (10) referring specifisally to the Andamans "They
make D. glabra a crop plant to the small extent that the elders issue a
taboo on the digging of the yams in the season of new growth" and, as has
been pointed out elsewhere (7, 16, 18), ritual practices associated with
this "protection" of the wild yam may be regarded as an incipient stage
of horticulture.

The food plants of the Australian Aborigines, at least in the
Northern part of the continent, are similar to those of tropical Asia,
New Guinea etc. (21), and even amongst these people, there are what
might be termed proto-agricultural rituals and concepts, similar to

those of some of the relict Asian groups.

African Yam Cultures

Though yams are cultivated and utilised to some extent through
most parts of Africa, ecologically suitable for their growth, the main
concentration occurs in the West African "Yam Zone'". Here the culti=

gen D. rotundata is the principal species although various other species

are also grown. It is, however, with the cultigen D, rotundata that

L : . !
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the greater part of the human cultural aspect of yam growing is associated:
in fact in more than one West African language, the name applied te this
species signifies some such concept as "proper yam" (3).

A major ehtnobotanical difference between the African and S.E. Asian
areas is that in Africa no aroid crop, adapted to swamp or at least high
moisture conditions was deomesticated to any substantial degree, comparable

to the domestication of Colocasia in Asia. Today, Colocasia is widely

known in Africa (together with the recently intorduced Xanthosoma of Amer=
ican origin), but it is an introduction only of the last millenium or two.
Some wild African aroids (Amorphallus and Anchomanes spp) are occasionally
eaten but they have never been developed to any extent as cultivated plants.
In contrast therefore to the Asian situation where aroid cultivation develop=
ed in the more humid areas, the yam cultivation in the areas of seasonal
humidity, in Africa one must look for the origins of root crop agriculture
mainly in the savanna areas and in association with the yam.

Against this however must be considered the biclogical origin of D.
rotundata. One of +ts parents, D. cavenensis, is icself a forest species
and other parent or parents savanna species. It is only reasonable there=

fore to assume that D, rotundata arose initially at the forest/savanna eco=

tone, and as we have discussed elsewhere (3, 15), this yam may be refarded
as a derivation from natural hybrids which arcse where the natural zones
of the parent species overlapped (that is at the forest/savanna ecotone),
and that some of these hybrids, although poorly adopted to survival in the

wild state, were capable of surviving under the protection of man.
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Today an cnormous rangc of cultivatod forms ~='nts which shade
impercoptibility from purc D, caycnensis on the one hand to somcthing very
close fo an improved form of D. prachensilis at the other end. Although
a considerable number of thesc cultivated forms have bemn studied (41)
and others recently cocllected and established in Puerto Rico, the culti-
vated material in cxistence in West Africa, has never been exhaustively
studied. Serious crosion of the genetic resources is taking place both
through the displacement of yam cultivation by rice and cassava and also
by the spread of the particularly favoured varieties of yanm. In Ghana,
for example, it is believed that some BO% of yam production is accounted
for by two particular cultivars- High priority should be given to fully
collecting and cataloguing the existing West African cultivars before they
are lost for ever (14, 17).

As in Melanesia, so in West Africa, yams are not only a major
nutritional base but, at least until recently a focus of human culturc,.
Comments on the importance of yams and their social and even religious
significance have been made spasmodically by visitors to Hest Africa since
the 16th Century, but little attention has been devoted to the subject by
ethnographers or anthropologists, and little reliable information appears
in the literature.

It is nevertheless clear that prior to the impact of Western edu=-
cation and ideologists, the farming cycle concerning the yam was also the
basis of the human social calendar, dominated by the annual ceremony held
to open the yam harvest (18, 33). Other events in the farming year were
also associated with social, cultural or religious festivities, few of

which have been well documented, Yam played many roles beyond that of

71 3 (
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food: it was an essential constituent of sacrifices or other offeringa in
the traditional religious systems; in at least parts of the Yam Zone of
West Africa the yam is associated with particular deities in the traditional
religious systems (2, 33); a man's social position may be related to his
competency as a yam farmer; theft of yams nmay be regarded as a more
heinous crime than theft of other goods, even of greater valuc.

These and other philosophical concepts related to African yan
cultivation have been discussed elsewhere (14, 18) but, just as there is
a need physicallu to collect the African yam cultivars, before they are
losty there is a need for ethnological study of traditional concepts and
practices relating to yam cultivation before they too finally disappear,
Many traditional customs confined to the older generation, Such a study
should be of great value in understanding the development of produetion
systems, and be a guide towards the future developments.

Although no rigid archacological evidence exists to date, yam cultie
vation or at least the systematic utilisation of yams may well be of very
high antiquity in Africa. It far antedates the earliest European contacts
oa, 600 BP, while traditions strongly suggest that it also antedates the
introduction of iron, approximately 2000 BP., Many writers have assumed that
agriculture of any sort in Africa can only have arisen subsequent to trans=
Saharan Neolithic contacts with the middle east: while there is little
doubt that such factors influenced and accelerated the development of the
existing agricultural system (1), the beginning of the evolution may well
be considerably older and of purely African origins. The collection of

wild yams has been related (19) to African artifacts dated ca, 50,000 EP,
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while an analysis based on both climatic changes, and changes in the
human population that are archaeclogically recorded by appearance of
microlithic industiries in West Africa suggestsz a major cultural changs
approximately 10000 BP, associated with the appearance of the organized
production of yams based on the selection and protection of natural

hybrid yams at the rain forest/savanna ecotone (3, 15).

Origins of the Yam Cultures

Current views on the processes of plant domestication (22),
indicates that, whereas grain and similar crops were domesticated in
the sub-tropical areas if S.W, Asia and niddle China, in closely cir=-
cumscribed areas that can be regarded as Centres of Origin in the
Vavilovian sense, the tropical and equatorial crops were domesticated
rather over wide, diffuse areas or "Non-centres" in sub-Saharan Africa
and in South-East Asia. These broad areas were originally culturally
discrete from the more northerly Centres, although as history proceeded,
cultural interaction toock place between each centre and its equavalent
"Non=Centre", Yams in both Africa and Asia are domesticates of the
"Non=Centres'.

Although different yam species weredomesticated in the two areas,
the parallelism of evolution that has occurred is extremely marked,
not only in the morphology of the plants th mselves, but also in the
cultural complexes that have been built up around them. In particular,
the protocultural phase of evolution which we have hypothesised else=
where (1B) as being a major step in the origins of African yam culti-
vation finds close conceptual parallels in the ethnographic present

amongst the much less advanced Negrito and similar relect peoples of
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Asia. Indeed, there appear to be very close similarities in the man/
plant interrelationships wherever yams are a major staple focd anywhere

in the 0ld World. The fact that these relict groups, whose cultures

are of much higher antiquity than those of major civilisations (Indian and
Chinese) of Southern Asia, have similar practices, even where they have
survived in isolation, is, together with the emerging archacological evie
dence, highly suggestive that the first steps towards yam domestication

in Asia were taken by the remote ancestors of these people, when they were
much more widely spread through tropical Asia than they are today. The
presence of customs related to these amongst the Australian aborigines,
who first reached the continent 30,000 BP and whose stone tools resemble
very carly African and pre~Aryan Indian artefacts (2') is also suggestive
of an extreme antiquity for at least the beginnings of the man/yam symbio=
tic relationship. The work of Davies (19) and the writer (15) has indi=
cated, rather more speculatively, similarly extreme antiguity for the
initiation of similar man/yam symbiosis in the African "Non=Centre".

While recognising the separateness of the African and Asian "Non-
Centres! of plant domestication, it does appear that some form of cul=-
tural continuum existed in extremely early times right across the tropical
0ld World from West Africa at one extrocme to New Guinea at the other,

The man/yam relationship developed into a true agriculture only at the
two extremities of this continuum, probably under the influence, in the
later phases, of cultural contact with the grain=-based civilizations
further north in S.W. Asia and in China (1). Nevertheless, some pro=-
gress towards agricultural or horticultural evolution took place in

many other intervening arcas right across this hypothesized continuum,




N - 1k -

as what might be termed the "Mesolithic Revolution", based on the "pro=
tection" or partial domestication of vegetatively-propagated plants, as
indicated by the existence of concept ally similar yaas-related customs in
West Africa, Melanesia and among the various relict groups.

The hypothesis of such a cultural continuum is supported from
an unexpected direction, by ethnomusicology. Sephisticated, computer=
based statistical taximetric techniques have been used to analyse the
traditional music patterns of a great number of different ethnic groups
and classify them according to their degrec of similarity. In this
study, it was found that higher orders of correlation exist between the
music of Africa, Melanesia and the relizt Indian groups, all within this
hypothesized continuum, than would be expected between such widely separated
groups. The "hypothesis that a continuous ring of gardening cultures once
linked Oceania to Africa' was suggested, though "pnly traces of this ancient
human distribution seem to have survived the incursion of higher cultures'

between the two extremes (31).

Some General Conclusions

Man has not only modified plants for food production, but since he
initiated food production systems, has become himself the product of an
artificial system, human culture itself, being in part an artefact of
man's relationships with his crop plants and domestic animals. It could
even be said that domestication is a recip:rocal process, and that man has
been domesticated by his crops just as he has domesticated them. The
consequences for man of the evolution of various food production systems
have not been explored except in the most general terms and there is a

great need for a study of the cognitive and conceptual aspects of these
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offocts on human culture (37). Attention has already been drawn (24) to
differences in cultural behaviour betwoen socibties with grain=based agri=-
cultural systems derived from the S.W, Asian "Neolithic Revolution" and
those with vegecultural systems based on root and tuber crops of the B.E.
Asian area = the latter derived from the hypothesized "Mesolithic Revolution'.
The former, dealing with crop plants which require a direct, active and
selective approach by man have lead to an "intercentionist! type of mental=
ith and ultimately to the type of cultural system that is now dominant in
the world, a concept which was anticipated as carly as the writings of
Rosseau (35). On the other hand, the indirect, less positively active
relationships between man and vegetatively propagated crop plants such as
the yam leads to a "non=interventionist" attitude of mind and an altogether
clower integration of man as part of the overall ecosystem rather than as
something above, and separate, from it.

The whole question of the cultural effects of differing
types of man/plant relationship needs further attention, especially so in
those surviving cultures where root crops such as the yam are the predominant
food plant, As Campbell (11) has seid, "Ritual iS.sess..the DNA of society,
the encoded informational basis of culturce..esssssssthe memory core of human
achievement".

So, we return conceptually to our opening comments and
suggest that studies of the surviving yam cultures from the points of view
of the prehistorian and also of the ethnologist may well be rewarding in
improving out understanding of the crop plants concerned and so optimising
their future usec. There may even be an unexpected spin-off in terms of
a broader understanding of the basis for human culture, in its relationship

to food production systems.
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PHYSTIOLCGICAL VARTABILITY IN THE
MINERAL NUTRITION OF CASSAVA
by

D.A., Formo, C.J. Asher, D.G. Edwards and J,P, Evenson

INTRODUCTICON

The importance of cassava (Manibot esculenta Crantz,)
for food, as a potentially cheap source of carbohydrate for
livestock and for industrial purposes is now well recognized.
However, although considerable attention has been given to
improving the overall agronomy of the crop and to the breeding
of superior lines, relatively little attention has been given
to the physiology of cassava, Morphological differences
between cassava cultivars are well known (2). and provide
visible evidence of the vast genetic diversity among cultivars.
However much less is known about the physiological variation
among cultivars, although the limited evidence available
suggests that this may be substantial also (4), Large
differences between cassava éuitivars in their response to
fertilizers, observed in Ghana (S.H, Evelyn, pers. comm,),
provides further evidence for physiological differences in
cassava,

In order to investigate physiological differences
between cultivars in nutrient response, studies were cormenced

~ at the University of Queensland in early 1972. Since then

considerable evidence has been obtained for physiological
differences effecting the response of various local and

imported* cultivars to root remperature and to calcium and
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nitrogen nutrition.
In this paper, it is intended to jliustrate the magni-

tude of thege differences by reference to specific examples,

EXFERIMENTAL

Most of our work so far has been conducted using
flowing solution culture techniques that permit precise control
to be maintained over nutrient ion concentrations, pH and
root temperature (1), For this purpose it is convenient to
use small stem tip cuttings with much lower total nutrient
contents than would be the case with the larger stem cmttings
usuzlly employed in field plantings of cassava.

We have found that stem tip cuttings, lateral buds and
even detached lezves can be readily propagated in mist culture,
and have constructed experimental mist propagators in which

both root temperature and nutrient supply can be varied.

RESULTS AlD DISCUSSION

Effect of substrate caicium concentrations on root development

Root development by stem tip cuttings grown in mist
propagation chambers was markedly affected by the concentration
of calcium in the rooting medium (Fig. 1). When no calcium
was supplied, the Toot developnent of all three cultivars was
greatly retarded and the roots were stunted with brownish=

black tips.

% The authors gratefully acknowledge the assistance of Prof.
D.L. Plucknett (University of Hawaii) and Dr, F.W. Ma=tin (uspa
Puerto Rico) in obtaining cassava cultivars of Puerto Rican
origin,
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In Ceiba, root growth a.peared healthy at 15vHM
calcium, but in Nina and UQ2, the roots still showed obvious
symptoms of czlcium deficiency. Further marked differences
in response to calcium supply were noted at higher concentra=
tions., Thus Ceiba was relatively insensitive to substrate
calecium concentrations over the range 15 to 1500 ¢ M, Toot
yields increasing graduaily throughout this range. However
in Nina and UQ2, substantial increases in root yield were
observed when the calcium concentration was increased from
15 to 150vM, while yields tended to decrease at higher

calcium concentrations.

ngect of substrate temperatures on root development

When stem tip cuttings were supplied with 1553M
calcium, large effects of temperzture on root development
were obtained in the rcot propagation chambers and there were <
agein substantial differences in responses of individual
cultivars (Fig.2). At 20°C, root growth was severely retarded
in all three cultivars, and increasing the temperature to
250C caused a four to nine fold iuncrease in root yields,

At 25°C, Nina produced its best root growth, whereas
for UQ2, best growth was obtained at 30°C. For Ceiba however
root growth was still increasing at 35°C. At this latter
temperature, the rcot growth of Nina and UQ2 was retarded.

However, the data obtained in this experiment relate
to optimum root temperatures for root initiation and develop=

ment, rather than to optimum root temperatures for preolonged

Digitized by the Hunt Institute for Botanical Documentation




-
growth., Nevertheless, substantial difforences may exist
between cultivars in root temperaturess required for optimum
growth, For the following studies, the root temperatures of

all cultivars were maintained at 25°C to avoid possible heat

injury.

Effect of Calcium concentration on growth of rooted cuttings

In a flowing culture experiment conducted at a range
of controlled calcium concentrations, large differences were
found in the responses of individual cultivars., Figure 3
shows the results for two cultivars studied. In the three

lowest treatments (0,3, 3 and 10~M Ca), the growth of both

Nina and UQ5 was severely retarded and root growth was

particularly stunted, ‘However above 100yM, there was little
effect of calcium concentration on the growth of Nina, but
for UQ5, yields continued to increase up to 1000 uM, Further
increases in caleium concentration caused substantial yield
reductions of UQ5. However since calcium was supplied as
calcium chloride, the large yield depression in UQ5 may have
been due to a greater sensitivity of this cultivar to high

chloride concentrations,

Effect of nitrate and amiionium nitrogen concentrations on the

growth of rooted cuttings.

Quite large differences were observed between cultivars
in response to nitrogen, but the response to various nitrogen

concentrations depended upon whether nitrogen was supplied

as nitrate or amuionium, Muech higher concentrations of nitrate H
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than amsoniua nitrogen were needed for maximum growth (Figs.

4 and 5), When nitrogen was supplied solelr as the ammonium
ion, the growth of Ceiba was best at 29»M, and was depressed
at higher concentrations, In contrast to this, UQ2, responded
to ammonium concentrations up to 490 PM (Fig. 4).

The response to nitrate however was somewhat different,
Although the growth of both Ceiba abd UQ2 was severely retarded
at low nitrate concentrations (0.5 to 5 »M), Ceiba was much
more responsive to jntermediate concentrations of nitrate
than UQ2, Thus an increase in nitrate concentration from 16
to 52 pM resulted in a 30 percent increase in the growth of
Ceiba but only a 2 percent increase in the growth of UQ2., By
contrast, at high concentrations the situation was reversed,
thus there was a 47 percent increase in the growth of UQ2
between the 560 and 5050 »M nitrate treatments, compared with

only a 15 percent increase in the growth of Ceiba,

CONCLUSIONS

The existence of major differences in the response
of cassava cultivars to the supply of particular nutrient
elements poses problems when attempting to base fertilizer
recommendations for one cultivar on the results of fertilizer
trials conducted with other cultivars. Evidence presented
suggests that, as has been found for other crops (3), respon=-
sive and non-responsive cassava cultivars may exist, and if
so, should be mamaged accordingly.

Furthermore, the existance of such differences between
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cultivars suggests that care should be taken in plant breeding
programmes with cassava to select under nutritional conditions
as close as possible to those under which the crop is likely
to be grown, Thus it would seem unwise to select under high
fertility conditions, cultivars intended for use on poor soils
with small or zero fertilizer input, and egually unwise to
select under low fertility conditions, cultivars intended for
cultivation under intense management systems. The possibility
exists that with a2 further knowledge of phgsiological varia-
tion in cassava, it may be possible to select for specific

nutrient responses in future cassava breeding programmes,
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b 4 : W O Mo Virus Research in Nigeria

B. A. 0., Okusanya and M. J. Ekandem
Federal Department of Agricultural Research, Moor Plantation,
uP.M<Bs. 50L2, Ibadan, Nigerie.

|

INTRODUCTION

Cassava mosaic wes originally described in 1894 by
Warburg in East Africa under the name Krausslkranheit., Golding
(193%(a)) recorded Jones's original report of the disease in
Ijebu-0de (1926), Ibadan (1929) and Ilorin (1932). It was then
considered that mosaic was spreading inland from the coast
(Golding, 1935(b)). 4 survey of the spread of cassava mosic
conducted by west in 1945 revesled that it has spread to
Umughia in the East and Zaria in the North. &8ince then, the
disease has been observed to be prevailent throughout the
whole country. The disease was also recorded in West Africa -
in Ghana (Dade, 1930), and in Sierra-Leone (Deighton, 1926).

In fact, it is known in gll cassava-growing areas of the world,
(Jennings, 1970), in Brazil (Costa, 1940), in Indonesia
(Muller, 1931) and in India (Alegiansgalingam et al, 1966).

The casseva mosic "wvirus" is the major cause of reduction
in the yield of the crop. Golding (1936(a)) reported that
only 3% of the cassava plants at Moor Plantation, Ibadan,
Nigeria was infected. But 33% and L3% reduction in yield
; have been recorded in two cassava varieties — "Karagba" and
UAtu' respectively (Golding, 1935(b); Beck and Chant, 1958),
In the Belgian Congo, 20% reduction in yield has been reported
(Muller, 1931), while up to 76% and 95% loss were recorded in
Zanzibar (Tidbury, 1937; Braint and Johns, 1940). It now
appears that every widely grown ca@ssava variety seems to
live with the virus. !

Studies on the cassava mosaic virus have been undertaken |
individually by various research workers in the Federal
Department of Agricultural Research, Moor Plentation, Ibadan., I
which is situated 630 feet above sea level at latitude 6°N, I
leongitude LLOE in the humid forest zone of Southern Nigeria.

Golding, Squire, Cotterel and Mound have worked extensively
on the vector, while Wwest, Chant, Beck, Robertson, Ekandem,
Barbee and Okusanya worked on the cassava plant and /or the virus.

Ijigitized by the Hunt Institute for Botanical Documentation '



- An attempt is made to review the progress and problems on
the cassava mosaic virus complex in Nigeria.

OMATOLOG'

The infected cassava plant shows various degrees of
mosaic patterns with small diserete chlorotic areas which cover
only part of the lamina. These areas alternate with islands
of deep green tissue along the leaflets. In severe cases, the
mature leaves are distorted and constricted with considerable
reduction in leaf size coupled with the shortening of the
internodes of the stem. The plants thus appear stunted.

For ease of scoring in the field, the virus symptoms on
cassava leaves have been classified (Chant and Beck, 1959;
Ekandem and Waitt, 196L) as follows:i—

| Class 1. — Symptomless
Class 2. — Mosaic patterns without distortion of the
lamina; chlorotic areas discrete, and bounded
[ by the veins of the leaf.
Class 3. — Mosaic pattern with distortion of the lamina.
Class 4. — Mosaic pattern with constriction of the leaf
lobes either locally or along their length;
the lamina having = crinkled appearance and the
leaf margins rolled backwards.

Class 5, — Mosaic pattern with distortion and constriction
(Classes 3 and L).

Clase 6. — Chlorotic areas regularly arranged between
the veins, (lines of small spots between
the veins).

Symptom expressions vary within plants of the same
variety in that they show different combinations of these
class symptoms. It has been observed, however, that symptom
expressions tend to be milder on plants with green or yellow
petioles. In Nigeria, the distortion and constrictions of the
lamina are acute when the rainfall is heavy (June - august).
Symptoms appear on leaves produced subseguent to infection
and never on the already mature leaves.

PRANSMI SSTON

The spread of cassava mosaic virus in the field could be
due to primary and secondary infection. Primary infection is
brought sbout by wvegetative propagétion Trom infected plants,
because the virus is systemic in its host and is therefore
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carried-over in infected planting materials to successive crops.
Secondary infection is initiated by the transmission of the
disease in the field by an insect vector (Storey and Nichols,
1938). In Nigeria, the whitefly, Bemisia nigeriensis Corb.
(Aleyrodidse) is the known vector of cassava mosaic virus
(colding 1936(a), 192(b); Chant, 1958). Chant has shown
that reduction in yield was only significant with primary
infection.

The virus has been transmitted by grefting infected
scions on to healthy stocks (Deighton, 1926; Pascalet, 1932;
Storey, 1934; and Chant, 1957). But the reports of successful
mechanical transmission of the virus by Kufferath and
Chesguiere (1932) and Lefevre (1935), have not been
reproduced or repeated even with modern reagents and
technigues. Up till now, all attempts to transmit the virus
by sap inoculetion have been unsuccessful.

Golding (1936(b)) first demonstrated that the whitefly,
B. nigeriensis Corb. trensmitted the virus from infected
cassava plants to healthy ones. During his comprehensive
studies on the virus-vector relationship, Chant (1958(b))
showed that whiteflies become viruliferous after a minimum
feeding period of U hours on infected plants, and that the
percentage of successful transmissions increased with the
length of feeding time. The virus can be transmitted by the
viruliferous whiteflies within 15 minutes, although the
percentage of successfully inoculated plants increased with
inereased feeding time. A single viruliferous whitefly can
transmit the cassava mosaie virus and ﬂ% number of
transmissions increases with the number/whiteflies. Chant
(1958(b)) further demonstrated that the minimum time in
which healthy whiteflies can become viruliferous and
transmit the virus is 8 hours, this period, being independent
of whether the length of infection feed was L hours or 6 hours.

Whiteflies only survived for 15 hours when removed from
the host plant, but when enclosed on cassava plants, some
could remain alive for 10 - 12 days while the majority died
after 4L - 5 days. Under experimental conditions, if batches
of infected whiteflies (200 per plant) are transferred every
| 12 hours from plant to plant, thé number of whiteflies is
| greatly reduced (10 - 30 per plant) after the fourth transfer
(48 hours); but there was no evidence of loss in infectivity

or attenuation of the virus at these stages. Hence it mey be
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concluded that viruliferous whiteflies remain capable of
transmitting the virus for at least 48 hours after the
acqguisition period after a minimum infection feed of L4 hours
(chant, 1958(b)).

Studies on the vector

The taxonomiec identity of the whitefly (Bemisia sp.) is
highly obscure. 1t has been shown that variations in the
form of whiteflies are not genetically determined, but
actually host induced. Such taxonomic problem of host-induced
variation is not uncommon in the aleyrodidaee family. It is
not yet known whether cassava mosaic virus is related to
other viruses transmitted by other species of whitefly.
B. tabacci hes been shown to tranamit cotton leaf curlvirus
(Storey, 1930), and okro mosaic virus. hs with B. eri 5
the virus persists in B. tabacci. B. nigeriensis transmits
cotton leaf curlvirus in Nigeria, but it cannot transmit this
virus from cotton to cassava. Both B. tabacei and B. nigeriensis
have been observed breeding on tomato, sweet potato, cowpeas,
cotton, tobacco and pepper (Cotterell, 1956; Squire, 1957).

Hence, the two species, Bemisig nigeriensis Corb; and Bemisia
tabacel Genn. are regarded as synonymous (Mound, 1961).

Behavioural pattern

The degree to which the whiteflies have adopted itself
to the growth habit of the cassava plant suggests a long and
intimate associetion. Whiteflies lay eggs in great numbers
near the growing tip of the plant., By the time the eggs
hateh, the leaf has expanded thus providing ample food and
shelter for the larvae and pupae., At the same time, the
adult whiteflies, mainly females, congregate and feed on
the most nutritious new young, succulent leaves and rest on
the lower part of the leaves. £n alternative explanation
of thie preferential feeding of adult whiteflies on the
aplaBl leaves of cassava is that the cuticle of the older
leaves is too thick for easy piercing.

The emergence of the adults from their pupal cases takes
place in the early morning sunlight. &s the insoclation rises,
the whiteflies become increasingly active as a result of
increasing light intensity rather than temperature (Mound,
1961). Adult whiteflies fly away from the host plant during
the morning so that there 18 an apparent reduction in the
number of adults on the plant by noon.
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A strong attraction of the whiteflies to yellow paint
has been demonstrated by Mound (1961)., The sensitivity to
the yellow colour by the whitefly seems to be of great
importance in host selection, if not in host acceptance.
Counts of adult whiteflies on different cassava varieties
clearly indicate that plants with yellow petfoles attract

more insects than those with darker peticoles. Correlated counts

of mature pupae also confirmed that cassdva plants with
yellow peticles carry a populatioi. about five times more than
plants with reddish petioles (Mound, 1561).

POPULATION STUDInG ON THE VECTOR

Studies on the whitefly population clearly showed that
there were marked seasonal fluctuations brought about by
climetic and biological factors (Squire, 1960). The number
of sdult whiteflies has been found to be greatly reduced as
a result of heavy rains, but no other direct relationship
between weather and population level has been demonstrated.
Generally, the level of whitefly population is dependent on
the physiological condition of the host plants. The increase
in the whitefly population on the onset of the rains, is due
to the flushing of the cassava plants while the fluctuation is
due to the activities of predators on the larvae, pupae and
the adults (Squire, 1961). The populetion of whiteflies
reaches a pesk in February and then falls to a minimum
(about 5 larvae per plant) in early April. A steady increase
(about 24 lervae per plant) in Ju’e is followed by another
decline. Chent (1958(b)) has shown that there was no
correlation between rainfall and the whitefly population.
This is not in agreement with the observations of Golding

(1936(a)) and Mound (1961). wWhitefly Predators end Parasites.

Squire (1961) has shown that the beetle, Serangium
cinctum Wse (Coccinellidee) was an effective predator on
whitefly larvae snd pupae while the redspider mites
Typholodromite sp, feed on the adults. They appear in large
number in spril causing a reduction in whitefly population
until about the end of May (Squire, 1960). The wasp,
Prospaltella sp. (Eneyrtidae), hes been found to be parasitic
on whiteflies. Studies on the Prospaltella sp. of Bemisia on
cassava, tobacco and odtton, showed that, in the field, the
incidence was generally as low as 12,.3% while in the insectary,
once the parasite is estaeblished, its incidence on cassava is
as high as 40.3% especially in December. The figure is
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generally lower on tobacco than on cotton and cassava
(Squire, 196L).

Control of whiteflies on cassava

Whiteflies on cassava have been successfully controlled
by the use of chemicals. Rogor LO or Fostion (1—% pint in
5 gellons of water) and Endrin have proved effective
(Squire, 1960).

tity of the causal ent of cassava mosaic

Nothing is known yet about the properties of the causal
agent because the disease is not considered to be mechanically
trensmitted by inoculation of plant extracts, despite early
claims by Lefevre (1935) and others. Kitajima and Costa
(1964) have compared the mosaic infected plants from West
#frica and Brazil. The disease differs from the cassava
common mosaic found in Brazil, which is caused by a filamentous
virue 495 x 15 nm, that is easily sap transmitted and has no
known vector (Costa end Kitajima, 1972). The nature of the
causal agent of LAfrican cassava mosaic disease is unknown.
Electron microscopy studies (Murrant et al) revealed that
flexucus filamentous particles of no characteristic modsal length
were found in leaf-dip preparations and exudastes of latex from
cassava, both from healthy plants and from plants with African
cassava mosaic disease. No virus-like spherical, rod-shaped
or bacilliform particles were found. These flexuous filamentous
particles could probably be the same as those already observed
by Plavsic-Banjac and Maramorosch (1973), but obviously are
not the causal agent of the mosaic disease. Studies have,
however, failed to reveal virus-lime or mycoplasma-like
particles that could be the causal agent of ..frican’ cassava
mosaic disease (Murrant et al, 1973)

There are indications that there are several different
strains of viruses which produce similar symptoms on cassava,
Because of the variations in symptoms in the same cassava
varietieés, Storey end Nichols (1938(a)) divided the Tanganyinkan
mosaic into severe and mild strains. In Nigeria, three distinet
kinds of symptoms were found associated with the mosaic complex
in the field. These were: mild or severe mottle, distortion

and chlorosis; and green mottle. These symptoms were separated
experimentally by serial whitefly transfers to disease free
clonal material of variety 53101.

[ T4 ~ ~ 1) A ftfati1onN
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The causal agent of cassava mosaic in Nigeria seems to
have a low temperature coefficient of inactivation. In
East Africa the existence of several strains of the causal
sgent has been demonstrated (Storey and Nichols, 1938(b)) and
a similar situastion almost certainly hold in Nigeria where
plants of the same clone display varying degrees of chloroeis
and distortion of leaves, There is a possibility that some
strains or groups of strains may therefore be susceptible to
heat treatment than others. ©Such a difference could explain
the persistence of the causal &égent in some plants which
remained infected afier trez2tment in condition which
cured other plants.

Studies on the effect of cassava mosaic on the cassava plant

(a) xnffect of the virus on leaf area, yield and net
aseimilation rate (NaR)

Chant (1958(b)) has shown that cassava mosaic virus
significantly reduced the leaf area, total fresh
weight, total dry weight, and the yield of the

cassava plant, When growing conditions are optimum,
there is a highly positive correlation between leaf
area and yield (root weight) in healthy plants., But

no such correlation has been fournd in virus—-infected
plants when symptom expression of the leaves was at

its maximum severity. During the dry season, when
symptom expression was less marked, there was highly
significant positive correletion between leaf area and
root weight in both infected and healthy cassava plants.
Primary infection of the cassava plent with mosaic virus
causes a reduction of about 25 = 30% in the yileld of the
crop; the magnitude of the reduction varying with the
variety, strain of the virus and the environment

(Beck and Chant, 1958). The variations in the

Digitized by the Hunt Institute for Botanical Documentation




(®)

S R e

estimation of reduction in yield may be attributed to
such factors as variations in the virulence of the virus
strains; variations in the tolerance/resistance of

the cassava varieties; and environmental influences

on the host, virus and vector.

Infection with the mnosaic virus has been shown
to reduce the net assimilation rate (NsR) and
although NAR deereased with advencing age of the plant,
the decrease became proportionally greater in
infected compared with the healthy plants (Chant, 1958(b);
1959).

ect of en nmental factors o tom ex

Shading has been shown to reduce the effect of
cassava mosalc virus on the plant. When grown under
the shade, only 19.5% of the total leaf area of
infected plants was found to be chlorotic in contrast
to infected plants grown under normal light intensity
where 35.6% of the total leaf area showed symptoms
(Chant, 1959).

The effect of nitrogen application on symptom
expression of infected cassava plents was difficult
to assess.

The variety with the highest percentage of
symptomless leaves gave the best yleld and greoatest
leaf eren.
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The variety with the lowest percentage of symptomless leaves and the
highest percentage of leaves displaying crinkle and distortion gave
&8 correspondingly lower yield and lesf area than either of other
varieties. These facts tend to confirm the suggestion that a positive

correlation exists between the lsaf area end yield in cassava,

(c) Effect of casssva mosaic virus on carbohydrate and nitrogen

status, respiration rate and moisturs content of infected cassava

leaf,

Infection with cassava mosaic virus is accompanied by a decreass
in totsl carbohydrate cantent of cassava leaves., The diurnal
fluctuation of total carbohydrete in leaves from mosaic-infected
cassava plants is much less than that in comparable leaves from
healthy plants (Chent, 1959). From the data available, infection
uith cessava mosaic virus results in an increased totsl nitrogen
content of the leaves, total carbohydrata: nitrogen ratio and the
crude protein content of the leaf (Chant, 1958 (b); 1959; Beck and
Chant, 1958).

The respiration rate of infected mature leaves of cassave
plants is 20% grester than thet of comparable leaves from healthy
plants (Chant, 1958(b). This phenomenon seems to be common with

virus infection in plants,

The moisture content of mosaic-infected cassava leaves has been
shown to be greaster thanm in comparable healthy leaves, Mosaic
infection has also been found to reduce the area / fresh weight
ratio significantly in the svening. This presumably implies that
leaves from plants infected with mosaic virus could be slightly

thicker than comparable leaves from healthy plants.

(d) Effect of cassavs mosaic virus on the leaf and stem anatamy

Anatomical studies on the effect of the virus on cassava tissue
was first carried out by Pascalet (1932). Chant and Beck (1959)
Working in Nigeria showed that the pslisade tissue in the chlorotic
ares is undifferentiated. The Chloeoplasts are fewer and tend to
line the cell wall. The phloem in the midrib of infected leaves
is restricted to small bundles a;d the<e is absence of starch grains

in the parenchyma of infected lesves.

Neverthelems, tho anatamical changes in the virus-infected
plant ere assccisted with decresse in photosynthetic rstes and an

increase in respiratory rates that result in an overall net loss

in carbonhydrate and in yield (Beck end Chant, 1959).

Differential hosts:

Attempts to find differential hosts for the diffaerent isolates,

by attempted whitefly transmission to species susceptible to other
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whitefly transmitted virus disceses, wers unsuccessful, Ceara rubber,

Monibot glaziovii, shows promise as a possible selective host

(Robertson and Dkusanya, 1967).

Coptrol of Cassava Mosaic

None of the sttempted Chemotherapeutic treatment has been
sucessful for the control of the virus, Immersion of infected cut-
tings in werm or hot water failed to inactivate the virus, Heat
theraphy (Kunkel, 1936) of the cassava cuttings has been successfully
used by Chant (1959a). He showed that casava mosaic virus is in-
activated by growing infected cuttings in an incubator at 35 - 399C
for 4 - 6 weeks, but healthy looking plants were susceptibla to
re=infection with the virus by the vector. Chant's experiments
showed that treatments at 39°C gave a2 greater proportion of healthy
plants than treatments at lower tempersture, but fewer plants
survived et the higher temperature., Young green cuttings direct
from the green house could not stand the high temperatures of the
incubator for more than 10 days, but similar cuttings taken from
plants in the incubator became successfully established in the
green house at normal temperature., When young green shoots produced
during the heat treatment were ramoved after treatment and rooted
separately, they gave healthy plants although their parent plants
developed symptoms after some weeks in the green-house (Chant and
Marden, 1958; Chant, 1959h),

With these difficulties in meintaining virus-free plants in
the field, asttempts were made to breed cassava varieties thet are
resistant to mosaic and high-yielding. In the Agricultural Develop-
ment Programme in Nigeria, attempts at improving the cassava crop
include bresding for resistance to disease, high yield and accept-
ability,

Faukner collected about 80 local varieties from various parts
of Nigeria in 1932, They were all found to be susceptible to thse
mosaic virus, West and Beck later obtained seeds or cuttings of

cassava reputed to be "resistant" or tolerant to the virus From

Ghana, Sierra-Leone, Trinidad, Brazil, Puerto Rico, Barmuda, Kew,
India, Natal, Ameni, East Africe, Australia, Cameroons, Zairs and
Malagasy. It is doubtful whether these were actually resistant,

A number of thesa hybrid lines gave good yield within 12 months, from
planting. After this, subsequent cuttings from them sprouted into
plants with clear mosaic symptoms. They are, therefore, probably
high-yielding mosaic-tolerant hybrids The most promising ones

were GC9978, CH50 and CH128, all from Ghane (Ekandem, 1970) and

were later introduced to Umudike farms in 1940,
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From 1955 - 1958, about 40,000 dones were produced at Ibadan,
The cessava breeding stock were then transferred to Umudike in 1961,
Waitt in 1962 started the selections From numerous hybrids of high~
yielding varieties. It is from his work that the high-yielding
cassava varieties - 60444, 60447, 60506, 53101 and 44086 (swest
cassava) were later recommended to farmers. But, unfortunstely,

these wers susceptible but tolerant to the mosaic virus.

SUMMARY

The cassava leafl mosaic was first recorded neer 1 jsbu-Ods,
Nigeria in 1926. The whitefly Bemisia nigeriensis Corb is the
insect rector of the cassava mosaic. A single whitefly can transmit

the disease and transmission, by viruliferous whitefly, to healthy
plants can take within 15 minutes after a minimum infection feed of
4 hours. The whitefly population reaches a peak at the onset of

the rains and it has been shouwn thst cassava plants with red petioles
support a very low population of whiteflies, Whiteflies breed
easily on Ceara rubber, cotton, pepper, tobacco., Whitaflies on
Cassave are effectively controlled by Rogor 40 and Endrin. The
causal agent of cessava mosaic is inactivated by heat-treatment at

8 temperature bestween 35 - 390C fpor about 42 days, Infection with
cassava mosaic caused a reduction in yield (root weight), leaf area,
total fresh weight, tatal dry weight, net essimilation rate of the
cassava plant, Infection is also accompanied by a decrease in

total carbohydrate content and an increase in nitrogen content,
total carbohydrate: nitrogen ratio and crude protein content of

the leaf. Shading reduces tha effect of cassava mosaic on the
plant., Respiration rate and the maisturs content of infected leaves
ere increased. The anatomy of infected tissue is affected. Manihot
glaziovii is an alternate host to cassava mosaic, There were no
significant differences in the hydrogen cyenide content of peeled
tubers from healthy and infected plants, Acgquisitions based on

M. glaziovii X M. gsculenta crosses have given the highest percentage

of mosaic resistant types and the highest proportion of resistant
lines were derived from the variety 58308.

CONCLUSIONS

——

Thus far is the progress and set-back on the research on the
cassava mosaic virus in Nigeria up to date. A lot of useful
information and data haue emerged through interrupted and unilataral
efforts of research workers over the years. From thess, it is
clear that no ons specialist in his own line could solve the problem
posed by the pathogen on the host; this could be achieved anly

through & combined affort,

Digitized by the Hunt Institute for Botanical Documentation



There are still numerous problems posed by the virus-complex.
These could be elucidated by turning to serology and slectron-
microscopy to gain further information on the number of viruses or

virus strains ceusing the mosaic disease. This is because the

cassava brown streak virus, which is sap-transmissible, causes leaf

chlorosis or mosaic on cassava leaves, but has up till now been
reported only in Esst Africa. Soch facts will be needed bafore
any meaningful breeding programme for resistance asgainst mosaic

virus could be embarked upon.

Al
With the right agronomic and cultural practices, it appears

most cassava plants, in sll cassava-growing areas, have apparently

leprnt to live with the pirus. The very existence of this important

foodcrop could be threatened in the future should in case a mors

virulent strain develop.
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