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CASSAVA PROGRAM

General Introduction

In 1972 the Cassava Program began to build up to its full strength
which will be reached in 1973, At the same time multiplication of plant-

1ng material went ahead rapidly so that new trials could be planted

The germplasm bank, consisting of some 2,000 collections has now
been freed of bacteria using & green shoot propagation method This sye-
tem promises to give & simple system to rapidly propagate clean seed for

relegse

A new disease that causes superelongation was reported and 15 being
investigated It has been found in most rveas of Colomhia vhere roess 2

is grown extensively, but as yet has not been reported elsewhere

Preliminary observations suggest that under dry condrtions thrips
may be a very seiious pest, however, there are lines that show a quite

striking resistance to the insects

On the experimental farm acceptable yields in the region of 30 ton
per hectare can be obtained in less than one year with little problem The

searchk for higher yielding types {s intensifying.

The optaimal plant spacings and fertilizer levels are being investigated
The optimal spacing on CIAT soils appears to be between 2 and 10 thousand plants
per hectare  Above this level yield drops off rapidiy. On relatively fertile
501l we have gained no response to N, P, or K However, on more impoverished

so1l fertilizer response will certainly occurr.
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Studies on the losses caused by weeds and ways of preventing these
are underway A large number of herbicides have been tested on a smzll

gecale  Some of these appear particularly promising

The development of simple on~farm techniques of fresh root storage
is progressing rapidly and the possibilities of using 2 soil and straw
storage unit appear very good Progress has also been made in the descrip-
tion of the drying characteristics of cassava so that simple solar driers

can be designed in the future

A study of world production figures suggest that cassava production
is increasing at a rate equal to the population increase  Productivity per

hectare has not, however, increased Efforts are being made to study the

ait&matlve markete nf racecava en thas an AL i _{f
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The collection of cassava literature continues and work on a compre-

hensive bibliography 1s well advanced

The Cassava Program has not been in a position to train many new pec-

ple, however, as our knowledge and experience increases we are taking more

trainees from different countries so as to extend knowledge of this neglected

=

but important crop
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PLANT PHYSIOLOGY

Growth cycle of the plant

CMC 84, a bitter varlety, was planted in the ICA farm at Palmira at
1 x1nm spacing, wsing 25 cm stem cuttings inclined to the horizontal HMigs-
ing plants were replaced by transplants one month after the original plant-
ing At planting 100 kg/ha of N, Py05 and K,0 were applied A severe hail-
storm 3 1/2 months after planting severely defoliared the plants and damaged
some of the apical buds

Fresh weight root yield after three months was less than 3 ton/ha but

34 26038

thereafter increased rapidly to 26 ton/ha after 8 2 months (Fig 1) The per-
centage dry matter of the roots increased during the same period from 18 to 38
percent (Fig 2} Consequently, the vield of root dry matter increased from
Teas than N & sonfha vn 10 o=ty Sfte. S 2 wontons (Fig  3; inis 18 ecuiva-

lent to an annual production of more than 14 ton/ha of root dry matter

The increase in yield from 3 to 8 2 months was not due to a large in-
crease in the number of swollen roots but due to an increase in thelr size

{Fig 1)

The crop growth rate {CGR) during the first three months was extremely
slow (19 ¢ w2 wk~1 )}, while leaf area was being formed (Fig. 4). Later, the

CGR stabilized at about 60 g.m 2 wk -

which is small compared with the crop
growth rates achieved by many crops The level of CGR may be low for two rea-
sons, firstly, the low leaf area index {1.4-2 2} during the period and secon~
dly, because no attempt was made to assess the dry matter lost in the leaf fall,

which might have been considerable,
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Figure 5 shows the proportion of total dry matter that accumulated in
the roots during the period hetween each harvest During the final two months
the plant diverted 86 percent of its dry matter production into the roots,

demonstrating a remarkably efficient partition of dry matter,

1A F
The nitrogen content of the various plant parts 1s shoun ¥ &3 Figure 6}.-

The nitreogen content of the leaves decreased form 4 7 percent at 3 months to
about 3 5 percent at 6 months when apparently it bacame stable The percentage
of nitrogen in the roots decreased steadily from 0 95 to 0 40 percent at 8 2
months  The nitropen content of the stems {without leaves and peticies) stayed

almost constant at about 1 percent after 4 35 months

Transplanted plants had less thick roots and yielded less than regular
pisuis, suggesring tnat thig method of reslacine mysayrmg plonte fomat offes.

tive.,

+

Precocitz

In the germplasm bank there are many vsrleries whose local pame is
"Tempranita' meaning early, Fifteen varieties* (ten of them called Tempranita)
were planted as spaced plants {2 x 2 m) and harvested at 76, 100, 164 and 220
days to investigate variation in the time the plant begins to store carbohydrates
in the roots, a process called rootbulking. By 76 days none of the varieties
had produced a substantial root yield but by 100 days most of the varieties had

started to produce root yleld {(Fig 7). None of the varieties showed a delay

etk Ay AR T WM g b DI -

*Two collections were later lost because of severe bacterial infection



=
o

in onget of root bulking followed by a rapild rate of bulking

These results suggest that there is little if any difference in the onset
of root bulking, however, some varieties appear capable of producing acceptable
vields after seven months' growth Strain M Colombia 137 will be propagated

and tested further

Germination of cuttings under field conditions

Stem cuttings 15 cm long of CMC 71 and CMC 64 were planted vertically,
inclined horizontally and inverted (waith the axallary buds pointing downwards)
GCermination was assessed by counting the number of buds that broke the soil sur-
face, The soil conditions were dry during the measurament period  The verti-
cally planted cuttings emerged most rapidly in both varieties (Fig &), while
tpose planied upside down emerged most slowly In CMC 71 the final germination
for all treatments was similar In CMC 64 the xnverted cuttings never reached

the level of the other treatments. This experiment is being continued to give

final vield figures

Two node cuttings of Llanera and M Colombia 375 were planted in the field
either treated with 4,000 ppm of NAA or IBA absorbed on talc or 2s untreated
controls Cermination was more than 90 percent 1n all treatments, and no impro-
vement in germination was associated with the treatments These results suggest
that, under good management, two node cuttings can be used in the field when

there is a shortage of planting material, and that hormonal treatment does not

improve germination.

Farmers frequently plant cuttings which previously bore side branches,

e
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Simple and branched cuttings of CMC 84, Llanera and M Colombia 1080 were cut
to 25 ecm The branched cuttings were as shown in Fig 9 Germnation was

both slower in branched cuttings than in simple ones {(Table 1) Hence, where-

ever possible, plant simple cuttings

Lead angle and stomatal resistance

Leaf angle is important in considering the interception of light in a
crop canopy The angle from the horizontal of an expanding leaf, the upper-
most fully expanded leaf and a lower leaf were measured on two varieiles on
a clear day (total radistionm 462 pcal/em)  The lower leaf of both varieties
remained horizontal during the day (Fig 10} The first fully expanded leaf
of M Ecuador 64 also remained almost horiztontal durimg the day  However, the
1eaf angle of M Colombiz 114 increased from sbout 17° 28 © 20 Lo “WGaswmum Wi
45-50° at midday before declining to a 10° in the late afternoon  The expan~
ding leaves of both varieties changed their leaf angles in a2 similar manner,

reaching a maximum of 6€0° and 70°, respectively, for M Col 114 and M Ecu 44

Ar the same time, stomatal resistance was measured using a dxffusion
resistance meter The readings varied 1In M Ecuador 44 the resistance ten~
ded to decrease until 10-11 a m and then to increase The mean resistance
of the lower leaf was much greater (7 0 seconds/cm) thant the expanding (4 6)
and the first expanded leaf (4 4). In M Col 114 the stomatal resistance of
the expanding aud first expanded leaf remained nearly constant throughout the
day {(mean figures of 4 5 and 4 1, respectively) while the lower leaf resis-
tance increased from about 6 to about 14 sencond/em during the day (mean value

of 10 7)
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Tgble 1. Germnation of branched and un~branched stakes

vare Days after
planting Simple Branched
Colombia
1680 18 71 38
21 97 86
Z5 100 87
CMC 84 16 84 82
21 97 ' 92
25 99 97
Lianera 16 47 16
21 73 51
A &3 o1
Mean i8 66 38
21 89 76

25 94 87
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There was no apparent relatronship between leaf angle and stomatal re-

<%

sistance, suggesting that the change in leaf angle 15 not associated with mid-
day wilting. This may be important in selecting varieties with high dry matter
production because 1t appears possible to select varieties that have inclined
leaves at midday, which 1s beneficial to uniform light interception, without
having 2 detrimental effect on stomatal aperture and hence, dry matter pro-

duction of the canopy

Effects of different spacings

Three varieties of cassava, CMC 84, CMC 39 and Llznera, were shown 1n
a systematic fan design at plant populations ranging from approximately 2,CG00
to 80,000 plants per hectare  Harvest had been taken at 3,5 and 7 months
after 5 months, iocdging became progressivelv more nronsnnead vn O¥0 RS awd
CHMC 39, and the latter variety had almost completely lodged at all plant po-
pulations after 7 1/2 months {Ftg 1l). Up to seven months there was no iod-

ing in Llanera.

At three months, yield in all varieties was less than 4 ton/ha at the
optimum plant populations (Flgs“ggé gg%;“ggg which were not clearly defined.
Ar five months all varieties showed matked optimum plant populations for vield
between 5,000 and 9,000 plants per hectare. By seven #onths, CMC B4 produced
its maximum yield of about 18 ton/ha between 5«9 thousand plants per hectare
while CMC 39 also produced a maximum yield of about 18 tons/ha at between 2-

S5 thousand plants pere hectare Llanera at seven months produced a maximum
yield of about 24 ton/ha between 37 thousand plants per hectare These re~

sults indicate that 1) in cassava there is an optimum planting density and

2) thais optimum varies with variety



The decrease in yield of these varieties at higher than optimm plant
densities is because of a decrease in thick root number per hectare LEige—iSdr
In all varieties thickened root number per hectare eppears to be reaching a

J 3=
plateau at about 80-90 thousand roots per hectare (Fig X5).

The decrease in yield at high plant populations is because of a market

-l

decrease 1n weight per thickened root as plant population increases (Fig 186)

ﬁ?e total dry matter production did not show an optimum plant population
{Fig £;§ At five months it increased from about 7 ton/ha at 2.5 thousand
plants per hectare and reached a plateau of about 12 toen/ha  However, the pro-
portion of the total dry matter fo§ad in the roots showed a marked decrease as
plant population increased (Faig ‘gg)

ihe relationship between crop growth rate and leaf area index between
3-5 months was extremely variable unless an allowance was made for the weight
of leaves and petioles lost through senescence, This was estimated by multi-
plying the mean leaf loss per week by the mean leaf weight from 3-7 months In
oMe BAQEg;gantaased with leaf area index {LAY) up to about 4 giving a CGR of
about 150 g n % wk™! while in CMC 39 CGR imcreased with increasing LAI up to
about I and reached a plateau value 'of about 110 g wZ wk~l (Fig 4i§)

These results are somewhat surprising in view of the light transmission
data collected for theseiggéfééxietxes (Fig ﬂ?;? Light transmission was mea-
sured on a clear day} at midday when the plants were approximately 3 months old
CMC 39 absorbed less light per unit LAY than CMC 84, suggesting greater light

penetration Tnis should in turn lead to 2 greater critical LAI but does not

The reason is not clear but may be related to the leaf angle changes reported
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Preliminaxry varietal observation
[«

The work previously described suggests that growth rate of the cassava
plant increases as plant population increases but that the proportion of this
growth found in the roots decreases, in some varieties, as plant populaticn
increases To select for high-yielding varieties that can withstand hagh

e

populations and fertility levels, mere~tham36 varieties were sown at 70 x

70 em spacing {about 20 x 183 plants per hectare) with 100 kg/ha of N, Py0g

and K90 These varieties will be harvested at 4, 6, 8 and 10 months.

After 120 days, M Colombia 22 had the highest yield, 12 4 ton/ha There
was a close relationship between harvest index and yield, a loose relation

*

petween yield and total dry matter production, and no relation between yield
28, 2l -2

and percentage dry matter of the root (Figs. 2, }2, g3§ Thus, 1t seems that

higher vielding varreties can most easily be selected by choosing those with

highest harves{vxndlces, and that high yielding varieties can be selected which

also have 2 high root dry matter content

Of the 14 varieties, so far harvested at both & months and 6 months,
there is a close correlation between yield at the two periods suggesting that
1) the breeder can use young plants to salect for final yield and 2) there is

little difference in the time at which varieties start bulking (Fig %ﬂ%ﬁ

So far, there does not appear to be any obviously superior plant type
The three highest yielding varietlies at 4 months were respectively short, bran-

thed with fine leaves, tall unbranched with broad leaves and medium height,
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branched with broad leaves

Varietal Selection

Five promising varieties were chosen from the germplasm bank and planc-
ed as two node stem cuttings (treated with MAA) in red acid soil and three
weeks later transplanted at 1 x 1 m spacing for planting material multiplication
plots Ten plants, all surrounded by at least two border rows, were harvested
7 1/2 months after planting Details of the yield data are presented in Table 2
M Colombia 22, a short variety from the North Coast of Colombia, showed a
remarkable yireld potentazl producing 29 ton/ha after 7 1/2 months which is equiv-
alent to 46 0 ton/ha year The production of root dry matter is equivalenr to
17.8 ton/ka vear The root shape of this variety is short, almost conical, and

hence ir 1e egey &n hareger T i luatadi wi tuio VAriery 1S underway
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Table 2 Yield and root characters of five varieties 7 1/2 months after planting

Vamety Yield ton/ha Yield ton/ha  Percent moisture Root number Weight per
(Fresh materal) dry matter of root _ _per plant Root X&)

M Panama 64 17 4,9 29 16 011

A Colombia 65 22 8 2 38 21 010

M Colomina 645 14 45 32 14 0 10

M Colombia 463 14 45 32 13 011

M Colombia 22 29 11 2 39 18 016

Mean 19 67 34 16.4 612




PROPAGATION

Techniques for propagation, storage of cuttings and the influence of
-
agronomic practice on cutting production are being studied as-a-doctoral
thesis by -Douglas-¥ —Wholey,-a research fellow supported-by.CIAT,—and a grad-

wate student of the Umiversity.of_the-West-Indies

Small size propagules

Cassava research 15 repeatedly slowed because of the lack of planting
materral, hence, rapid propagation methods are being studied Although pre-
liminary investigations demonstrated that cuttings with a single node from
mature stems can be rooted under greenhouse conditions, poor results were ob-
tained under field conditions Two node cuttings have given highly acceptable
rates of emergence and establishment and are now used to plant in the field,
where, because of a shortage of planting material, normal size stakes, 1 e

15-25 cm, are not available,

For success, two node cuttings need to be of excellent guality and must
be grown under intensive care during the rooting and establishment phase, Well-
prepared soil 1s required as well as attention to both drainage and irrigation,
Protection must be provided against pests which damage the buds and emerging
shoots Crickets, centipedes and cut worms are problems at CIAT but have been

controlled by applying Aldrin powder to the soil surface, around the young shoots

A bamboo lath house has facilitated experimental evaluation of rooting
media, methods of planting and the effects of rooting hormones and fungicides

on emergence and establishment of two node cuttings.

et ' - * ‘ | = ;
il AV .:La_u.wv cre. /f*-{f S Pl Lty T v Daee 5 ?«‘x“"mcﬂ.u})
¥ Qf ’ # Ad N
RN EP T rb“‘“““ ’w‘«%f‘ifiﬁ'bc fwf IR T *gv\- fovn Lo T e e T Cag €2 <4

o ?"fﬁiﬂ:&i{&,{: jﬁ;@&i;&w{ LE’ ﬁ’w z“"‘"‘-"-— Wbﬂeﬁ-&f w E":*":w li-élti < /‘2‘“61‘(,—*. 3,
-



/ 4

Rootang media

7’

g1x locally available rooting wmedia wrth pi's ranging from & 9-7 3
and organic matter from 0 6-5 2 percent were prepared as raised beds  Soils
were kept constantly at or near f121d capacity The CIAT soil, probably
because of 1ts higher water retention properties, supported a more rapid rate i

of emergence of two node cuttings Dxffﬁrenc%s in final establishment values
-

were not statistically significant Figure 2y snows the rates of emergence

-

¢rom the two most contrasting media  All the other treatments fell in bet-

ween the two curves

Booting method

Rate of emergence with two node cassava cuttings was more rapid with
1l wuiladgs buall with those horizontally placed  Vertically placed
25
stakes produced intermediate results (Fig Z5%) The initial advantage of

inclined or vertical over horizontally placed cuttings is rapidly lost, and

all planting methods yield similar establishment percentages after four weeks

Rooting ereen cuttinzs

Twe node cuttings of Llanera were prepared from green stems with leaves
gt1ll attached An experiment to compare the rxooting of this type of cutting
with mature wood cuttings showed that more than 50 percent success can be
achieved with both types of cutting, but diseases result in the subsequent loss

of a high proportien of these green stem cuttings

Disease problems in propagatien



Three weeks after planting, symptoms of "damping off" began to appear
on the green stem cuttings. Diseased cuttings were examined by the pathol-

ogrst and isolates of Fusarium sp, Sclerotinium sp, Pythiun sp and Alternaria

sp obtained However, while these fungi are known to be common soil borne
pathogens, the causal relationship between these fungl and the reported disease

of cassava cuttings has not been established —_

Dipping green cuttings an 1 percent Manzate D fungicide increased the
rate of establishment from 51 to 72 percent and may be recommended as a pro-

tective measure against soil borne pathogens

Rootinz hormones

The application of naphthalene acetic acid (4,000 ppm absorbed on tale)
-
EAg
te the hase of nonh o kbamo smamemand o

s O3 e A -

and the number of roots produced from the calius at the basal cut in both types

of cuttings

Bapid propagation methods

Preliminary studies demonstrate that high humidicy plays an important
role in both shoot and root production Mature stem cuttings rooted horizon-
tally in vermiculite under high humidity produce shoots from a high proportion
of the nodal buds The excised shoots may be rooted allowing further shoot
production from the same nodal growing point. Six mature stem cuttings ( a
tetal of 60 nodes) produced more than 180 shoots in 42 days using this tech-
nique, a three-fold incease over single node propagation methods  The methods

of maximizing production and rooting of these green shoot cuttings, using mist
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propagation are being studied further

Tip cuttings

Creen shoot cuttings produced under high humidity and shoot tips from
young plants grown in the field can be successfully rooted This technique
has enabled the production of plants free from disease orgamism harbored in

the old cutting pirece

A humidity chamber has been designed and constructed enabling large
scale rooting of tip cuttings for pathological screening Under constant
mist 1t has been found that fine gravel provides a better rooting medivm than

a mixture of sand and gravel or sand alone.

storage or cutfings

long cuttings (i ¢ greater than 1 m) have been kept for up to 3 months
with the cesntral portion viable, however, short cuttings {less than 23 c¢ms)

rapidly deteriorate.

Groups of cuttings with paraffin waxed ends were compared with non waxed
cuttings in an experiment{ to investigate moisture loss (Fig Ri) Waxing did

not reduce loss of fresh weight at the 5 percent level of probability,

Storage attitude did not affect overall storage behavior, however, it
was noted that bud breaking was delayed when cuttings were stored in the i1p-
verted position, and & larger proportion of nodal buds developed into shoots

in horizonta.ly sforesc cuttings tran either vertical er inverted cuttings
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The moisture content of the cuttings fell from 67 to 46 percent after
50 days storage in a room at ambient conditions Waxed cuttings deteriorated
rapidly after the twentieth day in storage because of a fungus (Glomerella sp)

which developed under the wax.

After 50 days 48 percent by length of the waxed planting material had
te be dicarded because of the fungus Only 16 percent of the unwaxed material
had deteriorated Hon-diseased cuttings from both treatments showed more than
90 percent germination, there being no differences between treatments Waxing

18 not presently recommended as a stake storage method
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Fig 4 Crop growth rate and leaf area index

of varrety C M C 84
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Fig 7 Increase mn fresh root weight of 13 cultivare of cassava grown as spaced plants

(numbers refer to M Colombig material) .
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Fig 20 Yield of dry roots of 28 varieties at four months as 2 function of
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This disease has been associrated with considerable losses in several

Bacrerial Blight

Latin American countries and Africa In Colombia, epidemics have been re-
corded in the most important cassava-growing areas, and the disease has been

digseminated widely during the past few years

Symptoms ¢f the disease are characterized by spotting snd blight of
leaf tissues, wilting, dieback and exudation of gum on young shoots and vase
cular discoloration and necrosis in mature, old stem portions, and roots of

susceptible cultivars.

These symptoms are similar to those reportedly induced by Xanthomonas
manithotis (Arthaud-Berthet) Starr, but studies of the morphology, physinlogy,
seroiogy, and phage susceptibility of the bacterium issclated in Colombia,
Brazil, and Venezuela suggest that 1t 1s sufficiently differeat from X mani-
hotis to be considered a distainct strain or even species The cassava blight
bacterium (CBB) alsc differs from X manihotis in pathogenicity Using sero-
logical and phage-typing metheds CBB can also be distinguished from species

of Erwinia, Pseudoponas and Xanthomonas A Bdellovibrio sp causes lysis spec-

ifically on CBB and can be used to distinguish CBB from other plant pathogenic

bacteria,

Isolates of CBB from distinct geographical areas co&ld not be grouped
on the basis of differences in virulence or biochemical characteristics Us-
ing serological and physiological characteristics, different groups could be

identified, but these differences could not be correlated with geographical



origin ‘

{

¥

Cassava leaves can be inoculated by spraying with aqueocus suspensions of
CBB cells, and maintaining the plants under high wolsture conditions for six
hours after innrulastian MTohln 3 rddivdion of Tween 20 {0.017%) increased the
effectiveness of this procedure (Tableif') Wounding epirdermal tissues of leaves

and stems with infested 1mplements also proved an effective method of incculation

(Table 5)

CBB normally penetrates the host via stomatal openings and wounds and
eventually invades the wvascular tissues and results in extensive breakdowr of
parenchymatoas tissue in leaves and young shoots  In mature, highly lignified
old stems or roots the bacteria remain restricted to the vascular tissue CBB
moves systematically into wascolar ctramds of vosic ¥ 3uslopiavas LULLLVGELDS, 1IN
susceptible cultivars, bacteria have been found in roots four months after leaf

spray inoculations,

Results of controlled inoculations in the fileld suggest that dissemination
in cassava plantations 1s the result of rain splashing A high correlation bet-
ween total rainfall and the number of infected plants in successive 15~day periods

SF! s 28324
has been recorde JZtudies on dissemination from an inoculum source teo plants
located at different distances from it revealed that spread only occurred over
10 m during a 60-day period No infect:ion was observed on plants growing 15 m
or more distant from the inoculum source (Tabie‘; )} During this 60-day period,

the total rainfall was 207 om and dissemination was observed to occur in the

directions of the prevailing winds.
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Q;%%fect of moist chamber exgosura period on infection of cassava plants following
inoculation with CBB at 10¥ cells/ml (isolate 5 27L)

Moist chamber Number of leaf spotsileafl
period (hr) 25 days after inoculation
incubation

0 03
6 14 2
12 13.0
24 i7 4
36 16 7
48 15.5
1

The data are averages of three trials, each treatment consisted of 10
leaves from three plants



T4 D

s,

zﬁghﬁgi Jeffectiveness of various materials added to a bacterizl suspension
i {3 x 10% cells/unl of CBB isolate 5 27L) used as 1noculun sprayed

on cassava p}ants;g

Bacterial susgpension in
digtilled water plus

Mean number of spatg%g?

hone

Carborundum (0.1 g/liter)

Amaw 0 D%Y

Gelatin {0 27)
Bextrose (0 2%)

Tween 20 (0 017}

&0
56
3.3
30
2.3

10.0

-

“

éE%&umber of spots on each lobe from each of six leaves from five plants

Averages of three replications

Readings were taken 25 days after incculation

0 5% = 1.8

01X =26
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éﬁ;}féﬁ Infection by CBB following wounding of epidermal tissues of leaves

and stems of cassava cultivar M Col 1 with infested microneedles or
infegsted knives

Tissue wounded . Numbexr Number &% %
noculate tnfested

Leaves 56 54 97

Young stems 27 27 100

Miturl siéna 3¢ 9 28

0ld stems 82 9 11

%verage of three replications,

L]
-?('%}zsease readings were recorded 3 months after inoculation as leaf spots

{on leaves) or wilting (on stems}. Control plants inoculated with distilled
water showed no infection
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&";Zﬁ%f fl}xsseminaticn of CBB on cassava plants located at different daistances
> from the inoculum source

Distance (m) from Number of Number of %
inoculated source plants/plot infected gé?nts
per plog ¥ o

5 28 12 60

in an a5

1 5 25
15 20 0 0
20 20 0 0

%Rumber of plants in each of four plots, each plot located on one side

of an inoculum source

*%ncideuce of disease 60 days after planting.
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Digssemination from one area to another can occur by means of infected
vegetative planting material (?1g~3€b, This methods of dissemination is
particularly important in Colombia because there i3 no restrictiom in the
movement of vegetative cuttings throughout the country ot any certification

scheme for cassava,

Dissemination of CBB by means of infested tools is also probable 4
high incidence of infection has been shown to result from cuts made with in-
fested knives (machetes) (TableC;') This method of dissemination may be most
important during harvesting when planting material stekes are obtained These
operations require extensive cutting in localized areas. Because wounds are
portals of entry for CBB, dissemination may be caused by wman, animals, insects
and may also occur during environmental conditions that lead to extensive wound-
ing
The following methods for controlling this disease have been investigated
1 =Field experiments in which infected plants were heavily pruned
showed that only & percent of those pruned had symptoms on the
young sprouts one month after pruning but after twe months an
additional 2-3 percent showed disease symptoms. Each of these
infected plants were uprocted and destroved, and by six menths
after pruning no additional diseased plants had appeared The

control unpruned plot was 100 percent infected,

In a further experiment, pruning was carried out in infected
plots of different cultivars Wichin the very susceptible culti«

vars, 76 percent of the nes sprouts were infected six months

m— r—

-——
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after pruning as conpared with 36 percent of the susceptible
cultivars, 16 percent of the moderately susceptible, and 9
percent of the resistant ones (Fig 3} } These results in=
dicate that the effectiveness of the control methods depends,

to a large extent, on the level of resistance of the cultivar

2 «Lip indexine ~Experiments on rooting taip cuttings showed that
it 185 possible to erradicate CBB from diseased plants by pro=-
pagating from young shoot tips free from disease symptoms,
About 95 percent success in rooting and a 100 percent elim-
ination of CBB was obtained when young cutiings were planted
in fine gravel in small waxed paper pots, Rooting cuttings
were kept in a humidity chamber under mist produced From an
electric humidifier at a temperature of 25-33°C  After 12
to 15 days rooted tip cuttings were trausplanted into sterile
5011 and maintained in a géeenhouse for two months before

transplanting to the field.

Yo eradicate CBE from CIAT's cassava collection, about 80 per-

cent (approximately, of the 2,200 clones) have been indexed by

i
this method i

i

3.-Varietal resistance -The response of 1,400 cassava cultivars to

CBB has been determined usirg artificial inoculations with sev~
eral isolates of the pathogen collected in Colombia. Disease

indrces of the 21 most resistant cultivars are presented in

Table ?{ Of these, M Col 647 and M Col 667 were the 08T re-



sistant Even those cultivars listed here as susceptible
(4 Col 282, M Col 707 and M Col 803) had few leaf spots per

leaf as compared with the susceptible control cultivar Popayan

Generally, the performance of cassava cultivars in the field
appears to be well correlated wath the resistance ranking
calculated from die-back wilting, gum exudation and leaf spott-
ing indices obtained following artificial inoculation In gen~
eral, leaf spotting salone appeared to be as good an index of
resistance as all the other characteristics combined, but the
resistant cultivars M Col 847 and M Col 667 had a relatively
high number of leaf spots per leaf These spots remained small,

suggesting a hypersensitive response.

While other control methods based on knowledge of the epidem-
iology of the disease are being investigated, the use of clean
planting material and resistant cultuvars are the best known

methods for practical control of bacterial blight,



Superelongation disease of cassava

A new disease of cassava has benn found inducing epidemics in several
cassava groving areas of Colombia  The disease is characteristically recognized
by an exagerated elongation of the internodes of young stems of infected plants
AS a consequence, the stems become thin and weak, and are considerably taller
than those of healthy plants. The youngest part of stems, petioles of young
leaves and leaf midribs are fregqueatly distorted, resulting in stem, petiole and
leaf deformation Frejguently, leaflet are not completely developed and leaf lam-

ina not fully expanded

Portions of the epidermis of young stems show, on occasions, ecratching
damage which is character.stic of the damage known to be inflicted by thrips.
However, the epidermis of infected stema enmmanly honr cankers of Siffcicin Si-
zes usually located on the youngest and the least lignified parts of the stem
Mature stem parts look normal, but thery are generally brittle. These symptoms
vary according to cultivar from mild to severe distortion, elongation and leaf
deformation  These general symptoms have not previcusly been reported in the

literature on cassava discases.

A fungus has been found to be associated with the stem cankers usually
observea on the infected plants The relationship of this fungus to superelon-

gation disease is being studied,

Cercospora leaf spot

Three Cercospora spp. (C caribea, C henningsii, and Cercospora sp ) have
teen found inducing leaf spots in most of the cassava-growing areas of Colombia

Their incidence and relative importance varied according to the environmental



i

conditions prevailing in the areas as well as the susceptibility of the grow-

s
PP Mo
ing cultivars f“é;{ S S

As a preliminary necessity to the screening of varieties for resistance
to Cercospora spp , studies have been undertaken on methods of inducing artaifi-

cial cultures to sporulate and on inoculation techniques.

The different Cercospora species differ im their growth rates on diff-
erent agars None of the species sporulated well when incubated in the dark
Sporulation of € caribea and € henningsii was enhanced by periodic one-hour

exposures to black-light or by continuous exposure to flourescent laight

A good infection (3«5 spots per leaf) has been obtained with spray in-
oculations of spore suspension of € hanninecdi  Teoc lotod plais wesw aewe
in a moist chamber for 48 hours at 28°C, following inoculation and disease symp-

toms appeared 10 to 12 days after inoculation

Soft rot of cassava roots

A Phytophthora sp. has been isolated from roots with severe soft rot

and also from seedlings showing severe damping-off symptoms  The soft rot
disease was reported by the Federacifn Nacional de Cafeteros, with losses up

to 80 percent un ¢ertaln plantations Observations indicate that the disease 13
assncliated with wet soil conditions elther in poorly drained areas or near
drainage canals. A slmlar condition was experienced on the CIAT farm in mid-
1971 when some areas under cassava cultivation became water-logged becsuse of

excessive rain fall.
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Present studies indicate that the Phytophthors sp 1isolated 1s similar

to the fungus (P drechsleri) reported to cause 2 gimrlar disease in Brazil
A Fusarium species was also isolated from 2 number of rooting-roots The role

of this fungus in the epidemiology of this disease 1is also being investigated

Phyllosticta leaf spotting

This disease has been found predominantly im high alt:itude areas of
Colombia (more than 1,000 m) Infection results in severe leaf spotting, de-
foliation and die-back, with a subsequent decreasc in yield Spots are char-
acterized by the presence of concentric rings on the necrosed areas and tiney

brown dots, which are the fruiting structures Plcnidia of this fungus

Successful igolation from diseased nlant tissues is relatively o mnle,
put spore production by the fungus in artificial culture 15 only ianduced by

rncubation under continous flourescent light

Powdery mildew leaf spot

This disease has been found to be present in most of the cassava-growing
areas of Latin America Itfs incidence 1is particular important during the dry
season when the pathogen attacks mature and fully expanded leaves, inducing

yellowish spots and rarely necrosis

Field observations and evaluations of about 2,200 cassava cultivars of
CIAT's cassava collection have revealed a good source of varietal resistance

About 220 cultivars were rated as resistant and 1,330 as susceptible



Glacosporium disease

This pathogen appears only to attack young leaflets and shoots inducing
blight and die-back The occurrence and severity of this disease appear to be
closely related to air moisture conditions  Artificial inoculation {by spray-
ing aqueous spore suspension - iesspores/ml) was only successful when plants

were kept for 60 hr at 100 percent relative humidity

&

Othey diseases

An Armillariella sp has been found associated with 2 stem-base and root

rot of matur=z cassava plants,
L3

Isolates of Sclerotium sp , Sclerotinia sp, Eythium sp and Fusarium sp

kI N N - b
have been obtained from wemimmg ronrad cottdegs RIgh ohonld Srupivme wi QHIPLIIY =

off during propagation experiments
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P ADisease severity indices of 21 cassava cultivars 30 days after spary - and stem~ s
inoculation with CBB isolate 4 2Z8L (18} cells/ml)

p

(assava Disease indices Total Number of leaf General
cultivar Die~Back Wilting Gum Leaf spot  index spots/leaf evaluation
exudarion

M Col 282 15 15 15 T20 65 4 0 sst
M Col 350 11 10 10 17 48 6 b MS
M Lol 333 8 8 10 15 41 10 1 M5
M Col 558 10 11 10 20 51 38 MS
M Col 642 0 6 0 15 21 31 RR
H Lol 647 0 5 0 5 10 20 2 3114
M Lol 667 5 5 0 5 15 11 0 HR
H Col 707 17 15 15 25 72 50 g8
M Col 800 10 13 10 20 53 5 2 MS
M Col 843 15 17 15 20 67 4 0 sS
M Col 808 0 7 5 15 27 4 4 KR
M Col 853 13 15 10 20 58 58 Ms
M Col 866 11 10 15 20 56 83 M5
M Col 952 10 10 10 25 55 6 4 M5
M Col 1080 10 11 10 20 51 5 4 MS
M Col 1073 3 8 5 15 33 2 4 RR
M Col 1079 ) 7 5 15 32 4 2 RR
¥ Col 1080 & 10 10 15 41 56 M5
M Col 1137 10 10 10 20 50 58 M5
M Col 1155 5 9 5 20 39 30 RR
M Col 1184 6 5 5 20 35 8 4 RR
Popayan {CK) 25 25 25 25 100 139 3 Vs

lys = Very susceptible, 8S = susceptible, MS: moderately susceptible, HR = highly resistant,

RR= resistant.
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Fig 28 Spread of CBB 1 the field from imtial sources of infection
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31, 1971 Resulis were recorded as number and posifon of

plants infected at 15 -day periods after inoculation
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Fig 31 Effect of pruning mfected cultivars having different levels of resistance to CBB,

Plants were pruned 6 months after they were spray-mnoculated with a bacterial ‘
suspension (10% cells/ml) of 150late 4 261,
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Shoot fly

i

Nineteen varieties were screened for resistance to shoot fly (Silba
pendula) at 20, 40 and 60 days after planting using natural populations in the N
field Damage was estimated by counting the percentage of the total shoot nu~-
wber that had been attacked by the shoot fly. None of the varieties had a high
level of resistance, but the level of damage after 60 days varied between 25-78
percent showsing that there are differences in susceptibility Young plant show-

ed 1ittle damage, and i1t is suggested that plants should not be screened at less

than 60 days.

£}

Observations on more than 5 000 larwse of Silba zpp, 4 ETeue stalus

of development did not identify any parasites that could be used for control

To screen varieties for resistance to Silba spp under controlled conditions,
it 18 necessary to breed flies artificially Promising results have been cobtained
using a diet containing ground cassava roots, yeast and sorbic and ascorbic acid

Larvae collected in the field have been successfully grown on this diet

Thryips

Thirty varieties were planted in the field and were rated by eye for ree
sistance to thrips At the same time, the number of thrips per shoot was counted

There was no relationship between the two methods because some other insects {s-
{

i
pecially sprder mites) can cause damage sinilar to that by thrips

H

Severazl varieties nad no thrxps; suggesting tnat there is a high level of



resistance to be exploited

Horn Worm

Natural parasitism of the eggs of Erynnis elle by Trichogramma spp pro-

duce good biological control under most conditions When this control breaks
down, applications of aresenic insecticides (5-6 1bg/ha of lead arsenate) have
given good contrel  These should not be used when the leaves are to be eaten

by animals or humans

Vatiga Monihotde (Hemiptera Tingidae)

These lace bugs can produce symptoms similar to these produced by th~

spider mite It oviposits in the leaf tissue itself and because of its feed-

I S A e et A rad YEWLWE



SOILS

Acid sorl talerance

Cultivars from ICA were screened on plots having 0, 05, 2 and 6 ton/ha
of lime The effect of lime on the pH and aluvminium levels 1s shown in Fig;ﬁiﬁ

—

The soil 1s extremely infertile (Table é? 3

The entire field was very seriously affected by Superelongation znd bacte-
riosis  However, in the first three months the plants were not sericusly affected

by digeases and the following cbservations were made

Most wvarieties showed visual response to lime up to 2 tonsha
Some cult:ivars appeared similar to 0, 05, 2 ton/ha of lime
EX o g . - - A

- - Pl - - -
e dw n e e e e MMV LA SHRLY SALTWLEM WY W [EVIVERTT:] Lime, prO*

bably because induced micronutrient deficiencies

After 8 months the plots were harvested The yield figures are indica-
tions of varietal difference, not a measure of possible yields to be obtained
on 2 large scale Eight varleties yielded more than 1 2 kgémzat 0, 05 and
2 ton/ha The maximum yield was 2 6 kg mﬁz in GIC 172 at 0 5 ton/ha Q€ 172
was one of the highest yielding clones at 0 and 2 ton/ha lime CMC 143 and 110

were among the best varieties in all treatments These results suggest that

cassava is extremely resistant to acid soils and 1s potentially important in these

areasg

4
In two other trials there was marked visual response to pnospaorus,

nitrogen and portasium
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Fig 33 Effects of lime on pH and aluminum
levels 1n a Cartmagua soil 1n which
several ICA cagzava cullivars were
compared
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WEED CONTROL S

Research ob,ect.ves ir weed contrel were to determine the safe compounds
and recormended vates for cassava, and to determine the critical period of weed

-~

competbition

Selectivity of herbicades

A herbicide selectivity trial was done at CIAT where soils are relatively
heavy The results, conseguently, are valid only for soils equally as heavy and
can not be transfered to l.ghter soils areas without an initial screening test
Three rates were used for the 27 herbicides tested the vecommended one for
other crops on similar soils, twice that and quadruple the recommended rate
Thus, 1t was possible to determine not only which chemicals are selective but

also what the margin of selectivity

Two special conditions exist for cassava planting which are not comwon
1n other crops and these also were taken into consideration Normally, a pre-
emergence herbicide 15 applied to the soll after the c¢rop has been planted
Sometimes cassava is planted leaving a portion of the seed piece exposed and a
herbicide application will bring the product into direct contact with the seed
prece On the other hand, if the herbicide 1s applied before planting, the seed
piece is pushed through treated soi1l, alse bringing 1t into direct herbicide con-
tact To determine which system caused the least toxicity, half of each plot was

planted before the herbicide application and the other half afterwards

The practice of ridguing befork planting also presents a problem  Several

!



excellent herbicides are only effective 1f soirl-incorporated after being applied
1f ridges are formed after such caemicals have been incorporated, the product is
securmlated within the ridge and the furrous are left with little or no product
Applying and incorporating after the ridges have been made is 1mpossible with~-
out damaging the ridges Thus, 1f such chemicals are to be used, ridging may

have to be eliminated

To study the possible anteraction between ridging and herbicide toxicity,
half of each plot was ridged after applicationwhile the other half was planted
directly in non-ridged soil  The variety used in the test was CMC 64 and 1t
was planted in rows 66 cm wide wath 50 cm between plants Observations were
made at 30, 45, 60, 90 and 110 days, after which time the trial was terminated
Surface irrigation was applied after herbicide apolication ta nrovide adanuvaga

soil morsture

Herbicides which showed an extremely wide range of selectivity in this
trzal were (Tables {?} }‘Q'I[). Linuron, Norea, Fluometuron, Chlorbromuron,
Diuron, Fluorodifen, Nitrofen, Pronamide and Nitralin  Even at four times the
recommended rate, only slight or initial injury was observed for a few of these

products, the majority being completely selective

¢

Those herbicides which were selective only at the recommended rates were
Ametryne, Prometryne, Terbutryne and Butylate, and the ones which were phyiotoxic
at the recommended rate were  Atvazine, Bromacil, Karbutilate, Vernolate and
EPTC  In general, the herbicides of the triazine, carbamate and uracll families

presented the greatest injury to the cassava plant No differences were found



Z 5

between planting eirther before or afrer pre-emergence herbicide application or
between ridging and not ridging for the preplant incorporated herbicides
Table J It appears that the pre-emergence application can be made elither
before or after olanting and that there 1s no increased injury when ridges are

made after zpplying preplant incorporated chemicaels

Criticel competition period

Because of cassava's slow inmitial growth and traditionally wide plant
spacing, 1t ie thought to be susceptible to early weed competition Once the
foliage hag 'closed", that 18, formed a complete ground cover, weed control y
practices are normally not needed Powever, most varieties delay 3 to 4 months
in closing and thus may be affected by weed competition over relatively long

periods

To determine the exact period that weed competition 1s most serious, a
series of hand weeding treatments 1s being carried out with two cassava varieties,
CMC B4, a short growwing plant and Q4C 39, more vigorous and taller It 1s logical
te expect that there will be different critical weed free periods for each vari-
ety to produce the maximmn yield in relation to its partrcular vigor and growth

habits

The weeds present are  Cyperus rotundus, Sorrhum halepense, Rottboellia

exaltatz, and Ipomoea spp Rows are l/m wide and plants are spaced 1l/m apart

1in the rows Yield data are not yet available but the cassava heights at 160

days after planting in relation to the nuwber and timing of hand weedings com-

pared to the chemically weed free treatment offer sone sctriling tnforation (Fq;,f)
]

JUp—

¢



It was impossible to obtain cassava plants as tall as those in the
chemically weeded plots {fluc—cturo~l 3 %kgai/~z pre-emergence and paraguat,
0.5%, v/v, in directed-postemergence applications as needed) with hand weed-
ing A minimum of two weedings will be needed to obtawn maximum growth and
early weedings (15 days) may be more harmful to the young plant than those

done at later times (30 or 60 days).
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Fresh root storass™

Post-harvest henavior of cassava roots 15 being investigated in the
hope of devising technigues for extending the storage life of fresh cassava
roots While it is realized that such techniques as refrigeration and wax-
ing can satisfactorily extend the storage 11fe of fresh roots, the present

1
investigation 1s directed to find simple,inevpensive, "on-farm' methods

A qetai:ed st.ay wds madse of the nature, occurence, sywpioms, and
progress of tne post-harvest deterioration that occurs in fresh cassava roots
Resulting from this investigatron a key for the assessment of deterioration

has been prepared (Fig 235#;

The effect of various chewmicals on the retsrdation of deterioration
nas beon exarined us.ng a root slice technique in addition to wnole roots
Results indicate that surface sterilants may significantly delay deteriora-

-3
tron {(Fip ;ﬁéﬁ) Observations on deteriorating roots indicates a close asso-

cration between various kinds of mechanical damage and the onset of deteriora-

tion

The possibility of storing cassava roots in simple potato 'clarmp” like
structures is being examined {Fig jﬁi*i To date roots have been stored by
this method for five weeks without any deterioration and possibality of long-
er term storage loohs promising

i

AN W g I LT G Nty Syt S, PR BT i N Sy AR e b,
f

darn it S .

!#%hzs work .8 being done by Dr R Baotg}of the Tropicel Products Institute,
London, while spendinrg a year at CIAT |



Observations suggest the pogsibility that the rapid root deterioratien
that occurs after harvest is the result of invasion by epiphytic organisms
naturally present on the root surfaée after 1njury  These organisms, at pre-
sent uncharacterized, do not normally invage the roots, but when roots are dam-
aged they stimulate vascular streaking, discoloration and necrosis but do not

cause any decay

The success of "clamping” in preventing deterioration suggests that
either the conditions within the clawrp prevent the invasion of wounds or that

the wounds heal and so prevent any deteripration

Should the use of "“clamps™ be repeatedly found to control deterioration,

then this technique would proveide a simple, inexpensive method of "en-farm"
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Fig 35 Key for the assesment of ﬁe%er1orat10n 1n whole cassava roots

>> The assesment 1s made by surface
and numerous cross-sectional

observations on peeled roots

> Typical syraptoms

2 Streakmg %é

fr.’ﬁ’ﬂl”: ‘\?;‘ii\t
Blue/black/brown m-——lpﬂg m

streaking
Streaking

Megsion"
diffuse brown margin

B Necrotic "lesions”

white mterior

Total score of sample x 100
{No roots in sample x 4)

> Detenoration Index =

" —
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Research was conducted to &stimate quantitatively the basic physical
mechanisms that control the drying of cassava particles with emphasis on dry~
ing under nafural ambient condifions éxistzng theroretical principles of
drying of biological products éere successfully applied to design the ex-
periments and to explain mathematically the influence of the independent
yariable in the desorption characteristics of cassava particles  This know-
ledge 1s applicable now to give practical recommendations to dry cassava na-
turally at low cost obtairirng a bhigh quality product with excellent drying,

storing and handling properties

A manual cuttaing press was burlt to produce rectangular bars of one
square centimeter of section and variable length The deviecs rutr abont 0
kg per hour but could be modified to obtainm higher vields 1f required A
disc cutter machine, widely used i1n some cassava producing countries, wvas
modified to experiment with different type of ¢hips (non-unmiform slices with
variable thickness and length, uniform slices and 2 geomeiry simlar to the
rectangular bars) This machine produces vields of 300 kg per hour whan
operated by a man using a bicycle pedal mechanism or 600 kg per hour operated

by the power take-off of a tractor or by a gasoline motor

/

The field tests consisted of. rying cassava particles in horizental wire

trays elevated from the floor during drying experiments Two types of solar

driers were tested, and 2 preliminary bin drying of cassava chips with unneated

R i - + P i, e BT T R e e W I e L S s W W A i Dt oS,
; N i e b e e |

;?%hzs ~ork forms part of the PHD thesis of Gonzalo Roa,at Mechigen State
Vniversicy

-
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forced air was periorued

A simple thin layer equation which express the drying rates {changes in
moisture content per unit time) proportional to the removable moisture content,

see equation (1), was fitted to the experimental data,

&= - X Q- M) (1)

£
T

Same-laual

Where
M, mpisture content, dry basis
t, time, hours

K, proportional constant

%eq,equlllbrlum moirsture content, dry basis

A muitiple linear regression indicated that drying of cassava is sensitive
mainly to changes 1n air temperatures {(dry bulb) and wind to a lesser extent
Solar radiation does not influence natural drying of cassava directly because
of i1ts highly refectant surface Absolute humidity had small influence because
of the relatively low zir free movement of the ailr between the particles 1ip
natural crying {under the evperimental conditions aosolute air water content

varied from 0 012 to O 019 g/g and;jln more humid areas it may be 1mportant)

The results of regression are summarized in the eguation

voo- Kt (2)

Mi - \Iaq
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»Here - ;
1, initial —oisture corteni, dry basis

5, fresh cassava we.g "t per un.i &¥ea, RE/m
W, average wind velocity, m/sec

T, average air dry buldb temperature, °C

This ecuation 21llows calculation of values of moisture content of
1 % 1 x5 em unsalected rectangular bars when the average independent vari-

zbles are known or can be predicted

When the moisture content 15 expressed in the form of esuation (2), the
desorntion eruation and curves are not effected by the initi2l moisture content
(}E‘xgﬁg) shen the moisture contact 1s above twenty percent wet basis  This
ract was particularly useful durine tha dasornris~ o v~z z2-2l,.i0 viwew ulf-
ferences of rmatial moisture coutent were of the order of ten percent, wet
basxs, because of cifferences in cassava age, variety and position of the

particle along the root

The influence of ambient conditions in the drying rates are shown in
Fig 256] The bottow section shows the recorded ambieat variables  The ex-
perim.rtal K Value, calculated using equation (1} in i1ts finite form are in-

dicated in the upper section

Tne experimental K values and those calculated using the expression
(3) are compared in Fig L{'C) The standard deviation of these observations 15
0 03 and a wmean value of 0 20 The egtzm&ted error in the enperimental R

value due to fireld measurements is 0 02 These figurss allows moisture con-
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tent, wet basis, after 8 hours of nat ral drying te be estimated to within \
T4 percent )

¢
it was possible to dry safely 20 kgfmz of fresh cassava in wire trays
elevated fro— o floow o+t an a2 erasae gir temperatures of 30°C and wind veloc-
1ty of 1 m/sec The drying process to moisture content of 15 to 13 percent
w g , takes two to four days  Some drying also occurs overnight when the

*

moirsture content of the root pieces is about 20 percent or higher

Rectangular bars of 1 ®x 1 x 5 om were from a practicsl point of view
the best geonetry among those tested in the study The relatively high void
space between the particles, about 65 percent, allows the natural air to cir-

culate removing the saturated aix  Also the dry bars deo not break easily pro-

ducing the _cdesirable finea Othor capmetriss Peared were amaltl echine fnon-
vy -4

gy
uniform slices, 1 to 12 cm long and O 1 to D37 cm thick), big chips (non-uniform

slices 1 to 12 cm long and 0 2 to 1 2 em thick), slices (uniform O 3 om slices)

Hourly stivring of the product does not acelerate the drying of cassava
partticles significantly 1f appropriate natural drying conditions exist. The

reason for this 1s the high solar reflectiwvity value of the white cassava surface

The tested solar driers are not recommended to dry cassava because they
have advantages over natural drying only when the radiation intensity is very

high

Drying of cassava particles in bins, with forced ventilation is a dif-
ficult process if low air flows are used because of big differences in static

presgures caused by the pon-uniformity of the product and by the shrinkage
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(about 30 percent of the initial volume) that occcurs when grying cassava from

65 percent to 14, o« b This results in non uniform drying end rotting of the

t
product

—,

o



Moisture content ratio, dry basis
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Drying time, hours

Fig 38 Desorption curves of natural cassava drymng
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Fig 40 Comparison of expemmental and caleulated K values
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AGRICULTURAL ECCNO.ICS
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The work carried out during 1972 focused onffl) a description of existing

cassava production systems in Colombia and the cost of producticn under these

- -
systems}and {2) the economics of utilization of cassava

Description of production Systems

A farm survey was carried out among 330 cassava producers in various
regions of Colombia A stratified sampling procedure was used in an attempt
to obtain information svpected to be representative of the various Colombian
production systems  The objectives of the survey were to deseribe present
production systems and to estimate costs of production and labor use by pro-
duction activity for the various production systems  Although the analvesrse

of the data has not been completed, some preliminary results may be reported

Almost one~half of the cassava producers ancluded in the survey had
lesg than two hectares of cassava, while only 13 percent had more than 10
hectares  Slightly more than one-half of the farmers grew cassava mixed with
other crops Malze was the crop most freguently found together with cassava,
followed by plantain, vams, coffee and’beans. A large proportion of the farms

(22 percent) grew cassava together with more than one other c¢rop

A large variation was found in plant population per hectare The ma-
joerity of the farmers producing cassava on flat lands outside the North Coast
Region maintained & population of 10,000-15,000 plants per hectare, while tne

farmers in the North Coast Region maintained a much lower plant population

{(4,000-12,000) and the farmers pruduéxng on sloping lands were poand to wmaip-
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tain a plant population of 6,000-12,000 in most cases  The length of the crop
H

eycle varied frorm ome reg.om te zrother  The most common crep cycle was found
!

te be 12-14 months

The use of purchaged inputs was low Only five percent of the farmers
interviewed used fertilizers and 31 percent used insecticides  About two-thirds
of the farmers used only manual labor for land preparation, six percent used
animal traction and 27 percent used 8 more mechanized form for land preparation
On all farms the planting and harvesting was done exclusively by manual labor
None of the farmers used chemical wesd control Most of the farmers weeded the

cassava field three times during the crop cycle.

The data are presently being analyzed with respect to labor utilization
and production costs by production activitv and farm =ive T+ snnmoave +hat
present production costs run from 400 to 700 Colombian pesos/ton of cassava

These figures are tentative, however, and subject to revision

Cassava utilization

The potential demand for cassava for direct human consumption, industrial
starch and animal feed is presently being analyzed jointly by the University of

Guelph, Canada, and CIAT

Tentative results from an analysis of the economic feasibility of partial
substitution of wheat 1t bread in Colombia suggest that such substituetion would
not be economically sound given present prices of wheat and cassava If the
wheat price remains constant, the price of cassava flour would have to drop by

approximately 50 percant to rake the sibst.tution economically sound for the



bread producer 1f the present cost of marketing and processing per ton
cannot be reduced, the price of fresh cassava would have to fall from the
present $1 700/ton to around $190/ton It 1s likely,however, that the cost
of processing will be reduced 1f the quantity of cassava flour increases
The extent to which processing costs can be reduced 1s not clear at prasent,

however, they are a major portion of the total cost

Given the large cutflow of foreign exchange assocrated with wheat import,
a pratial substitution of wheat in bread might considerably influence the
foreign exchange balance The economic feasibility of partial replacement
of wheat imports by other Latin American countries and the implications of
such replacement on foreign exchange, farm sector revenues and domestic em-

plovment are presently being analvzed

The economic feasibility of uslapg cassava as an energy source for swine

is being studied Tentative resslts are reported under Swine Production Systens

Recent trends in cassava production and vields

An analysis of the world cassava production and yield trends during the
perica 1960-68 was carried sut on the basis of secondary data  The analysis
suggests an 1ncreasing production trend of about two mllion tons annually
during the period The increasing production was because of an lncrease 1y
cassava acreage of about 200,000 hectares annually Average world yields of
approxinately 9 tons/ha show no sigmificant change during the period

|
The largest production increases took place in Africa ard South America

The increase in total world production of cassava just kept pace with population



increase in the cassava producing countries leaving per capita cassava con~

sumption in these countries constant
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TRAINING

Before 1972, training in the cassava program had been available to
few (two interns and two research fellows) mostly because of limitation in
aumbers of semior staff and an outbreak of bacteria disease  Soon after the
appointment of a full-time program co-ordinator, the cassava production sys~
tems team was established, This teaﬁ sought and identified qualified candi~
dates for training In 1972, nine post-graduate interns, two doctoral candi-

dates and two special trainees were appointed or continued training

In addation, three trainees in plant protection dealt with cassava as
part of their training Colombia, Pert, USA, and the United Kingdom have

been so far represented in the above groups  Additional professionals have
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from Dowadur aue venezuela for training in earlv 1973



