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© AUTHORS' NOTE

, A 1eaflet entitled "Cassava, A btarch Crop«—A Study of Upland. Farming
7_'fin Southeast Asia".and published by the present authors has received a
‘J:warmer welcome than expected.- As ‘issuance. ‘of ‘a new edition became necessary,

“1?considerations have been given to correcting mtsprinting, redundancy, and

‘}the 1ack of necessary phtographs ete, and 1mproving the edition by adding
ithe 1atest information.

7 The purpose of this publication 15 the same as that described in the
jprevious editlon. I is hoped that this pamphlet will be utilized widely

in areas where shortage of foodstuffs calls for urgent measures,

. February, 1977

Kazuma Nojimé
_Shohei Hirose

Lampung Agricultural

Deﬁélbpment Project Team



With aﬁ'inerease in population and the advent of abnormal weather, the
food question has come to assume greater Importauce as a problem calling for
'urgent solution on a world bagls, Today, when reevaluating the food situa-
tion and promoting preduction inerease on a globel basls is required, the
Jaﬁan Iﬁfernetional Codperatioh Agency has cooperate&'in the fields of agri~
‘culture and agricultural studies in developing countries as part of its

_overseas cooperation activities.

| Dr. Kazuma Nojima and Dr. Shohei Hirose, the authors of the present
amphlet, are speciallsts in agricultural development who have been dis~
patched to work in the Agricpltural Development Project in Lampung, Indonesia,

Dr. Nojima' is serving in Lampung as leader of the Project,

, "Cassava,.a‘Starch Crop--A Sfudy of Upland Farming in Southeast Asia"
(March; 1975) compiled'by them has been favorably received by those
interested in.ceeeave, which oecupies an impertant-position as a foodstuff
containing etarch.. I anm very heppy to present here the second edition, which,
i aﬁICOnvinced will be fully utilized as a reference document for those who

_involved in the eulLivatlon of cassava.

Februdry, 1977

Michio Nakahara, Director
Agricultural Development

Cooperation PDepartment
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l. Production and Origin

Cassava, with which the Japanese are not fully fawiliar, ranks seventh
in production among world food crops (See Table 1),

Table 1., Production of Major Food Crops in the World
(PAO's estimate included partly for 1974)

Crop Area Average Yield Production
{ million ha) (tonfla) (million ha)

‘Grain

Wheat’ 224,7 1.603 360, 2
Rice (Un-hulled) i36,8 2.363 323,2
Barley 88,9 1.922 170.9
Corn 116.7 2.510 293.,0
Rye 7.5 1.865 32.6
Qats ) 30,7 1,669 51,2
Millet 68.4 0.675 46,2
Sorghum 42.5 1,103 46,9
Root Crop

Potato 21,9 13.393 293,7
Sweet Potato 19.3 6.970 134,2
Cassava _ 11.% ' 8.831 104.9
Yam 2.0 | s.ese 19.1
~Taro 0.8 5.711 4.3
Leguminous Crop

Soybean 44.5 1.277 56.9
Peanut (Un-shelled) 18,9 0.931 17,6
Source i FAQ, Production Yearbook Vol. 28-1 1974,

According to the statistics issued by FAQ in 1974, the world production
of cassava (wet tuberous roots) was approximately 105 million tons. Total
production, however, is expected to increase to more than the abovementioned
figure, since it is surmised that the statistics are lacking in the produc—

tion data on cassava which people in the tropics cultivate in and around their

habitation as a vegetable or subsidiary food,

Brazil produces most--a little less than 29 % of the world production,
and is followed by Zaire, Nigeria, Indonesia, India and Burundi. The

production of cassava in these six countries accounts for 68 % of the total

production (See Table 2).



Table 2, Produclion of Cassava in the World
' (FAD 8 estimate 1nc1uded partly for 1974)

Production ' 1 - | / Againsr

(1 000,000 tony. world Produttisn
Brazil - 30, of“f” 28,6
atre 120 B R
.ﬁigéria'n ‘;]l;O}OZ?f 9.5
indéﬁésia_ '9.4:5: _ 8.95?l
India 6.k 6.0
Burundi :-;4;0 | 1‘3;8;  
8.2
Thailand 3,8 3.6
Tanzania ‘3.5 3f3;.1.-
Ghana - 2.9, ."2¢7 o
Mozambique 242 - 2.0
Angola 1.6 1.5
 Madagascar  ;1}4  1.3
Colombia 1.3 1.2
Paragﬁay 1.1 10
Uganda L1 1.0
Sudan | L 1.0
Central Afrlca Rp.’ 1.1 1.0
Cameron 1.0. 0.9
20,5
World Production 1049 100

Source : FAO, Production Yearbook Vol. 2841,'19?4

A glance at the situation in Southeast Asian countries ‘teveals a 1apid
1ncrease in production attained by Thailand For instance, production 1s
roughly doubled from 1,47 million tons in 1965/66 to 3,08 million tons 1n |
1969/70, and further to 6.24 million tons in 1974775, five years later. A
rapld expansion in cultivation area resulted in this production increasé
(See Fig. 1). HMajor producing provinces in Thailand are Cholburi, Rayong

and Nakornrajsima.
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Fig. 1. Cultivation Area and Production of Cassava
o (Wet Tuberous Root} in Thalland.

Source'  Agriculture Statistic of Thailand
Crop Year 1974/?5
Malaysia- (West Malaysia) had a cultivation area of 42,000 ha accordiug
to the figures compiled in 1968-(Chan Seak Khen :1969). There is a very
1arge difference in figures between Khen!s: in 1969 and those reported by
Kitsutaka ‘in 1976, which ‘are as follows: )

| 1968 N 1959 1970 197 1972
117,022 ha 17,518 ha 17,653 ha 14,846 ha 13,141 ha

Cassava produced in Malaysla totaled 180,000 tons according to the
FAO (1974}, or 279,259 tons in 1972 by Kitsutaka., There is also a consid-

erable difference'in these figures.

) Figures for the Philippines show a rapid expansion of cultivation area
from 80 000 ha in 1971 to 140, 000 ha in 1972 from which 500, 000 tons of
cassava were produced (Horibata 1976). The production in the Philippines
regietered 485,000 tons according to the FAO (1974), a slight decline from

1972.

In Indonesia, despite a generally declining trend in both cultivationm
area and production, (cassava) production increased in Lampung, Sumatra,
under the strong producticn increase'policy of the Government. Cassava is

an important foodstuff in Indonesia, after rice and corn (Table 3).



Table 3. Harveet Area and Production of Cassava in Indonesia
e (1000 Ha, 1000 ton) .

' Maevest Area | 1967l" 968 | g6 | 1970 1971' w2 | s

Prodyctfon . A ERRS AT S GE : PR .
- - N TR R T R | 1,406 5,668 | 15413
Indoneste .} ton | 10,786 1,356 11,004 10,042 |10,042 {10,386 - | 9,399
; ' : Ha T | e e T36 | ay [ Tes
. iiﬁﬁﬁiisxa) 1 ten -~ 9 223 205 | aix | Tsss | oees | 734

Sevrce & Statfstics Bureau of lndOneslén‘Governmeﬁt and Agriculture. Extenston Service, Laoeung

LRI

The worldwide cultivation area exceeds 11 9 million ha, . The'erop 15

enJoying increases both in production and cultivation area (See Table 4).

Table b Changes in Cassava Production

(world}
Producing Area | : 'Yield i :?roduetioq
_ (mil]ion ha) o =kg/ha ¢ (million ton)
1970 o 9.8 ¢ 9,400 | - 92,2
w7zl ame ] 9,890 1 10544
1974 e | 8,830 | 10449

Source i ‘FAO;:Ptoducﬁioﬁ“YearbOOK-1970,”1972; 1974,

The.origih of eassaVa.requiree expianatioh: uﬁtil the iettet.ﬁalf of
the 18th centuxy, cassava was generally consldered to be a plant indigenous
to the American Continent. In 1772, however, Raynal proposed that the plant
had been introduced from: Afiica, in opposition to the prevalling theory.
Lack, of evidence for his view, . however, led to.a rise of opposing ideas in
the 1800's, and a theory affirming the Americanm continent as the origin
became dominant., Once this theory was accepted, discussion focused upon
the question of the exact place of origln in tropical America, Today, it.
is restricted o northeastern Brezil/Paraguay, ‘northern South America and
Mesoamerica.‘ Renvoize (1972) wrote that the places of domestication of
sweet and bitter cassava were different. He wrote that sweet cassava was
first domesticated in Mesoamerica as a species of various vegetatively ‘
propagated crops. Sweet cassava, constituting a part of a crop complex
dominated mainly by corn, was later introduced to south America by emi—
grants, together with corn. Bitter cassava ils likely to have first come

under cultivation in the northern region of South America (the interior of



Venezuela) and to have achieved'prominenee as a major crop in horticultural
systems depending mainly on vegetatively propagated crops, - He wrote that

_migration of people and their mutual interchanges promoted a wide distri-
_-bution of both sweet and bitter cassava in Central and South America,
| 'Aecording to Renvoize, varietal diversity is seen in Brazil and the
existence of many varieties of the genus ﬂlanzhot created favorable conditions
for hybridisation, the development of fiew varieties, He, however, drew the
”conclusion that Brazil_is grobably not the first place of domestication for
bltter cassava, Aithouéh thefhomede cassava ‘is econjectured to be Central
or:Soﬁth America, 1t 18 now grown and cultivited thfbughout the tropilcal
regions. | | Y

Cassava was introduced 1uto Southeast Asia. in the middle of the l?th

century, It was the Portuguese who transplanted it to Africa, from which it
was later brought’ to Ceylon, India and then to the Philippines by the Spanish,
There are documents 1n Penang, Malay31a referiing to cultivation of bitter

cassava in 1846, records in Singapore show its introduction from South
Amelica dn 1886,

Sosrosoedirdjo (1970) wrote that- saplings of several cassava varieties
were planted-in the-present Bogor Botanical Garden in 1852, and propagated
over the entire island of Java in 1854, The history of cassava cultivation

in Southeest Asia is comparatively young--about 100 years or S0,

—_ 5 ——



2.-' General Characteristics«~AS a FoodStuff

Nestel (1974) writes that "“5 million tons of cassava out of 98
million tons . produced on a world basis ‘are consumed by humans today, accord~
ing to the FAO, " which meane more than half of toLal production is directly
.utilized as a- foodstuff.“ This observation is qupported by Phillips (19?4),
who said that approximately 71 million tons of cassava will be consumed by
people. in 4980, Table 5 shows the amount taken by the pecple of 1& countries
in the mid~1960’s although thc figurcs are probahly low. f o ‘

_ Table 5, Intake of Cassava as Food
(1964»66)
- Human E Cnaaa\m : D& ags Annual lntake
Comtry . . Population Calgreie Total Calorie |. (13
SRR S F (milllén) lntake!day T Tatake i o Cossava
Gongo (Brazaavilie) | 0.80 | - agse | w8 o . 470
petve. fis.sg a0 ses o} s
" Central African Rep.| 1.33 oresy | asa 354 o
Gabon - Cewe | w02 | ame |- 342
. Kozambtge - | 66 7} 908 42,6 304
" Angola T 5.5 ] 7 68y s | 220
Liberia = - 1,08 . 600 26.2 . 201
Togo : 166 | 590 2%6.5 197
‘Dohomey R % A8, 20,1 .| 148
_ Paraguey - . | . z03 | 540 0 197 : 181
© Ghana o sas Cage T | visz | 1de
Brazil- 1 80,27 .- | ar 1048 e 0f
Nigevta . . | -seas | 306 Yol 103
" iodomesta - 105,74 . 269 1.3 92
:szﬁing . 306,15 s | e 24

Source : . PAD, Food Balance Sheets 1964 - 66,
Cassava, which will play an important role as a foodstuff s
characterized by a high calorie output per unit area compared with other
staple cropg.' compéfison of calorie_output made by Coursey and Haynes. in

1970 is as follows:

Cassava = | 250,000 cal/ha/day
Rice o 176,000 cai/ha/day
Wheat ' - 110,000 cal/ha/day
Corn = . 200,000 cal/ha/day

1t is not easy to compare calorile output precisely; there 1s a
difference in the results of studies made under existing conditions and
those made under ideal_conditions for comparing biological capacity. The
following is therefore an extremely rough'calculation of calorie output on

the general understanding that cassava's calorie output is very high.

"Table 6 shows caloriflie value per 100 g of major crops taken from the



Food Composition Table compiled by the FAQ;

Table ‘6. Calorific Value of Major Tropical Food Crops

" crops S . Calorific Valucf

: S o 100 g
Hillet & Sorghvm . . 45

Haize .- - _ K 360 .
- Rice (Pollehed) ' 359
Cadsava : o ' : C 109
Sweet Potatoes - . e 97
Taro (COcoyam} . T 86
: oms - o : ' 90

Source . PAG, Pood Compoaition. Tables, Minerals and
Vicaming Wuir, Stud., No. 11, Rome 1954.

. Table 7 indicates principal ingredients of cassava taken by Holeman (1956)

Table 7. Ingredients of Cassava and Other Agriculture Products

. Kind R R Caioriflc Protesn Fat Carbohydrate] Ash Holature| Fibre |Yitawin A{ Vicamin B | Vitamia C
L Value - ) L Content I.V, wgfl00 ¢ | mgf100 g
‘Met Cassavd Root ~ ©127 7 [.008 - 1.0[.0.2°- 0.5 32 |0.3-045 6%, 0.8 BTN -
Peeled Cauava Rool - — - . - L. - - - 10 0
Casseva Chip s | 1.8 1.0 B 1] 0.8 15 - - ' 0 -
Cazssava Starch 307 0,5 ~ 0.7 0.2 85 1 0.2 15 0.5 - - -
Potate ) 8. 2.1 Co0.1 © 20 1.0 | e 40 -8 |3-1s
Fotato Starch 331 - 6.3 82 0.3 15 0.4 - - -
Husked Rice o ) _34_7 B.Q 2.5 Rk 1.5 L5 ID.?-I.O -. 100 - 150 -

’Snu.rce. © Holleman, L.M.2. & A, Aten (3956 ‘rroées‘m.\g of cassava ind cassava products fn rural indusiries,
. FAO, Rome
from the FAO, Reference to other relevant data shows the calorific value
of cassava péf:lOO g to be_lO?I(Table 6}, 127 (Table 7) and 148 (Montalds,
'1973}¥‘ AQerage5caiorif1c valﬁe 1s thereforé'understood to be around 130/
00g . | | o |

‘ Assuming - the calorle ratio of cassava to other ¢rops to be 3 : 1,

caloride.output can be roughly compared by the following method.

Production stdtistics of Lampung, Indonesia, w111 serve as an example,
Yield/ha and growth duration (days) of the major three crops in Lawpung are

shown below'

Crops Average Yield Growth Duration

Rice (milled) — _ 1.35 ton/ha 140 days
Corn (dry grain) _ 1.23 ;on/ha | 120 days
Cassava (wet tuber) 11.20 ton/ha 300 days

Calorific value of .these crops being 360 cal, 360 cal, and 130 cal
for rice and corn, and cassava, respectively, calorie output per ha per

®
day is as follows:



Rice . L 343714 cal/tin/day”
Corn - S T 36 387, cal[ha/day
Caesava 3 R. R ;*~ 48 533 callha/day

So far as is shown by the existing aituation in Lampung, Indoneaia,‘_i
'_cassava has 4 higher calorie output: than othey major crops.‘ On - the ‘basis
hof the calorific value and growth duration mentioned above, yield ensuring
equivalent calorie value/ha/day of cassava and rice will be calculated

'below (cassava s yield indicated as ¥ and that of milled rice as X )
Y = 5 93 xl '.i..{-eo....i.;..-(A)'

If the milled Lice yield is calculated in terms of unhulled rice yield
using an hulling Fate of 70 %, the foxmula will be. o ’ RS

Y = 4 15 X— ..’..IO..-.";;..l;.;.....(.B).

Again on theKbasis'of'the calorific vaer and gfowtﬁ‘duration'
mentioned above, yield ensuring eQuivalent calorie’valﬂe/ha/day of cassava
and corn: will be. calculated as follows (cassava s yield indicated as Y and
that of corn as X ) ' S
) = 6 92 X ......}...-;-o--;..(C) .

On the baais of (A), (B) and . (C) in the above formulas, yield of milled

rice, unhulled rice and corn equivalent to 25 tons of cassava 1s 4.22 tons,

6,02 tons and 3.61 tons, respectively.'

“'"6 02 tons of unhulled rice" is not a very high Yield nor 1s "3, 61 tons
of corn. ~ The highest yield of hulled rice is said to be ten tons, while
the average yield of corn in the United States is around 6 tons; Altﬁougﬁ
"average yield of cassava as 25 tons" does not‘cnrrently offer high calorie
output, high calotie'outbnt 1s foreseen when cultivation tecnnology'ls
improyed in the future--50 tons on the average, The possibility of in-
creasing cassava yleld will be stndied in later pages, but attentlon should
be drawn to information by Cock, who said a 47 tonlyield was achieved in
Colombia in 1973,

Attention should be given also'to cassava’s.high tolerance to unfavor~
able conditione and production stabilitj.. Cassava can be cultivated on’
arid land with scanty rainfall, For example Ceftain cassava varietles can
grow with as little as 500 mm of annual rainfall, while others are adapted
to regions with 5000 nm of rain, Especially it has strong resistance to
drought: once it takes root in the soil, it stands well even in protracted

. ]
drought that ruins normal crops; growth resumes when rain starts. This

o



-means'that cassava can be cultivated at any time throughout the year in
_troplcal regions' it changes little in its ingredients even when its
harvesting tine is delayed' 1t can be easily stored in the ground it is
not. surprising farmers in the. tropics grow it around their hute slnce it is

a crop tolerant to unfavorable conditious.

_ In’ evidence of . the above, no death from huuger was reported from
cassava»producing Kerala, India, at the time of the drought 1in 1943, while
nore than one. million people diod of starvation in Bengal where nQ cassava

had, been cultinted

Cassava 18 said to have strong resistance to diaease, and insects; i1t

grows in poor soil and is cultivated easily.

Farme1s pointed out -the following five points for reasons of thelr
positive cultivation in answer. to the questionaire distributed in Lampung,
Indonesia in 1973:

'(1) Cassava is a staple food second only to rice,

(2)'_It is easy to cultivate, and has a comparatively high production

capacity,
:(3) It suffers little from disease and insects of all kinds,
{4) 1t stands well-even in long drogghts,
(5) It requires only simole post«hatvest measures.
The five points put forward by farmers themselves clearly explain the
natdre'of cassava. |

Cassava is rich in'etarch content, but poor in protein content.
Further, it 1s not good as a foodstuff to be taken independently as it is
short of sulfa contain amino acids {(See Table 8)., Addition of protein and
other nutrients is necessary when oassaﬁa is uged as foodstuff. As explained

later, due attention should be given to enriching its nutritive qualities.



Table 8. AMino Acld Content in: Food: _'(per-.lf_)'_()-,;g'_), S

g}

Water | Ritrogen

{gY

P:r‘oEei"n' g

e (g)

:Ly_a.[loe\ Héthioﬁi—r{g

(5g).

“Threonin

e

Trypcophane
T(ug) .

Esséntial i
Anino Acld
. ey,

'f‘ot_al. Aming
Ackd
5:;(53?--.. il

GRAIN
Wheat .
Kice (Poliahed)
Coxa
Sérghqn )
Barley
00T CROP ©
Potato
Svest Potsto
Taro -
Yo
Casgava (M:ea))
"LEGHINOUS CROP
" Kidaey bean
" Broad bean
Chk;k p:ea
Cou pea

.:15.0
13.0
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Ity
1.0

8,0
-~ 10,0
Ty
.4
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11,0
11,0
1,0
1.6

2.09
T 113
1.52
1.62.
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0,32
RIS

0.2%

0.8
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3‘.‘ 54

2,14

3,22
N

[
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C 9.5
[ 0.1
e

T

43
4
2.4
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22,1

23.4
1201
234
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255
254
204
405

., 43
TR0
97
67
1,563 -
1,512°
1,376
1,599 ° .
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150
182
151
196
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2%
I8
22

234
" 172

09
273
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2

w2
306

1

TR
50, -

74
86
43
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786
156
842

Coase

95

TR
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180

"33

SR > N I
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1
19

23
10?';
i

! _2545 L

4,280 |
2,693
T
$,945
4,200

g6t
414
707

821y
404

KR

LB, 244,

7,802
8,640

112,607
5,785
9,262
9,756

YOLE; 18

1,534
9%
1,137
. 2,009
1,184 -

20,043
20,955
19,290°

_ 21,086

. 'Sburce i FAD, Amtio-dcid. Content of Foods ‘aid ‘Biologleal Data on Protelns,

Nuteftionsl Studics No.. 24 Rowe 1970

-._.1 0._-



3. BotaﬂicalQCﬁaracteristics

_Cagsava 18 a pérennialfshrub of the spurge family, together with para
rubber, and .castor beans, ete. It is bdtanically classified as Monihot
'esculen;g.Cran;z_orjbﬂwﬂhot,uti!issﬁ%&iPohl.._Its English name is cassava,

. _casgava or manioc, and is calléd mandioca or yuca In South America, ubi
kayu‘injlnd6n351a;and Malaysis, and kamoteng kahoy in the Philippines, In
Japan; it is.prOnounch‘kyassaba,JbUt should be pronounced as '"kasahba" in
‘ striqﬁ aécﬁrﬂanqé with‘thé English pronunciapion.

._QLeaving_detailed expléﬁations on botanical features to other handbooks,
remarks shall be made only on a few 1mp§rtant polnts,
7" The flowers of cassava &re unisexudl fomale flowers open 7 ~ 8 days
éarlier-than'malé_fipWers. Cross~-pollination 1s necessary, There are 8 - 10
male flowers to:twﬁ femhle'fIOWefs; ‘Some spedies bear flowers as early as
3= 7.monthsjaftefjthe‘plaﬁting'of'stém cuttings, but they usually bloom

much later if growth conditionsiare favorable.

The following‘afe'the results of experiments made by an experimental
station'in.gerdang5 Mala}sia,'on the blooming habits of Varietiéé collected
sinc¢'1964 (Chan'Sgak Kheh 1969); The experiments also made clear the
exisfgﬁée qf:va;iétieé'that Bgér u§ fl@weré.“ - |

.(1) Varieties that frequently bloom and bear fruit: _

‘ Medén, Jurai, Berat, Batang Puteh, Lemak, Ubl Melaka, Sakai

(2) Varieties that seldom bloom and bear fruit:
Black Tﬁig, Green Twilg, Ubi Puteh

(3). Varieties that never bear flowéré or fruits:
- Un-named -32 (no"blossom from 1946 to 1969)

Cassava is prppagatéd by étém cutting, If crossing for the purpose of
breeding is necessary, it is cultivated oa high land, és it accelerates
flowering at lower stems (about breast high) and increases quantity, to
make crossing easier. When planted on high land, flower abscission is also
avoided., Chances of succéss by crossing, however, is generally very low--

25-26 % at best,

Seeds are in ligeous capsules, look gfeenish when young and mature to
a dérk brown (See Photo 1). 'Seeds look very much like those of castor beans,
slightly smaller in size and lighter in welght. When capsules are ripe and
fully dried, they crack and seeds burst out. Some 57 ¥ of a dried seed is
a kernely 47 % of the dried kernel is lipid materials, 98 % of which are
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 triglyceérides, | Protein accounts for 34 % and’ stareh dontent is only 0.3 %
(Nartey et al. 1973) ' ' - o

A Matureroot tuber consdsts of’ three parts. outer periderm! cortical ‘region
and’ pith They are’ colored differently according Lo variety.- ‘For- 1nstance, '
_the outer periderm of a ‘certain varieties is light broWn, while’ that of
others is yellowish gray or brown, cortical region 18 sometimes white,:‘nEF
reddish 1ight gray OF light gray with brown stripes. ' EE '

The pith occupying a greater part of the root Luber, contains much starch
Aand consists of parenchyma cell with vascular elements and laetiferous

tubes. Pith is white, creamyucolour or fillk-white (See Photo 2).. Starch -

grain 48 2 « 23 in diameter and -unique in possessing a stellate hilum shape.

. $1ze and length of root tubex differ according to. variety, ultivation conditions
ete, Generally, i iz 5 = 15 cm 4n diameter and 50 ~ 100 em in length, .

) ' The top part differs considerably) some-varieties—have stems more than
300 cm high and the number of branches is‘also_variable}'.(See:Photd'3).-
fhiree to four shoots come out of one stem, and have a number of °
branches dt théir tdp. soﬁe, hoﬁeser;”have'no'branches at the top.
Leaves differ by varieties:'some have - deep lobes and others shallow “
-ones, Colours as well as petiole of ‘leaves are. also varied (See Photo 4)
During ten months of growth, théy beat an average of 120 < 200 leaves, but

old_ones are shed one by one, leaving,young leaves at’ the top. of branches.

An interesting observation was made by Enyi 4n 1972 dn~- Tanzanii on
cassava stems planted on January 8: LAY (Leaf Area Index) measured, on
May 29, was 8 aund over for Msitu Zanzibar and 5 - 6 for Amani 4026[16 and
Aipin Valenca. LAL fell sharply thereafter to. 1 (approx.) one month before .
harvest (in October).’ The value tended to increase slightly, irrespective

of variety, when plantiug density was inereased
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b, Varieties, Hydrocyanic Acid Contents and Other Characteristics

Hore than 1,000 cultivars are sald to be cultivated in the world, As
cassava is propagated by the vegetative reproduction method, cultivars dre
_:named differently and classified ag different varieties when introduced to

other-regions of the world ' Under these circumstances, it is very difficult

to clarify features ty variety.

_ ) If cagsava 1s. utilized as food or feedstuff the question of the
toxicity of" hydrocyanic acid contained in it must be answered, Cyanogenic
Vglucoside is contained 1n all cassava plants and tuberous’ roots, showlng a
wide variation by variety. Cyanide ‘ncludes 1inamarin and lotaustralin,
Cassavi contains enzyme——linamaraseumwhieh changes these to hydroeyanic

acid. (HCN) through hydrolysis. Cyanide is more or less stable’ in sound
cells, but it forms ‘hydrocyanic acid with the3ﬁe1p of linamarase when cells
in leaves or roots destroyed by external injuries.r The toxicity of linamarin

and: 10taustralin 18 not yet fully understood today (Coursey 1973).

NiJholt pointed out in 1932 that hydrolysis ‘of 1inamarin takes place
inside digestive organs _and, therefore, linamarin may become toxlcent to
people or,eattle when they Angest it. - There is much room for further study
in this respect. - Cassava ig widely used as food as well as a feedstuff,
particularly in Europe, Although research is very incomplete, serious

problems may remain.

For instance reports have been made of outbreaks of tropical ataxic
ﬁeuropdthy, goitre, cretinism in Africa where cassava is heavily consumed,
according to which a certain substance of cassava seems to have been one of
the factors in the outbreak of these.diseases (Osuntokun 1973, Ekpechi,
1973 and Ermans et al. 1973).

:Added'to_these, there is information on adverse affects on the growth
“of pigs and fowl when cassava 1s given in great quantity without the supply

of methlonine (Maner and Gomez 1973),

Under these circumstances, much discussion on the chronic toxlcity of
cassava has taken place at various workshops, oarticularly with regard to
the biosynthesis of cyanogenic glucoside, physiological problems caused by
cassava'toxicahts, its detoxification mechanism, breeding of low-cyanide

varieties and sensitivity to harmful insects and disease etc. (Nestel, 1974).

Cassava cultlvars are divided largely into two types according to the
amount of_hydrocyanic acld content: sweet and bitter types. Classification

by way of hydrocyanic acid content, however, is not precise as the content



. changes aecordiﬁg—to drought or. £ertili?ers:aopliedtl."_“__-..3
* Classification 1nto sweet and bitter types depends upon the. content of
‘cyanide. or hydrocyanic acid, and not "eweetnees or bitterness in taste..._
. 8dnha: and Nair reported in 1968 on. the overlapping classification resulting
from different methods used in c]assifying the crops . one by the original
.l,method and the: other by cYanide content. ' Sl '
Aecording to ‘the experience of the authors of this pamph!et, the sweet
.type-is not: really. sweet in taste'- It is fibrous and tastes like potatoe.
It does not cloy the. palate. The bitter . type of cassava, on the other hand
is not used as a food due to its high hydrocyanic acid rontent.‘ barmers who
plant this type for industrial use say that their mouth and body become
jnumbed when - bitterwtype5casseve,is consumed taw. , The, word "bitter", there~
fore, does not,apply;to-"bittetcess“_in;taste;_ RS
Sweet cassava is consumied by farming people in the tropies using:
various processing procedures. it 1s ‘chopped; ground, soaked in water or
squeezed after. grinding, exposed to the sun, heated boiled or fermented to

: make it innoxious.-.-“

Sweet and bitter cassava are further dlvided into the following four:

groups by hydrocyanic acid content: -

(1) Hydrocyanic acid content of 1ess ‘than 50 mg per 1 kg of chopped
'tuberous root,- ' ' ' '

(?) 7Hydrocyanic acid conLent of 50 - 80 mg/kg

(3) Hydrocyanic acid content of 80 =100 mg/kg

(4)"Hydrocyauic acid content of 100-mg and over

Some classify groups (1) and (2) as sweet and (3) and (4) as bitter,
while Koch (1933),lBolhins (1954) and De Bruijin (1971) show little iunterest
in cleSSification into sweet and bitter types and divide it according to
toxicity as group (1) innoxious, groups (2) and (3) moderately poisonous
and (4) dangerously polsonous,

Hydrocyanic acid presence in periderm is 2 - 9 times that in central
_pith Table 9 shows the distribution of hydrocyanic acid as compiled by an
experimental station in Serdang, Malaysia (Chan Seak Khen. 1969), For in-

stance, hydrocyanic acld content is 70 mg/kg in root pith in cultivarx
Native-4, while 630 mg (630 ppm) 1is contained in periderm, Peeling the
periderm is sald to reduce hydrocyanic acid content to a considerable

extent,



“Table 9,. HCN Content in Pexiderm & Flesh (Pith) of Cassava
‘ Cultivated by Agricultural Station in Serdang,
"W Malaysia '

S HCN Content HCN Content .
Variety -1n Peridernm in Flesh (pith) "BfA Ratio
o : [CY R o (BY E
Constanttn . .| . o0.028 . | 0,010- 2.8
Negrita: 17° . o0.058 .. . | . 0,009 _ 6.4
Cabesadura ‘ 0,040 0,006 - 6.7
Wative' s . - - 0063 0,007 : 9.0
Native 13 0.045 | - 0,014 ' 3.2
Native 8 | 6035 [ 0,005 o 7.0
Native 3~ 0.021 | o011 _ 1.9
Mantoc de table 0,038 0,007 5.4
Native 5 £ 0.036 0,017 f 2.1
Berea - “e03r | o010 ' 3.2
Rative 1 ©o0.018 0,003 | 6.0
Mauritius 29 : 0.032 oo 0,005 ' 6.4
Butter Sticks 0,022 0.005 _ 5.5
Native ¢ o e.039 | oo 2.4
"lcefyﬂ ’ s :
Source Extract from (.}roup.A, Table 6 of Statisties on Tapioca -
g -Invést‘igati.on's at Pederal Experiment Station, Sevdang
{Chan Seak Khen - 1969}
" Note i HCN Comtent : 0.028 % = 280 ng/ks

Leaves of cassava play an important role as a subsidiary food for people
in the tropics as it contains protein~*20 6 to 36.4 % on dry matter base.
Cassgva_protein is high in lysine content although it is short of tryptophane
and methionine, - Leaves, howevér, contain hydroeyanic acid: more in young
leaves {up to 0,1 % ~- 1,000 mg/kg) than old leaves, Exposure of collected
leaves to the sun ot boiling in hot wéter largely destroys toxicity (See
Table 10),

Table 10; HCN Content in Cassdva Leaves After Boiling

) HCN Content (Leaf) pg/kg
Sample Mo, Variety .
Fresh Steaming Bofling
Leaf 15 ain, 25 min,
1 SPP . 838 692 161
2 " 1,024 - . 479 284 -
3 Hangi §27 188 60
[ " 343 247 54
5. " 379 294 0
6 Valenca 477 247 53"
? " © 350 278 12

Source : Sorrosoedirdjo, (1970); Ketela Pohon
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 Cassava leaves arve widely cdﬁéﬁﬁéd”as“beéétéﬁiés;iﬁ Indbhgéié also,
. They  are widely marketed, They taste like spinaoh, :although a little bit
bitter. Table 1L showe hydrocyanic acid content in’ leaves (both young and'

‘01d) of cassava grown 1n Indonesia.

Table 11. HCN Content in Cassava Leavesi"

"5 : ' o T Content in Yoimg Leaf. (u B
Sanmple Mo, Vaviety . . ung Leaf ( glkg) S
- . . v Yo_ung . Mid-age 7 . :
o b weaf ] Lesf o1d Legf
h-iangl o4 18 YT ' .
S 427, s 34,0
4 " . s42 A L
5 Valénca |- 477 i 150 -
6 Betawl 206 | 74 )

Source ¢t Same with Table 10,

As mentioned'above, hydfocyahié acid content is highér‘in leaves than
in 1oot tubers, but & close relation seems. to exlst between the content in
leaves and root tubers (Pig. 2) The 1egression 1ine in Fig 2 indicates
that the hydrocyanic acid content in tuberous roots approachs zero when it

is 100 mg in leaves. Rogers reported in 1963 that, in. some varietles, only

g/ kg

L 200
3

"
w0

)

0
B teo b
5

&

100 - 200 . 300 400 . 8500 - 800

Leaf mg/kg

Fig. 2, Comparison of Hydrocyanic Acid Content in
Tuberous Root and Leaf

Source 1 Socrosoedirdjs, R.S. (1970); Ketela Pohon
10 mg or less of hydrocyanic acid was found in tuberous roots tested.

Those data suggests the possibility of growing cassava without hydro-

cyanic acid in the roots.

As already explained, hydrocyanic acid in root tubers 1s reduced by
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heating and boiling,

Table 12 shows one’ example of “such changes.

For instance,

~Table 12. Disappearance of HCHN in Root by Boiling
‘;'a-riei:y No. lICN Content ) ""HCN Content
Treatment before Boiling - Disappeared by 9
©wgfkg Boiling
. mg/kg
SSTES VR R V1 SR I 52,6
20 ) : - 264 : 116 43,9
01 s 9T |- 2.4
250 -2y 12 L 159 _ 75.0,
" Sawe with Table 10, 1) Soak in boiling water

Source
' 2) - Boil in boilfng water

Collens (1915) wrote that hydrocyanic acid could be entirely removed From
samples of sweet tyﬁe”daséava by orﬂinary'pr6cessing,'although, in the case
of bitter-type, 20 mg of hydrocyanic acld remained even after food. There
are a nuuber of reports on the relation between methods of cooking and hydro-
cyanic‘ébid'conteﬁt' although 1nformation on the relation between hydrocyanic

acld content and non—pretreated tuberous roots 1s. lacking.

Charavanapavan (1944) reported that 90 )4 of hydrocyanlc acld was removed
when sliced cassava root tubers were dried at 60 C but that little effect was
shown when dried at temperatures close to 100 C. He explaingd in this
regard that high temperature drying changed denatured the enzyme systems,
preventing:éutolytic.hydfolysis.of~cyanide3. Paula and Rangel (1939)
succeeded in réddting hydrocyanice acid'content from 3% mg to 17 mg by the
exposure of smépies-tb‘ﬁhe'sun, and to 6 mg by drying them in an oven,
Pandittesekere (1944) wrote that one-third of hydrocyanic acid content was
lost by drying samplesiat 60°C, but drying at higher temperature was not so
successful, According to Razafimahery (1953}, two%thirds_of the hydro-

‘cyanic acid disappeared as the result of_expdsure to the sun for 7 days.

Boiling, as.a‘part of food ﬁreparatidns, reduces hydrocyanic acid

content to a considerable extent, Raymond et al. (l941)boiled cassava
cultivars containing 332 mg of hydrocyanic acid and réduced the content to
10 mg. Joachim and Pandittesekere (1944) reported on their findings,
stating that cultlvars containing 103 - 232 mg of hydrocyanic acid was
boiled and the content was reduced to 27 ~ 87 mg, although no definite
correlation was found between these figures and initial hydrocyanic acid

content in respective smaples,

As mentioned above, a wide range of variation exists in analysis

results owing to different preparation methods, varieties, ete, Here,
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. consideration should be given to. methode of analysis.

For instance, Joachim and Pandittesekere (1944) pointed out that in the
_method for. estimating hydrocyanic acid content in materials c0ntaiuing
'_cyanide, there was a- tendency to estimate content conservatively, as" they
found that the amount of hydrocyanic acid released autolytical]y in the
analysis increased considerably with the period allowed for autolysis.

Wood (1965 1966) developed the mosL reliable method to analyze cyanide
and - hydrocyanic aeid, in which the accuraey of the final results is also
biased to a certain extent when 1iberation of hydrocyanic acid for experi-
mental materials is incomplete._ Cassava root tubers rcquire a particular
method of analy91s. - ' '

in. breeding, simple methods of - determining hydrocyanic acid content ave
necesgary to select low cyanide varieties out of the many cultivated at.
.:experimentalrstations.__Varioustm@thods have been tried for this pntpose.
for instance,'Esquivelzand*nis gronpf(19?3) cOmoared a-color'reaction by
the Benzidine blue. test (Feigl 1954) and HCN content by alkaline determi«
'nation method (AOAC method), and found an extremely high correlation
between the two methods.' Benzidine blue test proved to be particularly
efficient as it is simple, taking only a couple of minutes to complete the

examination (Table 13)

Table 13 Relation of Color Intensity and Yield of HCN for -
Cassava Root Tubers R N
HCN Content by ‘Degree of : 'Color Intensity
Yarlety AOAC Method 'i‘oxicity I by Benzidine Blue
' ‘ “(ppm) voo [ Methed
Plalelras I Y ¥ 8.1 Poisonous JIntense blue .
. CEPEC-62 .313.0 " © Sttong blue
1AC-780 200,0 w " Medium blue
Itapecuru 68.5 o ‘Heak blue
E_ng-ole bel L 4,0 Tolerable Very weak blue
" CEPEC ’ 27,0 Inaocuous Almost no colov

" Source : Esquirel, T.F. et al.(1973)

'Some‘description should be given to varieties cnltivated'in a few
countries in Southeast Asia, particularly in relation to their hydrodyanic
acid content: Mangi groﬁn in Indonesia is good for consumption with approxi-
‘mately 40 mg/kg in HCN content. -Mentega cultivated for foodstuff in Lampung,
Indonesia, has a yellow central pith, which 1s called "kuning" meaning
yellow" in Indonesian. SPP (Brazilian variety-~Sao Pedro Preto) having
high hydtocyanic acid content is cultivated for starch production., It 1s
also used for chip production. Its central pith is white, diffefing from

Mentega {(See Photo 2}, Table 14 shows the characteristics of cassava



', $ab1¢r14g‘;Charactéxistiqs of_Cassava_Cultivated;in Lampppg,_lndopésia

Jtharactor | Colovr of | :Colour of Pertdde | Colowr of | Branching| Provering | coleur of Rost. . .
_ ot Young Stem . R Young Tesf| ar Top & duter Cortex Teatral Type
Vuiet;t ; S L . Frutting perlders rith
SPP- .. 7| Oark greea | Pink on uppu aurtncc Green Frequent FPrequent white White #hite Bltter

green on vider
lu_rfoce of pettol

“Un-nawad .| paie green | Graen wieh alight Yelloutah [ Prequent | Preguent . - < - Swveet
- tinge of pluk on : N
upper aurtaca of

~.pettol ) )
Mencik Urang Briwn: Red Brovafsh | ¥requent | Mot se . | Yellowish| whice White Sweet
- : : green - ;| Frequedr .| white ’ . ’
Hentege Fals preen | Pink on upper Brmjnuh | Fregeent Seldos Yellowish | Yellowieh | Yellowish | Swcet
. : - . surface, green on greda - white . brown white
wndet surfaco of . :
. . petiol - L
Tahun Pale.sréen o Red Yellowigh' Seldom Seldon pack - | eink Wnite Sweet
: ) 0 o greén B brovn
Cenjsh Purih Dark green | Pink Brownish Frequent | Frequant Grey | wntte Wiite Sweet
: . green . .
Hett Davk green o Green Brovrish Not.eo seldom N Dark’ Tellowish | whice Sweat
. . frequent . browm wvhite

Sourﬂ 1 Hiross (19?6)

varieties studied Ain Indoneeia by the present authors, and Table 15 indi-

cates varieties recommended by the Central Research Institute fox Agriculture

in Indonesia (Bogor)

Table 15. Characteriétics_of Recommended Variety, Indonesia

Vaelety Crigta type Average- BN Srereh [ #eateda |- Crowth Flaax Eeslstpoce 1o Others
Tield | content | Content| Concent | Duration] Baignht Discase
- . {tfhn} |{wgitn) Ty 43 {monetd | (o) )
Valenca Irazil . Swest 10 - 1t w0 . 36.3 040 w- 1 2.2 Weak [n Bactérta)
e P . . . - . digeaze
tao Pedro Fretafapp] B Mreer |20-25 | 50 | e | o2 | w0- ]| e~z [veax ta test Basphe s
.- . aciecia) Murase
Bogor ' Maleki x Nastoias| Bitter J20- 25| ep 1.0 | 638 [ 10-12[ 1-2 |wesk in dacrersal
. . ) . . . LHTYIT
Hares bogor x Baxlorsn BELLEF Sone W 100 5.2 o448 .10 1-2 " Essy to 41 out
Gadlng V. Juva | sweer |swen ] mas | mo | oss 2T P o X
dsbon b on Swatt -1 n n.0 (068 8- 10 -1
R {1k Nedande) R . . : . o
Y-61% . L. Asboa X Gading Swear . |25 - 0 - 16 1-12
w1t Y angt X mapon | sveer |23 2w oo o1-2
w1 | Bangs X Aabee Hieter  JSome W . g2 2-9
RAALCOIRGENOTD S B
Rangi Brscil Sveer w | w o | oo Noaretnsiilve to
backerisl disedst
Petazl Hleka X Bastorae Sweet W~ fonr ¥ 14 .32 Sensietve te Virus
Zaslorae X Brazid i Bitter p] aver 80 312 0,18 ) ¥eak kn 3, Phicase
Manteige Varlety siatlar
C. o
. Scarcely cultl-
Tapicury . : Yecy
. Nigh . vated oy,
. . fulelvsted By
Hinin Stightly ’ Shore fareers ay food
aueet N _ Cubt lysted waln
Begog Sweet by acound hgor

Swté- 1 1) Central Institure of Agricultura @ Peaphle: on Recoacended Varletles.
FH Suln:o:!dlld]», 5. 1910, Sectjollok tanakan ketela ponen, (o0 Cultivacion of Cassaval.
Quotes From Hikoshiba (1975)

Local varieties in Malaysia are also classified into sweet and bitter
types. Chan Seak Khen et al (1969) found, however, that thelr analysis
did not coincide with that of their pfedecessors: Black Twig, classified
as a bitter type had an'unexpectedly small HCN content (51 mg/kg), while

10 other varieties such as Medan, Sakai that are considered to be sweet-
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type showed little difference in HCN content wheh’ compared with Black Twig.

Table
'I‘_ab ].e 1.6 ‘

16 shows characteristics of the Malaysian Varieties.

Characteristics of Cassava Cultivated in West Malaysia

Coloor of Stem £olour of Irlmblug ax Colour ey
Colour of Fatsole . A
Varkety . Yovap teal Top bedore . Mcl 4
Young ole ) S Bevir i ltal!e[. r:efa 0 e
n-nased ol Finkish | Pate geien vieh slaghy | drowin “Schgon . T szewi | imine - Svear
preen » tinge of plnk ¢n upptr . : . :
. surface of pevials Ny - -
emak Genn | Grey Dark purple ap the baor, | Brevalan Frequent st fWBIce Syeet
. £<ddish patches ax Ftil] brove : :
middle and tlp with Lo B c
geeen :olont [ hwur-
hin,
(L1 Dack Caay Pars purple at bave, Bravofeh .| Frequest . s e Sw"u
green o shighily reddich 3leng grees ! o | vhice : .
. wiger svaface . . L
Bluck Telg eert | Dark exern with rEddIsh Purpte Sellon browm Vhive Bater
. 1ced] Srovn shains a1 both eade
Creea Ivig Craen Cray Crezn’ | Brownish Seddon Eight White gitded
o - gréem i : browm
LAT I Capk #rovn Gredn vith cediien Green L Frqeeat Patk Pedtsh Tveer
drean slatay ar beth ends - brovn . o
Hedan . Bark Grey Oark €ed Erisn, . Freguent - Booim Pl Sweet
[T - green c : .
Becat Tate | wndes Fed with narcow band [ Srovalen - | Faeguent Lighe hite Sveet
(Bevasf) . of géeen 4L bake of : brova .
. periole B
b1 puteh Fatt Pinkish Pale green Sreen Stldow Brown Flokish Swret
(Tiga dulan) et
Putch Fale Wice PAI€ green with red Brovnlnh Freguent Fhide ¥hite Sweet.
green at#ln al ke base N .
Plut . Grtp Lty Red Rownlsh 5e)dco Eight whige Swegt
. . - ) DI Ll .
Sakad Dzek Tinklsh Dark eed Browalsh Frequrak kight Whice Swerl
areen green brewn |
" Sowrce : Taplocs nvastigatfoos st the Federa) Experfeencal Stsidon Secdang (1969} (roo Table B3,

In Thalland, Jatropha manihot (bltter type) and Jatropha culels

(sweet type) are most typical.
showing higher vield than any varieties introduced from

is excellent,

overseas and tested in the cquhtry (Harper, 1973),

Their adaptation to conditiong in Thailand

According to studles made by the International Center for:Tropiéal
Agriculture inColombia, a generally-held view that greater yield.isenjoyed
by bitter type cassava in both Indonesia and Malaysia is not entlrely

correct.,

Reports on cassava varieties have been made only sporadically.

However, efforts have recently been made to systematically classify, by

computor, data collected by tha University of Colorado over the past 18

years.
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5. Specific Characteristics as a Crop~JGrowth Pattern and YVield

" By how much. can the yield of be cagsava increased? In answering
to this question, Dulog (1971) teported on an increase in yield to 70 tons
per ha iun Madagascar, while Cock (1973) veported 47 tons/ha in Colombia,
Late cassava vé;ietiesf(i4—18'ﬁqnths)‘are‘said to produce up to 70 -~ 80

tons/ha of wet tubers if feftilizersfaré appropriate,

Daya-Ito Farm iﬁ'Laﬁpuhg, a joint Japan-Indonesila venture, succeeded
. in obtaining 73,3 tons/ha yield as the result of a series of fertilizer
- tests (N-150 kg, P 2 5 ~ 100 kg and K20 - 50 kg for a small-sized test plot),

Statistics show very 1ow wet root tuber weight: world average was only
8,8 tons/ha according ‘to the FAD in 1974, 8,7 tons/ha in Asia, 7.2 tons/ha
in Africa and 13,0 tons/ha in South America.. Fig. 3 shows the result of
yleld tests over 25 varieties conducted in 1971 by the Central Research

1o}
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30.i~35
35,1 ~40(
4o_i~45_J

20.1~25
25.1~30

' |5_'~2o_'l

Fig. 3. Distribution of Yield in Varietal
i Performance Test

Source :  Central Research Institute for
Agriculture in Indonesia (1971)

Institute for Agriculture at its branch eiperimental station in Lawmpung,
Indonesia. The test was performed by applying fertilizers composed of
N (45 kg) P, 0 Flﬁ kgl , Réb (50 kg), and the averagé yield reached 30 tons/
ha, '

According to information obtained from Thafland, an average 18.1 tons/ha
yleld was achieved from 10 mbnth varieties and a 26.9 tons/ha yield from
12 month varieties (llarper 1973)., The asuthors of this pamphlet also
succeeded in acquiring a yield close to 40 tons/ha at an experimental fleld
(0.5 ha) iIn Tegineneng, Lampung., Table 17 shows the results of an experiment
at an experimental station in Serdang, Malaysia, which registered a yield of
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Table 17, Experiment Results on Vai:ntiﬁs,_setdang,:ﬂi Malaysia_’

A S e Honthly _'\”‘i‘éldl'l:on{h‘?\ Aveiag.e
varfery ,:Fba?aftéfiéfi?? 12, mortths -~ | 14 months t°“’ha
Green Mty - | B (Bitter) . [ - .35.8 . 142,5:_;‘___.39 1
Black Twig .- L o3 | s8] 36 3
Cgerat | 8 (Bweery |7 s | s ] 35
Hedan e s | s |2
Jural | R E -1 .4 1.8 ,
Vammamed - 32 [ L [ 703000 24,0 0 [ ane o
Lemsk’ S M gk 26.2 e _26__,4 -] 263
. Pulut “ : s | w23
ot Melakn oo o 23 22,8 - | 23,3
“Puteh e 22 | 223 | 224
Cseket o | oovo o [oomee Ro62 ] AL

" Source :._Same‘nith Table LI
30-tons/ha.fot.many.vatieties nnder'fertiliyation;

When cassava stem cuttings are planted, thelr roots come out, increase
in number and then become more bulky during the root bulking period. About
two months after planting, dry weight ef the roots reaches 10 % of the
welght at harvest, but it accounts fdr?&ﬂ_z of the weight.at the harvesting
time in three months later. . Within 3 to 4 months after planting-dry welght
inereases rapldly., The increase in dry weight of Malaysian varietiles is -

-shown'in Fig..ﬁ (Williams 1972), The figure indicates that the root weight
agalnst total dry welght (including the top and: roots) at. the time of
harvest (12 months after planting) was 50 - 60 % (Enyi, 1973 and Williams,

. 1972), - On the eighth month after planting, the root weight constituted the

largest percentage, with some exceptions according to varieties.

The percentage of dry weight of tuberous roots against the total dry
matter production.is defined as harvest index,  As clearly indlcated in the
test result by Williams (1972), harvest index increased for 8 ~ 9 months

after planting, remaining more or’ less stable in succeeding months.'

Generally speaking, the final yield of root vegetables is determined
by two factors: bulking rate and bulking duration. Enyl (1973) reported on
a highly positive correlation between tuber yield and bulking rvate: 1f, for
instance, tuber yield (ton/ha) is Y and bulking rate (kg/hafweek) 1s B, the

regression equation will be’
Y = 0.0053 B + 10,3

Coefficient of correlation of the two will be:

— 2 2_u.
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LAI (Leaf Areé'Index)'riseé for about 5 ~ 6 months after planting, and
bulking rate increases péra}lel*to the LAT. The most favourable LAI for
maximum bulkingrrate differs;by varietiés: Msitu Zanzibar Indicates 7.8,
Aipin Valenca 6.0, and Amani 4026/16 5.3. |

On the other hand, Williams et al. (1969, 1971) studied structural
attxibites of the -canopy of high, medium and low yield varieties and found

correlations between yieid and the features mentioned above,

Leaves fall towards the latter half of the growth duration, and LAY
drops to 2 or less after the tenth month (Enyi 1973). As leaf falls
influence dry matter prbduc;ion, prevention of leaf falls may be important

to increase yield.' The perlod of maximum yield varies according to variety.

The results of studies made by an experimental station in Serdang on
tuber yield and growth duration are shown in Fig, 5, and relations between

starch content and starch yield are shown in Table 18,
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Source:: Tapioca Investigations at'the‘rederal
Exper1mental Station Serdang. (1969)

Table 18. Starch Content’ and Yield/ha by Mouth

Statch: Content Nun.her ot’ Honths . ‘
Variery ‘8 vield : *
. o7 8.5 {10 11,5
Yaleaca Starch Content X | 32,7 33.2 34.0 3.0
I Starch Yieto' | 3,165 | 6,148 1h, 842, |32;573
kgiha '
" Huara Starch Content X 20,2 25,0 | 240 240
' ’ Starch Yield - . - . .,
kg/ha 3,595 3,375 .10,502 10,003

Source : Wargfono J, Hadf (1974) Ubi Kayu Dan Cara Bercocok Tanamnya

. Ketiku and Oyennga (1972) studied qhanges_of carbohydrate .contalned in
tubers during the period of growth and found.maximum starch increase in the
eighth month. They found whole sugar accounted fpr.5.7.% in the ninth honth
(table 19). o S

Table 19. Relation Between Carbohydrate Content
in Root and Plant Age '

Plant Age (Mo, of Months after Planting)

5 6 7l e 5
‘Total Sugar - 3 [ sa | ze | as 5.7
Starch 11,8 2.2 72,5 81,0 77.6
Hemicellulose 1.0 1,0 0,9 0.8 1.0
Celtulose : 4,5 5.4 3.2 | 3,2 3.4
Total Carbohydrate 80,4 78.7 79.17 88.5 87.7

Source : Ketiku, A,0, and V.A. Oyenﬁga (1972)

h_24H



6, Me’thod'- of Cultivation
CulLivation of cassava 18 easy, it grows under dll of the conditions

described‘ Its strong durability to drought makes 1t the only crop ‘consumed
by. farming people in the tropics 10 the dry season.:

i (l) Method of Planting

Cuttings taken from the stems of plants that have grown :for at
' -1east 87to 10 months are used for cultivation. Correlation seems Lo
"exist between the: age ‘of cuttings and yields of starch per ha.. Yield
‘.tests on three,pqrt;onsgoﬁ stems including young top, middle part and
Botﬁoﬁ_éart aﬁoﬁea tha£‘atarch yleld was highest in a_piot where the
bottom,paft of:$;am$ was uséd as(nuraéry piants, and was poorést in

the.plotfwhare_tqpymbst stems,weré,planted.

Similar results were obtained in ancther test, Yield ratio of a
' plot where ‘bot tori part stems.were planted was 1.75 against 1 for a plot

~where- top—most stems were: planted.

Durlng the initial period, the growth of cassava 1s heavily
“influénced by the amount of carbohydrate-and inorganic matters stored
in the stﬁﬁ‘gﬁpging; fﬁnyi (1?70) reported on a positive correlation
between tuber yleld and the age of'cuttings. | R+ is recommended that

cuttings be cut:ffom the bptﬁom_ﬁart’of.well—grown stems,
Stems used for cultivation should be stored upside down at airy,
shady and cOol.pLace after harvest, When stored in this way, they

may be kept for elght weeks. Stems that are harvested in a period of

heavy rainfall can be stored for only.seven to ten days,

The 1ength of stem cuttings is about 15 cm (6 inches) to make
planters easier to handle, Experiments in Jamaica showed cuttings of
20 em in length offered higher yield than longer plants (Krochmal
1969). Though a report from Brazil recommends 50 cm stem cutting, it.
is not possible to indicate the exact length of cuttings because the
optimum length of cuttings is deterﬁinéd by - the method of planting. an
the Philippines_an& Inddneéia;_ZO - 25 cm cutfings are widely used,

Planting methods vary: generally, cuttings are planted vertically,
slanted at an angle of 30 ~ 40° to the ground, or planted horizontally

under the soil surface (Photo 5).

Experiments were performed in Jamaica by planting cuttings

vertically, slantedly and horizontally in the soil, The results were

__.25._



as follows._the highest germination ‘rate was obeerved, root tubere

came ouL close together at the soil surface and the yield wasg higheet 7
Reports ob~ o

) for outtings that were . planted horizontaly in ther
tained from Thailand proved the advantage of horizont 1,'underground
planting. The report indicates that the highest yield was obtained in
plote'where cuttings were planted under the eoil surface and COVeled
with soil of 5 =74 5 cm déep: - Krochmal (1963) compared slanted planting
with horizontal underground planting in the- Virgin Islands and.. found

_ the yield was poorexr” in. plots: where slanted planting was, trled.

In Ceylon, however, ‘the survival percentage (sprouting) as well
ag yield was higher in plots where vertical planting was tried, “As
described above, the effects of planting ‘methods on yields were '
different depending upon the. 1ocation in which trials were conducted..

: Climatic or geological conditions: such: as- soil. moisture, rainfall, etc,
seem to decide’ the relatlons between yields and planting method.

=_Thailand and other areas, horizontal. planting seemsg to:-be best parti—

cularly during the dry seaeon (Sato 1951)

© Table 20 Relation between Method of Planting and Yield (in Brazil)

“Methad of Planting " [Length of Sten Cuttings T 1014 confha
.__...I__ Vertical '_l’lant_ing”_ ) 20 - 24 _. ‘ 38,37 : o
7 — - ' ——— ~daga—
hﬁpgtt_ Slanted Planting . W - .26 37.62 |
co- ;- Crobs-slanted L R e RN
- >Q Planting 1 I 6 ’ _ '.28’96
~—}=— Vertical Planting . 6 . 26,98 |
_ $lanted-horizontal e SPTRI SUUU
o Planting 1] .26.?3. _2.5.?4
_ —7A-- Slanted Planting .6 Co oo
-—-;—_-f-' ‘Horizontal \Piantinﬁ B ST I

Soulrce': Krochmal, A. (1969) '

Table 20 shows the 1esults of experimente in Brazil on the
relation beLween nethods of plantlng and length of stems cuttings upon
yield, The figures show that stem cutting length affects: yield more
than planting method., Krochmal (1969) reported that it would be most
favorable to plant cuttings of 20 -~ 25 cm in length with three sprouts
horizontally at 5 - 10 cm under the soll surface, Stem cuttings

planted upside down easily perish, and if grown, they bear 1immature



_rdot,tubers=ﬁithsa poor yield (See Photo 6).

(2) Ridge Culture
Planting 1s generally done immediately after plowing, but

occasionally, it follows ridge culture, which has several advantages.
Ridge:culLure_mast-planting easler; it reduces damage from excess
moistdré%dufing?raihyfseasbn and .1t prevernits stem cuttings just

planted and'bulking:foét tubers from root that may be caused B& dead water.
Although:;ﬁe £ange where root tubers can grow 1s more or less limited by
ridge cul.ture, it helps to reduce damage to root tﬁbers and makes harvesting
easler, particularly when machines are used, Japanese énterpriées in |

Lampung have also introduced a ridge culture method.'

(3) Planting Density

A'numbér'of'repdrté have dealt with planting density and system.
Density -and system vary according to varlety and soil conditions. Bnyi
(1972) eéxperimented on three different varieties in three-level planting

densityﬁtests'in Tanzania (See Fig. 6), He attained the highest yield

fbr'Aipin‘Valencéféhd~MSitu Zanzibal by planting 18,500 cuttings/ha,

Jt/hoJ."

90F
N
| 80r sl
L ST Msity
H -0 Q\ Zanzibar
I % 5
5 eof N\
w |
o s0r \ \
9
Q Aipin
40} \
P 4026/ 16 JfVQMnce
30¢
L i i t

| Q0X60 - 90x90  80xI[20¢m
18,500 12,346 9,269Pcs

Fig:_gz_ Planting Density Test In Tanzania

Source ¢ EBayl (1972)

The effect of close planting is desirable in this testing method,
The highest yleld for Amani 4026/16 was attained by planting 12,346 per

ha. ©On the basie of his experiments, he drew a conclusion as to the
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most appropriate. planting densitYito“éein:néxiﬁdn-y£51&*416-?SO‘pts;f=‘*
16, 000 pes and ‘14, 000 - pes for Aipin Valenca, Msitu ?anzibal and Amani
4026/16 respectiveiy. J“f — ' o S

.xperiments conducted by the authors 1n Indonesia on SPP in d~leve1¢-
density tests proved that maximum yield would be: attained from a
-density of 12 500 pcs/ha in a non-manuring plot and 16 660 pcs/ha for a_,m

'manuring plot.

CIAT reported ‘that yield on’ the eleventh month after planting _
“differs by plant height ‘and the numbel of branches.h They said ‘that’ the
density of some 10 000 pesfha guaranteed the best yield for CMC 84

which is medidm in plant height with few*branches,_S 000 pts/ha for -
Lkanera' which has many branches and CMC 39 which grows high

These experiments show differences in: favorable planting density
by region—uTanzania, Indonesia and areas. tried by .CTIAT. Higher planting
dengity generally decreases root: tubers weight .pet- plant, although it
'increases plant height.. Only a £ew reports have been made on relation _
between planting density and: harvest index._ Results concerning plantingu.

' density and yield reported by Enyi (1972) are shown in Table 21,

Table 21, Relation between Planting Density and Yield (Tanzania)

. v-rier.y i ]
. ?lanung Syiea Depedty B e T Aplp g Heitw - Average
4026216 Yalensa 2anzibar
Tield tiha soxoentsy 1 mse0 .| oz _ ISR IR AP 86.5
90 x99 ca (5,) az,m6 | e 0.1 S N R 69.0
90 x 120 cm (5 9,259 . 7.9 Cosa T 36.1
Yreld/plant Y 13,500 2.6 a2 ) 56 1.8
(hg/plant) - . ’ . i )
: 8; 12,3 .| 4 5.6 o se 5.8
8 2,39 | &8 s C 103 1.7
Bylking rate 5 ’ 18,500 8,250 15,510 11,520, i1, 760
kg/hefweek v . : R
5, i2,3%6 nw 11,850 B 3 1 . 10,310
_ _ . 8, 9,259 3,20 5,680 ‘ 4,110 4,560
Total Dry Hatter | - 5, _ 18,500 2,088 4,190 T 4681 4,081
Welght
gie? (&) 3, 12,146 3,18 3,504 ) 4,477 3,063
Sy §,25% 1,35 . 1,756 2,089 1,13
Dry Stes ¥eight 5, S 100 IR 1,50 1,682 Y
g/ut (&) _ ' ; N ) ;
s, 12,356 1,491 S W 1T 1,618 1,516
5 _ 9,159 550 507 157 437
" . Dry Root Weight 5, 18,500 - 1,270 2,524 3,028 - 2,313
glu2 (C)
. s, 12,%6 1,612 1,881 1,640 2,043
! 5 9,259 8 L 1,08 1,197 1,009
sl of Reot 5, 18,500 667 YR 6.7 56.9
{harvest fadex)
b x 100 s, 17,16 48,5 5.7 52,8 %z
3y 9,259 $4.5 62,3 5.3 58,2

Source | Compiled from Eayl B.A,C. {197))
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.:-Céssava‘is intercropped with other crops in Indonesila (Photo 7).
“Under such circuistances, favorable planting density differs according
to’tﬁe,tﬁpe'df crdps 1ntércr0bped-with cagsava, their growth type
'(bfahChing_and pléht:lgngth? etc,) ‘and speed of maturity;‘etc. The
following is'the plantiﬂg‘density-reéommehded by the Ministry of
,‘Agriculture of Indonesia.

Farly Maturing Variety S ‘Late Maturihg Varlety

80 x 80 cm = 15,625/ha . 100 x 100 cm = 10,000/ha
1100 x 40 em = 25,000/ha 125 % 100 om = 8,000/ha
100 % 60 cm ‘=_ 16, 6.66/h.a . 150 x 100 cm =6,666/ha
_15_0 X 40 cn - 16 666/ha o |

(4) ‘Fertilizer Application Method

_ ‘Tn Southeast Asian countries, no fextilizers are applied for
casSava.i As mentioned before, cassava is generally intercropped with

upland rice or corn in Lampung (Fig. 7), and straw 1eft over after rice

ooooooooo
0.00 00 0.0 0 0.
60 'boooo,
;6,00 6.0 A

R Upland Rice 25 X 25 cm

o0 600000 : &3 Cassava 100 x 100 ca
0_06000'000_ . C ’
©0000000000000 " x! Corn 200 x 100 cm
00000000000 000 100 x 109 cm
&~ x £ a“ - &

000 QdC00000000
. 0000000000000 0C
06000200000 0000

©,000000000
0,0 0,020,000, 0,1
00000000000000

. (1) Intercropplng of Upland
: Rice, Core and Cassava

000 0000
rY rS .

0000000 x X » x
0000000

o0 00 Q00 F- 8 Fs rF.Y F. %
0 0000 0O -

a - A

o0 0 0 0 00 ¢ x b b4
000 00 0O
000000000000 A 'S - -~
000000 O0O0CO0O 0

A -~ a

CO00O00DO00COO0000 X x x X
000000000000

0600 GCOOCO0O0CO0 0O S & - S
Q0000006000 O0CO0

: o~ A : :
600000000 O0OCO0 X x X x
{2) Intercroppin of Upland {3) Intercropping of Corn

Rice and Casoava and Cassava

Fig. 7. Intercropping 6f Cassava and Other Crops

in Lampung, Indonesia
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1s harvested 15 the only matter applied to ‘the soil. Generally,

. settlers in Lampung reclaim plains where Alang2 ( Impsrata oytindraca)

“and other shrubs grow,: and cultivate uplanterice, COLRY, and cagsava. aa
L their food, - As years 8O by,‘rice and’ corn diminish in yield QY c0me :

to produce nothing, with cassava alone: remaining.

Cassava fevors soi] rich in ‘organic matter and nonclayish or deep
subsurface eoil. It absorbe much soil nutrients and rapidly exhausts

fertility unless uutrients are supplied (Jacob et al 1958)

The following figures indicate the amounts of nutrients removed -
after harvesting 40 tona/ha of wet tubers in Thailand (Harper 1973),

= 85 kg/ha S 62 kg/ha'

K,0 = 280 kg/ha ' Ca0 = ?5 kg/ha

2
A report from Indonesia explains Similar characteristics'(Wargione,
1974) in which the’ relatioh between growth daration and. absorption of
~ nutrients is shown, although it does not mention yield (Table 22),

Table 22 Relation between Growth and Nutiient Absorption o

Growth ' _ } Absorption of Soil Nutrients (kglha)

Duratlon - - . : : . :

(Month) |+ ¥ SR K20 160 - Mgo
X 7.7 S8 105 | 65 | 1.8
2 27,7 9.2 s |23 | 7.4
4 97.1 33.8 5.0 | v | 234
6 128,0 ‘s1,e |- 209,00 | 114.0 35,5
a - 134,0 62.9 | 408.0 140.0 41.4
0 136.0 79.9 4080 179.0 |- '59.0
12 124,0 94,6 480,0 201,0 62,0

“ource : Same with Table 18,

They clearly show cassava's strong absorption of soil nutrients,
and its high reaction to fertilizer, Like other starch or sugar
producing crops, cassava needs K20 besides N and P205 Table 22 shows-
that 400 kg/ha or more of K20 was absorbed in 10 ~ 12 months, 3 - 4

times N absorption and 5 - 6 times that of PZOS’ Lack of KZO is said
to.lower not only yield but also starch content, Absorption of N is
also high, but application of excessive N appears to cause high growth
of top parts, hindering the growth of tuberous roots (Krochmal et al.

1970).

Many researchers have reported on their fertilizer tests, Many
show cassava's high reactifon to N (Chan 1969, Chew 1970, Cock. 1973,

e I L



‘da Silva and Freire 1968, Vijaya & Adyer. 1969, Yong 1970, Anon 1971).
High reaction to N, however, 1s not reported in cther. studies,

‘Not many- teports deal with a Stenderdized fertilization plan,
'DeGens'(1967) recommendea'that ‘the ratio of N, P,0; and K,0 for cassava
cultivated on ‘soil’ which lacks P205 and K 0 should be- 1:1:2, re~
spectively, as £ollows' '

= 45.~ 90-kg/ha --Pz'o5 = 45 = 67 kg/ha  K,0 = 90 - 165 kg/ha

© Since. there -is. no shortage of K20 in soil in Thailand, Harper (1973)
-suggested that the ratio of N, P205 and K20 should be 2 1 2 1.
' In_India, the ratio of N{ K20-shou1d be 1 : 1,75 on the basis of NPK
fertilization tests at Kerala (Chadha, 1958}, It is natural that the
ferrilizerieﬁ_plan should.differ aecording to soll conditions, Much
remains'to'be etudied in Lampung, Indonesiaj the limiting factors in
increasing yield from average 10 von/ha to 30 ton/ha, the amount of
fertilizers to be applied and the ratio of their ingredients must be

-determined

The results of fertilization ‘tests in Indonesia are quoted below
from Progress Report (1971) of the Central Research Institute for
'Agriculrure. They foxmed a part of the experiments on the time of
-fertilizetion. .Fig. 8 shows.the amount- of fertilizers tested, accord-
';ing to which an increased supply of N and K20 led to an increase in
vield in Hestern and Eastern parts of Java, while no yileld increase
was registered in Lampung.. Whether the, difference results from soil
conditions, varieties, soil fertiliLy, or observational errors are not
- elear. ' (The reason the yield was less than 14 ton/ha in plots where
.fertiliaers.were heavily applied is not clear.} Fertilizer application
plan recommended by the Ministry of Agriculture of Indonesia is as

follows:

P)O; = 30 kg/ha K,0 = 50 - 100 kg/ha

Satisfactory data have not been obtained as to the period of

= 45 ~ 75 kg/ha

fertilizer application., According to Instructions in Indonesia, one-
third of the entire quantity of N, the entire amount of P205 and K20
are applied as a bese, and the remaining N and K20 are applied two

months later,
Fertilizer_applicatien requires consideration of weather conditions

at the time of planting--whether it is in the beginning, middle or the

end of rainy season, etc., It appears, however, fertilization should be

__3].._.
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Source 3
Progress Report Tanaman Ubiwubian (Indonesia)

divided into two parts: basal application and_top dressing; This is
quite understandable because cassava yleld is largely'&etermiﬁed.by the
.:development;of‘tnberous roots, their growth and bulk., At the same time,
as the growth duration of cassava extends from 8 .to lO_months,
fertilizers may lose or reduce their. effect by leaching if the total
.amount is applied only in the very beginning. Da Silva, Freire (1968)
disclesed that their tests showed fhat.application of P205 snd'KZO |

before planting would reduce survival percentage.

Although the application of fertilizers as. described above has
been proved efficient and necessary, cassava 16 said to grow in any
'1nfertile land. For instance, farmers of Lampung grow cassava without
applying manure, in infertile areas where neither uplant-rice nor corn
grows, It seems that theilr production drops year by year as a result,
‘although detailed data are not supplied,

Table 23 is the experiment data from Malaysia for continuous
cropping over three years (1966 - 1969). At each cropping season;

o ‘



fertilizers including N, P20 and K O were applied but a decline in the

_ 5
yield of tuberous ioots occurred in the second and the third. croppings.

C Tabie 23._ Relation between Continuous Cropping and YVield

" Cropping Period . Svpplied Fertilizer vtena
’ . ton/ha
o N o PQOS K20 i
' ] e C 33,5 8.2 37,9
15t Perlod . U o o S :
' T 89,4 67.0 Cases |- 38
" and Period | &b | 33 78,2 34,9
‘ o s T s | 8.2 | 453
c3rd Perded 09,5, 67,0 156.6 | 29,1

Source : Same with Tabie 9.

Te would be haStytto conclude'thatithe unfavorable yield mentloned
above is an injury reshlting'from continuous cropping. There 1s much
:rodm fﬁr_further‘Study'iﬁ this respéct, Cassava I1s a ¢rop which heavily
absorbs’nuttiEnts. "If further information on continuous -cropping is
availaBle, together with data on analysis of soll, it would be-ﬁery

significant for the’prevailing continuous cropping in Southeast Asia,

As cassava growing farmers in ScuLheast Asla practice continuous
cropping without fertilizers, the application of fertilizers would
definitely bring about tremendous yield increases. Econcmic considera-
tions, however, have prevented them from cultivating cassava with

sufficient fertili?ers.

Cassava growers in Sukadana, Lampung say that they cultivate on
'“reclaimed land without fertilizers, and generally, suffer a sharp
"decline in-yield for-the first several years, but the yield stabilizes

at.around 8 ton/ha when cropping continues for more than ten years,

As mentioned above, iIncreased application of N does not bring
about an increase in the ﬁeight of roots in proportion to that of the
top part, - It Is important to determine the relation between the
growth of the top part (plant height, number of leaves and dianeter of
stems) and root yield, in order to estimate yield, In this connection,
an experimental station in Serdang reported the results of its studies
as follows (Chan Seak Khen 1969):

Stem cuttings of Black Twig (bitter type) were planted at a
density of 90 x 90 cm. They selected 40 plants having one stem with

branches at the top, and examined the following:

__3 3__.



;1.': Weight of roots i W .
2, Height of plants f:-_H‘
"_3;'. Number of 1eaves on” the plant L{:”'
by Diameter of stem at 1/2 above ground 1evel s
Correlation among the above four eharacteristics and partial
correlation hetween Weight of roots and other characters of the top
part were calculated A3 a significant partial correlation coeff1~
_ cient exists between Toot weight ahd plant height as well as Lhe
number of leaves, the’ multiple regression equation is sought to
estimate the weight &f rdots with the help of two charactere, i.e,
height of plants and the number of 1eaves. The result- was !
W =_~3.95297_+_0.61677 H+0,1832 L

- Oka (1974) measured. the followingrsiX'characteristics in,
September (harvesting time) with. variety SPP in Sidokarts and Rengas,

' Lampung, Indonesia', -

‘1}"'7Yie1d of roots (kg)

2. ) Number cf leeves at harveet'riee
fj, _ Nemher:of”reots | - B B
.e--ru,Length of stem .(cm)

5. 'Numﬁer of brehehes

_6._ Wet top weight (kg)

_ Plante with higher yield had a greater number of leaves and longer
etems. Therefore, it is thought that a close relation exists between
yield and growth conditions of the top part, The number of roots per
plant was also higher on well grown plants (Table 24)



.._Tabie-?é;‘ Correlation Coefficient of Major Characters

T R N I I T

Root Yield (kp) ¥ | 1,000 | [0:385%  [o.401es [0 2asea | To.191ea | 0.5k0%s 1862 wrr
ﬁé?' . =£i§:§ttz211::e % B R 2 N L R W2
d gg :Ho; of Reot Xy ' G S R 0.4318% 1 9.7
g i | seem Lengin s 0| - 1,000 | -0.018 ] 0.5t | 2678 s
3 £ ‘ ¥o. :dt’: Brenches X, o . ) 1. . 1,000 ’ _0,433;. 1.9 6.7
Top (Hedght-kg) X o SN R | 1.006_ 1,660 45.2

v ] o0 | ouasenr fo.sans { o smaan | v.2zsen] o,7950n, P we
8 4, ‘ 1,000 p.sa9ne [ -0.010 | o.asoms| omasme | s21c " 58,9
g "'._..\ %, 1,000 [0.226% | o.201m [ 0530 9,7 T
; §*:'* x'3 R ) 1,000 | 0.013 0,436%% 345.8 1.3
54;3 X . PP I B L - 2.8 2.1
e E : 1 . 1,000 2,706 15,7

(12 H

© Source i

Pruberous voot yield" atands foi’ weight of oot with peridern. Planting conditfons : 2a x 0.5 = -
LLIG Significant at 1x, 5 H KEBpectively .

Gka, H. (1974) i!pland Faming and Cassava n Laspung, Indonesia Asricultural Technology Wo. 29412,

The  above data‘were obtained frem fields planced at the plénting

_ deneity'of,ZDO X 50_em‘£or:fert1112er application tests. Carrying out

: other:ekperiments'under conditions different from the above (varieties

end-cultivation'méthods)_is necessary. 1t is also important to study

theseiproblems under the condition of fertilizer application, including

‘relationlbetneen‘the growth of the top part and the bulking rate of

rtuberous roots. However, the results of the above two experiments show

"the possibility of estimating tuberous roots yield from the growth status

" of the'top part of cassava.

(5) Weeding

Weeding usually is done three times during the cultivation

'period : one month after planting (this serves for molding, ‘also), 3 ~ 4

months after plantiug and 5 - 6 months after planting (sometimes
mitted)

1f weeding 1s perfectly performed at the beginning of the growth

. period, growth of crop canopy will prevent the bottom weeds from

growing thick, Thus, cassava plays the role of a cleaning crop in
troplcal regions,

Weeding is performed with the help of herbidide tn Thailand as
shown in Table 25,



Table 25, -‘Compatrison of Weeding by Herbiicide and Weéding Cost

(Rayong, S, 1. Thailand QSandy 1oam Soil)

Appiicetton Yolupe | . . llp. 9l.weel:_n a'i;'et let Appucauon and p:{en'Covcr_-.;x_)' TN
Treatmane T I DR N B I B ) 1 s jrelsrive Cosy
I L e K1) T I - Do e |2 end eedtng -
Applicacion Application [ application | 2 [ 4 ] 6 8 10 -2 113 g o 0
. {(t/ha) - .. (#iha} Lfom) : . - 1. A 1. i
Kand Weeding - A e s e b fose de e | | we
drésorone. - | 1,6 ko e g | s s far Tae s { i L | w0 6
W L 1. 4 e s e e fw e | | e i P fa | as
" 2.0 Y 2 e 2 Ju s [ Jeo |os o[ | as s T a
Hou 1} lu App!lcﬂion - 3 wonths after phnung - 3. !Iuweut!ns time
) od ard Ird appucaum perled o -5) Reluive cost fncludes appllcauon cost of Gramoxone

Source 1 Haeper (1973} .

In the tropics where céssava 1s cultivated by intercropping, stem

'éuttings'afe plantedrl-~ 2. monthé after éeéds of'crbps“to be inter-

cropped are sowu or immediately before harvesting of the preceeding
crops. Weeding is therefore generally done in compliance with the

requirements of - the- intercropped crops.

- (6) Cultivation by Machines

For many.years,-caSSava:has been ¢ultivated'byApeasants‘aronnd
their huts for food, Therefore, large area cultivation with. the use
of machines has not been developed for years, Just recently,;howevér,
cultivation ‘areas have become larger in Mekico, Brazil, Nigerla, etc,
In'Lampung, Indonesia, also, machines have beeﬁ;introduéed-in éultiu'
vating cassava with a trend for develépiﬁgrlarger areas.. Information

on mechanical cultdvation is still lacking Krochmal (1966) reported as

follows:

In Mexico,.two-wheeled mechani&ed _cassava planters have been
introduced. They are two~row planters and need two workmen besides an
opéfatop;.,erkmen ahoard the_machine, which is drawn by a Lrac;or,
take cuttingé out of.reserve bins and put them into the ﬁopper'iﬁstalled
in ring form on top of a rotating planting turn-table, Rotation is
transmitted From driving wheels by chain, Underneath the rotating
planLing turn~table, there is a hole to discharge cuttings,; which are

sent to a tube from the above hopper when they pass the discharging

hole. Cuttings are dropped into the furrow opened by a simple furrower.
They are covered with soil with the help of ‘a palr of disks and floats
pulled by chains, A gasoline-powered table-saw is used for cutiing

stems, About 134 stem cuttings are output per minute,

Much labor is needed for weeding, Post planting herbicide is

H,35-‘.



applied with the help of a sprayer drawn by a tractor, The mechanical
spraylng of herbicide drastiéally reduces labor. Harvesting also
‘,equirés\muéh labor., Topping is performed to make harvesting easier,
'Iﬂé;ead bf:hatchets, which have. been wildely used, rotary mowers are now
uséd,td;simpiify the workg Care must be taken:so that topping is done
at the right tiﬁé; as Qarly toppiﬁglis likely to reduce yield.
Krothmal,(1966) repoitéd on the results of experiments in Thailand in

this respect:

Perid& of quping : "  _ o Yield (%);
One-day before harvest | 100
15 days before harvest . 92,5
30 days before harvest : 88.6

:Harvéstihg of5caséaVé by machines is not yet ecomomical; There-
fore, ihe-iﬁ#ehtion of;ﬁachines specialiy for cassava has been delayed.
Bates (1957) suggegfed the uge of a_modified beet or potatb harvester,
but it has not been 1n practical use. Krochmal (1966) proposed using
a moldboard plow (bottom plow). '

Cassava's roots spread In areas of 100 - 150 in diameter and

40 - 60 cm deep, Special care must be taken in digging the soll so that
roots are not damﬁged. .If daﬁaged, discoloration or putrefaction would
result, Therefore, study is required before introducing harvesters for
roots, Krochmal (1966) conducted a series of studies to compare labor
by machine and handfiaﬁor, which is shown in Table 26,

~Table 26, Comparieoﬁ of Labor by Hand and Machine
: (Man hours/acre)

Hand ' Hechanised
S0il preparation 12,0 - Ploughing 2.5
Disking - 1,5
Furrowing 1.2
Preparation for 9.6 Cutting atakes 1,0
cutting stakes
Planting . 12.0 Plant ing 2.0
Covertng ) 8,0 Herbicide (1x) 2.0
Weeding (3x} 72.0
Topping 8.0 Topping 1.0
Ploughing 1o
Digglng 50,0 Digging 30.0
171.6 44.2

Note: Result In Experiment at Caribbean Area, Cassava Cultlivated :
3 ft o x 3 fL

Source : Krochwal, A. (1366}
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Japanese companies in Lampuug are now practicing ridge culture to

improve harvesting operation.<

| (7)3 Method of PropagaLion
Cassava is basically a’ cross pollination crop. 38 50m§ Vafietieé,

'however,'show no_flowering and’ fruiting,rstem cuLtings ate widely ‘used

~these' days 'fo?_:'pm‘;ép:agétion‘-, except fot: tlie'-spécifidbhﬁm:e' _*o'ff' inmprov-. |
Ing varieties, 1f stems are cut to 20 - 25 cm long, only. 6 to 7 -
cuttings are obtained from each one, To enhance. this poox. propagation
rate, a number of methods of vegetative reproduction are under
' examination. ' _
For instaﬁce;1wh01ey hnd‘Cock (19?3)‘devel0ped»a simple method |
to produce appfoximaﬁély'18 000 stem cuttings froﬁ one piant per year,
_ Their original work is not_at hand at the time of this writing,'so the

.'following description of their method (1nc1uding an tllustration ~ See

. Fig. 9) is taken from Yamada (1975)

- Nepagation S1ock ' C i Tao  podE e
- ' tulting tA)

I Commrngiel 109 tiem fulbngs {C]

MutGpliation eatt 44 x Bx C1s (150 n 4 2 33} 0 15,000
Tordr 100% Pt fitnte (Fp18 Trom Cuecend £1p20 e pAT;

Fig, 9, Method of Vegetative Propagation of Cassava
{CTAT Method)

Source : Cassava by Yamada (1975)
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"Pirst of all, cuttings with two nodes are taken from wmature
stem. Cuttings with only one node do not result in satisfactory
_'sprouting. Each cutting gives out four branches one after amother, and
W;these transplanted to beds composed of disinfected sand and earth and
saturated with water. The beds are surrounded with concrete blocks and .
“jcovered with vinyl c]oth.‘ After the roots come out, they are _
: temporarily transplanted to peat pots which contain soil and then
moved £o fields. Approximately 30 cuttings are obtained from an
_original stem for propagation. Cuttings can be planted directly in
peat pots without temporary plantation in beds, 1If 150 cuttings are
- attained fiom the initial mothet plant, the rate of propagation will
: bé:.lSO X 4‘#“30:= 18,000, Sprouting capacity remains for 2 to 3
weeks the cuttings are' put in bags and left in shady places, The
‘longer the cuttings, the longer the 1ife they have, Sprouting abilicy
'-,declines as_water-content is reduced and/or fungi enter. Cuttings
SHoeld therefote:be eoaked_in 1,000 ppm solution of CIPC, (available
. on the wmarket) for Scminntes and put into poljéthylene bags, which

prevents the sprouting of cuttings for about 4 weeks,"

" Tissue culture 1s another method of propagation. The method is
very valuable as 1t ensures rapid growth and propagation of the cuttings,
and the gtowth and distributlion of non-virus cuttings. It would be
. even more effective if the characteristics of the varieties could he

ﬁaintained hereditarily, .
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7. Bréécimg' s

The collection of breeding materials aud the scientifie etudy and
estimation of them is 1mportant for improving ceseava varieties.“ Although _
little attention hae been paid to sueh genetical or cyto]ogical etudtee,
certain studies have been made and reported, particulatly by Dempsey (]971),
and Magoon (1967 1970 1973) in Lhe Tropical Roat Crops Symposia.f"r

In addition to etudiee being made on hydrocyanic acid content and
resistance o damage by diseaee and insecte ineleaee in the: yield of caeeeva
ig at preeent the main goal of etudies .omn. breeding being carried out by CIAT
CTCRI . (Central “Tuber Crop Research Institute), IITA (InternaLional Instltute
of Tropical Agriculture, Ibadam, Nigexia),- ete,: Studies on. induced mutation
have been conducted 1n Costa Riea, Madagascar, and India.g Implovement ‘of
protein content by: the breeding of" tetlaploids is also. under study., Ehperiw
ments by Magoon and his group (1969) and Iman (1972), however, seem to have
falled in attaining favorab]e results in increasing yield from tetraploide

obtained by colchiein treetment.{.

: Further, for the purpoee of breeding varieties that will be highly
resistant . to. insects and disease, etes, inter-specific hybrids have been
developed. Studies.on thie eubject heve attracted keen attentjon and, strong
' intereer._A ' '

Reports have come from Java, Indonesia; on the expériments of increas—
ing the root yield per plant {(to 100 kg in 24 ﬁonthe)'the grafting of M.
glazzoee@ on the stock of ﬂf escul enta (Photo:S) - Whether or not this:-
technique has a potential beyond "back yard" production has not yet been
confirmed, according to Nestel whom the authors met in Lampung. The authors
found the graft crop in farmers field of Lampung, but were not present at

harvest time.

There 1is certainly a growing interest in the improvement of each kind -
of varieties in the prevailing boom for cassava. Breeders are engaged in
experimental studies mainly in Brazil, Columbia, Costa Rica, India, Nigeria

and Madagascar.

According to Irikura (1973), who has been cooperating with the breeding
program of CIAT, the latter has completed observatilons on agricultural
characteristics, and resistance to insect and pest damage of move than
2,500 specles it had collected from Latin Awerican countries, the orviginal
home of cassava. The experiments are sald Lo have elucidated an ideal

ecological type of cassava variety that would promise high yleld; the first
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‘crossing of this took -place in 1973, Progeny tests of crogsing are being
conducted eetiveiyl ATeets_eo-determineVthe-adaptability of breeding lines
Have Beeh carried out In three areas with different environmental
conditions. Cafimagua wiﬁh acld soild.and a'long dry seasonj- Caribia
enjoying rabid vegetaLive growth and high temperature' and P0payan, a cool
region where growth is delayed. The aim of the experiments is Lo breed

valieties adaptable for any part of the world.

. CIAT eets its goal with 1978 as.a target year, at varietles with
higher yields. ‘for instance, varicties ensuring a 50 ton/ha yield, (with
1ow hydrocyanic acld content and sufficlent tolerance to pests. and diseases)
in the CIAT breeding field, a 20 ton/ha yield in Carimagua and a 30 ton/ha
yield in Caribia. The second of CIAT'S goals, with 1980 as a target year,

s varieties having a 60 ton/ha yield in the CIAT breeding field, a 25 ton/f
Eha yleld in Carimague, and a 40 ton/ha yield 1n Garibia. Such varietles
‘should have strong tolerance to pest and diseaee damage, high starch content,

10w HCN content’ and be easily harvested as well as having tuberous roots that

‘can be stored for a_long tine after harvest.
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8, Damage by Pests and Insecte

Except for caasava ‘almost’ all upland crops suffer much damage Irom R
pests and insaots.: o C : CU T
As for insects injurious to cassava, Harper (1973) has reported 0“

damage by Ted Spider mites in a couple of regions in Thailand which caused

als % daecrease in yield. There has been some damage by mites in Indonesia‘
as well {Photo 9), but no detalled information 18 avai. lable on this,
Damage by “Suisdedia nigrai_has alsa been reported (Photo 10), bt does not

seen to have been serfous.

The fol]owing are some of the insects that are harmful to cassava in

Malaysia,- The damage from these ;l.s not 30 serious (Chan Seak’ Khen 1969)

Cricket (Brackytfypes aohatwms )
Larva of . Twaoota plagiata

' 'Ta::hinid fly parasite HBL spfmm;noda ophw@ca Walk S;mfmm moommcua::
S Mgy
Grasshopper (Va_ianga\mgrico'mis;' B_ur-n).
'Scale insect (S_a,-issét.ia nigra )
Bugs (Megymemlw;t” “b;re'v_io erne F.)
Red apider mites  Tetramychus telarius F.).

In addition to these, CIAT and IITA have drawn attention to the

following:

Thrips { Frankiiniella sp., CoHotfwipsi m'ascutimis', C. stenopterus )
Spider mites (Monongehus tausjon ) '

Shoot flies (Silbe pendula, S. 8p, Anastrepha pickii)

Cassava hornworm ( E'-;-i}mys ello) '

Scale insects (Awidomyt{ius albus)

Cutworm, Centilpedes

Vatige mdnihotae .

Root~knot nematod¢ (Meloidogyne sp.)

" As fo.r damage by disease, reference is made to Cercospore cassavae in
Thailand, which causes leaf falls before the crop becomes mature and results
in a decrease y.ield .. There is no reliable data on the 'decrease, howe\}er,
Indonesia also experiences damage by Cercospora cassevae (Photo 11).
Besides the above, there 1s data on the damage by the socalled white root
disease or. Fomes lignosus KL,, which also causes a decline in yleld, In

Ghana, for instance, this disease reduced the yileld by 20 %.

~d42—



- Lawpung, Indonesia, saw the outbreak of bacterial wilt in large-sized
cultiVatipn fields, caused by Pseudomonas solamacearum. The colour of the
. stem vessels hecomes brown, and the top part withers and dies rapidly,
Experiments conducted on Japaneqe farms found some differences according
to variety. This will be so]ved by breeding a resistant variety in the

future,

Leaf spots caused:by Cercospora cessavae . and white root disease by
Fomes lignosus have been reported from Malaysia by Chan Seak Khen (1969),

although the damage was not so serious,

- The so-called Mosale disease has become an lssue these days. Although
réliable data 1s still lacking. IITA (1972) reported on the following in

this category:

(1) A mechanically transmitted disease found in Brazil whose causal

agent is virus of the potato virus X group;

(2) A whitefly-transmitted disease found in Africa and India whose

causal agent is unknown;

(3) A mycoplasma-induced disease of which at least three occur in

Brazil and one in the Ivory Coast.

bactérial blight having symptoms similar to those of Xanthoemonzs
manikoiisiis considered as a serious disease in Latin America,
particularly-iﬁ Brazii, = Stem vessels are closed with the causative
organism and to begin with and lower leaves wither first of all. To
préveut'this, the eradication of infected plant or stems is recommend-
able, CIAT is now counducting experiments on the screening of varleties
_with’high resistance,

‘In addition to the above, the following diseases are belng studied

by CIAT and ITTA:

Phytophthora rvoot rot (Phylophthore SPp.)
Phyllosticta leaf spot

Gloeosporium disease
Superelongation disease {virus is not yet confirmed)

So far cassava is believed to be more or less free from disease or

damage by insects, This is attributable to its cultivation in infertile

land in the past. The trend for cultivation in larger areas with

richer fertilizers may be the cause for lncreased damage by Insects and
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‘pests, as evidenced by the appearance of bacterial wilt in Lampung,f

which had never been experienced there. before.
Attention should'be paid'patticularly to thé'duéétion-of'hbW'to
“'prevent che outbreak and spread of virus diseased such as cagsava

'Mosaic, by, for instancd, glving ‘strict care I transplanLing stem g
cuttlngs to areas unaffected by them, '



9, . ‘Harvesting and Processing

- The_harvgst time of cassava varles according ta the conditions concerned,
As alrgadyfmentioned,‘cassava is -intercropped with upland rice or corn in
Indonesia, ‘The planting of casséva,therefore, ranges from October to

December (Fig, '10), with harvestiﬁg from August to November-~the dry season

X m
400'F - -~ == Planting
S ' e Harvesh
C et 300} _ Raintatl Harvesting
E {Matro)
w200
g
100
he
x100G
20}
_— Cassovo
L]
¥ 10 o
| 3 5 7T 9 i 1 3 % 7 % 11 onth
1970 : 197} '

_Fig. 10, Relations batween Rainfall and Planting and
Harvesting Seasons of Cassava in Lampung, Indonesia

:Sbﬁrée . Agricultural Statistic on Crops in
Lampung, Indonesla

to ‘the beginning of the rainy season.. Early maturing varieties which are
harvested from June to July are planted in the February-March period as a

crop following upland-rice or cornm.

' The best harvést péribd is when the crop contains maximum starch
conﬁéhé; ﬁhis will depend on the variety. The'majority of varletles scem to
reach the peak of their yiéld and starch content at 10 to 12 months age,
afiter which lignin content increases, causing pithiness in many of them,
Genjah putih grown in Lampung 1s sald to be an early maturing variety
that can be harvested at six to seven months age. However as shown in
¥ig. 5, its curve shows a slow increase in yleld eighth months after

planting. Thus it 1s not an early maturing variety in the styict sense
‘of the word,

In harvésting,'stems atretching on the ground surface are cut down

(topping), and the roots are grubbed with hands and collected in one place

{Photo 12). Roots left in the ground are dug out by grub hoes and gathered.

When the soil is hard or/roots have grown deeply in the ground, as in the

case of certaln varietles, a great deal of iabor is needed for harvesting,

When stem cuttings are planted horizontally at around 5 cm below the ground



surface, the roots grow close to- the surface,'resulting in licele damage

at the time of harvooting.

- When grubbing is not easy, rope 18- tied around the lower part. of " the |
stems which are pulled ‘up-with the help of- bamboo or’ wooden sticks. The L
grubbed roots. are then cut: from the stems, and treated according Lo uge. .
As mentioned before, ridge culture limits the area of growth, making

grubbing easiei.

In places close to tapioca cassava staroh factories, ‘the roots are.
peoled after harvest and brought over. directly by the cassava growers.
In farm villages in Indonesia, they are taken to faotories by oxcart (Photo
13). ' D

To avold the risks of changes in starch quality, factories udually take

in the roots within 48 hours after harvesting.

when cassava is. preserved as food, the roots are peeled, cut into
two or four Vortically, and exposed to the sun on the ground (Photo 14),
~or on hedges in front yards. They are then shredded and dried in the sun-~
cassava chlps. The chips are processed into pellets and exported. Women
are frequently seen engaged in the peeling of roots with a peeler called

a paret (Photo i5).,

-Ag the quality of wet tuberous. roots changes 1mmediate1y after harvest-
ing, it is not easy to store.them raw, ' To avoid rotting, farmers usually
leave the roots in the ground until the Ctime of consvuption, or immediately
before they goW the seeds of the next crops.. They dry them 88 SOON as, the
roots are grubbed out of the ground Leaving them in the ground too 1ong,

however, invites an increase in lignin and reduces starch oontent

Generally, cropping is so arranged in~tropical reglons that cassava is
harvested in a dry season, Although it is believed that cassava can be
planted at any time of the yéar, except in an extremely dry season, cropplag
patterns seem_to.be decided 1n consideration of horvest.time. Tﬁe same is
the practice 1in Lampung, Although planting ¢an beé done at any time through-
out the year, harvesting in a rainy season poses problems. 1€, however, ..
there 1is a large starch-producting factory nearby, it would make both plant-
ing and harvesting possible the_year round, which is quite favorable from
the otandpoint of labor distribution, Studies'are being made towards this

direction.

Drying rate after harvesting diffuse according to varlety. The
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rate by skin-peeling is 70 ~.85 %. The ratio of obtaining chips from peeled
wet:cassava 1s shown.in Table 27 in relation to Indonesian cassava (the

Table 27. Peeling & Drying Ratio of Varieties in Lampung

"""i“ﬂ‘ - .. Plant Meight r&’rgn?ﬂ ' :::S:gotjrlém :::?:; pet Root/ g:::';tsl:itrop A o
: E s : By : ) {A) Plant (8) .
s | 309 em 9.3 4,050 ¢ 3,39 g 2,500 ¢ 34,5 % 2
" Unsnaned . ¢ 247 _ 4.4 1,630 1,080 1,190 42,0 75
Mettk Urang | 285 6.1 1850 | 1,490 ] 180 47,0 81
Hentega oons ' 8.2 1,400 1,180 1,570 ‘ 50,8 8t
Tehun' ‘ _st B 1.0 . 2,230 1,570 12,980 45,0 20
Cengsh Putih w0 | 14,6 3,200 2,70 3,400 . | 1.0 n
L '_ nr 12.1 3,630 . 2,690 2,820 47,0 %

source 1 Hivose (1976) : ‘
ratos differ according to variety), .3 ~ 4 days (5 - 6 hours of exposure
to the sun daily)are needed for drying; 6 - 7 days when the chips are larger,
This means that the resultant moisture conient should be 12 ~ 14 %,

-

In. "Dévelopment Manual on Cassava," Yamada (1976) ekpiaiued drying
methods by quoting Manurung (1974) and Mathot {1974). Drying tests by
Ishida in Lampung (1976) (unpublished) are quoted below:

The experiments were carried out on the concrete drying floor in
Tegineneng Center flom 1st to 3rd July, 1976. Ganjah Lampung, an early
- matyring variety, was used as a sample for the experiments. Table 28 shows

the hours used for the peeling and cutting of 10 kg of wet tuberous roots and

Table 28, Time Spent for Peeling and Slicing

Type of Sample | Weight of |  Weight of Time Spent | Time Spent
. No, Wet Root Wet Root after | for Peeling for Slicirg
' ) Peeling :

I. Cut in small (

. r.h;ps: Lt_z_ss 10,000 g 8,330 g zzminmsec. Gm nlsscc.
than 1 x'1 x| ’
1 cm { .

1, Cut in 2-4 ‘ i win. - sec
elong 8tem, | 45 jop 8,315 2yMnggsee. | gMinygBec:
z-3 along 0, g_ * B

* - dlameter : . I .
111.811ced 2 em '3.285 1“E)mincmsec. 6m1n35sec'
in width 10,000 ¢ 148 8

Soutce : lshida (1975) _
the weight of.the peeled rooté. The figures show a difference of 16 - 22
minutes in the peeling of Materials I to 11, which was probably caused by
the difference in the number of tuberous roots involved in 10 kg, Peeling
10 kg of roots took 20 minutes or so, It took 16 hours and 30 minutes for

peeling 500 kg by women as is the usual practice in Lampung, Indonesia,
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It was supposed that there would be a diiferenee 1n cutting ‘hours -

The result of the experimente, however, showed only:

a elight differences~-eome 6 minutes. The rate of peeling 1s 16 e 1? %

asg shown in- Table 28 which is the maximum of 29 - 16 A obtained in reseerch
' Fig. 11 shows the relation between drying _

-according to variety.

- made by the authoxs {(Table 27)
-; hours and weight of roots. ' -
1. “Shredded Cassava (l % l x 1 cm

o kg -. R & less) .

o S II. Cut in two to four along the stem"l L
o9} 0 -7 two to three by diameter S
e NG IiI.. Cut erosswiee with approx. 2. cm
4 X . in width . e
. g g ? g PN - .‘ R AT,
'-I-'l: 3 ..

° .6t TR S
g ° he e
L ’—/lﬂ o

a2} —

. thr&":-°'"
: Fig.'11;"Relations'between Houts of Exposure to the
- Sun and Loss in Weight of Cassava

. Source Ishida g Experimeut in. Lampung, Indonesia’ (1975)

Materials were selected from those cut by three different methods.
They were spread over a floor space of 1 m2 The experiments. revealed that
roots cut into one cubic centimetne pieces dried soonest, Iollowed by those
-cut in round_slices of some 2 em in thickness, and then by big slices of
Glondongan'cut'in two to four 1engthwiee and 2 - 3 breadthwide. The thimner
the eliees, the earlier they dried, although Such a definite aesertion.een
not really be made because moisture content was not measured at the
beginning. People in Lampung say thaL chips sold there are as dry as those
dried for 12 hOurs and 15 minutes or for 1& hours and 15 minutes as indicated
in Material 11, The weights of these were 56.8 % and 54,5 % respectively at
the time when drying was started, When compared witﬁ moisture content
before the roots were peeled, the ratlo was 47.3 % and 45.3 ¥, respectively.
This must be considered as the finishing ratio,

S_The welght of the materials after they were dried for 16 hoursrand-
15 minutes was 40 « 54 % of the weight at the time they were peeled,



This. result coincides with the dryness of ordinary sliced samples attalned
aftel their exposure to the sun for 3 ~ 4 days (5 -~ 6 hours a day) and that
of 1argely cut chips after thedr exposure for 6 - 7 days,

1n Lampung, slicers are leased to farmers by pellet factories {(Photo 16)
to produee chips,_ The machine ls operated for 6 hours a day, slicing 12 -
15 tons of casgava roots a day,  1f a drying floor is constructed with the
lmachine drying after harvesting would be easier and high—quality chips would
“be. produced. There 1s a tendency to cut wet roots into swall cubes, dry them
and export them to Furope as chips. Cubing machines have been developed for |
this purpose. Roa (1975), for instance, has developed a machine to cut
roots 1nto bars of 10 x 16 x 5 mm, and based on 1nformation from a catalog,

'Yamada (1976) has described a Dutch machine, the legro manioc cubing unit,

1f machines are further developed and improved, and bars can be substituted
for pellers, the process of pelleti?ation will be eliminated However many
more studies on’ the capacity of such machines must be made, As Nestel (1974)
hag pointed out, studies should be catrriled out as soon as possible on the
new technology from the standpoint of drylng technic, size and shapes of
chips cut by cubing machines, ete., in order to determine its economic

efficienéy.'---
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10, © Storage

Wet tuberous roots. dotoriorate immediately a[tei harvést: {Photo 2).:;.

That iong-term storage is impossible for cassava has posed problens

.for farmers as well as. for those who are engaged in processing.» Under thoqe

circumstanoes, various methods are being oxamined in- addition to; the

traditional niethods of cutting into chips or storing underground by delaying
the harvest period, eLc. ' et o : AT

Studies being promoted by [ngram and Humphries (1972) can be summarized '
as follows.' One of the questions g how to ‘store wet: root tubers. The flesh
turns dark blue in several days after harvesting—-that is, the quality 4
deteriorates by rottening (softening) due to the entry of pathogenic micro—"
'organisums into the root tubers after’ hamveoting. Majumder (1955) said that
there were two types of deterioration. dry rotteness b)r hazoous Sp."
under aerobic conditions, and soft rotteness by Bacztlus Sp. under

aerophobic conditions.

As: deterioration of the roots by fungi progressas, acidity 11388 o
: rapidly and:resultsnin a worsening.of_tasto,:j

The other factor is thé activity of enzymes, Blue'stripeé_(vascular_t
streaking) appear. along the vascilar bundles, in_cloée relation with the
entry of fungi. These two-factors combinéd'worsenﬁthe quality.i'

Burton (1970) has reported that, on the basls of this studies on
cassava Lransported to. America from Puerto Rico, sztodea1nanthotz (Sacc )

would be the most important fungus that deteriorates the quality and changes
the colour Logether with various other fungl (Table 29). Rottenness of wet

' Table 29. Pungi Isolated from Root after'Transportation

‘America (1nported from Pucrto Rico) England {(dmporved (rom West Africa)
Fusarium “Iiscola” ) - Aspergillus  fumigatns .
(7 = F.moniliforme Sheldox) - Treseniusg
F. soloni .(Hatt.) Appel et Wr, A flavas - Jink
Fusarium sp. ' A niger Van Tleghew
Geotrichum canad_ium ink ex pers’ Panicitliwm spp.
Penicillium gladioli Hachacck Circinelia sp,
. Mueor sp, . Syncephalastram Sp.
Phomopaie sp.
Rhieopus sp,
Trickoderma Sp.

Source : Burten (1920) and Ingram & Uumphries (1972)

root tubers is thus caused by the presence of varlous fungi in them,
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Various methods have been tried for storing wet root tubers in natural
conditions. ‘For instance, people in Ghana pile wet roots in heaps, sprinkle
water or put clay over them to keep them safe and fresh for 4 to 6 days
(Hiranandani et al 1955 Rao 1951), Tn Mauritius, east of Madagascar,
-people used to store wet cassava roots in trenches for 12 months as potatos
_were stored in Europe (Anon, 1944) Anon also reported that cassava roots
were stored in Lightly closed rooms for about a month by covering them with

| earth and straw, . Baybay (1922) tested storage methods in the Philippines,
he gtored wet ‘root tubers in various buildings, and continued storage for 25

dayé'by'taking'ﬁut'thé-foftén ones every six days. HNowever, this vesulted in

a tremendous loss of weight (Table 30). He reached the conclusion that

e Table 30. Cassava Wet Root Loss after 25-day Starage

'_’l‘ype. of Storage Str!ucture Height Loss by Decay and
R : Shrinkage 2
' Permanent buii&ing ' - 98,7 %
‘Park room in wooden building ' ' 86,8 *
" Loeal bus Lding : 92,2
Cellar 91,1
Trench 64,0

Source i Baybag (1922) and Ingram & Humphries (1972)
 storage was not succ¢essful under the conditions mentioned above,

" Czyhriunciw. et .al. (1951) reported in Venezuela that they stored wet
root tubers in rooms of 25°C for fwo-weeks, and that the weight reduced by
some 75 4.

_ Averre. (1967) covered wet roots with damp sawdust, but they became
rotten,. Tracy (1903) reported that wet roots could be stored for 1 ~ 2
‘montha in a warm dry room.. He suggested that the roots should not be put in
heaps, but thinly covered with straw, as low temperature and excess humidity
wouid accelerate deterioration, He also suggested harvestlng cassava In the
~dry season and takihg strict care nevei to Injure the rooté.. According to
him,’haivesting'time must be rigidly observed so that the roots can be

rubbed'atﬁthe right time; theéy should never be washed.

 These reports.show that 1t is very difficult to store roots in normal
conditions, and that various methods have been used to suit local conditions.

‘Parallel with these traditional methods, experiments have been made with

chemical treatments. Majumder'et al. (1956) compared a method of fumigating

wet rvoots with ethylene dibromide and a mixture of cthylene dibromide and

ethyl bromide, with treatment by formaldehyde., He found that the fumigation

method was most effective, because the roots stayed edible as no bromide
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remained after'fumigation, " He saidfthat'fermaldeﬁyde“ehdelﬂ?be'Gaed\for

producing starch. _
_ Further methods involve the coatiug of wet root tubers with fungicidal '
wax; or soaking them in paraffin wax at 90 - 95°C for 45 seconds, cassava f
 was suceessfully stored for 1 - 2 months in Colombia by the 1atter method _
(Yound et als 1971) An attempt was mede to import fresh cassava to America”

but Lt cost too much and proved unpracticable £or cassava, which is 10w in :
-price. ' o o

ﬁext we turn to methods of storage at low temperature'_‘one by -
.Czyhrinciw et al. (1951)and the other by Singh et al. (19§3) Tahle 31 showa
the result of an experiment.by.Singh. The figures show that the_most -

Table 31, . losses in Cassava Root Tubers Stored at Varlous Temperatures

Storage - (. Relatlve .t T U Relght fess X .

.Te?:;;ature Husidity | 15t Heek | 2nd Week | 3rd Week [ 4th Week | 5th Heek brh Week | 7th Week [ 8th Week .
2-3 | 8-090 5.6 | 110 5.0 | w2 ] o2z o | o cfeans s | ma
3558 . { 8 -9 sa o jane | 150 18.0 2,7 | ma ] w03 4L
39 - 42 85 « 91 3,7 S0 B |- - T -

62 - 43 85.-92. 3.4 6.6 . . . RS R
47 = 50 82 - 90 5.0 9.2 - - - N

52 -85 B2-%0 67 [ 83 | - o - N
§1-'70 er-12 | 2a 25.0 - R - -

72 -85 75 - 80 1.7 - s S T SR B .

Source 1 Singh & na{h;.m asss; _
favorable temperature for storage is 0 ~2° C and"a’ relative humidity of
80 - 90 / ‘In opposition to Traoy who ohserved that low temperature- and
high humidity accelerate deterioration of roots, The question of storage ...

at low temperatures should undergo*fdrther studiles,

Averre (196?) suggested ‘that cassava, 1f taken as food, should be:
immediately removed from the field moistened packed, and plaeed where
it is cool. This method is advisable if cassava is sold on the market as'

a vegetable but unpracticable for people in the tropics.

. Dry chips arve frequently damaged during storage, However, scarcely =
'any data 1s available on this., DProperly dried cassava chips are good in
quality but they are likely to be damaged by fungi and insect pests if

stored for long.

Harmful insects as compiled by Ingram and.Humphries (1972) are'shown,in
Table 32. Clark et al (1968) and Ramnsley (1969) reported on fungl such as '
genus Aspergilius , Mucor, Penigillium and Rhizopus. Aspergillus sp, was |
seen even in sundries chips 3 months after storage (Doku 1969), Some

researchers such as Kuppuswary (1961) wrote that chips of bitter type cassava
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‘were able.to withetand long~term storage.

Containers used for storing cassava chips by farming people vary
according to region ‘and country. In Zaire, for instance, people store them
in oidinary buckets or pails and hang them on top of the hearth. Chips are
taken out when they are consumed as food, Hanging over the hearth prevents

the cassava from being’ damaged by insects (Buyckx et al. 1957, Jones 1959).

Various insecticides have been used to Keep chips from being damaged.
At the sane- time, fumigation by methyl bromide, ethylene dibromide or a
mixLure of ethylene dichloride and carbon tetrachloride was effective,
1eaving no. residuals {(Anon. 1962, Pingale et al. 1956).

Cassava chips absorb moisture rapidly from humid atmospheres to reach
'equilibrium moisture content, - At 30°C a moisture content of 15,1 % was
_-found to be in equilibrium with an atmospheftr relative humldity of 70 %,

which is the accepted upper limit for safe storage {Anon  1965), Chips
are stabilized In quality when moilsture content is 12 %, Therefore, the
._international standard for the maximum moisture content of cassava chips to
be ekbbrted'or imported is set at 13 % (Anon 1968), In Thailand, 13 %
moisturé content is the maxinum for speclal grade chips and 14 % wolsture

contenﬁ is conSidéred acceptable'for.first grade chips.
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“Insect Pests Infesting Cassava Prod@cts in:StorageaL:

Table 32.
e Comon Nemo | Cassava | 'Cagéava’| Caggava-
Species Comnon Name Chip_ | Flover | Starch .
: . BRI EREEI: (Tapioca)
'Aﬂdéqe}uq advena(Wail) Forelgn grain beetle Exr + :‘+-"
" A!pﬂ'tobiki sf:p:. "TLesser meal worm beetle ¥
S _ Black fungus beetles S
Araccsrus faact¢ulalus ~Coffee beén weevil, + Lt
_{Deg.) . Cacao weevil - . L
Bostryohophtos cornntnel - +
(Oliv.) :
Carpaphtlssspp. " Dried fruit beeties +
Catharing quadrtcolias - Squarenecked grain + +
(Guer,)} beetle
Conéinonus constrisins -
.(GYng)‘ . . o
Cryptolestesspp. Ruat red grain beetles, + +
' B ; Flat grain bestles :
Devrmestes spp. - Hide beetles +
Dinoderxs spp. _ Powder post beetles +
‘Epkestia coutella(Wlk,) . Tropical warehouse moth + + 2
Gnathoocervs cornwtxs(F,) [ Broadhorned flour + 4+
co e 1 beetle '
Heterobosirychus brunnens R +
(Murz.) N . o
LaazodsrmaseffiGOfﬂﬂ(F.) Cigarette beetle + + +
Lepidopters spp. Moths _ s
Nscrobioc rufipes {Deg.) Red-lcgged ham beetle, + . +
Copra beetle . :
Oryzaephilus msrcalor HMerchant grain beetle T+ +
{Fauv,)
0. surinamensis(L.) Saw-toothed grailn beetle +
Palorua ratzeburgi Small~eyed flour beetle +
CWissm.)
Piodia sntarpunctaila Indian meal moth +
(Hubn,)
Pyralis manihotalis - -+
(Guen,)
Rhizoperthe dominica (F.) Lesser grain borer ++
Sitophilus oryzae (L.) Lesser rice weevil + +
Stegobiunm paniceum(y.,) Biscuit beetle, ++ +
. Drug store beetle
Tinabroidas mauritanteus| Cadelle + + +
1.}
Thaneroclerus buquetd - +
{Lef .}
Tribolium castaneum Rust red flour beecle -+ ++ ++
(Hlerbst)

. Source :

Ingram & Humphries (1972)
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11,

Usage

CasSava contributes to the world food supply in the following three vays:

(1) Roots are consumed as food

(2) 'Utilized as feedstuff

.(3) As starch, used for processing foodstuff

| Besldes Lts qsed for processing food, it 1s used in the ﬁaper, paper box
and textile iﬁdustrigs, as starch., Its usage can be broadened in the

fermentation dndustry for the manufacture of alcohol, glucose or for the

synthesizing of protein as a fermentation material,

As detailed information on the use of cassava has already been glven

by Yamada (1976) in reference to reports by Holleman and his group (1956)

and Grace (19?1), only a general explanation will be made in this booklet.

As has been repeatedly explained, approximately 95 ¥ of total cassava

production ‘is directly used as a staple or subsidiary food (David 1971).

-(1)' Food Preparations

- Cousey {1973) classified methods of food processing génefally
and’traditiohally_applied in various parts of the world, He noted that
claggification is a matter of difficulty due to the broadness and
diversity'of'fOOdstuffs in which cassava 1Is used, Accordingly, his
classificatlion is still incomplete and tentative,

It includes the following:
1.. No special detoxication techniques applied

1.1 Totally unprocessed (i.e, eaten raw)

1.2 .Simple cooking techniques only (as used for nontoxic
starchy staples)
1.2,1 Boiling, stewing, etc,
1,2.2 Roasting, baking
1.2.3, Prying

1.3 Sundrying
1,3.1 Sundrying without subsequent processing

1.3.2 Sundrying with subsequent processing
1.3.2.1 etc., Different types of milling, grinding, ete.

1.4 Kiln or Hot-alr drying
{Subdivide as for 1,3)
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2.  Specilal detoxication techniques applied

2.1 .Detoxication by solution : | o
2.1.1 Soaking of whole roots or;lafge R;ete§fu__7 
2.1,1,1 Soaking in static water
2,1.1.2 Soaking in running water
2.1,1.3 Soakinglinfwalt water -

.2;1.2 Soaking after comminution .
. (Subdivide as for 2,1,1)

2,1.3 Boiling _
2.1.3.1 Simple boiling
2,1,3.,2 Repeated boiling, In changes of water

2.1.5 :ﬁet'eﬁtréctibn'procegses'for:stafch

“2.1.4,1 Stareh extraction without sibsequent gelatini-
-.zation‘- : _ '

2.1.4,2 Starch.extraction with subsequent gelatinizaw

tion

2.2 Detoxication by fermentation

' 2.2.1 Spontaneous fermentation

2.2.1,1 Fermentation followed‘bnly.by'washing.
C2.,2.1.2 Férmentation followed by washing and heat

treatment

2,2.1.2.1 Roasting
2,2.1.2,2 °  Steaming
2.2,1,2.3 Drying in hot air

'2,2.2 Fermentation with use of inoculum from earlier
préparations
(Subdivide as 2.2.3)

The classification above shows a great deal of duplication in fhe
preparations under Groups 1 and 2, In this respect, Couréey (1973}
explained that methods in Group 1 are -applicable for varieties having

less cyanide, _

The boiling, heating, and drying mentioned as processes in Group
2 are undertaken to reduce HCN content in cassava roots, le wrote
that .the above-mentioned distinction into Groups 1 and 2 was grounded
more'qr less on philosophical factors, rather than on sclentific ones.
Taking all these factors into consideration, it can be said that
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~ methods under Group 1 are for cooking sweet type cassava (Innoxious
varieties), while those under Group 2 are for varieties that are
~ioderately poisonous (in thelr raw state), including pretreatments
“guch a8 autolytic hydrolysis of cyanide, removal of hydrocyanle acid
and processing as food.

Group 2 processes place emphasis upon the removal of HCN to serve
. caSsavalroots éafely. As mentioned before, varieties consumed as food
are those with Low HCN content, and are Lherefore processed and cooked
: by-Group 1‘@ethoda. There are also other methods somewhat different
from the ones above. For instance, in Indonesia and other countries in
Southeast'oéia, oaB3ava chips {Gaplak) are prepared by upland farmers
in the following way: they are soaked in water for 3 days and nights
(during which the water is changed from time to time) exposed to the
sun and dried, then pounded in hand mills to the size of rice grains,
After water is added to remove dust, they are washed by hand and dried

again to be stored (Photo 17), boiled or steamed as rice,

Gari in-westernoAfrica énd Farinha da Mandioca in Brazil are
made of cassava in the following way: cassava roots are peeled,
grated and allowed to ferment spontaneously, dewatered by squeezing
_and partially gelatinised, then are dried and ground tnto flour.
Fermentation in the above method reduces pH, enhances enzyne activity,
and yorko on_substrate to form HCN, which 1s removed by water. By
reducing the.hydrocyanic acld, cassava can be consumed as food.

As for various other preparatloms, Yamada's report (1976) compiled

from various sources is highly recommendable. .
H{2) Nutritional Enrichment of Cassava

Cassava is lacking in protein, fat and Iinorganic matter, There—
fore, speclal attention has been paid to enriching its nutritive value
as food, One of the methods is to add soybean protein (separated
matter) or soybean grits to cassava flour, and in other cases, fungal
protein is produced by culturing fungi { Aspergilius sp.) on the sub-
strate of cassava (Gray et al., 1966, Stanton et al, 1969, Strassner

et al. 1970)., These methods aim at producting protein through the
indirect utilization of cassava.

Needless to say, it is very important to increase the protein

content of cassava itself. Reports have already been made of varieties

with high protein content such as Colombia cultivar with 6.0 % of
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protein content and-Panamanian cultivar eith 6,5 4 protein_(Rogere.
1971) . | ' . o ' '

Further, attempts are being made to congume cassava as a subatitute
for wheat by mixing cassava and wheat flour,  DPeny etnal (1970)have

studled the effectiveness of the flour as bread,

(3) . Cassava Starch, Flour and Tapioca

In many places in- Southeaet Asia, tiaditonal methods are still used
to produce’ cassava starel,  In Lampung, cassava roots are waehed in
running water after-the_exoder is peeled, grounded by Shredder and then
screened by sifter (Photo 18). VWater uged for this puipose 1s very
important, it muet Be pure and"colourleSS.L When Sifted'etarch milk ds
settied after soaking for- a day and a night {Photo 19), the supernatant
1iquid is removed The’ process is repeated again Lo attain good quality
starch It is then exposed to’ the sun’ for about 2 days (Photo 20),

The quality is deteriorated when 1t gets yel]owieh and smelly due to
prolonged drying as a result of cloudy weather, etc, = Cassava varieties

from which starch s produced must have clear white flesh.,

* The extraction rate of starch differs‘eccording to varietiée;'
harvest period weather conditions during’ the period of growth, and
efficiency of the machines used.‘ In the traditional method 17 - 20
'kg of sLarch is extracted on average from 100 kg of wet peeled roots,
It is not so effective as some. 5 - 10 % of the starch iemains tn

extracted and s thrown awvay.

Caseava flour or meal is ground into powder by hammer mill
stone grinding mill, cylindrical mill or hand mill. Grocery tapioca
is made from wet starch (which is taken out in the process of starch
. production).- It is heated, made into starch cakes and then_pounded'

S into rough lumps., When used as food,.the lnmps'are-made into flakes,

pearl or:. seed taploca in the shape of grains,

Cassava starch is called tapioca (including related products)
and 1is used in the production of confectionaries, sauces, gravy, soup,
baby foods, deeserts, biscuits, pies, cake fillings, salad dressings,

and mustard powder, etc,

The authors recommend the work done by Yamada (1976) to study
cassava starch and its useges in food and industrial spheres, as
information by Holleman and his group (1959) and Grace (1971) is
widely quoted in 4v,

—5 8__



(4) Manufacture of Cassava Pellets

Cassgva_pellets for feedstuff are made from dried cassava chiﬁs.
In La@gung, chips brought to the factories are grouped according to
variety, and No, 1 and No, 2 pellets are manufactured according to the
| above groupings. First of all, chips are ground and mixed, softened by
’steam and compressed into cylinders which are made 1in a [ixed size,
Chips thus.compressed are cooled to form pellets, Photo 21 shows
pelléts‘produced in Lampung, They look dark, because they contain some
sand and earth,

- The colour of the ioots, moisture content and how much their
.exoderm is peeled (which influences the sand and earfh content)
determines the quality of the product (pellet), Hydrocyanic acid is
detoxicated in the process of grinding and steaming, resulting in

" virtually no problems for 1ts use as feedstuff,
The advantages of producting peilets are as follows:

(1)' Total volume is reduced by 25 Z compared with chips,
making transportation easier (in export), and guaranteeing

longer storage.
(2) Loading and unloading can be mechanized.

(3) Unifofmity of the product in quality, moisture content and

shape is advantageous for producing feedstuff,

_ Lampung presently has more than five pelletizing factories, most
of which have West German machines, The other factories have Thai

macﬁines,.but pelleté produced by them are not hard enough and produce
many wastes,

The purchase price of chips fluctuates according to factory,

season and quality (including sand, earth and woisture content 14 Z
as standard)} etc.

Although Tliailand has been enjoying a rapld increase in production
and export of pellets in recent years, monopolizing exports to Europe,
the product has posed some problems from the quality point of view.

These have been dealt with by Mathot (1974) and Manurung (1974).

Somé of the pellet factories in Thailand are owned by West German

ghippers, and oﬁhers by Thais, Pellets produced in the former are

known as "Brand" pellets in EEC countries, while those produced by

Thai factories are known as "Native" pellets. Merits and demerits of
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Brand and Native pellets described 1n material handed over to the
author - (Hirose) by Mr. Iteh of UNICOOP JAPAN (Bangkok Branch), when
the former vigited the country, included the following'

Brand pellets.

l.‘. Material is caxefully selected and sand, earth and other foreign

matters by and large are not mixed in With At
'2.;'~Mater1a1 is steamed before it is formed into pellets (not practiced
_these days) o s

3.  Dies for making pellets ate made of superior material and are

. therefore solid:

4.‘ Powdered tapioca out of deformed pellete ‘are returned to pelletizers

to be re—produced. No meal in products.'

5. Pellets are sufficiently cooled by a special cooling device after

they come out of compreseors.

'After going through the abovementioned proceseee, the pellete are

solidified have little moisture content, and can withstand long storage,

Native pellets:

L. 'Compared with Brand pellets, material is carelessly selected and
' wastes, corn cob meal, rice bran, etc. are intentionally mixed

into 1t.

2, Due to inferfority of the material"'Tﬁai“mede'diee are'not solid

Ienough and are unsuitable for making pellets. Dies wear easily.

3. No device is installed to return meal to re—form them into pellets

again. The waste ratio is very high

b, Poor cooling, The. majority of factories .never cool the products

after they come out of compressors,

Pellets made by Thai factories are sgoft, crumble easily and grow
moldy due to high moisture content., The wmeal ratio reachee up. to 50 %
in some factoriee. Solld dies are capable of producing 2,000 to
3,000 tons of pellets, but poor dies have a capacity of 1,500 tons or
less (supposing they are able to work for 500 hours producing 3 tons
per hour). Native pellets contain moisture, and, eartﬁ.and fibrous

matters, lowering starch content accordingly.

There is also the question of damage caused during trangportation,
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-patticglarly in ship hatches and at pores, causing much trouble at the
_ port of destination.. '

'5?ff'0ut=°£ the 82 pelletizing factories in Thailand, 65 are in Cholburi
.« Prefecture, 8 in Rayon Prefecture, and 1 to 3 factorles are in Bangkok,
:NékbrnSaWan} Karnchanaburi, Phetouri, -Suphanburi and Samutprakan,

Table 33‘sh0ws-a'list of Brand pellet factories.

Table 33, List of Brand Pellet Factories in Thailand

Hawa B © 4 tocstion Establighoent Pelletizer Brand o, of Paily
L e . . ) ] ) Pelierfzer | Production
Peter Cremer Lid. Bang Prakong ' 1967 Buhler YITAP 3 200 WIT
“ o Poon Phiphat, Baigkok 1970 " T 250
Hrohn & Co:’  |Seng prakong _ 1968 Buhker KROHWEN 4 250
' " United Flour Hill,Bangkek 1570 - " " 4 250
s lenorpeet - 1972/73 | Lacal Made 8 300
Thai Bastung That btd.|Beng Prakong : 1968 Kahl DARIO ? 150
Trakolkem Go., ~  |Bang Prakong _ o1 California | TKK 3 350
PR B : . Pellet Baching
fredex . . |Poon Phiphst, Bangkok 1973 Buhler | Tranax 3 200
ToTAL ' : . ' 36 2,150 W/T

Source : UNICOOP JAPAN (Bangkok)

-.«6 1 —



12, Circulation of the ProducLSH-Relation with Japan

As already described, cassava can used for many purposes, but the most
promising one will probably be as feedstuff. Cassava chips and pellats are
friported as fesdstuff by - Shingapore, Taiwan, South Korea, Malaysia, HongKong
and Japan . in Asia, and: Holland West Germany, Belgium, France and:Spain, etc,
in Europe. Hajor exporting countries are Brazil Nigeria, Thailand and

Indonesia,

'400-000 ‘tong in 1962 to: 1 400 000 tons in 19?0 (See Table 34), and further

Table 34, Volume of Imported Dry Cassava Products in EEG
; ' (1 000 toi) e

oo | 1962 | 2964 | 1965. Tes | 167 | ;éﬁel, 63 ) 170

H. Cermany | 366 | ae7 | oas2|. s20 | 02 7 | el 548 | adn

Holland ool s bl | e R G X T RN TV I

Belgtum  © - |0 23l n2 | a8 00| 70 ? 127 212 |- 268

_Framce .. 23 b0 a8 P IR 1 N N N A 35
Italy . 1 0. 0 ol 1) 0 N3 % U N S R U

TOTAL = 413 484 602 714 | 884 L BAS | 1,206 | 2,410

Source : . International Trade Center GAIT, Nestel {1973)

to 1, 900,000 tons in 1973 One of the main teasons for the recent 1ncrease
in imports by Furopean countries is that EEC countries have raised grain and
feedstuff prices to a considerable exteunt, TreaLment somewhat similar to
preferential treatment granted towards primary products of new]y independent
countries has been granted tp:Southeast Asian countries,  This has opened

l up opportunities for increasing imports . .of pélletssﬁromlthese countries,

Thailand leads other countries In Southeast Asia in her export of

" cassava producté to Eﬁrope, accounting for approximately two-thirds of
total European imports (Harper 1973), Table 35 shows Thal exports in
recent years by destination countries, according to which she exported
1,820,000 tons of pellets 4n 1974, and 2,030,000 tons in 1975, mostly to
Holland, '
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'HTable_35. Export Volume of Cassava Product from Thailand (1973-75)

Unit @ Hetrfc ton

VIR e i L .19 - -

. Beptination Couatryl—r—rt—: : n - 1934 B 1925
S Vo lmeat | rellers Chipd | W - .
. o p sste | Hesl Paldiets Chips Waste | Heal Pellets | Chips Waste - | Heal
Avstrglis - L. - - - .

Belgjua - 12,561 S - B8] - S| ; 032 T ]

Ccanddi | - 9| - . . - - ’ ) ) i
_Prance T -] 109,243 - - - 96,916 - . . 54 ];:; i i )
Italy cL - .= - - B - . ’ o i i
Rake : ) : - - - | - - -
J'?f" : . - 4,178 3,405 995 - 36,272 2,968 - - 41,526 Ko - -
"“.‘h)“?.‘ L SR IO 21 - 64 - 2,151 - 276 - . 29 80
Hetheriand - |rzrs,es - . - Jasnea| - - - | nee9,680] -
l’e.nlng ) . Fo- - - 213 - - - 107 - ’ -’ ) i
Poptugel - - Lo T - - S - - 2,021 )
Stngepore - - 6,53 [ 1,246} aor| - gss| sl owmf| - . . ) )
Spadn SR I % - . - 4,644 - - - - .

- $. Kores | - 1,020 - - - 15,192 66,648 - - 3,71 53,511 - -
Sauvdl Arsbia - - - - - i 204 - - -

_rgiu.d o B - 16,630 200 - 20,466 | 27,189 - - 9,605 4,180 - -
W, Germeny - 93,220 - - - 02,15 zan - - 12,580 4,493 . -

© Qthera . i 1,601 - - - - - - _ . . e

o |- faseeans |oaze | aas |- |neson) weems| vees) - | zes el eom ] e | -

Soyree 1 Board of Trade of Thaflaad 0ffice of Cormodlty Stsndard

1 Indqnesiatgxports,pnly about 300,000 tong, or 10 %, out of the total of
3-million:tons she produces. Recently, however, Indonesia has shown greater
interest in tﬁe-export of cassava products, and has established a joint
cooberativg-body_with Thailand: The Thailand-Indonesia. Joint Coordinating

,Boarg.of ﬁaize:and Tapioéa‘Products Marketing. | |

The JOiht-COOrdihating Board discussed the following mattérs in 1974:
'l, Standardization of quality '

2, Improvement of business contracts

.3;' Questions concerning ship transportation

Japan . imports only sone 50 000 tons of cassava products as feedstuff,
mosLly from Thailand, and a very small guantity from Indonesia (Table 36).,.
' Table 36, Import Vo]ume {Metric ton) in Japan

- Period. Thailand Indonesia R Total
- Jan. - Dec..1974 25,015.425 961,768 25,977,193
Jan. - Dec. 1975 47,595.943 100,000 47,695,943
N F:Y L PR Jqu, 1976 . 8.04?.188 _ - 8,047,188

Ministry of Finance, Japan

tributable to the follow-

Source : Custom Clearance Figures,

The unpopulaxity of cassava products in Japan 1s at
ing reasons:
1. Problems concerning competition within the starth industry: for

instance, competicion and/or difficult relatfons between potato

._.6 3.._



- grovers and producers using imporLed starch, ete,:
' 2; "Questionq related to import, 1oading and unloading, transportation
-and_qtorage,.etcf- ‘ o SRR I I

o3. .QueSEions.of quarantine'_”

4, Form of feedstuff | |
.‘5; o.Quality, nutriLive value, bleuding, HCN content, etc.,j

6. Volume and stability in supply | f | o

%. ;Risky problems thaL may arise from. 1ack of experience

As Lhe authors are not familiar with the problems of Point 1 they. .
_Will not be discussed here, ' o

-.Point 2: Port facilities at 1oading ports, 1oading capacity, and the

form in which cassava products are exported (whether they are. packed in bags,

| or stored in siloes, ete,) influence prices.

_ "Point'3° The import of cassava c¢hips will result ‘in an invasion of
diseases and - harmfnl insects into Japan. “Noxious insects have - been: féind i
European countries afong imported cassava products. ‘Studies should beymade'
as to the types of insects (vhether’ they are likely to spread thiroughout  the
country), the question of disinfection in’ ptoducing regions, ships, and ‘the"
~ unloading. ports in Japan. - If pellets. are imported, they are. heated in the -
process of production and probably dlsinfected. The question is whether the
" heat treatment in the production process is effective enough. Information
‘s to hand that Buropean countries, particularly wgst Germany, ‘are switching
their impores from chips to pellets, probably taking the disinfection'
question into consideration.' Heedless to say, the import of pellets would
economize freight space also, o :
Ancother. queétion is. the'tyoo of fieighi. :Cassava'ptodﬁcts are now
shipped in bags, but packing would be eliminated and the cost reduced if
siloes were built at loading ports. Present chips as well as pellets,
however,'are soft and easily crumble or powder. II the powder was to
scatter in Lhe air, it would bring about serious problems for the health of

dock-workers engaged in loading and unloading.

In Japan, unloading from shipside to siloes has already been mechanized.
- Whether or not unloading of cassava chips or pellets in the traditional
method poses troubles at mechanized Japanese ports is another questioh_that'

needs stody.
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Point 33 Considering the fact that cassava is a "new face" to Japanese

,iports, careful planning 1s needed, . Complete studies on noxious insects and

. :diseaaes that might be introduced into Japan must be made before anything
elae. Studles must be made on disinfection, particularly in relation to the
:method and insecticide to be used, as well as types to be imported,

. Point 4. Research is necessary Lo determine types or shapes of cassava
_as well ag the demands or 1nterests of farmers and dealers of feedstuff,

Point 5. The quallty must be improved; including the uniformity of
_';quality at the time of import. From a nutritive. polnt of view, cassava

s not an ideal feedstuff due to its lack of protein content, It may be
improved in the - future but for the time being, consideration must be given
to: the question of ‘adding high protein substances, In West Germany, cassava

”‘seems to be uged mostly for pigs.

The next important question is that of the hydrocyanic acid contained
_‘in cassava. Japanese people are quite gensitive to toxicity of food or
:feedstuff How poisonous is HCN9 Why do we have to worry about the
:‘toxicity of cassava while it is consumed as feedstuff in Europe? These are

'simple questions, but they are questions that must be studied and answered.

Yoshida, M. (1970 IARQ, Vol. 5, No. 4, 44 - 47) wrote that cassava
| With 7 2 mg/kg HCN content proved poisonous to chickens and reduced thedir

growth rate. This data should be interpreted as follows to clarify some

'of the points that are uncertain.

1: Growth of chickens (as in the case of other an1mals) is in proportion
to the logarithm of the total volume of TDN supplied. If the days of growth
are the same (Nojima—-unpublished) Fig, 12 shows the volume of growth
calculated from formulae ‘according to the hypothesis mentioned above in

'correlation to the volume of growth after three weeks,

Fig. 12 Relations between Feed Intake and Increase
in Fowl*s Weight

Outline of Treatmeat
9 1. .SD -0 3 Soybean oil, 0 X
280! 2. S0-5 ; Soybean ok, 5 %
- 3. s0-10 ;  Soybean ofl, 10 X
u za0 4, ¢~ 10 (Hydrocyanle Acld 3.6 ppm) B Casssaa meal 10 X
9 230 s, ¢c-0( " " 7.2 ppm) ; Casgava meal 20X
- S 6, € -~ 3} (Water gozked) ; Casgava meal 32 1
g 220 7. C = 37 {Autsclaved) 3 Cassava meal 32 ¥
ﬁ ‘210 Rote : . Standard Carbohydrate is takén from yellow corn.
] Percentage showa the portion suvbstituted by yellow
oK.
200
Seuvee : Yoshida, ¥, {1970)

244 246 248 250 252 2% 2%
Feed Inteke

log (Feed intake x TIDN)
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The observed value should form i straight 1ine according to the hypo—-.
Chickens 1 C—20 (HCN :

thesis. However thig is not so in- Fig. 12, _
The Yeasons. for their 1ow grthh,

7,2 mg/kg) show a. lower ievel of’ growth.'
:frate are that (1) the intake of feedetuff was Jless for some reason, &
(2) the average TDN was lower than the other plots and (3)° therefore, the-

‘?volume of intake % TDN was- less, From these figuxes alone, it is impoesible

to judge whether or hot- chickens in C~20 suffered from toxicity of .
Rather, attention should be given to Lhe chickens in SO—O
It is quite strange '

hydrocyanic acid.
Chickens in this plote Look standardized [eedstuff.

-that the volume of growth of these chickens is more or less

similar to that of chickens in G-20 while the intake volume x TDN wasfi;of
_more than that of ¢~20, The present authors take the view that this is'
due to experimental erroxr and it should be marked correctly on the upper ‘_.

~_' straight line._

This is but one example.‘ Reference should be made to mere examples,
if these are available. The point in. question is that we should not over-
,react to Lhe presence of HCN alone. g Efforts should be made to. eollect more_
--data on hydrocyanic acid, such as the degree of toxicity, the limitation of :

B /‘

toxicity and detoxication, etc._

_ Point 6 The question of feedstuff in Japan should be judged compre» :
hensively in relation to various -other feedstuffs. It is not appropriate
Lo discuss cassava in this way alone, Further, the question under Point 6

is an important one. which is beyond the scope of. this booklet..

: However, in case cassava is imported in Japan, it can be considered
from the -peint of view of the period and stabilization of supply. Any
estimation or prediction as to supply is difficult because supply‘volumes
~ change with fluctuations in the world market situation.

Limiting the question to the supply- of' cassava from Southeast Asla,

_ the only suppliers at present ave Thailand and Indonesia. Thailand produces
more rice than it actually needs, and is able to export large portion of its
-total cassava production. Indonesia produces in good quantity, buL is un-
L‘able to.export 80 much because cassava ranks third -among its staple foods,

: serving as an important calorific source together with rice and corn.

Fxport of cassava from Indonesia would create some sort of concurrence with
the domestic food situation, At the same time, however, Indonesia has set
a clear distinction between cassava for food consumption (sweet type) and

that for export (bitter type), Although it is not correct to say that there
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will be-ﬁo'céﬁcutrence wliatsoever, there 18 certainly room for further

. cdnsiderabion in this respect. (For instance, the Government of Indonesia
'banned ‘the, cxport of cassava in 1972 during drought conditions, but the
¢assava stocked as a result could not be consumed, and there wae. a heavy
fall in domestic prices.)

i;clngouesia hag vast areas which are sultable for cassava ﬁroduction,'
with hcgé Prdductionipotcntial. Exports natcrally require the presence of
-pcrts nearby. :Favarable conditions are already preserved in this regard,
',If one—fourth of the 400,000 ha of barren land in Lampung, Indonesia, which
‘18 completely neglected today 1s reclaimed for cultivating cassava for '
_-'export purposes, it would guarantee approximately 300, 000 tons of cassava
,3chips. The place 1n question,has a port for the incoming and outgoing of

10, 000 ton oceangoing vessels neatrby,

Then, what about the possibility of stabilized supply?

.So far as Lampung 13 concerned, the cassava withstands drought. conditions
:well and promises a stabi]ized supply even under unfavorable weather condi«
' tions, Another advantage 1s that it is free from serious diseases and
1ﬁsects that might-cause serious damage to other crops, In Lampung, the

- harvest period.extends-from Seﬁtember to December, while in Thailand, they
begin Harveéting in November (the begihning of the dry season), If imports
'_frcm Indonesia were combined with those from Thailand, long term supplies
could bc ensured to a considerable extent. The Importation of several
,million tons of cassava might be possible (prcsently some 50,000 tons) from

" the two countries,

ImporL of cassava from the two countries would contribute towards
solving the present unbalanced trade between Japan and these countries.

What is more important is that it would gilve opportunities of work to

cassava growers there.

At present, developing countries export their primary products to
advanced countries. Some people take the view that export of semiprocessed
products Erom developing countries should be further promoted in order to
help them.

Today when various hindrances exist to check the normal development of

rural industry, the export of cassava as 4 cash crop, if materialized, could

heip to meet the needs of farming people for the following reasons:

(1) At present, cassava s sultable for labor~intensive cultivation by
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'smallasiZed farmers, rather than cuitivation;on:lafge farms,s,

(2) Lassava is good as & dey seasons crop and increases the work 1oad_
‘such as harvesting, slicing, drying, atc, which leads further to ‘an
inc¢rease in income, L o R CRTR T
' (3) At preeent, cagsava chips vary in quality as they are produced by“
f;individual farmers, - The prospect of the improvement ‘of simple manu—
"facturing methods is relatively certain, and the quality of chips can

' be improved in the future.j

Needless to say, much improvement must be sought in relation to cargo'

booking, transportation, and marketing, etc. if production and export in
1arge quantities are expected. ' '

‘ The questions conflonted by thoee concerned with the production of
cagsava are (1) that a good harvest of corn and eorghum is expected world—
wide for the 1976 crop year and (2) the kind of reception that cassava
chips and pellets would receive in such a situation when prices of these

materials for feedstuff -are 1owered while that of cassava remains more or

less the same.
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'13;' iﬁEéfnat1oﬁa1”Iu&titutes'oﬁ Research

Studies on cagsava are carried oul at the International Institute of
'Tropical Agriculture (IITA) in Ibadan, Nigeria and the Centro Internacional
de Agricultura Tropical (CIAT) id Cali, Colombia, whose activities ave
financially supported by the Ford, Rockfeller and Kellog Foundations as well
':as the ggvernmgnts‘of_advanced countries of the world. The Government of
CanQda'ié bffefing'its finaﬁcial-support through' the International Develop-
‘ment RQSeérch Center'(IDRC); which has been working on the summarization
(with a key work index) of important theses relaLed to cassava in close
' cooperation with CIAT. It has completed work on some 2,000 theses, and
| vill‘qontinpe_its work ou”the_remaining 1,500 theses,

'Readefs'who néed'fﬁrther information are advised to contact

' Dr, Pernando Monge of CIAT, who will be happy to answer requésts immediately,

The following is a list of publications published by IDRC:



| IDRC~017f  Durabilité paturelle et préservation de cent bois prqpicaux

africains, Yves Portin et Jean Pollquin, 143 p., 1974,
IDRC~018f : qucation gexuelle en Afrique’ troyicale, 124 Piy 1973.

1DRC~0199 Administracién Undversitariat: -Aspectos Fundamentalea spbre 1a
AdministraciGn Académica Universitaria, Henrique Tono T., 25 P 1973.:

.IﬁRC-OZOe Cassava utilization and potential markets, Truman P Phiilips,

183 p., 197&. ‘ .
IDRC-OZle Nutritive value of tricieale pxotein, Joeeph H. Hulse and
. Fvangeline M. Laing, 183 p., 1974, o _ N IS
IDRC-Ozze ‘Consumar preference study in grain utilization, Maiduguri,
igeria, Jean Steckle and. Linda bwanyk, 47 P, 1974, ;

IDRC»023e;' Directory of. food science and technology in Southeast Asia, o
B. V. Araullo compiler, 194 p., 1974, o o

IDRC—OZée ‘Triticale: . proceedings of an international sympOSium, E “Batan),
Mexico, 1 = 3 October. 1973 Reginald MacIntyre/Harilyn Campbell ed.,

250 p., 1974,

: IDRC 025e f,8 AGRIS and the developing countries' recommendations of the

FAO/IDRC meeting held in Rome, 26 - 28 September 1973: ACRIS et les
paya en voie de développement~ recomnandations de la réunion FAG/
CRDI qui s'est tenue 3 Rome du 26 au 28 Septembre 1973: AGRIS y los
paises en desarrollo.' recommendaciones de la réunibn del FAO/CIID
“.celebrada en Roma del 26 al 28 de Setiewbre de 1973, 36 p., 1974

:IDRCw026e Food ctrop reseaxch for the semi~arid troples: report. of a

workshop on the physiology and biochemistry of drought resistance and
its application to breeding productive plant varietles,. Univeérsity of
Saskatchewan, Saekatoon Canada, 22 ~ 24 March 1973, Michael Brandreth

16 p., 1974,

IDRC-027¢ “Technology policy stﬁdy centres in Africa: repoft onlthe
IDRC/ECA meeiing on the creation of centres for technology policy .
studies in Africa, Ile-1fe, N1geria, 5 - 10 December 1973, 35 p., 1974,

IDRC-028e  Rural water supply and sanitation in less—develOped countries!
a selected annotated bibliography, Anne U White and Chris Seviour,
84 p., 1974,

IDRC-029e International Development Research Centre programs in agriculture,
fisherles, forestry and food sclence: reviewed at a symposium, Ottawa,
12 September 1973, 55 p., 1974,

IDRC-030e, f Publications of the International Development Research Centre

1970 — 73/ Publications du Centre de Recherches pour le Developpement
International 1970 - 73, 24 p,, 1974,

IDRC-031e Cassava processing and storage: proceedings of an Inter-

disciplinary workshop, Pattaya, Thailand, 17 - 19 April 1974, E. V.
Araullo, Barry Nestel, and Marilyn Campbell,ed., 125 p., 1974,

IDRC~032e  The first 200 projects, Claire Veinotte, ed.,.38 Pes 1974,

- IDRC-032f Les premiers 200 projets, Claire Veinotte, ed., 39 p., 1974,

IDRC-034e  Test control: the role of pathogens, parasites, and predators:
report of a sclentific advisory group convened at the Memorial
University of Newfoundland, St. John's, Canada, 25 - 29 March 1974,

22 p., 1974,
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