
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

GROWTH PARAMETERS RELATED TO PRODUCTIVITY 
IN CASSAVA (Manihot esculenta Crantz) 

  
 
 
 
 

Tan Swee Lian 
 
 
 
 
 
 

FP 1980 1 
 
 



GROWTH PARAMETERS RELATED  TO PRODUCT I V I TY 
I N  CASSAVA (Man i hot  escu l enta C rantz )  

by  

Tan Swe e  L i an 
B. Ag r .  Sc . ( Hon.) 

A thes i s  s ubm i t ted i n  pa r t i a l  f u l f i lmen t 
o f  t h e  requ i reme n t s  for t he deg r ee of  
Ma s te r  of  Ag r i cu l t u ra l S c i ence i n  the  

Unive r s i ti Pe r ta n i an Mal ays i a  

1980 



i i i  

AC KNOWLEDGEMENTS 

My g ra tefu l thanks to D r .  James H .  Cock of t he I n terna t i ona l 

Cen t re for T rop i ca l  Ag r i cu l t u re ( C . I . A . T . ) ,  Co l omb i a  and to P rof . Mohd . 

Za i n  b .  Hj . Abd u l  Ka r i m  of Un i ve r s i t i Per tan i an Ma l ays i a ,  Se rdang for 

the i r  u ne r r i ng gu i dance and  c r i t i ca l  s upe rv i s i on of my wor k .  

My grat i tude to a l l the resea rch , techn i ca l  and f i e l d  s taff  a t  

C .  I . A . T .  who i n  one way or  othe r  he l ped i n  the s uccess o f  th i s  p roj ec t ,  

w i th  spec i a l  tha n ks t o  Senor Ma r i ano  Mej i a who prov i ded me w i th i nva­

l uab l e  techn i ca l  a s s i s tance . 

w i sh a l s o to express  my a pprec i a t i on to  the  D i rec tor- Gene ra l of 

MARDI for g i v i ng me t i me off to car ry out my p roj e c t , to the I n te rnat i ona l 

Deve l opmen t Re sea rch C e n t re ( I .D.R. C . ) , C anada wh i ch f u r n i s hed  f und s 

f rom t he MARD I / I DRC C a s sava Proje c t  for my sojourn a t  C .  I . A . T . , and t o  

t h e  D i rec t or of C .  I . A.T . for t h e  u s e  o f  fac i l  it i e s a n d  pe rm i s s ion t o  

ca r ry ou t m y  resea rch a t  t h e  cen t re .  



TABLE  OF CONTENTS 

ACKNOWLEDGEMENTS 

TABLE OF  CONTENTS 

1I ST OF TABLES 

L I  ST OF F I G URES 

ABSTRACT 

CHAPTER 1. I NTRODUCT I ON 

CHAPTER 1 1 .  L I TERATURE REV I EW 

2. 1 Preamble 

2.2 The Deve l opment of the Growth Ana l ysis Technique 

2. 2. 1 The I mportance of Leaf Area and Photosynthesis 

2. 2.2 The  Concept of Harvest Index 

2. 2. 3 The Use of the Growth Ana l ysis 

2. 3 Growth Cyc l e  and Deve l opment of Cassava 

2. 3. 1 Morpho-physio l ogica l Characte rs of Cassava 

2. 3. 2 Yie l d  and Yie l d  Attributes in Cassava 

2. 4 I n  Comparison with Othe r Tube rous C rops 

CHAPTER 111. MATER I ALS AND METHODS 

3. I Site of the fie l d  expe riments 

3. 2 Varieties 

3. 3 Specific objectives 

3. 4. I Expe riment 1: A Growth Ana l ysis of Six Varieties of 
Cassava 

Page 

iii 

j" 

"i  i 

ix 

xi i 

10 

10 

11 

14 

18 

19 

20 

23 

30 

32 

37 

37 

37 

39 

43 

3. 4. 2 Expe riment 2: The Effect of Shading on Leaf Longevity 51 

3 . 4. 3  Expe riment 3: A Study on the Control o' f B ranching in 
Cassava 53 

iv 



Page 

3 . 4 . 4  Expe r i ment 4: Measurements on Apparent Photosyn­
thet i c Rates i n  S i x Var i et i es of 
Cassava 57 

3 . 4 . 5  Expe r i ment 5: An I nvestigat i on i nto the Relat i onsh i p  
between Crop G rowth Rate and Leaf 
A rea I ndex 66 

CHAPTER I V .  RESULTS 

4 . 1 Expe r i ment 1 

75 

75 

75 

4 . 2  

4 . 3  

4 . 1 . 1  G rowth of plant organs w i th t i me 

(a) D ry matte r part i t i on i ng and harvest i ndex 79 

(b) Growth rates and leaf area i nd i ces 82 

(c) l i ght i ntercept i on 86 
(d) Relat i onsh i p  between mean root we i ght and 

numbe r 90 

(e) Root y i e lds 90 

4 . 1 . 2 Canopy development 

(a) I nte rnodal l engths 

(b) Stem and b ranch diamete rs 

(c) Un i t  node weights 

(d) Area per leaf l amina 

(e) Leaf area per unit 

(f) Branch i ng pa t tern 

( g) Leaf p roduct ion 

(h) Leaf l i fe 

Expe riment 2 

Expe r i ment 3 

4 . 3 .  I Canopy characte ristics 

(a) Branch i ng 

(b) Leaf l i fe 

(c) leaf s i ze 

node we i ght 

(d) leaf area i ndex (at harvest) 

4 . 3 . 2  Patte rn of dry matte r part i t i on i ng 

(a) Numbe r of thickened roots 

( b) Total plant and root dry we i ghts 

93  

9 3  

93  

93  

98 

1 0 1  

1 0 1  

1 07 

1 1 0 

1 1 5 

1 1 7 

1 1 7 

1 1 7 

1 1 7 

1 1 7 

1 20 

1 20 

1 20 

1 23 

v 



(c) Mea n  root we i gh t  

(d ) F resh r oot y i e l ds 

4 . 4  Expe r i ment  4 

4.5 Exper i men t 5 

4.5 . 1  C rop g rowth  rates  ve rsus l ea f  a rea i nd i ces  

4 . 5 . 2  Dry ma t te r  d i s t r i but i on 
4 . 5. 3  Root g rowt h  ra tes ve r s us l ea f  a rea i nd i ces 

CHAPTER V .  D I SCUSS I ON 

5. 1 D ry ma tter  product i on 

5 . 1. I Lea f area i ndex 

(a ) Lea f s i ze 

( b ) Branch i ng pa tte rn  

(c) Leaf product i on rate 

(d) Leaf l ife 

5. 1 . 2 The l i m i tat i ons p resented 

5. 1. 3 Light i nte rcept i on 

5. 1 . 4 Photosynthet i c  eff i c i ency 

5. 2 D ry matter d i str i bution 

5. 2. 1 Harvest i ndex 

5. 2. 2 Compet i ng si nks 

(a) Leaves 

(b ) Stem/b ranch complex 

(c) Stakes 

(d ) Sucke rs and late ra l 

5.2 . 3 Components of root yie l d  

5.3 Towards an ideotype for cassava 

5 . 3 . 1  The LA I p rob l em 

5. 3 . 2  The harvest index probl em 

5. 3. 3 Othe r cons i de rat i ons 

CHAPTER V I . CONCLUS ION 

SUMMARY 

BIBLIOGRAPHY 

APPEND I X  

b y  LAI 

shoots 

v i  

Page 

123 

123 

126 

131 

131 

131 

135 

1 37 

137 

138 

139 

140 

141 

1 4 1  

143 

1 45 

1 46 

1 47 

1 47 

1 50 

15 1 

1 53 

1 55 

155 

1 55 

156 

158 

160 

1 60 

1 62 

165 

167 

AI 



LIST OF TABLES 

TABLE I .  Max i ma l  recorded y i e l ds of some i mportant 

v i i 

Page 

trop i ca l  crops 3 

TABLE I I. Wor l d  product i on f i gures of cas sava 4 

TABLE I I I .  Est i mated tota l requ i rements for domest i c  cons ump­
t i on of an i ma l  products i n  Ma l ays i a  from 1975 
to 1990 6 

TABLE IV . The requ i rements for energ y  {ma i ze } and the tota l 
cost for support i ng the product i on of meat and 
m i l k  from the l i vestock categor i es i n  Ma l ays i a  7 

TABLE V. Photosynthet i c  rates and crop growth rates of 
se l ected spec i es 17 

TABLE VI. Morpho l og i ca l  descr i pt i on of the s i x  var i et i es of 
cass ava used i n  the stud i es 40 

TABLE VI I .  S ummary of the seven prun i ng treatments i n  
Exper i ment 3 55 

TABLE V I  I I. Rates of gas exchange from the two surfaces of a 
cas sava leaf ( Var i ety Meol 113) 64 

TABLE IX . Re l at i onsh i p  between total l eaf we i ght and total 
plant we i ght at 11 weeks i n  three var i et i e s 
of cas sava 72 

TABLE X. Harvest data of s i x var i et i es of cas sava 7 7  

TABLE XI . 

TABLE XI. A 

TABLE XI I . 

Actua l  and observed harvest i nd i ces i n  s i x  
var i et i es of cass ava 

Regres s i on equations between crop and root growth 
rates and mean leaf area i ndex i n  s i x 
vlr i et i es of cas sava 

Ext i nct i on coeff i c i ents of s i x var i et i es of 
cas sava 

83 

84-1 

89 

TABLE X I  I I .  Root y i e l d s  of s i x  var i et i es of cas sava after 
12 months' growth 92 

TABLE XIV. Branch i ng pattern i n  s i x  var i et i es of cas sava 
after 12 months' growth 94 

TABLE XV. L i near regre s s i on equat i ons for the d i fferent 
branch i ng patterns i n  s i x var i et i es of cassava 1 06 



TABLE XV I .  Harves t data of seven branch con tro l treatmen t s  

vi i i 

Page 

in MCo 1 113 122 

TABLE XV I I .  Ca l cu l ated n umber of apices with reference to 
differen t branching pat terns 124 

TABLE XV I I I .  Fresh  root yie l d s in re l ation to the  number of 
apices presen t 

TABLE  X I X .  

TABLE  XX . 

TABLE XX I .  

Appendix 

Ana l y sis of variance of net  photosyn thetic rates  
of six cas sava varieties 

Component s  of variance from Tab l e X I X  

Crop and root growth  rates  res u l tan t from leaf­
c l ipping treatme n t s  in three varie ties of 
cassava 

125 

127 

128 

134 

TABLE A . l  Meteorologica l data for I . C. A. ,  Palmira A1 

TABLE  A. 2 Equations and R
2 

val ues of growth  curves for 
six varie ties  of cas sava A2 

TABLE  A. 2-1 Regression equations of root weigh t on total  plan t 

TABLE A. 2-2 

TABLE  A. 3 

TABLE A.4 

TABLE  A. 5 

TABLE  A. 6 

TABLE  A . 7  

TABLE A. 8 

weigh t  in six varie ties of cas sava A3 

Quadratic equations  and R
2 

values of 
tota l  plan t and roo t weig h t s  over 
time in six varie ties of cas sava 

log plo t s  of e 

2 -1 Means of l eaf area per unit node weight  (cm g ) 
in six varie ties of cas s ava 

Rates of l eaf production per apex in six varie ties 
of cas s ava as measured at differen t period s 
d uring the crop cyc l e  

Leaf I ife measured on six varie ties of cassava at  
different  period s of the crop cyc l e  

Leaf l ife ( day s) as af fected by different  branch 
con tro l treatme n t s  in MCo l 113 

S tatis tics of l eaf temperat ures ( oC) in six varie­
ties of cas sava during g as exchange measureme n t s  

The re l ations hip between CGR and LA I i n  three 
varie ties  of cas sava 

A4 

AS 

A6 

A7 

A8 

A9 

Al0 



F I GURE 1 .  

F I GURE 2. 

FIGURE 3 .  

F I GURE 4 .  

F I GURE 5 .  

F I GURE 6. 

F I  GURE 7 .  

FIGURE 8 .  

F I GURE 9 .  

FIGURE 10 . 

i x  

L I  ST OF FIGURES 

Page 

Two types of re l at i onsh i p  between  crop growth 
rate and l eaf area i ndex 15 

Growth curves of cassava throug h 21 months 24 

Growth curves of three tuberous crops 34 

Ra i n fa l l data of the per i od of study i n  compar i son 
w i th 45 years' mean 38 

D i agram of a treatment p l ot i n  Exper i ment 44 

D i agrammat i c  set-up of the gas c i rcu i t  i n  
Exper i ment 4 58  

D i agram of  a l eaf chamber used i n  Expe r i ment 4 60 

D i agram of a ma i n p l ot i n  Experiment 5 67 

Leaf-c l i pp i ng treatments i n  Exper i ment 5 69 

Growth curves of s i x  var i eties of cassava over 
12 months 76 

F I GURE 11 . Dry matter d i str i but i on as percentages of the 
f i na l  tota l p l ant we i g ht in s i x  var i et i es 
of cassava 78 

FIGURE 12 . Dry matter d i str i but i on in relation to total dry 
we i ght i n  s i x  var i et i es of cassava 

FIGURE 12A . Regress i on of root dry weight on tota l p l ant dry 
we i ght i n  s i x  var i et i es of cassava 

FIGURE 13 . The re l ationship of harvest i ndex with time i n  

80 

80-1 

s i x  var i et i es of cassava 81 

F I GURE 14 . Natura l l ogar i thm i c  p l ots of tota l p l ant and root 
growths i n  s i x  var i et i es of cassava 83-1 

F I GURE 14A . Crop and root growth rates in re l at i on to mean 
l eaf area i ndex i n  s i x  var i et i es of cassava 

F I GURE 15 . Crop and root growth rates and l eaf area i nd i ces 

84- 2  

i n  re l at i on to t i me i n  s i x  var i et i es o f  cassava 85 

FIGURE 15A . Net assim i l ation rates in s i x  varieties of cassava 
i n  re l at i on to t i me 85- 2  



F I GURE 16 . Light transmis sion ( l og 1/1) in re l ation to 
e 0 

l ea f  a rea index in each of six va rieties of 
cas sava 

F I GURE 16A. Light transmis sion ( l og 1/1) in re l ation to e 0 
l ea f  a rea index ( poo l ed data f rom six 
va rieties ) 

F I GURE 17. Pe rcentage of l ight interception in re l ation to 
time in six va rieties of cas sava 

F I GURE 18. Mean root weight in re l ation to mean root 
numbe r in six va rieties of ca s sava 

F I GURE 19. I nte rnoda l l ength in re l ation to canopy l eve l 
in six va rieties of  ca ssava 

FIGURE 20. Stem diamete r of  different canopy l eve l s  in 
re l ation to time in six va rieties of cassava 

F I GURE 21. Unit node weight of diffe rent canopy l eve l s  in 
re l ation to time in six va rieties of cas s ava 

F I GURE 22 . A rea pe r lea f in re l ation to canopy level in 
six va rieties of ca ssava 

F I GURE 23 . A rea pe r l ea f  as  a percentage of the maxima l 
a rea in six va rieties of cassava 

F I GURE 24 . Lea f a rea pe r unit node weig ht in re I at ion to 
time in six va rieties of ca s sava 

FIGURE 25 . Time to branching in six va rieties of cas sava 

F I GURE 26 . Numbe r of nodes to each branch level in six 
va rieties of cas sava 

F I GURE 27 . Rate of formation of apices in six varieties 
of cas sava ( semi- l og s ca l e) 

F I GURE 28 . Cumu l ative rate of  l ea f  p roduction p e r  apex 
in six va rieties of cas sava 

FIGURE 29 . Rate of l ea f  p roduction pe r p l ant in six 
va rieties of cas sa va 

F I GURE 30 . Ha rvest index in re l ation to tota l l ea f  p roduction 
rate in six va rieties of cassava 

F I GURE 3]. Lea f l ife in relation to time of l ea f  formation 
in six va rieties of cas sava 

x 

Page 

86-1 

87 

88 

91 

95  

96 

97 

99 

]00 

102 

104 

105 

108 

109 

111 

112 

113 



xi 

Page 

F I GURE 32 . The effect  of different deg rees of s hade on 
l ea f  l ife 116 

F I GURE 33 . Time of b ranching as  a ffected by b ra nch  con t ro l  
treatme n t s  in MCo l  113 118 

F I GURE 34. Leaf l ife as  a ffec ted by b ranch cont ro l  treat-
ments in MCo l 113 119 

F I GURE 35 . Lea f  size of diffe ren t branch l eve l s  as  affected 
by bra nch contro l t rea tments in MCo l 113 121 

F I GURE 36 . Light response cu rves of six va rieties of 
cas sava 

F I GURE 37. C rop g rowth rate in re l ation to mea n  l ea f  a rea 

129 

index in th ree va rie ties of cassava 132 

F I GURE 38 . D ry ma tte r  dis t ribu tion as  percentages of maxima l 
tota l d ry weig h t  in six l ea f-c l ipping treat-
ments in each of th ree varieties of ca s sava 133 

F I GURE 39 . The effect of a pex removal on d ry ma t te r  dis t ri-
bution in th ree va rie ties  of ca s sava 136 

F I GURE 40 . Hypothetical model of changes in c rop and root 
g rowth ra tes unde r s t re s s  conditions 144 

F I GURE 41. B rouwe r and de Wit's model on d ry ma t te r  
u ti l iza tion 149 

Appendix 

F I GURE A. 9 Reg res sion of lea f d ry weigh t  on total pla n t  d ry 
weigh t  in th ree va rie ties of cas sava All 

FtGURE A.1Q Examp l e  of a curve fit ted by Probit ana l y sis A12 



xi i 

ABSTRACT 

D ry matte r p roduction and distribution to major plant o rgans we re 

studied by pe riodic harvests ove r 12 months in six varieties of cassava 

with varying b ranching patte rns. Simultaneous studies traced the pattern 

of branching, leaf size and l eaf area development, rates of leaf p ro­

duction and of nod e  weight increase, and l eaf life. 

Total d ry matte r p roduction depends on l eaf area index ( LA I )  and 

l eaf photosynthetic rate. Measurements by an infra-red gas analyzer on 

single attached leaves indicated varietal diffe rences in apparent 

photosynthetic rates. The LA I of three varieties, with high, inter­

mediate and low rates, was altered by leaf and apex cl ipping. A 

relationship was found between c rop growth rate ( CGR) and LA I ,  and a 

possible association between CGR and photosynthetic efficiency. 

LA I is in fluenced by canopy characteristics, viz . leaf size, rate 

of leaf p rod uction and leaf life . Leaf p roduction has two components: 

p roduction rate per apex, and rate of apex p roduction which relates to 

branching. 

Root bu�king has a lower optimal LA I than CGR, implying competition 

with d ry matter util ization by stems, leaves and s takes . The capacity 

for b ranching determines LA I but also establ ishes the potential for top 

growth an� its competitive sink strength . Node weight inc reas ed through­

out the c rop du ration, and b ranching both augmented the stem mas s and 

accelerated leaf p roduction rate through rapid apex inc rease.  Res ults 

f rom leaf and apex clipping suggest that new leaves constituted a very 
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substantial sink. 

The simulation of b ranching patterns  by pruning a highly b ranched 

variety showed that whe re the rate of apex numbe r increase was mode rate, 

root yield s  were high and simi l ar to varieties with such characteristic 

branching patterns. Leaf l ife is important in maintaining LA I by pre­

cluding the need for rapid l eaf production to rep l ace abs cised l eaves.  

I ntroduced shade reduced l eaf I ife, whi l st high l y  branched varietie s 

also had s horte r l eaf l ives.  

Optima l LA I for high  root yie l d ,  the refore , may pos sib l y  be achieved 

th rough the se l ection of favou rab l y  branched phenotype s having l ong 

l eaf l ife and superior photosynthetic capacity . 



CHAPTER I 

I NTRODUCT I ONt 

Cas sava (Manihot escu l enta C rantz) is a c rop of the New Wor l d, 

be l ieved to have originated in the margina l zone between the tropica l  

rain for ests and s avannahs in the area covered b y  Venezue l a, north­

easte rn B razil and Parag uay (de Cando l l e, 1886; Vavi l ov, 1951; Sauer, 

1952; Smith, 1968) . Rogers  (1965) conside red present-day southe rn 

Mexico, Guatemal a  and Hondu ras a l ike l y  secondary centre of origin. 

I ts domestication has been attributed to the Arauk I ndians, who we re 

c redited to have dis seminated its cu l tivation as a resu l t  of their 

mig rations to va rious parts of South and Central Ame rica (Schmidt, 

1 95 1 ;  Rogers,  1 965 ) . Archaeo l ogical evidence seems to s uggest that 

cassava has been in cultivation in Pe ru since 2000 B. C. ( Saue r, 1951; 

Leon, 1977) , riva l ling maize (Zea mays L. ) in antiquity (Smith, 1968) . 

Fol l owing their conquest of B razil, the Portuguese introduced 

cassava into their colonies in Af rica in the 16th centu ry, and more 

recently into Asia, pa rticula rly I ndia and South-East Asia in the 18th 

or 19th centu ry (Pu rseg1ove, 1968; Montaldo, 1972a; Rogers  & Appan, 

1972; Nestel & Cock, 1 976) . Today, it has become the p rimary staple 

in many pa rts of Af rica (Te r ry & Macinty re, 1976) , and an important 

sou rce of carbohyd rate in South Ame rica, with B razi l  leading in 

p roduction (Nestel & Cock, 1 976) . 

The ef ficiency of ca s sava as  a sta rch p roduce r can ha rdly be 

questioned (de V rie s ��., 1967; Kay, 1973; Cock, 1974) . Starch, 
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main l y  in the form of amy l ose a nd amy l opectin ( Johnson & Raymond, 1965) , 

is stored in the thickened roots at l eve l s  up to 71 tons/ha/year which 

is equival ent to 250 x 103 ca l /ha/day in terms of energy ( de V ries et 

!l. , 1967) (see Tab l e  I ) . The one-time research p rio rity fo r the 

imp rovement of p rotein content in cassava roots ( Bo l huis, 1953) has been 

acknow l edged to be of seconda ry importance ( Phil l ips, 1974) since this 

deficiency may be met by post-harvest p rocesses such as microbia l 

fermentation ( B rook � !l. ,  1969; See r l ey, 1972; Phil l ips, 1974; Neste l 

& Cock, 1976) . 

Being a carbohyd rate and hence an  energy sou rce , cassava finds an  

important p l ace in  the human diet ( Jones, 1959; Phil l ips,  1974; Te r ry 

& Macinty re, 1976) , as a component of animal feed (Phil l ips , 1974; 

Neste l & Macinty re , 1 975; Te r ry & Macinty re , 1 976) , and in various 

industria l p roces ses based on starch - industries p roducing confectione ry, 

foodstuffs, textil es, paper , al cohol , gl ucose and acetone ( Normanha & 

Pereira, 1964; Kay , 1 973; Araul l o  � �., 1974), to name a few. Tabl e 

I I gives a gene ra l picture of the main areas of cas sava p roduction and 

p roduction fig u res ( FAa , 1 975) . 

Traditional l y ,  cas sava has been g rown and tended by smal l farmers , 

and sel dom , until recentl y ,  has it been managed in l arge comme rcial 

pl anting s. Pe rhaps , for this reason, the re has been a noticeabl e l ack of 

organized research on the crop ( Ne stel & Macinty re , 1973; Nestel & Cock , 

1 976; Kawano � �., 1978) as compared , for instance , to maize. The total 

vol ume of I ite ratu re rel ated to cas sava research up to 1972 was es timated 

by C I AT's documentation centre for cassava to be not more than 4000 . 

Howeve r ,  of l ate, the re has been an increasing inte rest in this l ong -



TABLE I. MAXIMAL RECORDED YIEL DS OF SOME IMPORTANT TROPICAL C ROPS 
(After de V r  i es � 21., 1967) 

Yie l d  Ene rgy production3 C rop (tons pe r ha per year) ( Cal/( ha. day) x 10 ) 

Rice 26. 0 176 

Wheat 11.7 1 10 

Maize 20. 0 200 

Sorghum 13 . 0  1 14 

Ca ssava 7 1 . 1 250 

Sweet potato 65 . 2  180 

Banana 39 . 0  80 

3 
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TABLE I I .  WORLD PRODUCT I ON OF CASSAVA (1975) (Adap ted f rom FAO P rod uct i on Yea rbook , 1975) 

M i  I I  i on tons % wor l d  p roduc t i on 

Afr i ca 43 . 97 4 1 . 79 
N i ge r i a  10 . 00 9 . 50 
Za i re 9 . 17 8 . 72 
Bu rund i 4 . 10 3 . 90 
Tanza n i a  3 . 56 3 . 38 
Mozamb i que 2 . 30 2 . 19 
Ghana 1 . 80 1 . 7 1 
Ango l a 1 .  60 1 .  52 
Madaga sca r 1 .  42 1 .  35 
Sudan 1 .  13 1 . 07 
Cen t ra l Afr i can  Repub  I i  c 1 .  10 1 . 05 
Uganda 1 . 00 0 . 95 

Asi a 28.8 1 27 . 38 
I ndones i a  12 . 92 12 . 28 
Tha i l a nd 6 . 36 6 . 05 
I nd i a  6 . 33 6 . 02 
Ma l ays i a  0 . 35 0 . 33 

Sou t h  
Ame r i ca 3 1 . 43 29 . 87 

B ra z  i I 27 . 2 1  25 . 86 
Co l omb i a  1 .  32 1 .  25 
Paragua y  1 .  13 1 . 07 

O t he r s I. 00 0 . 95 

TOTAL 105 . 2 1  100.00 



neg l ected c rop . Th i s  i s  l a rge l y  d ue to t he g row i ng demand fo r cheap 

carbohydrate  sources i n  the a n i ma l  feed i ndus t r i es wh i ch has resu l ted 

i n  cons i de rab l e  a t ten t i on be i ng g i ven  by va r i ous  na t i ona l a nd i n terna­

t i ona l research bod i es ( Ne ste l & Mac in ty re , 1 973;  P h i l l i ps ,  1 974 ; 

Who l ey & Cock , 1 975 ; Nes te l  & Cock , 1 976) . I n  recent  yea rs , Tha i l a nd 

has become one of t he wor l d ' s  l ead i ng expor ters  in cassava because  of 

the ava i l a b l e  an i ma l  feed ma rke t s  i n  the European Econom i c  Commun i ty 

( Ph i l l i ps ,  1 974) . 

I n  v i ew of the i nc rea s i ng demand for an i ma l  p rote i n s due to popu­

l a t ion g rowth ,  con s ume r preference and a h i ghe r s tanda rd of l i v i ng 

( Devend ra,  1 977 ) ,  the gove rnme n t  of Ma l ay si a  recog n i zes the need to 

expand the domest i c  l i ves tock and an i ma l  p roduct  i ndust r i es i n  order 

to ach i eve a h i g he r  deg ree of s e l f -suff i c i ency . P roject i on s  up  to 

1 990 for t he demand for bee f ,  mu t ton , por k ,  pou l t ry ,  eggs and da i ry 

p roducts  are  g i ven  i n  Tab l e  I I I .  I t  may b e  seen that  t he l arges t  

requ i red i ncrea ses a re i n  t he supp l i e s  o f  po rk , pou l t ry and eggs. 

Cor re spond i ng i nc reases i n  the  vo l ume of feedst uffs  w i l l ,  therefore , 

be requ i red to p roduce these an i ma l  p rote i ns. The t rad i t i ona l sou rce 

of ene rgy i n  compounded feed s for non- rum i nants has been ma i ze ,  a l l of 

wh i ch i s  i mpor ted to furn i sh ou r l oca l feed m i l l s . By 1 990, t he tota l 

req u i reme n t s  for ma i ze wou l d  have more t ha n  dou b l ed to be ab l e  to 

sa t i sfy t he needs of t he l i ve stoc k i ndust r i e s ( Ta b l e  I V). 

The con t i nued dependence on ma i ze for feed i ng p i g s and pou l t ry 

ha s been quest i oned ( Devend ra , 1 977 ) , e spec i a l l y s i nce the cu l t i va t i on 

of ma i ze i s  more  c r i t i ca l  i n  i t s req u i reme n t s  and i t s y i e l d  pe r formance 

i s  re l a t i ve l y  u n sta b l e  ( Syed A l  i ,  197 7; Wong , 1978) compa red to an  
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TABLE I I  I .  EST I MATED TOTAL REQU I R EMENTS FOR DOMEST I C  CONiUMPT I ON OF 
AN I MAL PRO DUCTS I N  MALAYS I A  FROM 1975 TO 1990 
(Adap ted f rom Ve te r i na ry D i v i s i on ,  1974) 

Tota l requ i rements 
An i ma l  p roduct  

Un i t  1975 1980 1985 1990 

Beef  ( b u ffalo & cattle ) 106kg 18 . 6  22.1 26.3 31 . 3  

Mutton ( goat & s heep )  106kg 4 . 8  5 . 7  6 . 7 8. 0 

Por k  ( p i g )  106kg 61 . 5  73 . 8  88 . 6  106 . 4  

Poultry meat ( chicken) 106kg 83 . 1 123 . 9  184 . 5 279 . 4  

Eggs (chicken) 106 1727.4 24 11 . 4  3366 . 3  4699 . 4  

Dairy p roducts 106 
353 . 8  406 . 9  468 . 1 538 . 4  

* 
Assumes a 2 . 7% population g rowth rate, a g rowth rate in real income 
pe r capita of 2 . 8%, and income elasticities of demand of 0 . 3 , 0 . 3, 
0 . 4, 2 . 0, 1 . 5 and 0 . 5  for beef , mutton, po rk , poultry meat , eggs and 
milk, respective l y. 

The meats refe r to dressed ca rcasses, and we re de rived by applying a 
dres sing pe rcentage of 50 for cattle and buf falo , 50 fo r goat, 45 
for sheep and 70 for chicken (app roximately 230 kg I iveweig ht/cow , 
364 kg/buffa lo ,  18 . 2  kg/goat or sheep and 2 kg/chicken). 
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TABLE I V .  THE REQU I REMENTS FOR ENE RGY (MA I ZE )  AND THE TOTAL COST FOR • 
SUPPORT I NG THE PRODUCT I ON OF MEA3 AND M I LK FROM THE L I VE-
STOC K CATEGOR I ES I N  MALAYS I A  ( 1 0  TONNES)  

An i ma l  P roduc t 

* 
Pork  ( p i gs )  

** 
B ro i l e r (ch i cke n )  

*** 
Eggs ( ch i cken)  

M i l k  ( cows ) + 

Tota l  req u i reme n t s  

Cos t ( $ 1 06 ) ++ 

1 975  

66 . 4  

74 . 8  

5 1 . 8  

22. 2 

2 1 5 . 2  

94 . 7  

1 980 

79 . 7  

1 1 1 . 5 

72 . 3  

25 . 5  

289 . 0  

1 27 . 2  

1 98 5  1 990 

95 . 7  1 1 4 . 9  

1 66 . 1 247 . 4  

1 0 1 . 0  1 4 1 . 0  

28.7 3 3 . 7  

39 1 . 5 537 . 0  

1 72 . 3  23 6 . 3  

* 
Based on an  eff i c i ency of feed conve rs i on ( E FC ) of 3 . 6  feed un i t s 

** 

+ 

++ 

pe r un i t  I i vewe i g h t  ga i n ,  30% ma i ze i n  the d i e t . 

Based on an  EFC of 3 .0 feed un i t s pe r un i t  l i vewe i g h t  ga i n ,  30%  
ma i ze i n  the  d i e t . 

Based on a n  EFC of 1 . 0 kg of feed/0 . 5  kg of egg ma s s , 30% ma i ze 
i n  the d i e t .  

B a sed  on  an ave rage y i e l d  of  8 kg  of  m i l k/cow cons um i ng 0 . 5  kg 
ma i ze per day . 

Cos ted  a t  44 cen t s /kg . 
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a l terna t i ve energy source s uch  as  cassava . An i ma l  n u t r i t i on s t ud i es 

have shown the fea s i b i l i ty of s ubs t i t u t i ng a l a rge port i on of t he ma i ze 

compone n t  of feeds w i th  cassava ( See r l y ,  1 972; Mu l l er  � �., 1 974 ; Hew , 

1 975 ; Syed A l i !! !l. , 1 975 ) . The h i gh-prote i n  l eaves of cas sava 

8 

( 20 . 6  to 36 . 4 %) render them potent i a l l y  useful  as  a fodder crop , poss ib l y  

rep l ac i ng a l fa l fa i n  m i l k  p rod uc t i on ( Mur i l l o ,  1 95 2 ;  de Guzman , 1 978) 

because of i ts pr i ce advan tage ( Syed J a l a l ud i n ,  1 977) . 

Ma l ays i a  i s  therefore endeavour i ng to expand her  p roduc t i on of 

cas sava to ma tch t he g row i ng needs of her l oca l feed m i l l s .  Th i s  necess i ­

tates equa l i f  no t g reater  effo r t s  i n  resea rch to  ame l i ora te the p roduc t ­

i on sys tems o f  t h e  c rop . Cou rsey & Hayne s ( 1 970) have po i n ted ou t t ha t  

the genet i c  a n d  ag ronom i c  poten t i a l  o f  mos t root c rops i s  s t i l l  re l a t i ve l y  

unexp l o red . A be t t e r  unde rs tand i ng o f  t he c rop ' s  phys i o l ogy i s  one of 

the  necessa ry i n i t i a l  s teps  towa rds  i t s f u l l e r  exp l o i ta t i on .  

The re i s  a dea r t h  of i n forma t i on on the  phys i o l og i ca l  as pec t of 

p rod uc t i v i ty i n  cas sava , a s  a l i te ra t u re rev i ew on the top i c  w i l l  revea l . 

P roduct i v i ty encompa s ses  bot h  roo t y i e l d  and  who l e  p l a n t  product i ve 

capac i ty .  Th i s  l a t te r  i s  be com i ng of re l evance s i nce t he l eaves o f  

c a s sava have been  found t o  be s u i t ab l e  fo r use  as  forage . 

I t  i s  ma i n l y  w i t h  t h i s  def i c i ency i n  know l edge i n  m i nd tha t the 

presen t s tud i e s we re i n i t i a ted . W i t hou t doub t ,  s uch i n f orma t i on wou l d  

be o f  i n teres t and  he l p  t o  bo th  the p la n t  b reede r and the a g r onom i s t  i n  

cass ava resea rch - - the  fo rme r w i  11 t hen pos s i b l y  a t temp t t he i mprove­

men t of  mo rpho- phy s i o l og i ca l  t ra i t s i den t i f i ed to be of i mpo r tance to 

p roduc t i v i ty and y i e l d  by mea ns  of gene t i cs or the i nhe ren t qual i t i e s 

of the  cu l t i va r s , wh i l s t  t he l a t t er wi 11 man i pu l a te env i ronmenta l and  



cu l t ura l facto r s  to op t i m i ze ,  I f  not max i m i ze ,  the performance of 

wh i cheve r of t he se t ra i t s a l ready ex i s t i ng i n  h I s  cu l t l va r s . 

I t  was dec i ded to adop t t he g rowth  ana l ys i s approach a s  the foca l 

po i nt of t he p resent  stud i es becau se t nls offe r s  a means  of observ i ng the 

i nterac t i on of seve ra l t ra i ts se lected for s tudy d u r i ng t he va r i ou s  

deve l opme n ta l pha se s  of the c rop , and the i r  re l a t i ve i mportance may 

poss i b l y  be recogn i zed a t  each phase . Of  cou rse ,  a g rowth a na l ys i s  

prov i des, i n  add i t i on ,  a gene ra l p i c t u re of t he g rowt h  pa t tern  and 

deve l opmen t of t he crop. 

The re i s  surpr i s i ng l y  l i t t l e  research  on the eff i c i ency of the l eaf  

s u r face , or  t he re l at i ve photosyn t he t i c  capac i t i es of d i ffe ren t cassava 

cu l t ivars  (A l ag i anaga l i ngam & Ramakr i s hnan , 1 970 ; Hun t , 1 975b ) . An 

a t tempt i s  made he r e  to l ook for va r i e ta l va r i a t i on i n  net photosynthe­

t i c  ra tes , and to re l a te these rates as mea s u red i n  the  l a bora tory u nde r 

con t ro l l ed cond i t i ons to c rop pe r forma nce i n  t he f i e l d .  

W i th a be t te r  unders tand i ng of the c rop phys i o l ogy of cas sava , i t  

m i ght  be pos s i ble to con s t ruct  the " i deal" plant  type w i th  the op t i ma l  

comb i na t i on of des i rab l e  phys i o l og i ca l  cha rac te r i s t i cs wh i ch p rom i se a 

h i gh level of tota l p roduct i v i ty ,  and,  more i mportant , supe r i or y i elds . 



2. I PREAMBLE 

CHAPTER I I 

L I TERATURE REV I EW 

Man has been dependent  on h i s  c rops eve r s i nce he gave up  

h i s nomad i c  way of  l i fe a nd ceased to re l y  e n t i re l y  on  hun t i ng 

and forag i ng fo r h i s  s u rv i v� 1  (Ha r l an ,  1 975 ) . A se t t l ed fo rm 

of l i fe req u i res the a s s u ra nce of a re l i ab l e  food sou rce . Th i s  

ha s been ach i eved , short  of na t u ra l ca l am i t i es and d i sa s ters , 

t h rough t he dome s t i ca t i on and  c u l t i va t i on or husband ry of p l an t s  

a n d  a n i ma l s .  

Th rough t he ages , man has l ea rn t  t h roug h expe r i ence to se l ec t  

wha t  appe a r s  t o  h i m  t o  b e  t he bes t ( u s ua l l y i n  terms of s i ze ,  

we i gh t  and/or a ppea rance ) for use as  "seed ma te r i a l " i n  the fo l l ow­

i ng p l an t i ng sea son . By th i s mea n s , he ha s ga i ned some deg ree of 

y i e l d  and qua l i ty i mp roveme n t  i n  the crops he g rows . Howeve r ,  

unt i  I about ha l f  a cen t ury ago ,  he fa i led to t ruly unde rs tand  t he 

unde r l y i ng phys i o l og i ca l  p r oces ses and  genet i c  facto r s  wh i ch 

governed y i e l d i ng capac i ty i0 his crops ( Thurl i n g ,  1974). Re sea rch 

empha s i s  ha s ,  i n  the pa s t, been on phys iology at the mol ecu l a r ,  

ce l l u l a r ,  or , a t  the very  mos t ,  the p l ant leve l . The se find i ng s  

ha ve w i thou t doubt  he l ped i n  s uppl y i ng the ba s i c  k now l edge on 

phys i o l og i ca l  p roce s s es ,  but such res ult s  do  not a l ways g i ve a 

c l e a r  p i c t u re of the beha v i our of a crop s ta nd wh i ch i nvo l ves 
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i n te rac t i on between the p l a n t s  a s  we l l  a s  w i th t he env i ronmen t 

i n  wh i ch t hey a re ra i sed (Watson , 1952). 

C rop phys i o l ogy i s  t he s t udy of g rowt h  and deve l opmen t of a 

commu n i ty of pla n t s  i n  rela t i on to t he d i ffe ren t a spec ts  of i t s 

env i ronme n t .  W i th t he sh i f t  f rom resea rch conduc ted unde r con­

t ro l l ed or l abora tory cond i t i ons  to ac tua l f i e l d  s i t ua t i ons , 

d iffe ren t techn i q ues for s tudy to be deve l oped -- one of the mos t 

i mpor ta n t  be i ng the g rowt h  a na l ys i s  techn i que . 

2. 2 THE DEVELOPMENT OF THE GROWTH ANALYS I S  TECHN IQUE 

I I 

As g rowt h  i s  a con t i n uou s , h i gh l y  i n tr i ca t e  and ever- chang i ng 

p rocess , i t s s t udy has to i nvo l ve a t i me componen t . G rowt h  ana­

l ys i s  encompa sses t he s t udy of me t r i ca l  t ra i t s mea s u red at  regu l a r  

t i me i n t e rva l s  th roug hou t t he l i fe cyc l e  o f  t he p l an t  w i t h  the a i m  

of a t temp t i ng to quan t i fy g rowt h .  Among t he ea r l i e s t  worke rs who 

t r i ed to ana l yze g rowt h  a nd y i e l d s we re Ba l l s a nd Hol ton i n  1 9 1 5  

(Wa t son , 1 952) i n  t he i r  s tud i es on co t ton . They took da i l y mea s u re­

men t s  on p l a n t  he i g h t , ra te of f l owe r i ng and weekly cou n ts of r i pe 

bo l l s t h roug hou t the l a t te r  pha se of the g rowt h  cyc l e  i n  t ry i ng to 

re l a te y i e l d  w i th env i ronme n ta l va r i a t i ons  i n  spac i ng ,  p l an t i ng 

da te , wa ter  supp l y ,  c l i ma te and pe s t  i nfes t a t i ons . 

The forma l concep t of g rowt h  ana l y s i s  wa s ,  howeve r ,  deve l oped 

by B l ackman i n  1 9 1 9 .  He def i ned g rowt h  as a p rocess  obey i ng t he 

"compound i n te res t l aw" , an  i dea conce i ved by No l l  i n  1 906 ( Evans , 

1 972) . I n  other  words , t he rate  of d ry � i g h t  changes i n  p l a n t s  

a t  va r i ous t i me i n terva l s  wa s i nf l uenced by  the ex i s t i ng amoun t  of 


