
 
 
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 

 
 

 
 

EFFECT OF AVAILABLE SOIL MOISTURE ON THE GROWTH AND 
YIELD OF GROUDNUT (ARACHIS HYPOGAEA L.) 

 
 
 
 
 
 

MD. ABDUR RAHMAN SARKAR 
 
 
 
 
 
 
 

FP 1987 7 



urn J or AVAILABT,r: SOIL MOIS1URr: ON THE GRo\.JTH AND 

YIELD OF GROUNDNUT ( Arach i s  hypogaea L . )  

By 

MD. ABDUR RAHMAN SARKAR 

\ tllC,>h subm i t t e d  in par tia l ful f i lment of t h e  
r"(-,':U i rcmcnt s for the degre e  of  Doctor o f  Phi l o sophv 
i'J t!t� Jdtulty of Agriculture, Universit y of Agric

ul ture Ma lay sia 

Jun e  1987 



DED ICATION 

Dedicated to the memory 

of my departed father 

(H) 



ACKNOWLEDGEMENTS 

The author expre s se s  h i s  deep sense o f  grat i tude and 

i nd ebtedne ss  to his  supervisors  Dr . L im Eng S iong and Dr . Mok Chak 

Kim for their p a ins tak ing and s cholas t ic gu idance, advice , and 

cons tant encou rage ment dur ing the ent ire per iod o f  this  study and 

for their invaluable cons truct ive c r i t i c i sms dur ing  the preparat ion 

of the the s is . 

Ihe author owe s a debt of  grat itude to  the Govt . o f  Malaysia 

for financing the study through Commonwe a l th Scholar sh ip . 

( i i i )  



TI\B I.E OF CONTENTS 

ACK!\O\o.'LEDGEME�TS 

lABLE OF COl'iTENTS 

; Ie,: I))' fABLES 

L 1:-)1 Or F I GUKES 

! 1 ') 1 (J r P L 1\'1' E S 

1.1',1 (!J AI'PC\DIC[S 

UL\]' 1 I.E 1. l:\TEODUCTlON 

(,H!,l"j LF 1 J. !{[V I EW OF LITERATURE 

Development of Plant Water Deficit 

Wa ter S tress and the Physiological 

Processes in Plants 

Pro toplasmic Dehydration 

Effec ts on Pho tosyn thesis 

E ffects of Respiration 

Effects on Tra nspira tion 

Effects on Transloca tion 

Water Stress and the ,Tegetative Growth 
of Crop Plants 

Grow th of Leaves 

Grow th of S tems 

(iv) 

iii 

iv 

viii 

x 

xi 

xii 

xiv 

xvi 

4 

4 

5 

5 

6 

7 

7 

8 

8 

9 

10 



Page 

Growth of Roots and Top-root Ratio 1 1  

Dry Matter Production 12 

Recovery of Growth Upon the Alleviation 
of Stress 1 3  

Effect of Moisture Stress on the Yield of 
Crops 1 4 

Moisture Stress at the Vegetative Stage and 
Yield of Crops 15 
Moisture Stress at the Reproductive Phase 
and Yield of Crops 16 

Moisture Stress at the Flower Initiation 
and Flowering Stage and Yield of Crop 
Plants 16 

Moisture Stress and the Stage of Fruit 
Enlargement 19 

Moisture Stress and the Stage of 
Ripening or Crop Maturity 21 

Moisture Stress and Maturity of Crops 2 2  

(,HAl'l1.1\ J J 1. MATERIALS AND METHODS 23 

Plant Material 23 

Soil 2 3 

Experimental Details 24 

Experiment I 

Experiment IT 

Experiment III 

(v) 

26 

3 2  

35 



Pnge 

ellA])] J-.X I V. R ESULTS 3 9 

Experiment I 3 9  

Vegetative Characters 3 9  

Dry Weight of Haulms 3 9  

Dry Weight of Root 4 1  

Reproductive Characters 4 1  

Production o f  Flowers 41 

Number of Pegs 4 4  

Yield and Yield Component 44 

Pod Yield 44 

J:xperiment II 5 1  

Vegetative Growth 51 

Length of Stem 5 1  

Dry Weight of Stem 5 3  

Number of Leaves per Plant 53 

Leaf Area per Plant 53 

Dry Weight of Roots 59 

Dry Matter Production ( Excluding 
pods) 59 

Reproductive Chara cters 6 3  

Number of Flowers, Pegs and Pods 
Produced 6 3  

Pod Development and Yield 65 

Quality of Produce 68 

Correlation Between Pod Yield and Total 
Dry Ma t t er Yield 71 

( vi )  



Lxperiment III 74 

Vegetative Growth 74 

Dry Weight of Leaves 74 
Dry Weight of Stems 74 

Number of Branches Produced 
per Plant 74 

Dry Weight of Root 77 

Reproductive Characters 77 

Production of Flowers 77 

Production of Pegs 79 

Production of Pods 79 

Pod and Seed Size 8 8  

Correlation Between Pod Yield and Total 
Dry Matter Yield 8 8  

CHAI'Ir.R V. DISCUSSION 90 

Effect of Available Soil Moisture on Vegetative 
Growth 

Lffect of Available Soil Moisture on the 
Reproductive Growth and Y�eld 

Important Levels of Available Soil Moisture 
dnd Duration of the Moisture Treatment 

CrItical Growth Stage 

j h� Llm ltation s and Applicability of Pot 
StudIes to field Conditions 

(oncl USlon 

( HI,], j j l{ V I .  SUMMARY AND CONCLUS ION 

l�jBj j()Cf{Al'HY 

,\j'l'l ',T)lCl S 

(vii) 

90 

93 

96 

97 

97 

99 

100 

104 

1 13 



J / ;� I 1 

1 .  

LT ST or TABLES 

Lffeet of the Duration of Moisture Treatment, 
Lrowth Stage Treated and Available Soil 
�olsture on the Dry Weight of Haulm (g/pot) 

II. Lffeet of Available Soil Moisture on Root 
Dry '..Jeight 

I I 1 .  

I V. 

" , . 

VI. 

tffeet of Growth Stage a! the Time of Treatment 
on Root Dry Weight 

Effect of Moisture Treatment Duration, Growth 
Stage and Available Soil Moisture on the Mean 
�umber of Flowers Produced per Pot 

I'.ffeet of Available Soil Moisture on the Mean 
�umber of Pegs Produced per Pot 

Lffeet of Moisture Treatment Duration, Growth 
StJ;;e and Available Soil Moisture on the Dry 
Weight of Pods (f!! pot) 

VII. Effect of Moisture Treatment Duration, Growth 
;,tage and Available Soil Moisture on the Number 
of :'iature Pods Produced per Pot 

, 1 J J , I f fee t of Moisture Treatment Duration, Growth 
C,td,'e dnd Av,lilable Soil Moisture on the Dry 
',:e1i:ht of Seeds (gl pot) 

II. I f fee t of Available Soil Moisture on Pod Production 
per 1'1 lnt 

I. . 1 fl eet of Available Soil Moisture on Mature Pod 
dnd ;,eed Yleld 

1. 1 .  L! j( Lt of Available Soil Moisture on the Number 
o f  One, 'lwo Llnd Three-seeded Pods 

I J I . 

I: ; 1 J • 

J fleet o f  C,rowth Stage on Dry Weight of 
I edve" (g/plant) 

I ffeLt of Growth Stage at Treatment and Available 
"011 �ol"ture on the Dry Weight of Stem� fg/ plant) 

(v iii) 

PAGE 

40 

42 

42 

43 

46  

46  

49 

50 

6 6  

69 

70 

75 

75 



/1\. 

/" . .  

/'11. 

/\ 11 . 

/v 111. 

!.IX. 

I ffeet of Crowth Stage and Available Soil 
�ul�ture on the rotal Number of Branches 
jJrodueed per Plant 

j ffeet of Growth Stage at Treatment on Dry 
�e lght of Roots (g !plant ) 

Lf feet of Growth Stage at Treatment and 
Available Soil Moisture on the Total Number 
of Flowers Produced per Plant 

j f f eet o f  Growth Stage at Treatment and 
Available Soil Moisture on the Number of 
Pe�s Produced per Plant 

j f feet of Growth Stage at Treatment and 
AVdIlable SOlI MOIsture on the Total Number 
() j Pod s per ]'1 dnt 

tffeet vf (Jrowth Stage at Treatment and 
\vdllable Soil Moisture on the Number of 

Undeveloped Pods per Plant 

XX. Lffect of Available Soil Moisture on the Yield 
and Yield Components 

AX I. 

xx 11. 

x/. 1 1 1 . 

Lffect of Growth Stage at Treatment on the 
Y Ield and Yield Components 

tffect of Growth Stage at Treatment and 
Available Soil Moisture on the Number of 
lwo-seeded Pods per Plant 

j f f ect of Growth Stage at Treatment and 
AVdlldble Soil Moisture on the Number of 
One-seeded Pods per Plant 

(ix ) 

PAC[ 

76  

78  

78  

81 

81 

82 

82 

84 

86  

8 7  



I 
, . 

L 

LIsr OF FIGURES 

')Ul I Moisture Characteristic Curve for 
Serd ang Colluvium So i l  

Planting and Harvesting Dates and Mo isture 
Treatment Period in Experiment I 

Pl anting and Harvesting Dates and Moisture 
lreatment Period in Experiment III  

4. Effect of Available So i l  Moisture on Main Stem 
L(�ngth 

J. Lffect of Available  Soil  Moisture on Dry Weight 
of Stems 

(). !-.ffe( t of Available So i l  Moisture on the Length 
of First Pair o f  n + 1 Branches 

7 .  Lffeet of Ava ilable So i l  Moisture on  the Length 
of Second Pair o f  n + 1 Branches 

H. Ef feet of Ava i l able So i l  Mo isture on Number o f  
Leaves 

fJ • !:ffeet of Available  So i l  Mo isture on Leaf Area 

I () . E f fect of Availab l e  So i l  Mo isture on Dry Wei ght 
of Leaves 

11. Hfeet of Available  So i l  Mo isture on Dry Weight 
01 Roots 

lL. 1 ffect of Avai l ab le So i l  Mo isture on Dry Matter 
PrOdU(tLon 

I L Lf fect of Avai lable So i l  Moisture on the Number o f  
! 10',ll'rs, Pegs and Pods 

11.. I f f e et o f  AVdilabl e  So i l  Mo isture on the Rate o f  
Pod Deve l opment 

I J. Uelationsh ip Between Pod Y ield and Total Dry 
'1dtter (I:xperiment II . )  

Relationship Between Pod Y ield and Total Dry 
'-Lnter (Lxperirnent III) . 

(x) 

PAGE 

2 5  

30  

3 7  

52  

5 4  

5 5  

56 

5 7  

58  

60 

6 1 

62 

64 

6 7 

72  

89 



PAtH. 

1. 

11. 

LIST OF PLATES 

Method of Weighing the Pots for Watering 

Plants Grown at Different Available Soil  
Moisture Regimes ( Exper iment I I . ) 

(xi) 

PAGE 

29 

7 3  



LIST OF APPENDICES 

1. �ean monthly minimum and maximum air temperature 
(OC) and relative humidity ( % ) recorded in the 
1�la<;shouse during the experiments 

II. 

I I I. 

I V. 

" . . 

"'1. 

\' J J • 

. .' J J J • 

I X. 

Xl. 

Y J J • 

J:xperiment I: Mean square values for the dry 
weight of haulm and roots 

Experiment I : Mean square values for the number 
of flowers and pegs produced per pot 

I:xperiment I: Mean square values for the yield 
and its components 

Experiment II: Mean square values for the length 
of the main stem (em) measured every 7 days 
he;�inning 2 5  days after planting 

' /.perllllent II: Mean square values for the dry 
weight of stems (g/plant) sampled at different 
ridY" dfter planting 

L/';J(�riment II: Mean square values for the length 
of the first pair of n + 1 branches (em) measured 
every 7 days heginning 2 5  days after planting 

Lxperirnent I I  : Mean square values for the length 
of the �ecund pair of n + 1 branches (em) measured 
every 7 days beginning 2 5  days after planting 

I:xperiment II: Hean square values for total number 
of branches per plant at harvest 

Lxperir'lent 11: Mean square values [or the number 
of leaves per plant measured at different days 
after planting 

Lxperiment II: Mean square values for the leaf 
dred per plant (cm2) sampled at different days 
dlter pldnt i ng 

Lx per iment II: Mean square values for the dry 
w(d;�ht of leaves (g/plant) sampled at different 
daye, after planting 

(xii) 

PAGE 

113 

114 

115 

116 

117 

118 

119 

12 0 

121 

122 

1 23 

12 4 



1.111. 

;:lV. 

xv. 

XV 1. 

XVII. 

X',' 111. 

XIX. 

xx. 

XX I. 

XX J J. 

Lxperiment II: Mean square values for the dry 
'",eight of root ( f!! p lant) samp led at different 
days after planting 

Experiment II: Mean s quare val ues for the total 
dry matter (gI p lant) sampled at different days 
after planting 

Experiment II: Mean square values for the numbers 
o f  f l owers, pegs and total pods  per p l ant 

Experiment II: Mean square values for the dry 
weight of developing pods ( g/plant ) sampled at 
different days after planting 

Experiment II: Mean square values for the yield 
and its components 

Experi ment II: Mean square val ues for the number 
o f  pods per plant ( tran s formed) in various pod 
categories 

Experiment Ill: Mean square values for the dry 
weight of leaves, dry weight o f  stems, total 
number of branches and dry weight of root per 
p lant 

Experiment III: Mean square val ues for the number 
o f  f lowers ,  peg s  and total pods  per plant 

Exper iment III: Mean square val ues for the number 
of pods per plant in various pod categories 

l:xJlcr iment III: Mean square values for the yield 
and it� components 

( xiii) 

PAGE 

12 5 

12 6 

12 7 

12 8 

12 9 

130 

13 1 

13 2 

13 3 

134 



An �bstract o f  the thes is presented to the Senate o f  
vnlv�rsltl l'ertanian Malaysia in partial ful filment o f  the 
r�(j\lirE'rnE'nts for the Degree of Doctor o f  Philosophy . 

EF FECT OF AVAlLABLr: SOIL MOISTURE ON THE 

Cf{CN1H A."iD YIELD OF GROU ND NUT ( Arac his hypogaea L . )  

Bv 

�. Abdur Rahman Sarka r 

, [11 � j Supervisor Associate Pro fessor Dr. Lim Eng Siang 

Asso ciate Pro fessor Dr. Mok Chak Kim 

rd(ult y Agriculture 

}/rerlments were carried out under glas shouse condItions 

,,1 t 'I d J c)( nl l y  f'rown �panlsh type I3roundnut variety V 1 3  to 

d�l�r!llIne the effect of  available soil moisture on the growth 

d'l'J Yleld. 
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111(- ver,et ative growth was found t o  be depres sed by 

thl' prulonged deficit of available soil moisture at early 

f I rJ"de r 1 ng. The pod yield was found t o  be reduced by moist ure 

r1\: i i ( it c, () j both '-;llOrt dnd prolonged duration occurring at 

edrl:: j l o wering and pegging st ages in comparison t o  podding 

-,t 1):e. f!uv,ever, the reduction in pod yield was more severe 

'jlj(- tl) tlit' prulonged deficit of available s oil mo isture cIt 

e ,rly fluwering. Twent y percent available soil  moisture 

rer;\J( ed ;J<)(l yield more severely during the p ro longed druation 

Ihe vegetative growth ( particular l y  in t erms o f  dry 

r;J.jll(�r) was adversely a f fected when irrigat ion was schedu led 

at or below 70 percent available soil moist ure. As a consequence 

()l the adverse ef fect of low levels o f  avai l ab le soil moist ure 

(Jll the veget ative growth, the pod and seed yields were also 

lhe flowering dnd p odding were found to be more sensitive 

tu low levels of available soil moisture in respect o f  yield . 

With a view to  max imizing yield, the groundnut crop 

c,!JulJld preferably be irrigated t o  maint ain t he level o f  

dval1able ;,oil moisture at field capacity especially during 

the c,tage o f  flowering and podding . 

( x v) 
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Eksperimen telah d ijalankan d i  bawah keadaan rumahkaca 

kp. ',t!e, ";I,U vdripti kacflnr t.qnah Spanish tempatan, vari e ti V 13, 

Urltuk ",i''1f''llI1Kdll kesal1 Keiellilldpclil lallo.ll yang sedia ada terhadap 

tl1r·d!l�'>drdrl dan renghasilannya. 

llllllbesaran tampang pada peringkat pembungaan awal te lah 

di<ii"pdti dirosCltkan o leh kekurangan kel embapan tanah yang sedia 

ddd yalll' berpanjangan. Hasil lenggai juga didapati telah 

I; i f..uran)"kan 0 leh kekurangan kelembapan yang ber laku pada tempoh 

j,,' ,r.j 'Jf"Jdek dan pan jang pada peringkat pembungaan 81.]a1 dan 

')erJ'J;�;j 1 ;,11 ')erbdnding clengo.n peringkat pe1enggaian. Wa1au 
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t)d,� i IflldndPUn, pengurangan has i l  lenggai berl aku dengan lebih 

t�ruk d�lbdt daripada kekurangan a ir tanah yang sed ia ada yang 

berpan ) ani�an Pdd a peringkat pembungaan awal. Kelembapan tanah 

jdn? sedid ada pada paras 20  peratus sangat menjejaskan hasil 

1�llg?11. 

Jumbesaran tampang (Khasnya d ari segi bahan kering ) telah 

t�rJeJds apab ila bekalan air diadakan pada paras kelembapan 

tdlklh yang sed ia ada pada atau di bawah 7 0  peratus. Kesan buruk ke 

.ita.., turnbes ardn tampang yang d isebabkan o leh kelembapan tanah 

,dll? renddh ialah has i l  lenggai dan b iji benih menjad i kurang 

d�n?dn teruk . 

DJrl segl pengha s ilan, peringkat pembungaan dan pelenggaian 

t�ldh dlddpat 1 lebih sens itif kepada paras rendah kelembapan 

t lrldh ydng sed ia ada . 

Untuk mendapatkan hasil  yang maksimum, tanaman kacang 

tandh perlu diberikan bekalan air supaya p aras kelembapan tanah 

ydn� sed ia ada dikekalkan pada had basah ( field capacity ) , istimewa 

sekali pada masa peringkat pembungaan d an pelenggaian .  
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CHAPTER I 

INTRODUCTION 

Croundnut ( Arachis hypogaea L.) which belongs to the family 

Pipilionaceae in the Order Leguminosae, is  regarded as one of the 

l�ddini! crop� in the wor ld [or the production of oil amI pLlIlt 

proteIIi. It is extens ively cultivated in the tropical and sub

tropical countr ies for d irect use  as food, for the o il, and for 

the protein rich meal produced a fter o i l  extraction . 

�rratic r a infa ll, in the trop ical and sub-trop ical countr ie s 

1'> one of the important cau ses responsible for  the low yield in 

,:roundnut as  it i s  usually grown there as a rainfed crop . The 

crop generally requires an evenly d istributed rainfall  o f  at 

least '))0 mm ( Sellschop, 1 9 66) dur ing the growing season when 

;;ro\>:n ;1'0 a rain fed crop . Soil moisture deficits frequently occur 

under rainfed cond ition when anticipated rain does not o ccur in 

time or when ra infall is scanty. Under such conditions, the crop 

hil'> to depend upon the st ored soil moisture which is  soon dep leted 

through evapotranspiration . Consequently the growth and yield  o f  

the (rop is severely depres sed. Prolonged and severe moisture 

del j r  it'> can result in complete crop failure unles s  the s o il 

"J)i -,ture is replenished in t ime . Natural rainfall  supplemented 

· .... i th irrigation can ensure favourable soil  mo isture regimes 

1 



conducive to optimum yiel d .  However, irrigation is costly 

�nd the quantity of water is usually l imited . Therefore, 

Judicious  u se of  irrigation is des irab le. 

2 

Plants are not equal ly sens itive to s o il mo isture def icits 

dt different stages o f  growth in termS o f  growth and y ield 

reduction. Rather, there are some specific stages of growth 

during which soil mo isture def icits are more proned to reduce 

the growth and yield. Scanty rainfal l  dur ing the mo isture 

sensitive growth stages, can result in severe yield reduction 

unless depleted available soil mo isture is rep lenished with 

,'lj)ylemental irrigation. The irrigation cost may be minimized by 

SIlPP 1 yinf� adequate water at the moisture-sens itive stage and less 

water at other �tages of growth . 

lhe determination of the level o f  availab le soil  mo isture 

llpt') which irr igation can be delayed, is an important co st 

redu( ing a�pect in groundnut irr igation . The interval between 

1 r�' ,;dt ion� shou ld be as large as p o s s ible without appreciable 

re0u'tlon in crop yield .  This will  also ensure the app l ication 

of the right amount of water . Over-irrigation, which is costly 

and detrimental to the crop, can thu s  be avo i ded. 

(,roundnut is one o f  the promis ing short-term cash crop s in 

'�v! J dysia included in the crop d iver s if ication programme. It is  

,'cnc rally hrown here as a rainfed crop . It  is , therefore, 

prol)dble that the groundnut yield can be reduced in times o f  



IJlddequate ra infall.  'lhere is l imited and sporad ic information 

on the growth and yield of groundnut in relat ion to soil  

l'loisture def ic its under local condition . Research work  in  this 

field thus  warrants due attention . 

[he present study was, therefore, carr ied out with the 

following objectives : 

I . .  To determine the growth and y ield response of 

groundnut at dif ferent growth stages to short and 

pro longed duration at var ious  level s of available 

so il mo isture • 

.1... To determine the optimum level of available soil  

moisture for  the growth and product ion of groundnut, 

and to determine the moistule sens itive growth 

stage . 



CHAPTER I I  

R I:VICW OF LITERATURE 

lhlS review of literature covers the development of 

;;  1 dflt water def ic.it and its ef fects on phys iologi cal processes 

1', well Crt> on the growth, development and y ield of crop plants 

III ,'eneral and groundnut in particular . 

Development of Plant Water Def i c it 

P l ant water defic its generally occur when water loss 

thrull,',h transpiration is more than water absorption. According 

to Y rame r (l<JhJ), water def i c its in plants can be caused either 

by exc.ess ive los s of water or by inadequate absorption, or by a 

combination of the two. The water potential in a non-transpiring 

plant approaches the water potential in the soil, but with the 

c.urnrnenc ement of  transpiration, a gradient in water potential 

develop<> from the soil, to and through the plant ; thu s water 

. ()ve'o f ro'n the so il, through the plant, and out to the atmosphere 

(1 1 'oeller ,md Hagan, 1 965) . Temporary midday def i c its occur in 

r J)Jlrllj transpiring pl ants becau se the resistance to water movement 

tr'roIJ,'h root<> c.duse<3 absorption to lag behind transpiration even 

In "'(JIC,t suil. Longer-term and more severe water def i c its devel op 

,,, .. hen dec.reaL Ing 'ooi1 water potential and hydraulic conductivity 

4 



raue,e dec reased absorption o f  water . Thus, daily cycle s  in 

',;ater stress are controlled chie fly by transp iration, but long 

tl'rrn, severe water def icits develop ch ie fly because of  

decreasing ava ilabil ity of soil  water (Kramer, 1 969 ) . The 

decre asing availability o f  soil  water causes an increase in the 

water potential grad ient between the soil  and the root . As a 

result, a greater so il-root water potential d i f ference is  

requ ired to  move water from s o i l  to roots to  replace the loss  

�y transpi ration . At th is  stage the rate of  water movement from 

the e,oil to the roots is so slow that recovery from wilting is 

;Ir)t poe,sible and permanent wilting occurs . 

'r: ltl'r ',t r e s s and the PhYSiolog ical P roces ses  in Plants 

�ater stress affects phys iological proce s ses  such as 

protoplasmic dehyd ration, photo synthesis, resp iration, transpi

ratIon and translocation o f  photosynthates . 

l)rutoplasmic Dehydration 

[he dehydration of the p rotop lasm has p rofound effect on 

the ';arious phys iolog ical processes in  plant l ife . Accord ing to 

',to( ker (1960), the dehydration o f  the protoplasm occurs in two 

,l.J,:ee, - the reaction phase, when plants are f irst subjected to 

.... :dtvr e,trese, and the rest itution and hardening phase, which 

()r ( urs if 'water stress lasts for several days, The reaction phase 

i e,  characterize d by a decrease in viscos ity of the protoplasm, 

increased permeabil ity to water, urea and glycerine, increased 

proteolysis, and increased resp iration . In the restitution phase, 




