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Studies  were undertaken t o  i n v e s t i g a t e  t he  e f f e c t  of using seeds w i th  

a  mois ture  s t r e s s  h i s t o r y  i n  t h e  prev ious  season on t h e  cu r r en t  season 

p roduc t iv i t y  and t o  examine t h e  e f f e c t s  of moisture s t r e s s  a t  

d i f f e r e n t  phenological  s t ages  of groundnut during t h e  1982 ra iny  

season and t he  1982-83 pos t r a iny  season a t  t he  I n t e r n a t i o n a l  Crops 

Research I n s t i t u t e  f o r  t h e  Semi-Arid Tropics  (ICRISAT), Patancheru, 

Andhra Pradesh. 

I n  t he  experiment using seeds w i th  a  previous moisture s t r e s s  

h i s t o r y ,  e a r l y  s eed l ing  v igo r  i n  t e r m  of r a t e  of seed emergence, 

l e a f l e t  number, l e a f  a r e a  per  l e a f l e t  and p l a n t ,  and dry matter  

product ion was eva lua ted  a t  3-day i n t e r v a l s  from emergence up t o  26 

DAE. Qual i ty  of t h e  seed samples w i th  mois ture  s t r e s s  h i s t o r y  during 

t h e  previoue season and a l s o  of t he  seed obtained from the  subsequent 
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crop was analysed. 

The seeds wi th  moisture s t r e s s  h i s t o r y  from emergence t o  peg 

i n i t i a t i o n  during t h e  previous season gave h igher  seedl ing v igor  i n  

terms of l e a f  number, l ea f  a r ea  and supe r io r  dry mat te r  production 

bes ides  maximum pod and kerne l  y ie ld .  

I n  t he  i n v e s t i g a t i o n s  on t h e  e f f e c t  of water  s t r e s s  a t  d i f f e r e n t  

phenological  s t ages ,  s o i l  water ,  l ea f  a r ea ,  p l a n t  growth and p l an t  

parameters of water  s t r e s s  such a s  s t  omatal conductance, 

t r a n s p i r a t i o n ,  canopy temperature and leaf  water  p o t e n t i a l  and 

r a d i a t i o n  measurements were measured a t  7-10 day i n t e rva l s .  S o i l  

temperature was monitored throughout t h e  growing season. So i l  

pene t r a t i on  r e s i s t a n c e  was measured from 44 t o  107 DAE. Root s t ud i e s  

were made a t  matur i ty  bes ides  seed q u a l i t y  es t imat ion .  

The r e s u l t s  i nd i ca t ed  t h a t  cons iderab le  r educ t i on  i n  ET was 

achieved by imposi t ion of e a r l y  moisture s t r e s s  (EMS) both i n  t he  

r a iny  and pos t ra iny  seasons. Higher LAI, pegs and pods, higher  dry 

ma t t e r  product ion wi th  b e t t e r  r oo t  and shoot growth were achieved 

bes ides  enhanced pod and kerne l  growth. Higher water  use  e f f i c i ency ,  

ha rves t  index and improved seed q u a l i t y  i n  terms of increased seed 

weight ,  o i l  and p r o t e i n  conten ts  were obtained wi th  EMS treatment .  

I n  t h e  t reatment  where water ; tress was imposed continuously 

dur ing  t h e  growing seaeon t he  crop ex t r ac t ed  water  a t  a l l  s o i l  depths 

a t  t h e  lowest ET l eve l s .  A 9-fold reduc t ion  i n  dry mat te r  production 

occurred a s  compared t o  t h a t  a t  687 nnn of ET, Pod and kernel  y i e ld s  

were reduced when s t r e s s  was imposed from emergence t o  flowering and 

from f lowering t o  l a e t  pod s e t .  



Moisture s t r e s s  imposed fom flowering t o  l a s t  pod s e t  was a 

c r i t i c a l  period since i t  affected the  seed f i l l i n g ,  prote in  and o i l  

contents.  

Seasonal pa t t e rn  i n  the  stomatal conductance i n  the  treatments 

subjected t o  moisture s t r e s s  from emergence t o  flowering and emergence 

t o  peg i n i t i a t i o n  indicated considerable recovery i n  the  stomatal 

a c t i v i t y  of the  leaves a f t e r  the moisture s t r e s s  was released.  

The t r ansp i ra t ion  r a t e s  were a f fec ted  due t o  the  d e c r e a ~ e d  

stomatal  a c t i v i t y  by both the  seasonal v a r i a t i o n  a s  well  as  the  

d iu rna l  v a r i a t i o n  f o r  d i f f e r e n t  treatments.  

Increased canopy temperatures were observed i n  a l l  the  treatments 

during the  growing season a s  wel l  as  on a diurnal  bas is  a t  lower ET 

l e v e l s  because of lack of t r ansp i ra t iona l  cooling., 
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I NTRODUCTION 



SOIL-PLANT-WATER RELATIONS, GROWTH AND YIELD OF GROUNDNUT 

UNDER MOISTURE STRESS 

1. INTRODUCTION 

Groundnut (Arachis hyponaea L.) ranks t h i r t e e n t h  i n  i t s  

importance among t h e  crop p l a n t s  of the  world. It was an important 

source  of vegetable  o i l  which was of high q u a l i t y  and was u t i l i z e d  f o r  

e d i b l e  purposes. 

Ind ia  was t h e  l a r g e s t  producer of t h e  crop wi th  an est imated 

production of 7.2 m i l l i o n  tonnes grown i n  an  a r e a  of 7.5 m i l l i o n  

h e c t a r e s  accounting f o r  two f i f t h s  of the  world acreage and a  t h i r d  of 

t h e  world production (FAO, 1981). However t h e  y i e l d  pe r  hec ta re  

remained v i r t u a l l y  s tagnant  a t  950 kg/ha a s  a g a i n s t  2300 kglha i n  USA. 

I n  Ind ia  groundnut was predominantly a  r a i n f e d  crop.  For example, i n  

Andhra Pradesh 82% of the  production of t h i s  crop comes from the  ra iny  

season with t h e  r e s t  of the  crop produced w i t h  i r r i g a t i o n  during 

p o s t r a i n y  season. The production of groundnut i n  I n d i a ,  e s p e c i a l l y  i n  

t h e  dry a reas  has not  kept pace wi th  t h e  i n c r e a s e  i n  demand. Yields  

of groundnut i n  semi-arid t r o p i c a l  (SAT) I n d i a  were low and v a r i a b l e  

due t o  e r r a t i c  r a i n f a l l  and o t h e r  c l i m a t i c  f a c t o r s  (Kanwar e t  a l . ,  

The South-West monsoon over the  Indian sub-continent was e r r a t i c  

i n  d u r a t i o n  and d i s t r i b ~ t i o n ~ t h u s  c r e a t i n g  a  wide range of r a i n f a l l  

environments a c r o s s  SAT India .  This was much more complicated when 

combined wrth s o i l s  of varying depth,  t e x t u r e  and s lope (Kanitkar,  

1968). It was important  t o  know a t  what s t age  of the  groundnut crop 



moisture d e f i c i t s  which may a f f e c t  t h e  y i e l d  occur s ince  moisture 

a v a i l a b i l r t y  was considered a  major c o n s t r a i n t  f o r  groundnut y ie ld .  A 

p r e c i s e  study of p l a n t  responses t o  moisture s t r e s s  during the  ra iny  

season was r a t h e r  d i f f i c u l t ,  s ince  t h e  drought p a t t e r n s  were not  

p r e d i c t a b l e  and un l ike  the  ra iny season the  post ra iny seasons were 

more regu la r  because of a  more p red ic tab le  environment i n  which the  

crop grows. The incidence of p e s t s  and d i seases  was a l s o  l e s s  during 

t h e  ~ o s t r a i n y  season. 

Where water supply was l imi ted  o r  i r r e g u l a r ,  i t  was important t o  

d e l i n e a t e  the  physiological  s t ages  when the  water needs of the crop 

were c r i r l c a l .  The e f f e c t  of moisture s t r e s s  a t  d i f f e r e n t  

phenological  s t ages  of groundnut depends on the  sever i ty  of the  

mois ture  s t r e s s  i t s e l f  i .e . ,  t h e  i n t e n s i t y  and dura t ion  of the  water 

d e f i c i t  and the  degree of s e n s i t i v i t y  of the  s tage  of development of 

the  crop during which the  s t r e s s  occurs. Several s t ages  i n  the  p lant  

l l f e  cycle  might be expected t o  be s e n s i t i v e  t o  drought, p a r t i c u l a r l y  

t h e  e a r l y  vege ta t ive  growth, f lowering and pegging, and the  kernel  

maturation.  Some s tages  had been found t o  be r e l a t i v e l y  more 

sensitive t o  water d e f i c i t s  than o the r s  (Klepper, 1973). When t h e  

s t r e s s  was not severe,  t h e  phenological responses were not apparent;  

the  e f f e c t s  were mainly on growth and y ie ld .  I n  the  v a r i a b l e  moisture 

environment, however, e f f e c t s  on phenology can be very evident ,  

pa r txcu la r ly  when s t r e s s  occurs before flowering. Moisture def ic iency 

a t  a  particular s tage  w i l l  a f f e c t  the  p lan t  i n  a  manner t h a t  may had a  

g r e a t e r  o r  l e s s e r  e f f e c t  on f i n a l  product iv i ty  (Sivakumar e t  a l . ,  

1982).  



The e f f e c t  of mois ture  s t r e s s  a t  a  g iven  s t age  on t h e  subsequent 

growth and y i e l d  has a l s o  not  been s tud i ed  i n  d e t a i l .  Information on 

t h e  e r f e c t  of mois ture  s t r e s s  dur ing  t h e  preceding crop  on t h e  cu r r en t  

season productivity and response of groundnut t o  mois ture  s t r e s s  a t  

d i f f e r e n t  phenological  s t a g e s  was very meagre. Hence, t h r e e  

experiments  ( d e t a i l e d  below under I ,  I1 and 111) were conducted dur ing  

t h e  1982 r a iny  season and 1982-83 pos t r a iny  season w i t h  t h e  fol lowing 

o b j e c t i v e s :  

I. To s tudy  germinat ion,  e a r l y  s eed l ing  v igo r ,  growth, 
y i e l d  and ke rne l  q u a l i t y  of groundnut (cv Robut 33-1) 
du r ing  t h e  1982 r a i n y  season from a seed crop which 
had mois ture  s t r e s s  h i s t o r y  dur ing  previous season on 
c u r r e n t  season p roduc t iv i t y .  

11. 1 )  To study t h e  y i e l d  response of two groundnut v a r i e t i e s  
(Robut 33-1 and TMV-2) t o  e a r l y  moisture s t r e s s  i . e . ,  
from t h e  s t age  of emergence t o  t h e  i n i t i a t i o n  of pegs, 
dur ing  1982 r a i n y  season. 

2 )  To observe t he  v a r i a t i o n  i n  t h e  q u a l i t y  of k e r n e l s ,  
s o i l  moisture e x t r a c t i o n ,  dry  ma t t e r  accumulation, 
p a r t l t i o n l n g  and l e a f  a r e a  development between t h e  
two varieties of groundnut due t o  t h e  e a r l y  mois ture  
s t r e s s .  

3 )  To eva lua t e  t h e  p l a n t  and environmental f a c t o r s  l i k e  
a lbedo,  and s o i l  temperature which might determine t h e  
d i f f e r e n c e s  i n  t h e  p roduc t iv i t y  of t h e  two v a r i e t i e s  of 
groundnut subjec ted  t o  e a r l y  mois ture  s t r e s s .  

111.1) To study the  y i e l d  response of Robut 33-1 t o  mois ture  
s t r e s s  a t  d i f f e r e n t  phenological  s t a g e s  dur ing  1982-83 
pos t r a iny  season i n  t e r m  of dry  mat te r  accumulation and 
partitioning, leaf  a r e a  development, y i e l d  and y i e l d  
components, and q u a l i t y  of ke rne l s .  

2 )  To observe t he  v a r i a t i o n  i n  t h e  s o i l  moisture e x t r a c t i o n  
r a t e ,  water  use ,  s o i l  pene t r a t i on  r e s i s t a n c e ,  r o o t  
development, stornatal conductance, t r a n s p i r a t i o n ,  and leaf  
water  potential, due t o  t h e  mois ture  s t r e s s  imposed a t  
d i f f e r e n t  phenological  s t ages  i n  groundnut cv Robut 33-1. 

3 )  To eva lua t e  t he  p l a n t  and environmental f a c t o r s  l i k e  
photosynthetic photon f l u x  d e n s i t y ,  a lbedo,  n e t  r a d i a t i o n ,  
vapor p re s su re  d e f i c i t ;  s o i l ,  canopy and a i r  temperatures  
which might a r f e c t  y i e l d  a s  a  r e s u l t  of moisture s t r e s s  
imposed a t  d i f f e r e n t  phenological s t ages  i n  groundnut cv 
Robut 33-1. 
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2. REVIEW OF LITERATURE 

Grounonut (Arachis hvvonaea L.) was one of the important legume crops 

of the Semi-Arid Tropics (SAT): approximately 70% of the world 

productlon comes from the developing countries many of which lie in 

the SAT. The groundnut was deep rooted and was unusual in having no 

root hairs since the epidermis was sloughed off as the root extends, 

thus destroying the basis for root hair production (Gregory et al,, 

1973). Moisture in groundnuts was absorbed in a region 8-10 mm behind 

the root cap (Purseglove, 1968). Flowering in groundnuts takes place 

over an extended period in both of its sub species hvvonaea (alternate 

flowering group) normally having a longer flowering period than the 

sub species fastiniata (sequential group). Flowering commences early, 

builds up to a peak and then tails off as the crop approaches maturity 

(Airey, 1980). Groundnuts had specific moisture needs due to their 

peculiar feature of developing the pods produced just underground. 

The pods take up moisture and calcium, and were susceptible to attack 

from sol1 organisms. The soil must be in a friable condition both at 

the tlme of peg penetration into the soil and at harvest. All these 

features produce a number of individual peculiarities about the water 

requirements of groundnut s, some of which assis t its drought 

tolerance, while others make it more prone to moisture stress (Airey, 

1980). Hence the effect of water stress at different phenological 

phases of groundnut crop on the grokth and yield needs to be studied 

extensively. 

Maintenance of favourable plant water status was an essential 

prerequisite for favourable growth, nutrient accumulation and higher 

yield of crops. The influence of soil water potential in the root 



zone, and the atmospheric evaporative demand on plant water status was 

tempered by plant physiological conditions, principally stomatal 

distribution and activity. Hence in the soil-plant-atmosphere 

continurn, it was essential to examine and analyse the influence of 

each factor, so that valid conclusions can be drawn regarding the 

importance of each factor. The review presented here was divided into 

the following sections: 

2.1.1 Morsture stress and crop phenology 

2.1.2 Moisture stress and vegetative growth 

2.1.3 Moisture stress and reproductive growth 

2.1.4 Moisture stress and groundnut yield. 
Mechanism of yield increase or decrease 
under moisture stress. 

2.1.5 Moisture stress and root growth 

2.1.6 Moisture stress and quality 

2.1.7 Moisture stress and subsequent yield 

2.1.8 Water relations in groundnuts 

2.1.8.1 Plant measurements as indicators of water stress 

2.1.8.2 Stomata1 diffusion resistance, its 
importance and factors affecting stomatal 
diffusion resistance. 

2.1.8.3 Leaf water potential, its importance and factors 
affecting lear water potential. 

2.1.8.4 Leaf and meristem temperatures, their importance 
and factors affecting them. 

2.2 Soil Environment for Groundnut 8. 

2.2.1 Water relations and water loss. 

2.2.2 Water use 

2.2.3 Moisture stress and soil temperature 

2.2.4 Moisture stress and soil penetration resistance. 



2.3 Climate and Radiation Balance 

2.3.1 Climate and y i e l d  v a r i a b i l i t y .  

2.3.2 Moisture s t r e s s  and albedo. 

2.3.3 Moisture s t r e s s  and n e t  r ad ia t ion .  

2.1.1 Moisture s t r e s s  and crop p h e n o l o ~ y  

Water s t a t u s  invar iab ly  a f f e c t s  p lan t  growth and development s ince  

about 80Z of p lan t  f r e s h  weight was water. Reduction of the  p lant  

water s t a t u s  much below t h i s  l e v e l  causes v i s i b l e  w i l t i n g  and a f f e c t s  

t h e  r a t e  of many p lan t  funct ions .  Several  s t ages  i n  the  p lant  l i f e  

cyc le  might be expected t o  be s e n s i t i v e  t o  drought, p a r t i c u l a r l y  (1) 

e a r l y  vege ta t ive  growth, ( 2 )  f lowering and pegging down and ( 3 )  nut 

maturation.  Some of these  had been found t o  be more s e n s i t i v e  t o  

water d e f i c i t s  than o the r s ,  but none of them can proceed normally 

below some minimal p lan t  water content .  Research can c l a r i f y  the  

l l m i t s  of to lerance  t o  water d e f i c i t  f o r  each of these  phases of 

development. Considerable work was concerned wi th  the  problem of 

which of these  s t ages  was most s e n s i t i v e  t o  water s t r e s s ,  but 

unfor tuna te ly ,  p lan t  water s t a t u s  has r a r e l y  been measured; o f t e n  

so11 moisture was n e i t h e r  con t ro l l ed  nor measured. Since the  p lant  

water s t a t u s  was t h e  r e s u l t  of a  balance between water taken up from 

the  s o i l  and water l o s t  t o  the  atmosphere, i t  was a  very dynamic 

proper ty  and must be monitored i n  d e f i n i t i v e  experiments ( ~ l e ~ ~ e r ,  

1973). Moisture s t r e s s  i n  the  e a r l y  flowering phase (30-45 DAS) was 

not  c r i t l c a l  (Gowda, 1977). 



General ly ,  very e a r l y  growth was found t o  be not  e s p e c i a l l y  

s e n s i t i v e  t o  drought,  and pegging and nut matura t ion were l e s s  

s e n s i t i v e  than t h e  peak flowering s tage .  The water absorbed during 

t h e  f i r s t  month a f t e r  sowing was found t o  be small  compared t o  the  

quan t r ty  required dur ing t h e  second month (Su e t  a l . ,  1964). This 

d i f f e r e n c e  may exp la in  why e a r l y  growth was not  a s  s e n s i t i v e  t o  

drought a s  was l a t e r  stage.  The f a c t  t h a t  peak f lower ing and maximum 

sensitivity t o  drought coincide  could be a  r e s u l t  of t h e  increased 

demand f o r  water by t h e  growing top  o r  it might be caused by the  f a c t  

t h a t  the  r o o t  system was l e s s  e f f i c i e n t  during flowering.  For some 

spec ies ,  f lowering can lead t o  a  temporary depress ion  of roo t  growth 

so  t h a t  the  r o o t  system was l e s s  e f f i c i e n t  dur ing flowering than 

e l t h e r  before  or  af terwards ,  but no one has inves t iga ted  t h i s  problem 

f o r  grounanut p l a n t s  ( ~ l e p ~ e r ,  1973). The r e s u l t s  of c r i t i c a l  

mois ture  period s t u d i e s  were summarised i n  Table 1. 

2.1.2 Moisture S t r e s s  and Vegetative Growth 

A l l  p l an t  processes take place  i n  t h e  aqueous medium, and water 

was involved a s  a  t r a n s p i r i n g  agent  and a s  a r e a c t a n t  i n  many of these  

processes.  Therefore,  moisture s t r e s s  s o  severe  a s  t o  cause t h e  c e l l s  

t o  become f l a c c i d  must a f f e c t  almost  a l l  phyeiological  processes  

(Rook, 1973). The review up t o  t h i s  point  has shed some l i g h t  on some 

of t h e  physiological  a l t e r a t i o n s  brought about by mois ture  s t r e s s .  



Table 1. Summary of r e s u l t s  of c r i t i c a l  moisture period s t u d i e s  i n  
groundnut. 

0 , " O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 ~ 0  

S1.No. Author(8) Year C r i t i c a l  mois t u r e  period 
O O Y O O O O o O O O u O O O O o U O O o O O O O O O O O O O O o o O o O O O O o o o o o o o o o o o o o Q o o o o o o o o o o o ~ o o  

1. S i l l a z  and Ochs 1961 Days 50-80 ( i n t e n s e  f lowering) 

2. Four r i e r  and Prevot 1958 35-60, 60-85, 85-110 days a l l  
s i m i l a r .  

3. Holford 197 1 Second of 4  equal  phases. 

4 .  J o s h i  and Kabaria 1972 51-80 days ( f u l l  pegging t o  
pod development). 

5. Metelerkamp 1975 Not i n  t h e  e a r l y  s t ages  (first 
t o  10 weeks). 

6 .  P a l l a s  e t  a l .  1979 The l a t e r  i n  t h e  season drought 
occurs  more i n  t h e  y i e l d  
reduct  ion. 

7 .  Prevot and Olagnier 1957 30-50 Days Af te r  Emergence (DAS) 

8. Subramanian e t  a l .  1974 Pod format i o n  

9. Su and Lu 1963 Peak flowering t o  e a r l y  f r u i t i n g  
o r  30-60 days. 

10. Su e t  a l .  1964 Days 50-69 (peak flowering - 
e a r l y  f r u i t i n g ) .  

11. Williams e t  a l .  1978 Ear ly  vege ta t ive  and l a t e  pod 
s e t t i n g  s t ages .  

12. Wormer and Ochs 1959 Days 30-60. ...................................................................... 



The growth and development of a  p lan t  depends, i n  simple terms, 

on cont inuing c e l l  d i v i s i o n ,  on the  progressive i n i t i a t i o n  of t i s s u e  

and organ primordia, and on t h e  d i f f e r e n t i a t i o n  and expansion of 

component c e l l s  u n t i l  the  c h a r a c t e r i s t i c  form of the  p lant  was 

r e a l i z e d  ( S l a t y e r ,  1970). Ce l l  d i v i s i o n  was shown t o  be l e s s  

s e n s i t i v e  t o  water s t r e s s  than c e l l  enlargement (S la tye r ,  1967; 

Slavrk ,  1965; Vaadia e t  a l . ,  1961). Reviewing t h e  e f f e c t  of moisture 

s t r e s s  on c e l l  d i v i s i o n ,  Hsiao (1973) concluded t h a t  c e l l  d i v i s i o n ,  

l l k e  c e l l  enlargement, can be inh ib i t ed  by r a t h e r  long exposure t o  

mild water s t r e s s .  I l ' i n a  (1959) found t h a t  leaves formed under 

s t r e s s  had smal ler  c e l l s  than others .  

C e l l  enlargement was a f f e c t e d  a t  very s l i g h t  s t r e s s  l e v e l s  (Hsiao 

e t  a l . ,  1970). S l a t y e r  (1970) concluded t h a t  reduct ion i n  c e l l  

enlargement was the  main cause of s tun t ing  which was perhaps the  most 

common s ign  of water s t r e s s  under f i e l d  condi t ions .  A progressive 

d e c l l n e  i n  t h e  r a t e s  of c e l l  enlargement was observed a s  water 

d e f i c i t s  developed, wi th  enlargement ceasing when tu rgor  pressure  

l e v e l s  were st111 a t  t h e  l e v e l  of severa l  bars  (Stransky and Wilson, 

1964; Boyer, 1968). 

2.1.2.1. Leaf a r e a  

The e f f e c t  of s t r e s s  on growth tends t o  be most pronounced i n  those  

t r s s u e s  which were i n  rapid  s t ages  of development (Williams and 

Shapter ,  1955; Gates,  1968). A key impl ica t ion t o  f i n a l  b io log ica l  

y i e l d  followed from t h e  e f f e c t  of reduction i n  c e l l  expansion on t o t a l  

a rea .  This reduced t h e  s i z e  of the  photosynthesising surface  and can 



be expected t o  reduce crop growth r a t e  (CGR) un less  leaf  a rea  was not  

l i m i t i n g  t o  n e t  a s s i m i l a t i o n  r a t e  (NAR) ( S l a t y e r ,  1970). It was 

observed t h a t  a  r educ t ion  i n  t h e  leaf  a r e a  was more important than a  

r educ t ron  i n  NAR i n  causing decreased crop growth, when water s t r e s s  

occurred under f i e l d  cond i t ions  (Watson, 1952). 

B i l l a z  and Ochs (1961) repor ted  t h a t  l a t e  s t r e s s  was most 

e f f e c t i v e  i n  reducing l ea f  numbers. When s t r e s s  was induced from 50 

t o  8u days ana then r e l i e v e d ,  t h e r e  was f i r s t  a  suppression of leaf  

growth then a  cons ide rab le  s t imulus ,  r e s u l t i n g  f i n a l l y  i n  higher leaf  

numbers than i n  t h e  unst ressed c o n t r o l ,  F o r e s t i e r  and R a f f a i l l a c  

( 1 9 8 ~ )  observed t h a t  i r r e s p e c t i v e  of s o i l  f e r t i l i t y ,  the  ne t  

a s s l m i l a t l o n  r a t e  was inverse ly  p ropor t iona l  t o  l ea f  a r e a  index (LAI) 

dur ing  v e g e t a t i v e  and reproduct ive  s t a g e s  and i t  was poss ib le  t o  

d e f i n e  an optlmum LA1 f o r  maximum dry mat te r  production on a  given 

8011. F i scher  and Hagan (1965) concluded t h a t  crop growth r a t e  

appears  t o  be s e n s i t i v e  t o  water s t r e s s  mainly because leaf  a rea  was 

s e n s i t i v e  t o  water s t r e s s .  Plant-water s t r e s s  genera l ly  has tens  

senescence (Milthorpe,  1945; Asana, 1960). 

2.1.2.2. Stem Growth 

The e f f e c t  of mois ture  s t r e s s  on stem.growth seems t o  vary wi th  t h e  

v a r i e t y .  A study i n  Flor ida  by Gorbet and Rhoads (1975) showed a  

g r e a t e r  response by l a t e r a l  branches t o  supplementary moisture i n  t h e  

v a r i e t y  F l o r i g i a n  than i n  Florunner. Droughted p l a n t s  had been shown 

(Lin  e t  a l . ,  1963) t o  had smaller  tops ,  fewer branches, and fewer 

f lowers .  Eventhough both leaf number and stem leng th  were reduced, 



t h e  l a t t e r  dec reases  more markedly s o  t h a t  t h e  l eaves  were arranged 

more compactly on  t h e  stems. 

2.1.3. Moisture S t r e s s  and Reproduct ive Growth 

Reproduct ive growth i n  t h e  groundnut occurs  over  an extended 

p e r i o d ,  of a t  l e a s t  two months. There was t h u s  cons ide rab l e  over lap  

between t h e  v e g e t a t i v e  and r e p r o d u c t i v e  phases,  though, f o r  

convenience sake they  were t r e a t e d  s e p a r a t e l y  here .  

Moisture s t r e s s  has  a  dep re s s ing  e f f e c t  on f lower ing  whi le  i t  

l a s t s .  The number of f lowers  produced was reduced bo th  by e f f e c t  of 

wa te r  s t r e s s  on stem growth, r e d u c t i o n  of number of nodes from which 

t h e  f l ower s  a r i s e ,  and t o  a  l i m i t e d  e x t e n t ,  on t h e  f lower buds 

themselves (Ochs and Wormer, 1959).  I f  a  s h o r t  per iod  of s t r e s s  was 

induced,  whi le  t h e  p l a n t  was i n  s t r e s s  f l ower ing  was i n h i b i t e d .  Once 

t h e  s t r e s s  was removed, t h e r e  was a  f l u s h  of f lower ing  which, 

depending on t h e  per iod  i n  t h e  p l a n t s  growth t h a t  was s t r e s s e d ,  can 

r e s u l t  i n  a  g r e a t e r  number of f lowers  t han  i n  t h e  uns t r e s sed  c o n t r o l .  

There was i n  t h i s  ca se  a  g r e a t e r  p r o p o r t i o n  of l a t e  produced f lowers  

( B i l l a z  and Ochs, 1961; Su e t  a l . ,  1964).  

Lin e t  a l . ,  (1963) had suggested t h a t  v i r g i n i a  bunch groundnuts 

( a l t e r n a t e  group) were l e s s  drought s u s c e p t i b l e  t han  Spanish v a r i e t i e s  

( s e q u e n t l a 1  group) due t o  t h e i r  longer  ma tu r i t y  d u r a t i o n  which 

f a c i l i t a t e s  drought  escape,  s i n c e  a  sma l l e r  p ropor t i on  of t h e  

f l ower ing  pe r iod  was a f f e c t e d  by a  s t r e s s  per iod  of a  g iven  length .  

The f l u s h  of l a t e  f lower ing  fo l lowing  mid-season drought means delayed 

maturation and l a t e  ha rves t i ng  was recommended where poss ib l e  t o  t r y  

t o  o f f s e t  t h i s  (Boote e t  a l . ,  1976). 



Gynophore product ion seems r e l a t i v e l y  i n s e n s i t i v e  t o  e a r l y  

drought ,  but was reduced by mois ture  s t r e s s  towards t h e  end of t h e  

p l a n t ' s  growth ( B i l l a z  and Ochs, 1961). For f r u i t i n g  t o  occur,  t h e  

gynophore must e n t e r  the  s o i l  and i t s  physical  cond i t ion  was 

important ,  s ince  the  gynophores were a b l e  t o  e x e r t  a  fo rce  equivalent  

t o  only 3 o r  4  grams on t h e  s o i l  (Undewood e t  a l . ,  1971). Thus 

mechanical r e s i s t a n c e  such a s  might be experienced i n  a  dry s o i l  was a  

problem. However, e n t r y  could occur once t h e  s o i l  was rewet (Boote e t  

a l . ,  1976). 

Pod weights appear t o  be a f f e c t e d  i n  only a  minor way by mois ture  

s t r e s s .  S t e r n  (1968) recorded no reduc t ion  i n  pod weights,  while 

Boote e t  a l . ,  (1976) observed only a  minor change due t o  mois ture  

s t r e s s .  Cox e t  a l . ,  (1976) measured lower percentage of e x t r a  l a rge  

pods wi th  reduced mois ture  i n  e i t h e r  the  roo t ing  o r  f r u i t i n g  zone. 

S h e l l l n g  percentage was commonly lower under s t r e s s  cond i t ions  (S te rn ,  

1968). This suggests  t h a t  under s t r e s s ,  many pods were p a r t l y  empty 

and e x t r a  weight was t r a n s f e r r e d  t o  t h e  s h e l l ,  hence maintaining 

n e a r l y  constant  pod weight while reducing s h e l l i n g  percentage.  

Kernel s i z e  i t s e l f  seems t o  be s l i g h t l y  reduced under some 

c o n a i t i o n s  of s t r e s s .  Cheema e t  a l . ,  (1977) repor ted  higher  ke rne l  

weights wi th  i r r i g a t i o n  than i n  t h e  non i r r iga ted  con t ro l .  

2.1.4 Moisture S t r e s s  and Groundnut Yield 

Groundnut y i e l d  was a  func t ion  of many p lan t  and environmental 

f a c t o r s  which were o f t e n  i n t e r r e l a t e d .  The y i e l d s  were h ighly  

v a r i a b l e  s ince  t h e  crop was grown under c o n t r a s t i n g  moisture regimes 

i n  a  range of e n v i r o m e n t s ,  The s tage  a t  which the  mois ture  s t r e s s  



occurred  p l ays  a  major r o l e  i n  t h e  f i n a l  y i e l d  of t h e  crop. B i l l a z  

and Ochs (1961) found t h a t  t h e  50-80 days per iod  was most s u s c e p t i b l e  

t o  drought  caus ing  a 46% y i e l d  r educ t ion  whi le  water  s t r e s s  i n  days 

80-120 caused 21% reduc t ion ;  days 10-30, 21.6%; and days 30-50, 18%. 

F o u r r i e r  and P revo t  (1958) a l s o  observed t h a t  drought imposed a t  

35-60, 60-85, and 85-110 days r e s u l t e d  i n  t h e  y i e l d  r educ t ions  a t  a l l  

t h e s e  t h r e e  s t ages .  S t a n s e l l  and P a l l a s  (1979) r epor t ed  t h a t  a  35-day 

drought  spannlng 71-105 days  was more damaging than  35-day droughts  a t  

36-70 o r  106-140 days  of age. A 70-day drought  beginning a t  36 days 

of age reduced t h e  percentage  of marketable seed t o  34%, while  pods 

from a 70-day drought  t r ea tmen t  s t a r t i n g  a t  71 days of age reduced 

percentage  of marketable  seed t o  69% compared w i t h  t h e  c o n t r o l .  Water 

s t r e s s  beyond 0.8 IW/CPE ( I r r i g a t i o n  water /cumula t ive  pan evapora t ion )  

r a t r o  a t  any growth s t a g e  was found d e t r i m e n t a l  i n  reducing pod y i e l d  

(Shinde and Pawar, 1982) and 0.75 IW/CPE r a t i o  ( ~ h a n  and . ~ a t t a ,  1982). 

Seve ra l  workers r epor t ed  y i e l d  r e d u c t i o n s  w i t h  s t r e s s  induced a t  

d i f f e r e n t  s t a g e s  of growth i n  groundnut (Padma Raju e t  a l . ,  1981; 

Balasubramanian and Yayock, 1981 ; Subramariian e t  a l . ,  1974).  

Work done a t  ICRISAT dur ing  1980-81 and 1981-82 r evea led  t h a t  

mo i s tu re  s t r e s s  du r ing  emergence t o  peg i n i t i a t i o n  had r e s u l t e d  i n  13 

t o  30X inc reased  y i e l d  over  t he  t rea tment  which rece ived  cont inuous  

i r r i g a t r o n  a t  10 days  i n t e r v a l  (ICRISAT, 1982 and 1983). 

Summer season pod y i e l d  and o i l  y i e l d  i n  groundnut were much 

h ighe r  t han  t h e  k h a r i f  season. High temperature coupled w i t h  more 

sunshine  du r ing  summer caused a remarkable product ion  of dry  ma t t e r  i n  

t h e  p l a n t .  cloudy days  and h igher  humidity dur ing  kha r i f  season 

favoured t h e  development of d i seases  and t h e  leaf  l o s s  s t a r t e d  even 



a t t e r  70 days of crop growth (Reddy and P a t i l ,  1980). 

I n  sandy loam sol18 of low water r e t e n t i o n  capaci ty ,  high y i e l d  

could be obtained wi th  f requent  i r r i g a t i o n  w i t h  t h e  depth of water 

app l i ed  equal  t o  t h a t  l o s t  i n  ET (Reddy e t  a l . ,  1980). 

The p a r t l t i o n l n g  of photosynthet ic  a s s i m i l a t e  had t h e  g r e a t e s t  

e f f e c t  on f r u i t  y i e l d  and es t ima tes  of p a r t i t i o n i n g  t o  f r u i t  ranged 

from 41X i n  t h e  f i r s t  c u l t i v a r  r e l eased  t o  98% i n  the  most r e c e n t l y  

r e l e a s e d  c u l t i v a r .  Crop growth r a t e s  d id  not  d i f f e r  s i g n i f i c a n t l y  

among groundnut c u l t i v a r s  (Duncan e t  a1  . , 1979). 

Darkness was found t o  be an e s s e n t i a l  f a c t o r  f o r  t h e  i n d i c a t i o n  

of pod formation while i t  d id  not  occur i n  t h e  l i g h t  including the  

application of d i f f e r e n t  growth substances  on t h e  ovary. A mechanical 

s t lmulus  was needed i n  a d d i t i o n  t o  darkness  f o r  t h e  normal thickening 

and d iageo t rop ic  o r i e n t a t i o n  of the  pod (Zamski and Ziv,  1976). 

2.1.4.1 Mechanism f o r  Yield Reduction under Moisture S t r e s s  

B i l l a z  and Ochs (1961) observed t h e  g r e a t e s t  y i e l d  reduc t ion  i n  

t h e  50-80 day s t r e s s  t rea tment  which corresponded t o  t h e  peak 

f lower ing - e a r l y  pod f i l l i n g  s tage  of t h e  p l a n t ,  Short per iods  of 

s t r e s s  had l i t t l e  de t r imen ta l  e f f e c t  on f i n a l  leaf  number. A t  l e a s t  

604 of the  f lowers i n  t h e  50-80 day t=eatment were produced a f t e r  day 

80 and t h e  gynophores i n  t h i s  t rea tment  produce very many pods - only 

approximately ha l f  of t h e  number produced by t h e  unst ressed c o n t r o l .  

It seems l i k e l y  t h a t  the  l a t t e r  produced flowers were l a r g e l y  

i n e t f e c t i v e  i n  forming pods and t h i s  seems t o  be the  reason f o r  t h e  

reduc t ron  i n  y i e l d .  



S t e r n  (1968) has  pointed out  t h e  advantage f o r  a  l a rge  number of 

f lowers  t o  be produced e a r l y  f o r  maximum y ie lds .  The reason f o r  t h e  

peak f lower ing per iod being most s u s c e p t i b l e  t o  mois ture  s t r e s s  would 

seem t o  be t h a t  t h i s  causes t h e  g r e a t e s t  delay i n  f lowering,  and 

t h e r e f o r e  the  b igges t  r educ t ion  i n  t h e  capaci ty  t o  form pods. 

The second most s e r i o u s  period f o r  mois ture  s t r e s s  was the  period 

of pod formation. S t r e s s  i n  t h i s  period would dry  t h e  s o i l  surface  

and make t h e  gynophore e n t r y  d i f f i c u l t  s ince  t h e  s o i l  pene t ra t ion  

r e s i s t a n c e  under those  cond i t ions  was d e f i n i t e l y  very high. For these  

gynophores a l ready  i n  t h e  s o i l ,  mois tu re  supp l i es  would be low, and 

calcium uptake inadequate,  which would lead t o  reduced pod formation 

and lower s h e l l i n g  percentage i n  t h e  pods t h a t  were produced. 

2.1.5 Moisture S t r e s s  and Root Growth 

Groundnut was a  comparatively deep roo t ing  crop. Varying depths were 

quoted but the  depths  usua l ly  range from 150 cm (Metelerkamp, 1975) t o  

200 cm (Hammona e t  a l . ,  1978). Despi te  t h i s ,  most r o o t s  were i n  

shallower s o l 1  regions .  Hammond e t  a l , ,  (1978) quote r o o t  d e n s i t i e s  

of 1.5 cm/cm i n  the  0-30 cm zone but only  0.1 cm/cm a t  g r e a t e r  

depths .  

Like most p l a n t s ,  groundnuts e x t r a c t  most mois ture  from the  upper 

l aye re .  Analysis  of t h e  I n t e r n a t i o n a l  I r r i g a t i o n  Information Centre 

(1976) us ing  d a t a  from two l o c a t i o n s  i n  I s r a e l  showed an average 

removal from two s i t e s  of 362 i n  the  0-30 cm depth,  but only 74 i n  t h e  

reg ion  120-150 cm. 



Under cond i t ions  of mois ture  s t r e s s ,  however, t h e  crop was forced 

t o  t ake  mois ture  from g r e a t e r  depths.  With inc reas ing  f requencies  of 

irrigation, ranging from 40 t o  10 days between water ings ,  t h e  percent 

of t o t a l  mois ture  ex t rac ted  from the  0-30 cm l a y e r  decl ined from 15 t o  

5% (Mantell  and Golden, 1964). Groundnut r o o t  growth ( r o o t  l eng th  per  

u n i t  a r e a  t o  a depth  of 150 cm) was not  a f f e c t e d  by water management 

(Robertson e t  a l . ,  1980). 

Data of Lin e t  a l . ,  (1963) ind ica ted  t h a t  drought might inc rease  

r o o t i n g  depth  very s l i g h t l y  ( 5  t o  10%) but reduced the  r a d i u s  of roo t  

distribution t o  about two t h i r d s  of t h e  values  f o r  check p l a n t s .  

S l a t y e r  (1955) repor ted  t h e  e x t e n t  of the  r o o t  system of groundnut 

p l a n t s  t o  be in te rmedia te  between g r a i n  sorghum, which had many r o o t s ,  

and co t ton ,  which had l e a s t  of the  t h r e e  crops.  It would appear t h a t  

t h e  e x t e n t  of t h e  r o o t  system was an important  f a c t o r  i n  drought 

r e s i s t a n c e .  

2.1.6. Moisture S t r e s s  and Q u a l i t y  

While the  t o t a l  d e f i n i t i o n  of q u a l i t y  would vary  wi th  t h e  requirements 

of t h e  use r ,  uni formity  of product,  biochemical c o n s t i t u e n t s  of the  

seeds ,  absence of ke rne l  abnormal i t ies  and freedom from t o x i c  

i n f e c t i o n s  were common t o  a l l  q u a l i t y  requirements.  It was emphasized 

t h a t  germinatron vigor  was the  most important seed q u a l i t y  f a c t o r  i n  

t h e  e f f i c i e n t  ( r * ~  production of crops and weak groundnut p l a n t s  from 

ill f i l l e d  seed never develop s a t i s f a c t o r y  pod s e t  (Spain,1976). Seed 

s i z e  i n  conjunct ion wi th  some vigor  t e s t s  could serve  a s  an index of 

f i e l d  emergence i n  groundnut (Sivasubramaniam and Ramakr ishnan,  1974) . 



There was a reduc t ion  i n  the  propor t ion of sound mature ke rne l s  

i n  t h e  absence of i r r i g a t i o n ,  o r  wi th  imposed mois ture  s t r e s s  ( P a l l a s  

e t  a l . ,  1977). Varnel l  e t  a l . ,  (1976) a t t r i b u t e d  t h i s  t o  delayed 

f r u i t  s e t  following s t r e s s .  Bold seeds y ie lded  s i g n i f i c a n t l y  more 

(Gorber t ,  19771, increased seedl ing weight,  r a t e  of DM t r a n s f e r  and 

RGR (Naidu and Narayanan, 1981) and g r e a t e r  LA1 and chlorophyl l  

concen t ra t ions  (Dhi l lon e t  a l . ,  1981) than  i n  t h e  smal l  seeds. Reddy 

(1978) observed increased germination %, p l a n t  he igh t  and spread,  LAI, 

s h e l l l u g  X ,  seed o i l ,  and p r o t e i n  w i t h  l a r g e  s ized seeds.  

A s  t o  t h e  proximate a n a l y s i s ,  s i g n i f i c a n t l y  h igher  p ro te in  y i e l d s  

were obta ined by scheduling i r r i g a t i o n  a t  0.8 IW/CPE r a t i o  (Bi ra jda r  

e t  a l . ,  1979). I n  groundnut, t h e r e  was a  negat ive  c o r r e l a t i o n  between 

o i l  and p r o t e i n  con ten t s  (Hung, 1975; Walker and Hymowitz, 1972; Rao 

and Rao, 1981). 

2.1.7 Moisture S t r e s s  and Subsequent Yield 

No publ ished d a t a  was a v a i l a b l e  as  t o  t h e  e f f e c t  of mois ture  s t r e s s  on 

t h e  subsequent y i e l d  i n  groundnut when t h e  seeds wi th  previous 

mois ture  h i s t o r y  were used. 

2.1.8 Water Re la t ions  Groundnuts . 

2.1.8.1 P l a n t  Measurements as Ind ica to r s  of Water S t r e s s  

Understanding of t h e  response of crop f o l i a g e  t o  changes i n  t h e  amount 

and s t a t u s  of s o i l  water i n  t h e  r o o t  zone was f a r  from complete. 

Physical  processes  wi th in  the  p l a n t s  depend on p lan t  water s t a t u s ;  

however, supplemental water f o r  crops was scheduled p r imar i ly  from 



8011 moisture and not plant water measurements (Haise and Hagan, 1967; 

Schockley, 1966). Kramer (1963) concluded that too much emphasis was 

placed on 8011-water status and too little on plant-water status. 

Measurements of soil-water content or soil-water stress cannot 

themselves supply adequate informatin to evaluate the effects of water 

supply on plant processes and crop yields. 

The status of water in the plants represents an integration of 

atmospheric demand, soil-water potential, rooting density and 

distribution, as well as other plant characteristics (Kramer, 1969). 

Theretore, to obtain a true measure of plant-water deficit, the 

measurement should be made on the plant and not in the soil or 

atmosphere. 

Water flow into the plant occurs through a potential gradient 

between the soil and the plant, culminating in the vaporization of 

water through the stomates into the atmosphere (Cowan, 1965; 

Kozlowski, 1968). Transpiration rate was controlled by 

water-potential gradient and the diffusive resistances in the plant. 

As the water deficit develops in the leaf, leaf water potential 

decreases, and the stomata1 resistance increases. 

Practical thermocouple psychrometers, described by Monteith and 

Owen (1958), and Richards and Ogata (19581, stimulated interest in the 

measurements of water potential to indicate water status in the plant. 

Further advancements made in the measurement of water potential 

through pressure chambers (Scholander et al., 19651, and thermocouple 

psychrometers (~arrs, 1968; Boyer, 1969; Brown and Van Haveran, 

1974; Kramer and Brik, 1965) made it possible to make reasonably 



accurate, simultaneous, nondestructive measurements of the water 

potentla1 of leaves, roots and soil. 

It was well documented that stomatal closure was the main cause 

for transpiration decline as water stress develops. Much of the early 

confusion on the, cause of this decline was clarified by the 

introduction and use of resistance network analysis (Kuiper, 1961; 

Raschke, 1960). Gardner (1970) stated that stomatal resistance would 

seem to be the single, most useful, measurement for evaluation of the 

water factor in agroclimatology. A major contribution was the 

development of diffusion porometers with which diffusion resistance of 

leaves could be measured (Grieve and Went, 1965; Kanemasu et al., 

1969; Van Bavel et al., 1965; Wallihan, 1964). 

Recording a clear cut increase in the stomatal resistance with 

increase in the soil moisture stress, Ali-Ani and Biefhuipen (1971) 

concluded that stomatal resistance could be considered as an excellent 

criterion in estimating the water deficit in the plant. According to 

Ehrler and Van Bavel (1967), measurement of stomatal resistance was a 

logical method to characterize the plant response to soil-water 

depletion. Chen and Chong (1972) proposed that stomatal aperture .. 
should be used as a physiological indicator for irrigation 

requirements. With field studies on sorghum, Kanemasu et al., (1973) 

showed that stomatal resistance changed more than either leaf or 

soil-water potentla1 in response to moisture stress. 

Clark and Hiler (1973) used leaf-water potential, leaf-diffusion 

resistance and lear-air temperature differential as plant measurements 

to indicate crop-water def icit . They concluded that leaf -dif fusion 



resistance was the least responsive and leaf-water potential was the 

most responsive. 

Boycr (1968) suggested that cell enlargement is more sensitive 

than photosynthesis to reduced leaf-water potential. Mederski et al., 

(1975) concluded that the leaf area is the best measure of the 

photosynthesizing capacity of the plant. The above discussion points 

to the definite possibility of using the changes in leaf area with 

time as a plant measurement to indicate water stress. 

Another commonly used indicator of plant-water status was 

relatlve water content or RWC (Weatherly, 1950). Still less direct, 

but sometrmes useful indicators of plant-water status, were leaf 

thickness and stem diameter. -ray gauging of relative leaf thickness 

(Barrs, 1968) allowed a virtually continuous and non-destructive 

estrmation of water status when properly calibrated against leaf-water 

potential or RWC. 

2.1.8.2 Stomata1 Diffusion Resistance 

Importance of stomatal diffusion resistance: 

Transpiration was directly proportional to the gradient of water vapor 

concentration from the internal evaporation surface to the bulk air 

outside the leat, and inversely proportional to the total resistance 

to the water vapor transport of the air boundary layer and of the 

leas. Since stomata control only part of the total resistance, their 

closure will vary in effect with the magnitude of stomatal resistance 

relatlve to the boundary layer resistance .and cuticular resistance. 

Grounanuts were amphistomatous, having approximately equal number of 



stornates on t h e  upper and lower epidermis ( I l ' i n a ,  1959). 

I n t e n s i v e  s t u d i e s  (Troughton, 1969; Troughton and S l a t y e r ,  1969; 

Boyer, 1970b; S l a t y e r ,  1970) had provided evidence t h a t  t h e  observed 

r e d u c t l o n  i n  n e t  photosynthes is  wi th  inc reas ing  s t r e s s  can be 

completely a t t r i b u t e d  t o  stomata1 c l o s u r e  u n t i l  severe  s t r e s s  e x i s t s .  

Hesketh (1968) pos tu la ted  t h a t  t h e r e  may be two f a c t o r s  l imi t ing  t h e  

photosynthes is  of l eaves ,  t h e  Carbon dioxide d i f f u s i o n  r e s i s t a n c e  and 

t h e  biochemical r e a c t i o n s  i n s i d e  the  l e a f .  The s i m i l a r i t y  of the  

e f f e c t  of water s t r e s s  on the  r a t e s  of t r a n s p i r a t i o n  and 

photosynthes is  (Br ix ,  19621, and t h e  c lose  phase r e l a t i o n s h i p  between 

o s c i l l a t r o n s  of photosynthes is  and t r a n s p i r a t i o n   roughto ton, 19691, 

both  po in t  t o  a  dominant s tomatal  c o n t r o l  of t r a n s p i r a t i o n .  

There was inc reas ing  evidence t h a t  stomatal  c l o s u r e  i n d i r e c t l y  by 

inc reas ing  l e a r  temperature and d i r e c t l y  by impeding Carbon 

dioxide  supply,  was t h e  mechanism by which water s t r e s s  f i r s t  leads  t o  

reduced n e t  photosynthes is  under f i e l d  condi t ions .  A s  s t r e s s  becomes 

more severe  and more p r o t r a c t e d ,  d i r e c t  e f f e c t s  w i l l  be observed 

( S l a t y e r ,  1970). According t o  a  number of authors  (Har r i s ,  1973; 

Dube e t  a l . ,  1974; Neuman e t  a l . ,  1974; Turner and I n c o l l ,  19711, 

t h e  photosynthetic r a t e  was not  a f fec ted  below a  c r i t i c a l  r e s i s t a n c e  

l e v e l  was g r e a t e r  than t h e  c r i t i c a l  r e s i s t a n c e .  Hatf i e l d  (1975) 

repor ted  t h a t  reduced Carbon dioxide uptake occurred through stomatal  

c l o s u r e ,  a s  evidenced by increased starnatal r e s i s t a n c e .  

Mederski e t  a l . ,  (1975) inves t iga ted  t h e  aspect  of carbon 

assirnrllatlon and stomata1 r e s i s t a n c e  by fo rc ing  a i r  through the  leaf  

a t  cons tan t  r a t e  t o  overcome the  e f f e c t s  of change i n  stomatal  



r e s i s t a n c e  accompanying changes i n  leaf-water d e f i c i t .  It was (1975) 

concluded t h a t  t h e  i n h i b i t i o n  of n e t  carbon dioxide a s s i m i l a t i o n  wi th  

inc reas ing  leat-water d e f i c i t  was a  consequence of an increase  i n  t h e  

d i f f u s i v e  r e s i s t a n c e  t o  gas  exchange and not  of a  change i n  apparent  

mesophyll r e s i s t a n c e .  

The high pho tosyn the t l c  e f f i c i e n c y  of groundnut c u l t i v a r s  a s  

compared wi th  c e r t a i n  o t h e r  C3 spec ies  was assoc ia ted  wi th  the  g r e a t e r  

conductance of carbon dioxide  through t h e i r  upper leaf  su r faces  

( P a l l a s ,  1980). Brown (1969) suggested t h a t  any at tempt t o  c a l c u l a t e  

t h e  photosynthet lc  r a t e  of a  l ea f  should include the  components of 

l e a t  r e s i s t a n c e  t o  Carbon dioxide  d i f f u s i o n .  Al len  e t  a l . ,  (1976) 

found t h a t  stomatal  r e s i s t a n c e  increased t o  a  maximum of 10 seconds 

p e r  cm a f t e r  17 days drought i n  cond i t ions  of high evaporative demand 

compared t o  2 seconds per  cm i n  t h e  i r r i g a t e d  p l o t s ,  thus  i n d i c a t i n g  

reduced stomatal  opening. 

Fac to r s  a f f e c t i n g  s tomatal  r e s i s t a n c e :  

The s t a t u s  of stomata i n  a  p l a n t  o r  leaf  was dynamic and changes i n  

response t o  many environmental f a c t o r s  and endogenous f a c t o r s .  

Light :  The t o t a l  r e s i s t a n c e  of t h e  l ea f  follows a  d i u r n a l  p a t t e r n  of 

behavlour. Higher r e s i s t a n c e  during t h e  per iods  of darkness and lower 

r e s i s t a n c e s  during t h e  per iods  of l i g h t .  Stomata1 r e s i s t a n c e  has been 

shown t o  be a d e f i n i t e  func t ion  of l i g h t  i n t e n s i t y  (Ehr le r  and Van 

Bavel, 1968; Kanemasu and Tanner, 1969). Turner (1970) repor ted  

t h a t ,  i n  well-watered crops ,  l i g h t  was a  primary determinant of 

stomata1 r e s i s t a n c e .  Kanemasu and Tanner (1969) showed l i g h t  



s a t u r a t i o n  of s tomata l  opening a t  1% of f u l l  s u n l i g h t  while Kuiper 

(1961) observed s a t u r a t i o n  around 10% of sun l igh t  equivalent .  

However, mild s t r e s s  seems t o  inc rease  t h e  l i g h t  s a t u r a t i o n  values  f o r  

s tomata l  opening (Hansen, 197 1 ) .  Brown and Rosenberg (1970) repor ted  

t h a t  t h e r e  was a  l ack  of dependence between l ea f  age and stomatal  

r e s i s t a n c e  and t h e  amount of leaf  i l l umina t ion  con t ro l l ed  t h e  stomatal  

r e s i s t a n c e .  Small r educ t ion  of i r r ad iance  was s u f f i c i e n t  t o  cause an  

apprec iab le  decrease  i n  s tomata l  conductance i n  groundnut (Black and 

Squire ,  1979). 

Leaf Surface:  Conductance t o  gaseous t r a n s f e r  was normally considered 

t o  be g r e a t e r  from t h e  abax ia l  than from t h e  adax ia l  s i d e  of a  l e a f .  

Measurements of t h e  conductance t o  water  vapor of groundnut leaves  

under we l l  watered and s t r e s s  cond i t ions  ind ica ted  a 2-fold higher 

conductance from t h e  adax ia l  s i d e  of the  l ea f  than from . t h e  abaxia l  

( P a l l a s ,  1 9 8 ~ ) .  

Canopy Depth: Kanemasu and Tanner (1969) had shown t h a t  t h e  upper 

l eaves  i n  t h e  canopy had a  lower stomatal  r e s i s t a n c e  than from the  

bottom leaves .  They bel ieved t h i s  was due, i n  p a r t ,  t o  a  

phys io log ica l  adap ta t ion ,  which allowed t h e  young mer is temat ic  

p o r t i o n s  of t h e  p l a n t  t o  continue photosynthes is ,  a t  t h e  expense of 

t h e  o l d e r  leaves .  I n  c o n t r a s t ,  ~ t e k e n s o n  and Shaw (1971) found t h a t  

t h e  o v e r a l l  r e s i s t a n c e  of t h e  leaf  was always g r e a t e r  f o r  t h e  leaves  

i n  t h e  middle of t h e  canopy than f o r  t h e  leaves  i n  t h e  upper surface  

of t h e  canopy. 

A i r  Temperature : Dale (1961) showed stomata1 opening 



a i r  temperature. This was e s p e c i a l l y  evident  i n  t h e  stomata on upper 

su r race  of t h e  l e a f .  This r e l a t i o n s h i p  held only when the  s o i l  

moisture supply was adequate. I n  leaves  wi th  low r e l a t i v e  water 

con ten t ,  t h e  e f f e c t s  of water s t r e s s  tended t o  overr ide  those due t o  

o t h e r  f a c t o r s .  Hsiao (1975),concluded t h a t  the  d i r e c t  e f f e c t  of a few 

degrees of change i n  temperature on stomata would not  be pronounced, 

un less  t h e  change occurred a t  t h e  two extremes of the  growing 

temperature range. But t h e  i n d i r e c t  e f f e c t  of the  temperature on 

stomatal  a p e r t u r e  was considered important. For example, a  s teep 

g rad ien t  of water vapor concen t ra t ion  from leaf  t o  a i r ,  brought about 

by a r i s e  of a few degrees i n  leaf  temperature, may acce le ra te  

t r a n s p i r a t i o n  and cause a water d e f i c i t  i n  t h e  leaf  s u f f i c i e n t  t o  

partially c lose  stomata. 

Leaf Water D e f i c i t :  Leaf-water d e f i c i t  was another f a c t o r  a f f e c t i n g  

s tomatal  a p e r t u r e  and leaf  r e s i s t a n c e  t o  gas exchange. Water d e f i c i t s  

can c l e a r l y  e x e r t  a  d i r e c t  e f f e c t  on t h e  stomatal  ape r tu re  by t h e i r  

e f f e c t  on t h e  r e l a t i v e  and abso lu te  tu rgor  l e v e l s  i n  guard c e l l s  and 

surrounding c e l l s  (Al lerup,  1961; Ehlig and Gardner, 1964; Meidner, 

1955; S t a l f e l t ,  1961). Transp i ra t ion  r a t e s  were control led  by leaf 

r e s i s t a n c e s .  Decreases i n  t r a n s p i r a t i o n  with the  onset  of water 

s t r e s s ,  under constant  microclimatic condi t ions ,  were caused by 

inc reases  i n  leak r e s i s t a n c e s  (Baker and Musgrave, 1964). 

Brix (1962) suggested t h a t  water s t r e s s  e f f e c t s  in£ luenced 

d i f f u s i v e  r e s i s t a n c e  through stomatal  opening o r  by con t ro l l ing  the  

d i f f u s i o n  r a t e  of Carbon dioxide through the  mesophyll c e l l s .  Ehr ler  

and Van Bavel (1967) noted t h a t  leaf  r e s i s t ance  values were 



considerably  higher  throughout t h e  day under low s o i l  mois ture  

cond i t ions .  This  h igher  leaf  r e s i s t a n c e  was a t t r i b u t e d  t o  an  i n t e r n a l  

water d e f i c i t  s t rong  enough t o  counteract  t h e  stomatal  opening e f f e c t  

of l i g h t .  Kanemasu and Tanner (1969) repor ted  t h a t  f o r  snapbeans t h e  

adax ia l  and a b a x i a l  surf  ace of the  leaf  respond d i f f e r e n t i a l l y  t o  

water  d e f i c i t s  i n  t h e  leaves wi th  t h e  adax ia l  su r face  being more 

responsive .  Brady e t  a l . ,  (1975) repor ted  t h a t  the  adax ia l  stomata of 

soybeans were more responsive than t h e  abax ia l  t o  , changes i n  

8011-water content .  With v a r i a t i o n  i n  s a t u r a t i o n  d e f i c i t  between 1.5 

and 3.0 K Pa a t  h igher  i r r a d i a n c e s ,  3-4 f o l d  changes i n  l ea f  

conductance occurred i n  we1 1-watered groundnut p lan t  s  while t h e  

s tomatal  response was g r e a t l y  reduced o r  absent i n  u n i r r i g a t e d  p l a n t s  

i n  which s tomatal  conductances were reduced  lack and Squire ,  1979). 

Re la t rve  Humidity: Low atmospheric humidity could cause some stomatal  

c losure .  E a r l i e r  evidence ind ica ted  t h a t  t h e  humidity e f f e c t  i s  

i n d i r e c t  and mediated through an acce le ra ted  t r a n s p i r a t i o n  and a 

r e s u l t a n t  poor leaf-water balance (Meidner and Ramsfield, 1968). 

La te r  d a t a  showed t h a t  i n  some spec ies  a low abso lu te  humidity causes  

s tomatal  c l o s u r e  t h a t  was independent of the  bulk water s t a t u s  of the  

l e a r  (Lange e t  a l . ,  1971; Schulze e t  a l , ,  1972). 

2.1.8.3 Leaf-water P o t e n t i a l  

Importance of Leaf-Water P o t e n t i a l :  

The water p o t e n t l a 1  of p lan t  t i s s u e  has become a standard means of 

express ing plant-water status.There was no un ive rsa l  r e l a t i o n s h i p  



between plant-water stress and soil-moisture level because while water 

absorption was mostly dependent on soil and plant factors, water loss 

through transpiration was dependent mainly on plant and meteorological 

parameters. Plant-water balance depends rather on the relative rates 

of water absorption and water loss rather than on the level of soil 

moisture or atmospheric demand alone. An insufficient understanding 

of this principle might lead to major misinterpretation of plant-water 

relationships and of irrigation experiments with crops grown in the 

field under conaitions of severe moisture stress. This might be 

supported by the work of Letey and Peters (1957) who had found that 

the total amount of water used by maize could not be taken as a 

reliable criterion for yield responses of this crop because the soil 

water absorbed was closely related to the climatic conditions 

prevailing during each growing season. 

Denmead and Shaw (1962) reported that the soil moisture at which 

the relatlve transpiration rate decreased varied from 23% (soil 

moisture by volume) when the potential transpiration rate was 1.4 mm 

per day to 34% when the potential transpiration rate exceeded 6 mm per 

day. Hence, there was a great need to closely monitor the plant-water 

status in relation to soil-water conditions and atmospheric demand. 

Rawllns and Raats (1975) reported that many plant processes were 

sensitive to water stress that redvced leaf-water potential by less 

than -10 bars. Groundnut could maintain a higher leaf water content 

in dry sol1 and could continue to carry on photosynthesis at a lower 

lear water content than barley, wheat and soybeans (Iyama and Muratha, 

1961a). 



Johnson et al., (1974) reported that the rate of net 

photosynthesis and transpiration of both leaves and ears of barley and 

wheat decreased linearly with decreasing leaf-water potential. 

Sullrvan and Brun (1975) showed that, under water stress, soybeans 

exhibited lower leat-water potentials and photosynthetic rates. Clark 

and Hiler (1973) showed that leaf-water potential was more responsive 

to changes in plant-water status than either leaf-diffusion resistance 

or lear-air temperature differential. Bennett et al., (1981) reported 

that in the field tests, zero turgor potential occurred at leaf water 

potentla1 of - 1.6 M Pa and concluded that water relations of 

grounanut were similar to other crops with no unique drought 

resistance mechanism. 

Factors Affecting Leaf-Water Potential: 

The base level of water potential on any day for a given species will 

vary according to age or stage of growth, the prehistory, and the 

external enviroumental conditions prevailing, i.e. soil-water 

potentral. Superimposed upon this base level of water potential is a 

diurnal variation in response to the external environment. This 

diurnal response was caused by the lag of absorption of water behind 

transpiration. Transpiration was governed by atmospheric factors such 

as radiation, air temperature, relative humidity and wind speed, and 

water absorption was governed partly by soil factors including water 

content and unsaturated conductivity. 

Klepper (1968) measured the diurnal variation in water potential 

of leaves and roots and found that the daily variations in plant-water 

status were closely related to radiation load, or stress, while at 



nigh t  t h e  plant-water p o t e n t i a l  r e f l e c t e d  t h e  soil-water s t a t u s .  

These r e s u l t s  i n d i c a t e  t h a t  during t h e  day, r o o t s  could not  absorb 

water f a s t  enough t o  rep lace  t h a t  l o s t  by t r a n s p i r a t i o n ,  even a s  t h e  

p o t e n t l a l  g r a d i e n t  increased.  

Waring and Cleary (1967) showed t h a t  wi th  adequate s o i l  water,  

plant-water p o t e n t l a l  reached - 20 ba r s ,  even when s o i l s  were near 

f i e l d  capac i ty  i f  t h e  r a d i a t i o n  load was suf f i c i e n t l y  high. Reicosky 

e t  a l . ,  (1975) a l s o  ind ica ted  t h a t  leaf-water p o t e n t i a l  of soybeans 

was c l o s e l y  r e l a t e d  t o  t h e  d i u r n a l  change of incoming energy. The 

minimum va lue ,  which occurred dur ing t h e  peak r a d i a t i o n  load,  or  

s t r e s s ,  was dependent on s o i l - m a t r i c  p o t e n t i a l  and s t age  of 

development. Their  r e s u l t s  demonstrate the  need t o  eva lua te  t h e  

in f luence  of environmental and assoc ia ted  physiological  processes.  

Smart and Barrs  (1973) descr ibed empir ica l  r e l a t i o n s h i p s  between 

leas-water p o t e n t l a l  and r a d i a t i o n ,  temperature,  and s a t u r a t i o n  vapor 

d e f i c i t  by mul t ip le  r egress ion  ana lys i s .  The i r  model accounted f o r  up 

t o  96% of t h e  d i u r n a l  v a r i a t i o n  i n  leaf-water p o t e n t i a l .  For a l l  

spec ies ,  i n s o l a t l o n  was t h e  important  environmental parameter. 

S t a n s e l l  e t  a l . ,  (1973) concluded t h a t  clouds can cause s i g n i f i c a n t l y  

d i f f e r e n t  changes i n  plant-water s t a t u s  i n  a s h o r t  time. Therefore,  

they cautioned t h a t  c a r e  should be taken t o  sample d i f f e r e n t  

t r ea tments  under comparable r a d i a t i o n ;  

Leaf T e m ~ e r a t u r e  : - 
Leaf temperature p lays  a major r o l e  on t h e  c los ing and opening of 



stomata and thereby fluctuations in the transpiration. A steep 

gradient of water vapor concentration from leaf to air, brought about 

by a rise of a few degrees in leaf temperature, might accelerate 

transpiration and cause a water deficit in the leaf sufficient to 

partially close stunata (Hsiao, 1975). The leaf temperatures were 

influenced by the moisture stress on the plant at various phenological 

phases, air temperature, relative humidity, wind velocity etc. 

2.2 SOIL ENVIRONMENT GROUNDNUTS 

2.2.1. Water Relations and Water Loss 

It was well accepted that as available soil water decreases, sooner or 

later plants find it more difficult to extract moisture, and the rate 

of uptake fell below the plant's potential for using it. 

A number ot studies on the pattern of changes in moisture loss in 

grounanuts with increasing moisture stress had been done. Slatyer 

(1955) examined the ratio of Et/EO 0.75 as moisture levels declined 

from field capacity to zero available soil moisture. He found a 

straight line relationship starting at a ratio value of 1.8 and 

approaching zero as available soil moisture did the same. Thus if Eo 

remained conetant, ET would have declined proportionately to moisture 

availability in the profile. 

Wormer and Ochs (1959) obtained a different relationship. They 

found that ae soil moisture decreased, transpiration remained conetant 

until a critical value was reached, the value depending on climate. 

Transpiration then declined to soil pF 4.2, at which point relative 



t r a n e p i r a t i o n  wae s t i l l  66% of the  maxirmun. 

These two s e t s  of r e s u l t s  d i sagree  both i n  t h e  p a t t e r n  of 

t r a n s p i r a t i o n  changes a s  s t r e s s  inc reases  and i n  t h e  r a t e  of 

t r a n s p i r a t i o n  a t  low moisture l eve l s .  The s o i l  used by S l a t y e r  had a  

narrow a v a i l a b l e  moieture range and t h i s  could mean t h a t  t h e  c r i t i c a l  

p o i n t  desc r ibed  by Wormer and Ochs would not be easy t o  de tec t .  

The second po in t  of d i f f e r e n c e  probably r e s u l t s  from the  use by 

Wormer and Ochs of one f i g u r e  (pF 4.2) t o  desc r ibe  t h e  moisture s t a t u s  

of t h e  s o l l .  There would i n  f a c t  be a  range of wetness i n  t h e  s o i l ,  

d r i e r  a t  the  su r face  and more moist a t  depth,  wi th  t h i s  region 

supplying mois ture  f o r  the  cont inuing t r a n s p i r a t i o n .  

Bhagsari e t  a l . ,  (1976) i n  glasshouse work found an inc rease  i n  

d i f f u s i v e  r e s i s t a n c e  a f t e r  withholding water f o r  two days,  and t h a t  

a t t e r  s i x  days s t r e s s  r e l a t i v e  leaf  water content  was only 30-38% of 

t h a t  a t  f u l l  t u r g i d i t y ,  f a r  l e s s  than experienced i n  t h e  f i e l d .  Even 

then i t  was considered t h a t  stomata were not  f u l l y  closed s ince  

d i f f u s i v e  r e s i s t a n c e  t o  water vapor increased f u r t h e r  a t  n ight .  

Groundnuts thus  d id  not  have complete stomata1 con t ro l  over 

t r a n s p i r a t i o n  l o s s  but some e x t r a  r e s i s t a n c e  t o  mois ture  l o s s  was 

achieved through t h e  capaci ty  of the  p lan t  t o  f o l d  and o r i e n t  i t s  

l eaves  p a r a l l e l  t o  t h e  incoming rad ia t ion .  

2.2.2 Water use 

Water use can be considered from the  point  of view of t o t a l  crop use,  

and p a t t e r n s  of use  throughout the  growing season. 



2.2.2.1 To ta l  Uae 

To ta l  water use w i l l  be a f fec ted  by c l i m a t i c ,  agronomic, v a r i e t a l ,  and 

mois ture  a v a i l a b i l i t y  f a c t o r s .  The f i g u r e s  presented hereunder were 

t h e r e f o r e  of i n t e r e s t  only i n  so  f a r  a s  o rde r s  of magnitude were 

concerned but g ive  some i n d i c a t i o n  of t h e  crop '  s requirements. 

Panabokke (1959) quoted evapo t ransp i ra t ion  from a  110 day crop of 

grounanuts grown between October and January a s  being 404 mm, while i n  

a  1 Z b  day crop,  Kassam e t  a l . ,  (1975) i n  Samaru, Nigeria measured 

water  use a t  438 mm, wi th  a  mean Et/Eo r a t i o  from sowing t o  harves t  of 

0.74. 

Charoy (1974) i n  Senegal, us ing a  longer season v a r i e t y  of 148 

days dura t ion  measured water usage of 510 mm i n  a  year wi th  normal 

r a i n f a l l  on a  t r o p i c a l  fer ruginous  s o i l  of dune o r ig in .  This compared 

t o  344 mm evaporation from t h e  ba re  s o i l  over t h e  same period.  

Levels of i r r i g a t i o n  could have a  major e f f e c t  on t h e  amount of 

water used, Mohmed A l i  e t  a l . ,  (1974) measured moisture usage of 

groundnuts i r r i g a t e d  whenever mois ture  a v a i l a b i l i t y  dropped t o  60% of 

t o t a l  a v a i l a b l e  a t  30 cm depth,  a t  530 mm. When i r r i g a t i o n  was not 

undertaken u n t i l  moisture a v a i l a b i l t i y  dropped t o  zero,  the  usage 

dec l ined  t o  293 uxm. 

Cheema e t  a l . ,  (1974) measured consumptive use values  from 337 mm 

i n  a  non- i r r igated con t ro l ,  t o  597 mm i n  a  p l o t  i r r i g a t e d  a t  40% 

mois ture  dep le t ron ,  while Mantell and Golden (1964) observed usage of 

from 403 t o  687 mm wi th  the  optimum around 515 mm. Evapotranspirat ion 

requirement of groundnut was highest  (560 mm) a s  compared t o  o t h e r  



crops  dur ing t h e  win te r  season (Anand Reddy e t  a l . ,  1980). 

It would seem from these  r e s u l t s  t h a t  an upper l i m i t  of 600 m 

could g e n e r a l l y  be put on t h e  t o t a l  mois ture  requirements f o r  a  

groundnut crop,  whi le  some y i e l d  could be obtained wi th  l e s s  than ha l f  

of t h i s  amount. Since these  f i g u r e s  do not  take i n t o  account 

i n e t f  i c i e n c i e s  i n  r a i n f a l l  d i s t r i b u t i o n ,  seaeonal r a i n f a l l  l e v e l s  

considerably  higher  than 600 mm would normally be needed t o  ensure 

t h a t  a  crop was adequate ly  supplied wi th  mois ture ,  e s p e c i a l l y  under 

t r o p i c a l  cond i t ions .  

2.2.2.2 P a t t e r n s  of Water Use 

Of g r e a t e r  s i g n i f i c a n c e  than t h e  t o t a l  water uee was t h e  p a t t e r n  of 

demand throughout t h e  season, s ince  h ighes t  y i e l d s  would be obtained 

only i f  the  water  supply genera l ly  matched t h e  requirements of the  

crop i n  i t s  v a r i o u s  growth phases. 

Davidson e t  a l . ,  (1973) had proposed a  model f o r  water use by 

groundnuts i n  t h e  US which showed under US cond i t ions  a  sharply  peaked 

p a t t e r n  of water use  per  day ( E t )  which reaches a  maximum midway 

through t h e  growth of the  crop; and a  l e s s  sharply  peaked p a t t e r n  of 

p o t e n t l a l  evapo t ransp i ra t ion  (Eo). From emergence onwards, t h e  a c t u a l  

water use p rogress ive ly  approaches p o t e n t i a l  use u n t i l  they become 

equal  about midway through the  growth of the  crop,  when presumably the  

canopy had c losed  over. From then on a c t u a l  and p o t e n t i a l  water uee 

remained equal  t o  each o the r  u n t i l  harves t .  



Resu l t s  of S t a n s e l l  e t  a l . ,  (1976) i n  Georgia agree  genera l ly  

wi th  t h i s  p a t t e r n . o f  water use but had shown v a r i a t i o n s  i n  the  t h r e e  

v a r i e t r e s  t e s t e d .  Recommendations f o r  watering groundnuts i n  t h e  

Gezira  scheme a l s o  followed t h i s  p a t t e r n ,  al though the  amounts 

involved were much higher  than i n  t h e  US and range from 4.4 mm per day 

a t  emergence i n  mid-June t o  a  maximum of 7.6 mm i n  mid September 

d e c l i n i n g  t o  3.6 mm i n  mid November a t  ha rves t .  

Work i n  Zimbabwe (Metelerkamp, 1975) had demonstrated t h a t  a l l  

t h e  v a r i e t i e s  reached t h e  maximum Et/Eo r a t i o  a t  about ha l f  way 

through t h e r r  growth per iod and remained t h e r e  u n t i l  j u s t  before  

ha rves t  when t h e  r a t i o  dropped s l i g h t l y ,  presumably due t o  senescence. 

The p a t t e r n  of water use could be modified by leaf d i seases .  

Kassam e t  a l . ,  (1975) i n  Niger ia  showed an Et/Eo p a t t e r n  which reached 

a  maximum, then decl ined r a p i d l y  following a  heavy a t t a c k  of 

cercospora  l e a t  spot .  

For annual c rops ,  dry mat te r  production was i n  most cases  

l i n e a r l y  r e l a t e d  t o  evapo t ransp i ra t ion  but the  func t ion  was displaced 

from t h e  o r i g i n .  This r e s u l t e d  i n  inc reas ing  water use e f f i c i e n c y  

being maximum a t  maximum ET and dry mat te r  production.  

2.2.3 Moisture S t r e s s  and S o i l  Temperature 

S o i l  temperature,  p a r t i c u l a r 1  y  the  extremes, in£  luenced the  

germinatLon of t h e  seed, t h e  func t iona l  a c t i v i t y  of roo t s ,  t h e  r a t e  

and d u r a t i o n  of p l a n t  growth, and t h e  occurrance and s e v e r i t y  of p lan t  

d i s e a s e s .  The su r face  s o i l  temperature,  i n  p a r t i c u l a r  was influenced 

by t h e  SOIL mois tu re  content .  The temperature of a  bare  s o i l  surface  



f l u c t u a t e d  i n  phase wi th  inc iden t  r a d i a n t  energy, t h e  amplitude of 

d i u r n a l  f l u c t u a t i o n  being a f f e c t e d  by t h e  r a d i a t i o n  i n t e n s i t y ,  s o i l  

r e r l e c t i v i t y ,  and s o i l  moisture content .  Pene t ra t ion  of the  

temperature wave i n t o  t h e  s o i l  was determined by t h e  r a t e  a t  which 

h e a t  was t r a n s f e r r e d  i n t o  t h e  s o i l  and t h e  temperature r i s e  t h a t  t h i s  

hea t  produced. These vary wi th  the  s o i l  type ,  t i l l a g e  and moisture 

con ten t  (Sivakumar, 1978). 

S o i l  temperature was repor ted  t o  a f f e c t  t h e  groundnut y i e l d s  

markedly. Some of t h e  b e s t  y i e l d s  were repor ted  from Rhodesia, Malawi 

and they were a t t r i b u t e d  t o  favourable  s o i l  temperature bes ides  o the r  

favourable  cond i t ions  (Kanwar e t  a l .  1983). Unfortunately,  t h e r e  was 

l i t t l e  experimental  evidence i n  Ind ia  about t h e  e f f e c t  of temperature 

on t h i s  crop. A study conducted on black s o i l s  i n  Raichur (Karnataka) 

showed t h a t  f a i r l y  high temperature of s o i l  a t  5 cm depth  during t h e  

months of August-October a f f e c t e d  t h e  crop y i e l d s  favourably.  The 

high temperature,  perhaps helped t h e  crop i n  geo t rop ic  a c t i o n  of the  

gynophores and o t h e r  developmental a c t i v i t i e s .  However, on t h e  o t h e r  

hand i t  was observed t h a t  a long drought s p e l l  i n  any of t h e  t h r e e  

months had a det r imenta l  e f f e c t  on t h e  crop. It seems t h a t  s o i l  

temperature e f f e c t  on y i e l d  needs c r i t i c a l  eva lua t ion  (Kanwar e t  a l . ,  

1983). 

Ono e t  a l . ,  (1974) repor ted  t h a t '  t h e  time of i n i t i a t i o n  and r a t e  

of pod development were markedly a f f e c t e d  by s o i l  temperature i n  t h e  

podding zone. Optimum s o i l  temperature was found t o  be 31-33 C ,  

minimum s o i l  temperature 15-17 C and maximum 37-39 C. Optimum s o i l  

mois ture  con ten t  was 40%. 



S o i l  h e a t i n g  by mulching w i t h  t r a n s p a r e n t  po lye thylene  inc reased  

B O L L  t empera tu re s  k i l l i n g  t h e  pathogens and a l s o  r e s u l t e d  i n  enhanced 

p l a n t  growth and increased  c o n c e n t r a t i o n  of o rgan ic  ma t t e r  and 

m i n e r a l s  (Chen and Katam, 1980). 

L i t e r a t u r e  on t h e  v a r i a t i o n  of s o i l  t empera ture  and i t s  e f f e c t  on 

t h e  seed y i e l d  and dry  ma t t e r  product ion ,  when mois ture  s t r e s s  was 

imposed on groundnut c rop  a t  d i f f e r e n t  phenologica l  phases,  was very 

meagre. 

2.2.4 ~ o i s t u r e  S t r e s s  and S o i l  P e n e t r a t i o n  Res i s t ance  

&roundnuts  had an  unusual  r e l a t i o n s h i p  w i t h  s o i l  i n  t h a t  s o i l  must 

supply  water  t o  r o o t s  and a l s o  must a l low p e n e t r a t i o n  of t h e  

gynophore. It was c e r t a i n  t h a t  t h e  t u r g o r  of e longa t ing  c e l l s  i n  t h e  

gynophore s u p p l i e s  f o r c e  f o r  t h e  p e n e t r a t i o n  p roces s  so  t h a t  pegging 

might be sensitive t o  s o i l  water  l e v e l s  i n  t h e  r o o t i n g  zone ( ~ l e p p e r ,  

1973).  The gynophore must e n t e r  t h e  s o i l  f o r  f r u i t i n g  t o  occur  and 

hence,  t h e  p h y s i c a l  c o n d i t i o n  of t h e  s o i l  was of importance,  s i n c e  t h e  

gynophores were a b l e  t o  e x e r t  a  f o r c e  equ iva l en t  t o  only  3 o r  4 gm on 

t h e  s o i l  (Underwood e t  a l . ,  1971). Thus mechanical r e s i s t a n c e  such a s  

might be exper ienced  i n  a  dry s o i l  was a  problem. I f  t h e  developing 

pod i n  t h e  s o i l  was subjec ted  t o  s o i l ' s  r e s i s t a n c e  due t o  water  

s t r e s s ,  pod development could be i n h i b i t e d .  

I n  t h e  absence of excess ive  mechanical r e s i s t a n c e ,  pods could 
; 

o l e r a t e  mo i s tu re  l e v e l s  down t o  15 ba r s  t e n s i o n  without  i l l  e f f e c t s  

n t h e  productivity of ke rne l s .  They could no t  t o l e r a t e  a i r  d ry  s o i l ,  

ven i f  t h e  r e s t  of t h e  p l a n t  was w e l l  watered. It  seems t h a t  under 



these  cona i t ions  t h e  p l a n t  could not  t r a n s f e r  enough moisture f o r  t h e  

development needs of t h e  pods. Groundnut s  grown i n  compacted s o i l  

showed a decrease i n  y i e l d  wi th  inc rease  i n  s o i l  s t r eng th .  

G a b r i i l ~ d e s  and A k r i t i d i s  (1971) repor ted  t h a t  s o i l  pressure  

s i g n i f i c a n t l y  a f f e c t e d  speed of emergence. 

2.3 Climate Radia t ion Balance 

2.3.1 Climate and Yield V a r i a b i l i t y  

Groundnut was one of t h e  important legume crops of the  semi-arid 

t r o p i c s  (SAT) which were charac te r i sed  by a high c l i m a t i c  water demand 

and by a v a r i a b l e  and e r r a t i c  r a i n f a l l .  I n  semi-arid Ind ia  moderate 

o r  worse droughts were l i k e l y  t o  occur one year i n  every four. The 

problem e s s e n t i a l l y  involves balancing o r  matching, over time, the  

d iscont inuous  water supply wi th  t h e  continuous atmospheric-evaporative 

demand, The r e s u l t a n t  water s t r e s s ,  t h e  i n t e n s i t y  and dura t ion  of 

which va r i ed  from season t o  season, a f f e c t s  almost a l l  physiological  

response t h a t  were observed, and t h e i r  r e l a t i v e  importance i n  crop 

productivity vary wi th  spec ies ,  s o i l  type ,  n u t r i e n t s  and c l ima te ,  but 

t h e r e  were genera l  f e a t u r e s  t h a t  could be i d e n t i f i e d  and 

q u a n t i t a t i v e l y  modeled (Sivakumar e t  a l . ,  1982). 

For a r a i n  grown groundnut crop t o  have a cons i s t en t  l e v e l  of 

y i e l d ,  t h e  water supply must be r e l a t e d  t o  t h e  p l a n t ' s  requirements i n  

a constant  manner from year t o  year. Thus both t o t a l  r a i n f a l l  and i t s  

w i t h i n  season d i s t r i b u t i o n  would need t o  be s i m i l a r  over the  years .  

Var ia t ions  i n  d i s t r i b u t i o n  wi thin  a season had resu l t ed  i n  t h e  

-anomalous situation of higher y i e l d s  being sometimes produced i n  years  



>f lower r a i n f a l l  (Sindagi  and Reddy, 1968). Liu (1973) observed t h a t  

ntmoepheric c o n d i t i o n s  had a g r e a t e r  e f f e c t  than s o i l  moisture on 

plant  water  balance.  

Bhargava e t  a l . ,  (1974) accounted f o r  89% of y i e l d  v a r i a t i o n  over 

four  r eg ions  i n  I n d i a  a s  being due t o  r a i n f a l l  v a r i a b i l i t y  in  the  

kugust-December growing period.  Contrary t o  t h i s ,  McCloud (1977) 

3bserved t h a t  only 3% of y i e l d  v a r i a t i o n  was due t o  weather condi t ions  

i u r i n g  crop growth a t  F lo r ida .  

Thus, a s  would be expected from a crop w i t h  a range of types and 

grown over a wide geographic a r e a ,  t h e r e  was a wide v a r i a t i o n  i n  

c l l m a t i c  response from year  t o  year  and season t o  season. The 

d e t a i l e d  reasons  f o r  these  v a r i a t i o n s  need t o  be understood, aad 

e i t h e r  allowed f o r  o r  t h e i r  causes counteracted.  

2.3.2 Moisture S t r e s s  and Albedo 

The measurements of r e f l e c t e d  r a d i a t i o n  i n  an experiment where a 

grounanut crop was subjected t o  mois ture  s t r e s s  a t  d i f f e r e n t  

phenological  phases showed t h a t  t h e  albedo (pe rcen t  of r e f l e c t e d  

r a d i a t i o n )  was always more i n  t h e  t rea tment  wi th  severe  s t r e s s  a s  

compared t o  no s t r e s s  t rea tments .  Under cond i t ions  of mois ture  s t r e s s  

t h e  groundnut crop would show adap ta t ions  t h a t  would enable i t  t o  

reduce the  energy load on t h e  crop by'means of r e f l e c t i n g  more l i g h t  

away from t h e  crop canopy (Sivakumar e t  a1 . , 1982). 

2.3.3 Moisture s t r e s s  and n e t  r a d i a t i o n  

I n  terms of t h e  energy balance of t h e  crop t h e  ne t  r a d i a t i o n  would 

a l s o  be lower i n  t h e  case  where the  groundnut crop was under moisture 



s t r e s s .  Thie observat ron was a l s o  t r u e  i n  t h e  case  of a  sorghum crop 

t h a t  was grown under l imi ted  water supply. Measurements of n e t  

radiation above t h e  crop a l s o  showed t h a t  on a  d i u r n a l  b a s i s  t h e  

i r r i g a t e d  sorghum crop in te rcep ted  about 31 langleys  of ne t  r a d i a t i o n  

t h a t  corresponded t o  approximately 0.5 mm of water (Sivakumar e t  a l .  

1979). These d a t a  r e f l e c t  t h e  a b i l i t y  of t h e  crop t o  e x t r a c t  more 

water  from t h e  s o i l  i n  the  i r r i g a t e d  t rea tment  a s  compared t o  the  

non- i r r igated mois ture  s t r e s s  t rea tment  (Sivakumar e t  a l . ,  1982) .  



hllATERI A L S  AND hlETHODS 



3. MATERIALS AND METHODS 

The exper iments  were conducted i n  t h e  r a i n y  season 1982 and p o s t r a i n y  

season  1982-83 on a  medium deep Alf is01 ( f i n e ,  c layey  mixed Udic 

~ h o d u s t a l f )  a t  t h e  I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  t h e  

Semi- Ar id  T r o p i c s  (ICRISAT), Pa tancheru ,  Andhra Pradesh (17O32' La t ,  

78'16'E Long). 

3.1 Soil Ana lys i s  

The s o l 1  i s  w e l l  d r a i n e d  and has  an  e s t ima ted  t o t a l  mois ture  hold ing  

c a p a c i t y  of 254 uun i n  a  127 cm deep p r o f i l e .  Some s o i l  chemical 

characteristics of t h e  f i e l d ,  RCE3B, were l i s t e d  i n  Table  2. The s o i l  

a n a l y s i s  was done i n  t h e  ICRISAT Routine A n a l y t i c a l  l a b o r a t o r y .  

Table  2. S o i l  chemical  p r o p e r t i e s  by dep th  increments  of t h e  
exper imenta l  p l o t .  

O r w v O O O O O O O O O O O o o O O O O o O O o o o O o O O O O o O O O O O O o o o o o o o o o o o o o o o o o o o o o o o o  

Depth PH EC Ava i l ab l e  Organic 
(cm) . (m mhos/cm) (O l son ' s )  P carbon (%)  

3.2 Seasonal  Weather 

The me teo ro log ica l  d a t a  f o r  t h e  1982 r a i n y  season  (June t o  October)  

and 1982-83 p o s t r a i n y  season  (November t o  March) were presented  i n  

Tab le s  3  and 4. 



Table 3.  Meteorological  parameters during t h e  1982 r a iny  season. .................................................................................. 
Temperature ( Oc) RH % 

R a i n f a l l  (m) ------------------- Pan ------------- Sun S o l a r  
Month Normal** 1983 Evapo- 0717 1417 Wind Shine Radi- .................................. r a t i o n  h r s  h r s  Kmph ( h r )  a t i o n  

Normal* 1982 Man Min Max Min (nun) M J / ~ ~  

June 115 193 34 24 34.3 24.1 265.5 77.3 49.4 17.2 5.5 18.50 
July 171 155 30 22 31.2 22.6 212.7 84.5 57.5 16.1 5.9 18.46 
~ u g u s t  156 69 29 22 30.0 22.5 179.2 86.2 60.5 13.5 4.2 16.78 
Sept. 181 180 30 22 29.7 21.9 137.9 92.0 65.0 6.4 5.5 17.29 
O c t .  67 59 30 20 30.3 19.8 148.9 89.4 49.8 5.8 8.3 18.21 

Table 4. Meteorological  parameters dur ing  the  1982-83 pos t r a iny  season. 

Temperature ( OC) RH % 
Rain fa l l  (m) ------------------- Pan ------------- Sun So la r  

Elonth Normal** 1982-83 Evapo- 0717 1417 Wind Shine Radi- .................................. r a t i o n  h r s  h r s  Krcph ( h r )  a t i o n  
Normal* 1982 Plan Hin Max Min ( m u d  ~ ~ / r n 2  

Nov. 82 23 0 29 16 28.5 17.3 132.3 90.9 49.1 7.6 8.1 16.95 
Dec. 82 6 0 28 13 28.2 13.2 149.2 92.2 40.3 6.4 9.4 16.45 
Jan. 83 6 0 29 15 28.8 13.1 169.9 85.8 33.4 6.6 10.0 18.67 
Feb. 83 11 0 31 17 32.3 17.0 210.5 75.1 26.6 ,8.3 10.1 20.87 
Mar. 83 13 0 35 20 36.5 19.9 303.9 61.1 22.5 8.2 10.3 22.52 

*. Based on 1901-70 r a i n f a l l  da t a .  
**. Based on 1931-60 Temperature da t a .  



3.2.1 R a l n f a l l  Amount and D i s t r i b u t i o n  

Rainy season: The t o t a l  amount of r a i n f a l l  recorded was 656 mm which 

was 5% l e s s  than t h e  normal r a i n f a l l  of 690 mm f o r  the  period from 

June t o  October 1982. Only during June 1982, t h e  r a i n f a l l  was more 

than t h e  normal r a i n f a l l  f o r  the  month. 

Post ra iny season: No r a i n f a l l  was received from November 82 t o  March 

83 a s  aga ins t  a t o t a l  normal r a i n f a l l  of 59 mm during the  same period. 

3.2.2 Air Temperature 

Ralny season: The d i u r n a l  range i n  temperature was lowest during t h e  

ra iny  season a s  compared t o  post ra iny season. The maximum and minimum 

temperatures recorded from June t o  October 1982 were almost equal t o  

normal temperatures.  

Post ra iny season: Highest maximum monthly temperature recorded was 

36 . ~ O C  during March 1983. Lowest minimum monthly temperature of 

13.1°c occurred during January 1983 i n  t h i s  season. 

3.2.3 Rela t rve  Humidity 

Ralny season: Re la t ive  humidity of a i r  recorded a t  0717 h r s  was 

always higher  when compared wi th  t h e  da ta  recorded a t  1417 hrs .  

During September and October, t h e  r e l a t i v e  humidity was higher than 

normal. 



Pos t r a iny  season: R e l a t i v e  humidity was h igh  dur ing  November and 

December 1982 and from then  on s t a r t e d  decreas ing .  

3 . 2 . 4  Wind Veloc i t y  

With  t h e  onse t  of monsoon, average wind speeds increased  from June t o  

August 1982 and t h e n  s t a r t e d  decreas ing .  

3.2.5 Open Pan Evapora t ion  

Rainy season:  The d a i l y  pan evapo ra t i on  was f a i r l y  high (between 6 t o  

9 m / d a y )  du r ing  June t o  August 1982 due t o  low r a i n f a l l ,  high 

tempera tures ,  low r e l a t i v e  humidity and h igh  wind speeds. 

P o s t r a i n y  season:  From November 1982, t h e  d a i l y  pan evapora t ion  

s t a r t e d  i n c r e a s i n g  from 4 . 4  m l d a y  t o  9.8 m / d a y  dur ing  March 83 due 

t o  r i s e  i n  tempera tures  from February 83 onwards. 

3 . 2 . 6  Sunsnine 

Ralny season:  The sunshine hours  were l e s s  dur ing  t h i s  season due t o  

cloudy sk i e s .  

P o s t r i n y  season:  The sunshine hours  were more dur ing  t h i s  season due 

t o  c l e a r  s k i e s .  



Rainy season: The s o l a r  r a d i a t i o n  during t h i s  season was f a i r l y  high 

and uniform ranging from 16.8 t o  18.5 MJlm*lday due t o  c l e a r  sk ies  on 

many days. 

Post ra iny season: The s o l a r  r a d i a t i o n  s t a r t e d  increasing from 

February 83 onwards due t o  c l e a r  sk ies .  

3.3 Descr ip t ion of Experiments 

Three experiments, two i n  t h e  1982 ra iny  season and one i n  1982-83 

post ra iny season, were conducted. The d e t a i l s  were presented f o r  each 

experiment a s  d e t a i l e d  below. 

3.3.1 Experiment I: The e f f e c t  of moisture s t r e s s  
h l s t o r v  durinn previous season on cur ren t  season 
productivity (1982 ra iny  season) 

The experiment was l a i d  out  i n  a  randomized block design with th ree  

replications. Representative seed samples of the  cv Robut 33-1 were 

drawn from 12 moisture s t r e s s  t rea tments  of a  previous post ra iny 

season experiment conducted during 1981-82 a t  ICRISAT Center. Those 

treatments comprised of 4 main t rea tments  ( i . e .  phenological s t ages  

a t  which moisture s t r e s s  was imposed) with 3 d i f f e r e n t  l eve l s  of water 

depletion i n  each main treatment.  The d e t a i l s  of the  main treatments 

imposed by means of l i n e  source sp r ink le r  i r r i g a t i o n  (Hanks e t  a l . ,  

1976) were: 

T r t .  1: Line source i r r i g a t i o n  a t  emergence, moisture s t r e s s  imposed 
from emergence t o  i n i t i a t i o n  of pegs; no subsequent s t r e s s .  



T r t .  2: No mois ture  s t r e s s  up t o  f i r s t  f l u s h  of f lowering;  l i n e  
eource a t  t h a t  t ime; mois ture  s t r e s s  from flowering t o  l a s t  
pod s e t ;  no s t r e s s  af terwards.  

T r t .  3:  No mois ture  s t r e s s  up t o  f i r s t  ke rne l  growth; l i n e  source a t  
t h a t  t ime; moieture s t r e s s  imposed from pod f i l l i n g  t o  
matur i ty .  

T r t .  4: Continuous s t r e s s  imposed by l i n e  source given every 10 days. 

The t h r e e  d i f f e r e n t  l e v e l s  of water  d e p l e t i o n  ( i . e .  degree of s t r e s s )  

i n  each main t reatment  were obtained wi th  t he  use  of ' l ine-source '  

s p r i n k l e r  i r r i g a t i o n  based on t h e  amount of water  appl ied  a s  a  

f u n c t i o n  of d i s t ance  from l i n e  source. The t h r e e  subtreatments  A,  B ,  

and C w i th in  each main t reatment  were located a t  6 ,  12  and 18 m 

r e s p e c t i v e l y  from t h e  l i n e  source. The t o t a l  amount of water appl ied  

i n  each t rea tment  i s  given i n  Table 5. 

Table 5. Tota l  amount of water (mm) appl ied  t o  groundnut crop i n  
d i f f e r e n t  t rea tments  during t h e  1981-82 pos t r a iny  season. 

O " " " O o O O u O O V O U " O O U O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o o o o o o o o o e o o o o o o o o  

S.No. Treat1 Water appl ied  (mm) 
O ~ v v 0 0 0 0 0 0 0 0 0 0 O O O ~ 0 0 O O O O O O O  3 0 0 0 <  

1 1 A  735 
2 1 B 699 
3 1 C  671 
4 2A 643 
5 2 B 552 
6 2C 47 2 
7 3A 57 8 
8 3 B 441 
9 3 C 3 12 
10 4A 822 
11 4B 446 
12 4C 103 
0 v u v 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

The seed from these  t rea tments  was sown on 19.6.82 and emergence 

was observed on 24.6.82. The p l o t  s i z e  was 10 m x 4.5 rn. The p l o t  

was l a i d  out  i n  broad-beds and furrows a s  described by Krantz e t  a l . ,  

(1978). The spacing adopted on a  broad bed was 30 cm between rows and 

1 O  cm i n  between p l a n t s  i n  a  row. A basa l  d r e s s ing  of 100 kg/ha of 



Diammonium phosphate (18: 20: 0)  was appl ied  and necessary p l an t  

p r o t e c t i o n  measures were taken. The plan of t he  layout i s  shown i n  

Figure 1. The f i r s t  bed was u t i l i z e d  f o r  l ea f  a r ea  and dry mat te r  

sampling and o the r  experimental measurements. 

3.3.2 Experiment II: Studies  on t h e  e f f e c t  of e a r l y  
moisture s t r e s s  on t h e  p r o d u c t i v i t y  of two 
groundnut c u l t i v a r s  (1982 ra iny  season) 

This  experiment was l a i d  out i n  a  s p l i t - p l o t  design with four  

r e p l i c a t i o n s .  The moisture t reatment  was i n  t he  main p lo t  and t he  

v a r i e t i e s  i n  t he  sub-plots. The moisture t reatment  i n  t he  main p lo t  

was imposed through covering t he  e n t i r e  a r e a  i n  two experimental p l o t s  

wi th  a  4 m ~ l  black p l a s t i c  f i l m  and leaving t h e  o ther  two p l o t s  

uncovered ( P l a t e  1) .  The black p l a s t i c  cover was used t o  induce e a r l y  

moisture s t r e s s  by prevent ing t h e  seepage of r a i n  water  i n t o  t he  s o i l  

upto initiation of pegs. Bamboo s t akes  were used a t  one-foot 

i n t e r v a l s  t o  f i rmly  secure p l a s t i c  f i l m  on t he  ground. For t he  sake 

of s imp l l c i t y , t he  t reatments  w i l l  be r e f e r r ed  t o  a s  "covered" and 

"uncovered" t o  i d e n t i f y  t he  black p l a s t i c  and normal p l o t s ,  

r e spec t i ve ly .  Sowing was done on 19.6.82 and emergence occurred on 

24.6.82. Two c u l t i v a r s  used were TMV2 and Robut 33-1. TMV2 i s  a  

"Spanish" bunch type w i th  90-100 days dura t ion  while  Robut 33-1 i s  an 

e a r l y  maturing "Virginia"  spreading type wi th  about 100-110 days 

dura t ion .  Each r e p l i c a t e  consis ted of four  p lo t s .  The black p l a s t i c  

was removed a t  44 days a f t e r  emergence (DAE) a f t e r  50% of t he  pegs had 

been i n i t i a t e d .  



F i g u r e  1 .  P lan o f  Experiment No.1: E f f e c t  o f  p rev ious  mo is tu re  s t r e s s  
on c u r r e n t  season product  i v i * t y  o f  groundnut d u r i  ng the 1982 
rai ny season. 



P l a t e  1. A v i e w  of t h e  e x p e r i m e n t a l  p l o t  covered 
w i t h  black p o l y e t h y l e n e  f i l m  d u r i n g  t h e  
1982 r a i n y  s e a s o n .  3 



Individual p l o t 8  were 6 m long and 13.5 m wide. Groundnut was 

sown i n  rows 30 cm a p a r t  wi th  a  plant-to-plant  spacing of 10 cm. A 

basa l  d ress ing  of 100 kg/ha of Diammonium phosphate (18:20:0) was 

appl ied  and necessary p lan t  p r o t e c t i o n  measures were taken. An a r e a  

of 9 m from t h e  c e n t r a l  t h r e e  beds was used f o r  f i n a l  y i e l d  

determination while t h e  r e s t  of t h e  beds were u t i l i z e d  f o r  dry mat ter  

sampllng and r o o t  s t u d i e s  a t  t h e  matur i ty  of the  crop. The plan of 

the  layout i s  shown i n  Figure  2. 

3.3.3 Experiment IZI: Studies  on t h e  e f f e c t  of moisture 
s t r e s s  a t  d i f f e r e n t  phenolonical s t anes  of groundnut -- 
(1982-83 pos t ra iny  season) 

The experiment was l a i d  out  i n  a  s p l i t - p l o t  design wi th  four 

r e p l i c a t r o n s .  

Treatments 

Treatment 1 

Treatment 2 

Treatment 3  

Treatment 4 

Phenological Stages 

Line source a t  emergence; mois ture  s t r e s s  
imposed from emergence t o  f lowering ; no 
s t r e s s  a i t e w a r d s .  

Line source a t  emergence; mois ture  s t r e s s  
imposed from emergence t o  pegging through the  
use of l i n e  source;  no s t r e s s  af terwards .  

Moisture s t r e s s  from flowering t o  l a s t  pod 
s e t  through the  use of l i n e  source;  no 
s t r e s s  afterwards.  

Cont~nuous  s t r e s s  imposed by l i n e  source 
given every 7  days. 

To c r e a t e  a  range of p r o f i l e  water dep le t ion  p a t t e r n s ,  t h e  

technique of " l i n e  source" s p r i n k l e r  i r r i g a t i o n  a s  suggestd by Hanks 

e t  a l . ,  (1976) was used. This technique uses standard impulse 

s p r i n k l e r  heads spaced a t  ha l f  t h e i r  normal spacing along t h e  

i r r i g a t e d  l l n e .  This produces a  continuously decreasing r a t e  of water 
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season. 



application a t  r i g h t  a n g l e s  t o  t h e  s p r i n k l e r  l i n e .  Based on t h e  

amount of wa te r  a p p l i e d  a s  a  f u n c t i o n  of d i s t a n c e  from t h e  l i n e  source  

i . e . ,  a t  3 ,  9 and 15  m i n  t r e a t m e n t s  1 t o  4 ,  t h r e e  subt rea tments  were 

identified i n  each  t r ea tmen t  a s  A, B and C r e s p e c t i v e l y .  By t h i s  

p rocedure ,  i t  was p o s s i b l e  t o  had 12 d i f f e r e n t  l e v e l s  of p r o f i l e  wa te r  

d e p l e t r o n  ( lA,  l B ,  l C ,  2A, 2B, 2C,3A,3B,3C,4A,4B and 4C). The 

r e p l i c a t ~ o n s  and main t r e a t m e n t s  were randomized w h i l e  t h e  i r r i g a t i o n  

t r e a t m e n t s  could  n o t  be randomized due t o  t h e  u se  of " l i n e  source" 

s p r i n k l e r  type  of i r r i g a t i o n  system. The p l a n  of t h e  layout  i s  shown 

i n  F i g u r e  3 .  

The experiment  was sown on 29.10.1982 and emergence was complete 

by 5 November. The genotype used was Robut 33-1 r e f e r r e d  t o  a s  Robut. 

The p l o t  s i z e  adopted was 1 4  m long and 1 8  m wide. The row spac ing  

was 30 cm w i t h  10  cm i n  between p l a n t s  w i t h i n  each  row. A b a s a l  dose 

of 100 kg/ha  of Diammonium phosphate (18:20:0) was a p p l i e d .  I n t e n s i v e  

p l a n t  p r o t e c t i o n  was provided a g a i n s t  l e a f  miner ,  Cercospora l e a f  

s p o t ,  r u s t  e t c .  

I n  each  sub t r ea tmen t  of 4 beds ,  t h e  f i r s t  and t h i r d  beds were 

u t l l i z e d  f o r  dry  m a t t e r  samplings.  For f i n a l  y i e l d s ,  a  c e n t r a l  a r e a  

of 9 m i n  t h e  second bed was u t i l i z e d .  A g e n e r a l  view of t h e  

exper iment  i s  shown i n  P l a t e  2. 

Con t ro l  of t iming  and amount of i r r i g a t i o n  

The irrigation was g iven  a t  weekly i n t e r v a l s  depending on t h e  

t r e a t m e n t s  a t  0.8 of t h e  t o t a l  evapora t ion  f o r  t h e  week, a s  measured 

w i t h  a  USA ( C l a s s  1 )  pan evaporimeter .  
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F i g u r e  3 .  Plan o f  Experiment No.1 l l .  E f f e c t  o f  m o i s t u r e  s t r e s s  a t  

d i f f e r e n t  pheno log i ca l  phases o f  groundnut d u r i  4 tk 
1982-83 p o s t r a i  ny season. 
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P l a t e  2 .  G e n e r a l  v i e w  o f  t h e  e x p e r i m e n t  on t h e  
e f f e c t  o f  m o i s t u r e  stress a t  d i f f e r e n t  
p h e n o l o g i c a l  s t a g e s  of g r o u n d n u t  d u r i n g  
t h e  1982-83 p o s t r a i n y  s e a s o n .  



P l a s t l c  buckets wi th  uniform volume were placed perpendicular  t o  

t h e  l i n e  source i n  each treatment t o  measure the  water applied a t  

d i f f e r e n t  d i s t a n c e s  from the  l i n e  source. 

3.4 Observations recorded i n  the  Experiment I 

3.4.1. E a r l y  Seedl inq Vigor 

I n  o rde r  t o  examine the  e a r l y  seedl ing v igor ,  d a t a  on number of leaves 

and l e a t l e t s ,  leaf  a r e a  and leaf  dry weights were recorded a t  

three-day i n t e v a l s  s t a r t i n g  from 5 DAE. Leaf a rea  was measured wi th  

an LI-3100 a r e a  meter (LI-COR, Ltd., Lincoln, Nebraska, USA). On each 

sampllng d a t e s ,  a l l  t h e  p l a n t s  present  i n  a  0.75 m' a rea  were sampled 

i n  each treatment i n  the  th ree  r e p l i c a t i o n s  and t h e  above mentioned 

measurements were recorded. P lan t  p a r t s  were dr ied  t o  constant  weight 

i n  a forced d r a r t  oven a t  6 5 O C  and then weighed. 

3.4.2 Proximate a n a l v s i s  

3.4.2.1 Oil Content 

O i l  content  was analyzed using Ab 3-49 method given by AOCS (1981) 

w i t h  the  following modifications.  

1. 18 hours e x t r a c t i o n .  

2.  F i l t r a t i o n  ot  e x t r a c t  using Whatman No.42 f i l t e r  paper. 



3.4.2.2 P r o t e i n  

P r o t e i n  was es t imated by Microkjeldhal method (AOAC, 1975). 

3.4.2.3 Sugars 

Sugars were es t imated by t h e  Dubois e t  a1.,(1956) method. 

3.4.2.4 S ta rch  

S ta rch  was es t imated by the  Trivend e t  a l . ,  (1972) method. 

3.4.3 Yield  and Yield  Components 

Pod, ke rne l  and haulms y i e l d  bes ides  f i n a l  p lan t  popula t ion 
were obta ined from a n e t  a r e a  of 9 mt. 

The percentage of ke rne l  t o  pod weight was determined and 
expressed a s  percentage.  

3.5 Common obse rva t ions  t h a t  were recorded i n  
Experiment 11 and Experiment I11 were: 

3.5.1 P l a n t  obse rva t ions  

3.5.1.1 Growth Measurements 

Above-ground, whole p l a n t s  were sampled a t  7-10 days i n t e r v a l  i n  a 

0.75 mt a r e a  i n  each r e p l i c a t e .  Af ter  counts of pegs and pods were 

taken. Leat a r e a  of individual  leaves was measured wi th  an LI-3100 

l e a r  a r e a  meter (LI-COB, Ltd., Lincoln, Nebraska). P lan t  p a r t s  were 

d r i e d  t o  cons tan t  weight i n  a forced d r a f t  oven a t  65OC and then 

weighed. 

3 a5.1.2 Root S t u d i e s  

Root s t u d i e s  were done when the  crop reached matur i ty  s tage .  Deep 

p i t s  of about 3 m x 3 m x 2 m were dug i n  designated a reas  i n  both t h e  

experiments wi th  the  help  of hydraulic d iggers  and whole p lan t s  with 



i n t a c t  r o o t s  were i s o l a t e d .  Then t h e  r o o t s  i n  t h e  s o i l  p r o f i l e  i n  

each t r ea tment  were c a r e f u l l y  and thoroughly washed w i t h  sp rayers  and 

t h e n  t h e  whole p l a n t s  w i t h  r o o t s  so  sepera ted  were placed i n  

po lye thy lene  bags. The p l a n t s  w i t h  i n t a c t  r o o t  system were spread on 

w h i t e  card  boards  and ptotographs  were taken immediately. Then t h e  

l e n g t h  of t h e  r o o t s  was measured w i t h  t h e  he lp  of an Automatic Root 

Scanner (manufactured by Univer s i ty  of Nottingham Applied Science 

Facu l ty  Workshop). A f t e r  t h e  r o o t  l eng ths  were measured, t h e  r o o t  

samples were d r i e d  t o  cons tan t  weight i n  a forced d r a f t  oven a t  60°C 

and t h e n  weighed. 

3.5.1.3 Harvest  Index (HI) 

Seed y i e l d  
HI L ................................ x 100 

T o t a l  above ground biomass y i e l d  

3.5.1.4 Yield  and Yie ld  Components 

Pod, k e r n e l  and haulms y i e l d  bes ides  f i n a l  p l a n t  popula t ion were 

ob ta ined  from a n e t  a r e a  of 9 m*. 

3.5.1.4.1 S h e l l i n g  

The percentage of k e r n e l s  t o  pod weight was determined and expressed 
I 

I a s  percentage.  

3.5.1.5 O i l  and P r o t e i n  Analys is  

3.5.1.5.1 Oil Content 



Oil content was analysed by Nuclear Magnetic Resonance Spectrometer 

(NMR) method (Tiwari et al., 1974), 

3.5.1.5.2 Protein Content 

Protein was estimated by Microkjeldhal method (AOCA, 1975). 

3.5.2 Soil Observations 

3.5.2.1 Soil Temperature 

Soil temperature was also monitored with CR5 digital recorder 

(campbell Scientrfic Inc, , USA). Copper-constantan thermocouples were 

placed at 10 cm depth in the soil in each treatment and connected to 

the data acquisition system. The soil temperatures integrated over 

hourly intervals were recorded every day throughout the growing 

season. 

3.5.2.2 Soil Water Content 

A neutron moisture meter was used to determine the profile water 

content in the field. Neutron access tubes of 150cm longwere 

installed in all treatments of each replication. Neutron readings 

were taken at 7-10 days interval from 30 to 120 cm depth at a depth 

interval of 15 cm in the soil. The neutron scattering equipment was 

calibrated for the field where the experiments were conducted and 

volumetric water content was determined. Type I.H.11 neutron moisture 

meter (Didcot Instrument Co.Ltd,, Abingdon, Oxon, England 770804) was 

used in both the experiments. 



The low degree  of s p a t x a l  r e s o l u t i o n  makes t h e  neutron mois ture  

meter unsu i t ab l e  f o r  d e t e c t i o n  of water  content  d i s c o n t i n u i t i e s  o r  

measurements c l o s e  t o  t h e  su r f ace  (Holmes, 1950). Hence, t he  s o i l  

mois ture  i n  t h e  t op  30 cm was measured by t h e  g rav ime t r i c  method. The 

g rav lme t r i c  water  content  i s  t h e  r a t i o  of t h e  weight l o s s  i n  drying t o  

t h e  dry weight of t h e  sample. The volumetr ic  water  content  was 

determined by mu l t i p ly ing  t h e  va lues  w i t h  t h e  bulk dens i ty  (1.5)  of 

s o l 1  i n  RCE3 f i e l d .  Avai lab le  water  a t  d i f f e r e n t  s o i l  depths was 

computed from t h e  volumetr ic  water  con ten t s  and d a t a  on ava i l ab l e  

water  a s  per  t h e  procedure g iven  by Russe l l  (1980). 

3.5.2.3 Evapo t r ansp i r a t i on  

The evapo t r ansp i r a t i on  (ET) was c a l c u l a t e d  by employing the  fol lowing 

equa t lon  (Jenson,  1973). 

nv 
E ,  = l"Jet = iiL, ( e \ - ~ z ) i  A S i - R e e N d  

At. At; 

Where n,, is  t h e  number of l aye r s  t o  t h e  depth of t h e  
e f f e c t i v e  r o o t  zone 

A S; i s  t h e  t h i ckness  of each l a y e r ,  mm 

9, and eZ were the  volumetr ic  water  content  on t h e  
f i r s t  and second d a t e  f o r  sampling r e s p e c t i v e l y  
cm3 cm3 

R e  i s  t h e  r a i n f a l l  t h a t  does no t  runoff  t h e  a r e a ,  mm 

and W d  i s  d ra inage  from t h e  zone sampled, mm. 

3.5.2.4 Water Use Ef f i c i ency  ( W E )  



T o t a l  dry  m a t t e r  produced 
WUE P ....................................... kglhalcm 

C a l c u l a t e d  w a t e r  u s e  d u r i n g  t h a t  pe r iod  

3.5.3. M i c r o c l l m a t i c  Observa t ions  

The f o l l o w i n g  m i c r o c l i m a t i c  o b s e r v a t i o n s  were t aken  dur ing  t h e  1982 

r a i n y  s e a s o n  and 1982-83 p o s t r a i n y  season  when p l a n t  measurements were  

a l s o  b e i n g  t aken .  

3.5.3.1 Radiation 

Incoming s o l a r  r a d i a t i o n  a t  l o - m i n  i n t e r v a l s  was measured w i t h  an  

LI-200s Pyranometer (LAMBDA Ins t ruments  Corpora t ion ,  L inco ln ,  

Nebraska,  USA) connected t o  a  LI-550 p r i n t i n g  i n t e g r a t o r .  

3.5.3.2 Air Temperature  

A i r  t empera tu re  i n t e g r a t e d  over  an  hour was recorded us ing  t h e  

a u t o m a t i c  d a t a  a c q u i s i t i o n  system - CR5 D i g i t a l  Recorder (Campbell 

S c i e n t i f i c ,  I n c .  USA) throughout  t h e  growing season. 

3.5.3.3 Albedo 

R e f l e c t e d  r a d i a t i o n  ( a l b e d o )  from t h e  canopy was measured w i t h  a  CN8 

Albedometer ( ~ i d d l e t o n  I n s t r u m e n t s ,  A u s t r a l i a )  i n  con junc t ion  w i t h  n e t  

r a d i a t i o n  measurements a t  7-10 days  i n t e r v a l  throughout  t h e  c r o p  

growth p e r i o d .  The Albedo meter  sensor  was always placed a t  a  h e i g h t  

of h a l f  a  me te r  above t h e  c rop  canopy and t h e  d a t a  were recorded a t  10 

mlnutes  i n t e r v a l  u s i n g  a n  LI-550 p r i n t i n g  i n t e g r a t o r .  

3.5.3.4 Net R a d i a t i o n  

Net r a d i a t i o n  was measured w i t h  a  p r e c a l i b r a t e d  p o r t a b l e  n e t  

radiometer  (Swiss teco p t y .  Ltd.  Melbourne Vic. A u s t r a l i a  31231, a t  



a  helght  of hal f  meter above the  canopy. Net and albedo measurements 

were recorded i n  a l l  t h e  4 t rea tments  i n  the  Experiment I1 while i n  

t h e  Experiment 111, the  measurements were made only i n  treatment 4  a t  

687 and 47 mm ET leve l s .  The measurements were made a t  10-min 

i n t e r v a l s  throughout t h e  day a t  7-10 day i n t e r v a l  throughout the crop 

growth period.  

3.6 Independent Observations recorded i n  t h e  Experiment 

3.6.1 Diffus ive  r e s i s t a n c e .  t r a n s p i r a t i o n .  g& 
photosyn the t l ca l lv  a c t i v e  r a d i a t i o n  (PAR) 

The th ree  measurements were recorded wi th  an LI-1600 steady s t a t e  

porometer, (LI-COR, Ltd., Lincoln, Nebraska, USA 685041, a  b a t t e r y  

operated por tab le  instrument ( P l a t e  No. 3 ) .  

Diurnal readings of these  th ree  parameters were recorded a t  

weekly i n t e r v a l s  from 0900 t o  1700 hours (IsT) a t  two hour i n t e r v a l s  

throughout the  crop growth period s t a r t i n g  from 19 days a f t e r  

emergence (DAE). The readings were made on 5 p l a n t s  se lec ted a t  

random across  the  t h r e e  r e p l i c a t i o n s .  Direct  values of stomata1 

r e s i s t a n c e ,  t r a n s p i r a t i o n  and PAR recorded on f u l l y  opened and f u l l y  

exposed leaves  were used f o r  t h i s  purpose and measurements were 

recorded on t h e  abax ia l  s ide  of the  l e a f l e t .  Stomata1 conductance i s  

expressed a s  the  rec ip roca l  of the  leaf stomata1 res i s t ance  or 

d i f f u s i v e  res i s t ance .  PAR was measured wi th  an LI-190s quantum sensor 

i n  conjunction wi th  the  steady s t a t e  porometer. 

3.6.2 Leaf-water d o t e n t l a 1  measurements 



P l a t e  3 .  Steady s t a t e  p o r o m e t c r  i n  
use d u r i n g  t h e  1982-83 
p o s t r a i n y  s e a s o n .  



Diurnal measurements of leaf-water potentials were always made in 

conjunction w ~ t h  the stcxnatal resistance measurements, using a 

pressure chamber (Scholander et al., 1965). The measurement on five 

plants across three replications was accomplished by placing a freshly 

cut tetrafoliate leaf into the pressure chamber with the cut end of 

the petlole protruding and then applying external pressure. The 

pressure to balance the internal stress of the leaf or shoot and 

return the liquid from xylem to the cut surface was considered equal 

to the negatlve hydrostatistic pressure which existed in the plant 

just before it was cut. 

At equlibrium, 

Where,yw is the water potentlal of the leaf cells, P is the negative 

component of the water potential of the xylem sap measured as the 

positive pressure in the pressure chamber, and y/s is the osmotic 

effect of the solutes in the xylem sap. YS was shown to be 

negligibly small (Boyer, 1967) and hence P approximates to the 

lear-water potentlal. 

3 . 6 - 3  Canopy Temperature 

Canopy temperature was measured by uisng a Barnes "Instatherm" 

temperature sensor (Barnes Engineering Company, 30 Commerce Road, 

Stan£ ord, Connrct icut 1. 



Diurnal  readings of canopy temperature were recorded a t  weekly 

i n t e r v a l  i n  t h e  Experiment 111 from 0700 t o  1700 hours (IST) a t  two 

hour i n t e r v a l s  during t h e  growing season s t a r t i n g  from 19 DAE i n  

c o n j u n c t ~ o n  with canopy water p o t e n t i a l .  The canopy temperatures were 

recorded on 5 p l a n t s  se lec ted  a t  random across  t h e  r e p l i c a t i o n s .  

Fu l ly  opened and f u l l y  exposed leaves were used f o r  t h e  purpose. 

3.6.4 Wet and dry bulb temperatures 

Wet and dry bulb temperatures were recorded wi th  an Assmann 

Psychrometer (Wilh Lambrecht K G ,  Gott ingen,  West Germany). 

Operation of the  instrument c o n s i s t s  of thoroughly wetting t h e  

muslin c l o t h  i n  one of the  bulbs,  and winding the  clock. Af te r  

holding t h e  instrument hor izon ta l ly  above t h e  crop canopy f o r  1-2 

mlnutes,  the  wet bulb and the  dry bulb temperatures were noted. 

Diurnal  readings of wet and dry bulb temperatures with Assmann 

Psychrometer were recorded a t  weekly i n t e r v a l  from 0700 t o  1700 hours 

(IST) a t  two hour i n t e r v a l s  during t h e  growing season s t a r t i n g  from 19 

DAE i n  conjunct ion wi th  leaf  water-potent ia l .  The readings were noted 

a t  5 p laces  on the  crop canopy i n  each treatment se lec ted  a t  random 

a c r o s s  the  r e p l i c a t i o n s .  Psychrometric t a b l e s  were used t o  ob ta in  

vapor p ressure  d e f i c i t  values.  

3.6.5 S t r e s s  Degree Dave (SDD) 

S t r e s s  degree days were ca lcula ted  by employing t h e  following formula 

(1dso e t  a l . ,  19771. 



Where L = Canopy tempera ture  (OC) 

A = A i r  t empera ture  (OC) 

i = t ime i n t e r v a l  between two samplings. 

3 . 6 . 6  Soil p e n e t r a t i o n  r e s i s t a n c e  

S o i l  p e n e t r a t i o n  r e s i s t a n c e  was measured wi th  a  Proving Ring 

Penetrometer  ( S o i l  Tes t ,  Inc.  2205, Lee S t r e e t ,  Evanston, I l l i n o i s  

60202, USA). It i s  a  cone type penetrometer  which se rves  a s  a  r a p i d  

means f o r  de te rmining  t h e  p e n e t r a t i o n  r e s i s t a n c e  of s o i l s .  This  

measurement was made by s e t t i n g  t h e  d i a l  i n d i c a t o r  t o  t h e  zero  

p o s i t i o n  and by pushing t h e  cone poin t  f i rmly  and v e r t i c a l l y  down i n t o  

t h e  s o i l  a t  a  s t eady  and uniform r a t e  u n t i l  t h e  top  of t h e  cone goes 

j u s t  below t h e  s u r f a c e  (about  5-6 cm deep). The d i a l  i n d i c a t o r  

reading  was t hen  r eco rded ,us ing  t h e  Proving Ring c a l i b r a t i o n  c h a r t ,  

t h e  maximum p e n e t r a t i o n  load i n  kg/cm2 was determined. 

S o i l  p e n e t r a t i o n  r e s i s t a n c e  was measured a t  5 p l aces  i n  each 

t rea tment  a c r o s s  3  r e p l i c a t i o n s  twice a  week from 44 DAE (beginning of 

pegging) up t o  107 DAE (pod development per iod) .  

3.6.7 Phenolonv 

The d u r a t i o n  t o  each  s p e c i f i c  reproduct ive  s tage  of groundnut i n  each 

t rea tment  was recorded a s  per  t h e  procedure given by Boote (1982). 

3.7 S t a t ~ s t i c a l  Ana lys i s  

Experiment I 



The d a t a  on s e e d l i n g  v igour  were analysed i n  a  s p l i t - p l o t  des ign  w i th  

t h e  sampllng d a t e s  as main p l o t s  and t r ea tmen t s  a s  subplo ts .  The 

y i e l d  and y i e l d  components were analysed us ing  an Randomised Block 

Design 

Experiment II 

Data were ana lysed  i n  a  s p l i t - p l o t  des ign  w i th  t h e  mois ture  t r ea tmen t s  

a s  main p l o t s  and t h e  c u l t i v a r s  a s  subp lo t s .  I n  r e spec t  of peg and 

pod production, t h e  d a t a  were analysed f o r  each sampling day 

s e p a r a t e l y  a s  a  randomized block design.  

E x ~ e r i m e n t  

I n  o r d e r  t o  make a  comparison of t h e  phenological  s t a g e s ,  t h e  e f f e c t  

of e v a p o t r a n s p i r a t i o n  (assuming t h a t  i t  w i l l  no t  a f f e c t  t h e  

pheno log i ca l  s t a g e s )  was taken  out  using t h e  a n a l y s i s  of var iance  

model f o r  growth e f f e c t s  w i t h  a  l i n e a r  term f o r  evapo t r ansp i r a t i on  ( a s  

a  c o v a r i a t e ) .  S ince  t h e  l e v e l s  of ET could no t  be randomized due t o  

t h e  u se  of l l n e  source s p r i n k l e r  i r r i g a t i o n  system, t he  d a t a  were 

ana lysed  f o r  each t rea tment  and f o r  each sampling day s e p a r a t e l y  i n  an 

RBD d e s i g n  and s t anda rd  e r r o r s  were given.  



RESULTS 



4. RESULTS 

The r e s u l t s  a r e  d i s cus sed  hereunder  experimentwise f o r  t h e  t h r e e  

exper iments  conducted dur ing  t h e  1982 r a i n y  season  and t h e  1982-83 

p o s t r a i n y  season.  

4.1 Experiment 1: E f f e c t  of p r ev ious  mo i s tu re  s t r e s s  on c u r r e n t  
season  ~ r o d u c t i v i t y  (1982 r a i n y  season)  

The r e s u l t s  of t h i s  experiment a r e  d i s cus sed  under  t h e  fo l lowing  

head ings  : 

4.1.1 Q u a l i t y  of seeds  used from 1981-82 p o s t r a i n y  
season  experiment .  

4.1.2 E a r l y  s e e d l i n g  v i g o r :  Th i s  was a s se s sed  w i t h  t h e  fo l lowing  
parameters  s t u d i e d  a t  3-day i n t e r v a l  con t inuous ly  up t o  26 
days  a t t e r  emergence (DAE) , 

4.1.2.1 Rate  of seed emergence. 

4.1.2.2 F i n a l  p l a n t  popula t ion .  

4.1.2.3 L e a f l e t  number pe r  square  meter .  

4.1.2.4 Lear a r e a  p e r  l e a f l e t .  

4.1.2.5 Leaf a r e a  p e r  p l a n t .  

4.1.2.6 Dry m a t t e r  product ion .  

4.1.3 Y i e l d  and y i e l d  components. 

4.1.4 Q u a l i t y  of seed  obta ined  from 1982 r a i n y  season.  

4.1.1 Seed g u a l i t y  

R e p r e s e n t a t i v e  seed samples drawn from t h e  p l o t  h a r v e s t s  of 12  

t r e a t m e n t s  d e s c r i b e d  i n  Table 5 were ana lysed  f o r  seed q u a l i t y .  

The r e s u l t s  of t h e  proximate a n a l y s i s  of t h e  seed samples 

o b t a i n e d  from 1981-82 pos t r a iny  season  experiment  a r e  presented  i n  

Table  6 .  



Table 6.  Proximate a n a l y s i s  of t h e  k e r n e l s  ob ta ined  from t h e  experiment 
on t h e  response of groundnut t o  mois ture  s t r e s s  dur ing  t h e  
1981-82 pos t r a iny  season. ....................................................................... 

Treatment 100 ke rne l  w t .  O i l  P ro t e in  Sugars S t a r ch  
(8) % % % % ...................................................................... 

1 A 66.9 44.6 30 .O 4.94 10.6 
1 B .68.2 43.3 30.5 4.58 10.4 
1 C  75.4 43.8 29.6 3.95 10.1 
2A 54.1 44.4 28.6 5.09 11.1 
2B 47.5 44.5 21.6 5.18 12.3 
2C 26.3 39.5 24.5 6.32 15.4 
3A 66 .O 41.9 32.8 3.25 10.1 
3B 66.6 41.3 33.9 3.74 11.4 
3C 32.0 36.0 33.5 2.7 2 13.8 
4A 68.5 40.6 27.7 2.91 13.4 
4 B 68.4 40.1 31.6 1.26 9.8 
4C 19.7 38.5 23.9 3.61 16.8 

SE 5 0.15 0.55 0.23 0.07 0.40 .................................................................... 



The c o r r e l a t l o n  mat r ix  of these  cha rac t e r s  i s  furnished i n  

Table 7 .  

Table 7 .  Correlation matr ix  of seed q u a l i t y  parameters.  

1. 100 seed weight (g )  1 .OO 

2. O i l  X 0.60 1  .OO 

3. P r o t e i n  X 0.55 -0.01 1 .OO 

4. Sugars 4 -0.27 0.46 -0.50 1 .OO 

5. S ta rch  % -0.89 -0.63 -0.68 0.21 1.00 

1 2 3  4 5  

The above r e s u l t s  i n d i c a t e  t h a t  o i l  and p ro t e in  a r e  p o s i t i v e l y  

c o r r e l a t e d  wi th  100 seed weight while s t a r c h  and sugars showed a  

negat lve  c o r r e l a t l o n .  Starch content  was negat ive ly  co r r e l a t ed  wi th  

o i l  and p ro t e in  content  of the  groundnut seeds used. O i l ,  p ro t e in  and 

sugars  a r e  not co r r e l a t ed  s i g n i f i c a n t l y .  

4.1.1.1 100 Kernel weight: 

Among t h e  main t rea tments  (phenological s t a g e s ) ,  moisture s t r e s s  

imposed from flowering t o  l a s t  pod s e t  ( ~ r t  , 2 )  i n  general  r e su l t ed  i n  

poor f i l l i n g  of seeds while the  t reatment  which was under moisture 

s t r e s s  from emergence t o  i n i t i a t i o n  of pegs ( ~ r t . 1 )  had a  bene f i c i a l  

e f f e c t  i n  seed f i l l i n g ,  Except i n  T r t .  1, wi th  t he  decrease of n e t  

amount of water  appl ied  i n  each of t he  main t rea tments   able 6 ) ,  t h e  

seed f i l l i n g  was very much a f f ec t ed .  This e f f e c t  was prominent i n  

T r t .  4C when t h e  kerna l  weight was only 19.7 g with  103 mm of water 

appl ied .  



4.1.1.2 c o n t e n t :  

Among t h e  pheno log ica l  s t a g e s ,  mois tu re  s t r e s s  imposed from emergence 

t o  initiation of pegs ( T r t .  1 )  had t h e  h i g h e s t  mean o i l  con ten t  a s  

compared t o  t h e  r e s t  of t h e  t rea tments .  A s  t o  t h e  degree  of mois tu re  

s t r e s s  w i t h i n  each phenological  s t a g e ,  t h e r e  was no c l e a r  t r end .  It 

was observed t h a t  except  i n  T r t .  1 t h e  o i l  con ten t  decreased w i t h  t h e  

d e c r e a s e  i n  t h e  n e t  amount of water app l i ed .  

4.1.1.3 P r o t e i n  con ten t :  

Among t h e  pheno log ica l  s t a g e s ,  mois ture  s t r e s s  imposed from pod 

f i l l i n g  t o  m a t u r i t y  ( T r t .  3 )  r e s u l t e d  i n  t h e  h i g h e s t  p r o t e i n  c o n t e n t  

of 33X a s  a g a i n s t  27.8% f o r  t h e  c o n t r o l  ( T r t .  4 ) .  Moisture s t r e s s  

imposed from f lower ing  t o  l a s t  pod s e t  ( T r t .  2)  had a  depress ing  

e f f e c t  on t h e  p r o t e i n  con ten t .  As t o  t h e  degree  of s t r e s s  w i t h i n  each 

s t a g e  t h e r e  was no c l e a r  t rend.  However, t h e  maximum decrease  was 

n o t i c e d  w i t h  t h e  l e a s t  amount of 103 mm of water  a p p l i e d  i n  T r t .  4.  

4.1.1.4 Sugar c o n t e n t :  

Among t h e  pheno log ica l  s t a g e s ,  mois tu re  s t r e s s  imposed from f lower ing  

t o  l a s t  pod s e t  ( T r t .  2 )  conta ined t h e  maximum amount of sugars  

( 5 . 5 % )  fol lowed by t h e  mois ture  s t r e s s  imposed from emergence t o  

i n i t i a t i o n  of pegs ( ~ r t .  1 )  wi th  4.5% sugars .  Mois ture  s t r e s s  

imposed from pod f i l l i n g  t o  ma tu r i ty  ( ~ r t .  3 )  r e s u l t e d  i n  a  mean 

sugar  c o n t e n t  of 3.2%. A s  t o  t h e  degree  of s t r e s s  a t  each s t a g e  t h e r e  

was no c l e a r  t r e n d  a s  t h e  sugar con ten t  v a r i e d  among t h e  s t a g e s .  With 

5>2 mm of wa te r  app l i ed  i n  T r t  . 2C,  a maximum sugar  con ten t  of 6.3% 

was recorded .  I n  t r e a t m e n t s  1 and 3 ,  t h e  sugar  c o n t e n t  was a f f e c t e d  

w i t h  t h e  d e c r e a s i n g  amount of water app l i ed .  



4.1.1.5 S t a r c h  Content:  

Among t h e  phenological  s t a g e s ,  t h e  continuous mois tu re  s t r e s s  imposed 

by l i n e  source ( T r t .  4 )  recorded t h e  h i g h e s t  mean s t a r c h  content  of 

13.3%. The l e a s t  s t a r c h  con ten t  of 10.4% was observed i n  T r t .  1 

followed by T r t .  3 and T r t .  2. With regard t o  t h e  degree  of 

mois tu re  s t r e s s  i n  each s t age ,  wi th  t h e  l e a s t  amount of water app l i ed  

(103 rum) T r t .  4C recorded s i g n i f i c a n t l y  s u p e r i o r  s t a r c h  con ten t  

(16.8%) over t h e  r e s t  of t h e  t rea tments .  

4.1.2. Ear ly  S e e d l i n g  Vigor 

4.1.2.1 Rate or seed Emer~ence:  

The r a t e  of seed emergence f o r  a l l  t h e  four  t r ea tment s  i s  shown i n  

F igure  4. Among t h e  phenological  s t a g e s ,  t h e  seeds wi th  a  previous  

mois tu re  s t r e s s  h i s t o r y  from emergence t o  i n i t i a t i o n  of pegging ( T r t .  

1 )  recorded h igher  f i e l d  emergence over r e s t  of t h e  t h r e e  t r ea tment s  

inc lud ing  c o n t r o l  ( T r t .  4 ) .  Treatments 1 t o  4  recorded mean 

emergence r a t e  o t  74%) 624, 68%, and 66% emergence respec t ive ly .  

A s  t o  t h e  degree  of mois ture  s t r e s s ,  l a r g e  d i f f e r e n c e s  were 

observed i n  t h e  four  main t rea tments .  In  T r t .  1, emergence 

percentage inc reased  i n v e r s e l y  wi th  the  amount of water app l i ed  and 

t h e  h i g h e s t  emergence of 78% was i n  T r t .  1 C  whi le  1 A  recbrded 70%. 

In  T r t . 2  s i g n i f i c a n t  d i f f e r e n c e s  were not iced among t h e  t h r e e  

sub t rea tment s  w i t h  2C had a  s i g n i f i c a n t l y  smal l e r  emergence percentage 

than  2A and 2B which were on par.  In  T r t .  3 ,  t h e  subtreatments  show 

very little d i f f e r e n c e .  I n  T r t .  4,  though t h e  d i f f e r e n c e s  i n  

emergence were not  s i g n i f i c a n t  among t h e  subtreatments ,  4A recorded 



F i g u  

T r t  . 3  

Days a f t e r  emergence 

Emergence percentage o  groundnut seed w i t h  a  p rev i ous  h i s t o r y  uf mo is tu re  t r e s s  
du r i ng  t he  1982 r a i n y  season a t  t h e  ICRISAT Center. D e t a i l s  o f  t he  t reatments  a r e  
f u rn i shed  n  Tab le  5. 



h igher  r a t e  of emergence over 4B and 4C. 

4.1.2.2 F ina l  p l a n t  popula t ion:  

The f i n a l  p l a n t  popula t ion,  along wi th  y i e l d  and y i e l d  components a r e  

presented i n  Table 8. Among t h e  phenological  s t a g e s ,  T r t .  1 recorded 

h ighes t  mean f i n a l  p l a n t  popula t ion of 1.47 lakh/ha followed by T r t .  

4 (1.36), T r t .  3 (1.32) and T r t .  2 (1.28). 

A s  t o  t h e  degree of s t r e s s ,  h igher  p lan t  popula t ions  were 

recorded i n  a l l  t he  t h r e e  subtreatments  i n  T r t .  1 as  compared t o  

o t h e r  subtreatments.  T r t .  2C recorded t h e  l e a s t  p lan t  population of 

1.1 lakh/ha  due t o  very poor germination of seed. This was c l o s e l y  

followed by T r t ,  3C which recorded 1.22 lakh/ha p l a n t  population.  

4.1.2.3 Leaf l e t  number pe r  mZ 

The number of leaflets/maproduced up t o  26 DAE a r e  furnished i n  Figure  

5 .  I n  l e a r l e t  product ion a l s o  Tr t .1  was b e t t e r  than t h e  r e s t  of t h e  

t rea tments .  A s  t o  t h e  degree  of mois ture  s t r e s s  wi th in  each main 

t r ea tment ,  a t  26 DAE Trt . lC was s i g n i f i c a n t l y  super io r  t o  1B. Fur the r  

1 C  showed a l i n e a r  inc rease  i n  t h e  l e a f l e t  production up t o  26 DAE. 

I n  r e spec t  of Tr t .2  and Tr t .3 ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

among t h e  t h r e e  subtreatments  a t  26 DAE. I n  t h e  case  of Tr t .4 ,  4A was 

s i g n i f i c a n t l y  super io r  t o  4B and 4C i n  terms of leaf  l e t  production a t  

26 DAE. Subtreatments 3C, 4B and 4C recorded s i g n i f i c a n t l y  l e s s  

number o t  l e a r l e t s  a t  26 DAE. 

4.1.2.4 Leaf a r e a  pe r  l e a r  l e t  : 

Leat a r e a  pe r  leaf  l e t  ' as  a func t ion  of time up t o  26 DAE i s  presented 



Days a f t e r  emergence 

F igu  e 5 . e a f l e t  p roduc t  o n u p  t o  26 DAE i n  a g r o u n d n u t  seed c r o p w i t h a  p rev i ous  h i s t o r y  o f  
~ o i s t u r e  s t r e s s  d u r i n g  t h e  1982 r a i n y  season a t  t h e  lCRlSAT Center. D e t a i l s  o f  t he  
reatments a r e  u rn ished  i n  Table 5. 



i n  F igu re  6 .  Among t h e  phenologica l  s t a g e s ,  T r t . 1  recorded  h i g h e s t  

mean l e a r l e t  a r e a  of 2.45 cm a s  a g a i n s t  2.22 cm of Tr t .4 .  T r t . 2  

recorded  t h e  l e a s t  mean l e a f l e t  a r e a  of 1.97 cm whi le  T r t .  3 recorded 

2.28 cm. 

A s  t o  t h e  deg ree  of mois ture  s t r e s s ,  a l l  t h e  3 sub t r ea tmen t s  i n  

T r t . 1  were a t  p a r  w i t h  4A ( c o n t r o l )  and s u p e r i o r  t o  t h e  r e s t  of t h e  

sub t r ea tmen t s  a t  26 DAE. The r a t e  of l e a f l e t  a r e a  development was 

much f a s t e r  i n  1 A  and 1 B  than  t h e  o t h e r  subt rea tments .  The 

sub t r ea tmen t s  i n  T r t . 2  and T r t .  3 were no t  s i g n i f i c a n t l y  d i f f e r e n t .  

I n  T r t . 4 ,  4A was s u p e r i o r  t o  4B and 4C i n  terms of leaf  a r e a  p e r  

l e a t l e t  a t  2b DAE. 

4.1.2.5 Leaf a r e a  p e r  p l a n t :  

Leaf a r e a  p e r  p l a n t  a s  a  f u n c t i o n  of time i s  shown i n  F igu re  7 .  Among 

t h e  phenologica l  phases ,  T r t . 1  aga in  proved i t s  s u p e r i o r i t y  over  o t h e r  

t r e a t m e n t s  by r eco rd ing  h ighe r  leaf  a r e a  per  p l a n t .  I n  gene ra l ,  T r t  .2  

recorded  l e s s  l e a t  a r e a  p e r  p l a n t  compared t o  t r e a t m e n t s  3 and 4. 

The d i f  f e r e n c e s  among t h e  degree  of mois ture  s t r e s s  were q u i t e  

l a r g e .  In  Tr t .1 ,  subt rea tment  B recorded t h e  h i g h e s t  l e a f  a r e a  p e r  

p l a n t  compared t o  C. Subtreatments  1 A  and 1 C  were s i g n i f i c a n t l y  

s u p e r i o r  t o  4A ( c o n t r o l )  i n  r e s p e c t  of leaf  a r e a  pe r  p l a n t  a t  26 DAE. 

I n  T r t . 2 ,  d i f f e r e n c e s  among t h e  t h r e e  subt rea tments  were s i g n i f i c a n t  

a t  2b DAE and 2A and 2B recorded more l ea f  a r e a  p e r  p l a n t  t han  2C. I n  

T r t . 3 ,  d i f f e r e n c e s  were no t  much among t h e  t n r e e  subt rea tmente .  In  

T r t . 4 ,  t h e  d i f f e r e n c e s  i n  t h e  l ea f  a r e a  p roduc t ion  were s i g n i f i c a n t  

between 4A and 4C wh i l e  4B was on p a r  w i th  4A. Very low leaf  a r e a  pe r  

p l a n t  a t  2b DAE was recorded by subt rea tments  2C and 4C. 
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7 6 

4.1.2.6 Drv m a t t e r  p roduc t ion :  

The t o t a l  d r y  m a t t e r  produced a t  3  day i n t e r v a l  up t o  26 DAE i s  shown 

i n  F igure  8. Among t h e  phenological  s t a g e s ,  T r t . 1  was found t o  be 

b e t t e r  than  t h e  o t h e r  t r e a t m e n t s  i n  dry m a t t e r  product ion.  T r t . 4  

produced t h e  lowest  d ry  m a t t e r  a t  26 DAE. 

A s  t o  t h e  d e g r e e  of s t r e s s  i n  each main t r e a t m e n t ,  1 A  and 1 C  were 

s i g n i f i c a n t l y  s u p e r i o r  t o  1 B  i n  r e s p e c t  of dry m a t t e r  product ion.  1 A  

recorded  t h e  maximum dry  m a t t e r  product ion a t  23 DAE. I n  T r t . 2 ,  2A 

and 2B were s u p e r i o r  t o  2C. Trt.2A recorded l i n e a r  i n c r e a s e  i n  d ry  

m a t t e r  p r o d u c t l o n  even up t o  26 DAE. I n  t h e  case  of Tr t .3 ,  d ry  m a t t e r  

i n c r e a s e  was r a t h e r  slow up t o  20 DAE but t h e r e  was a  s t e e p  i n c r e a s e  

up t o  23 DAE and t h e n  decreased up t o  26 DAE. I n  T r t .  4,  t h e  d ry  

m a t t e r  p roduc t lon  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  amounp t h e  3  

sub t rea tments .  

4.1.3 Yie ld  and Yie ld  Components: 

The y i e l d  and y i e l d  components a long w i t h  f i n a l  p l a n t  popu la t ion  a r e  

p resen ted  i n  F i g u r e  9 and Table 8. 

4.1.3.1 Pod Yie ld :  

Among t h e  pheno log ica l  s t a g e s ,  t h e  seed from t h e  c rop  s t r e s s e d  from 

emergence t o  i n i t i a t i o n  of pegs (Tr t .1)  had t h e  h i g h e r  mean pod y i e l d  

of 1866 kg /ha  a s  a g a i n s t  1714 kg/ha from t h e  c rop  s t r e s s e d  

con t inuous ly  ( T r t . 4 ) .  The lowest mean y i e l d  of 1540 kg/ha was 

ob ta ined  from t h e  seed from t h e  crop s t r e s s e d  from f lower ing  t o  l a s t  

pod s e t  ( T r t . 2 )  which was 17.5% l e s s  than t h e  T r t . 1 .  The seed from 

t h e  c r o p  s t r e s s e d  from pod f i l l i n g  t o  matur i ty  ( T r t . 3 )  gave a mean pod 



3 vl 
c m 
V a l  
c u l m  
3 
0 > 0 )  
L C -  
(31 '- n 

m  m  
% L C - -  

L 7 

a u 
aa, a, 

.c L 

L 
73 Tul 

L - - 0 .- 
m u m  
u u l w  
,2 2 A 



~ i e l d  of 1738 kg/ha which was 7 X  l e s s  than  t h e  Tr t .1 .  

As f o r  t h e  degree  o t  mois ture  s t r e s s ,  subt rea tments  2B, and 2C 

were s i g n i f i c a n t l y  l e s s  i n  r e s p e c t  of pod y i e l d  whi le  t h e  r e s t  of 10 

sub t r ea tmen t s  were on par .  Pod y i e l d  was f a i r l y  uniform among t h e  3 

sub t r ea tme tus  i n  Tr t .1 ,  while  i n  t h e  r e s t  of 3 main t r ea tmen t s ,  pod 

y i e l d  decreased  w i t h  dec reas ing  amount of water  app l i ed ,  

e  8. F i n a l  p l a n t  popula t ion ,  pod, and haulme y i e l d ,  
and some y i e l d  components of t h e  groundnut seed crop 
w i t h  a  p rev ious  h i s t o r y  of mois ture  s t r e s s ,  dur ing  
t h e  1982 r a i n y  season.  

T rea t -  F i n a l  p l a n t  Pod She l l i ng  
ment popula t ion /  y i e l d  % 

ha ( ' 000 )  kg/ha 
o U U O O O o O O O O U U o U u U o O O O O O o o O o O o o O O o O O o O  

4.1 -3.2 Kerne l  y i e l d :  

Among t h e  d i f f e r e n t  phenologica l  s t a g e s ,  T r t . 1  recorded maximum mean 

k e r n e l  y i e l d  of 1210 kg/ha ( ~ i g . 9 1 ,  a  15% inc rease  i n  y i e l d  over  T r t  .4 

with  a mean k e r n e l  y i e l d  of 1054 kg/ha. Both T r t . 2  and Tr t . 3  recorded 

23% and 16% l e s s  k e r n e l  y i e l d  r e s p e c t i v e l y  a s  compared t o  T r t . 1 .  



T r t . 1  T r t  - 2  T r t . 3  ~ r t . 4  

F i g u r e  9. K e r n e l  y i e l d  o f  g roundnu t  seed c rop  w i t h  a  p r e v i o u s  h i s t o r y  
o f  m o i s t u r e  s t r e s s ,  d u r i n g  rhe 1982 r a i n y  season a t  t h e  
I C R I S A T  C e n t e r .  D e t a i l s  o f  t h e  t r e a t m e n t s  a r e  f u r n i s h e d  i n  
Table 5 .  
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As t o  t h e  deg ree  of mois ture  s t r e s s ,  subtreatments  l A ,  1 B  and 1C 

were on par  w i t h  4A ( c o n t r o l )  i n  respec t  of kerne l  y i e ld .  I n  T r t . 2 ,  

sub t rea tments  2B and 2C wi th  very low kerne l  y i e ld s  were s i g n i f i c a n t l y  

l e s s  t han  2A. I n  t h e  case  of Tr t .3  and Tr t .4 ,  t he  d i f f e r ences  i n  t he  

ke rne l  y i e l d  among t h e  subtreatments  were not  s i g n i f i c a n t .  

4.1.3.3 S h e l l i n g  

Among t h e  phenologica l  phases, Tr t .1  recorded a  higher  s h e l l i n g  

percentage a s  compared t o  t he  o the r  t reatments .  Among the  degree of 

mois ture  s t r e s s ,  Tr t . lA wi th  71 s h e l l i n g  percentage was s i g n i f i c a n t l y  

supe r io r  t o  a l l  t h e  o t h e r  11 subtreatments  under study. 

4.1.3.4 Haulm y i e l d :  

The v a r i a t i o n s  among t h e  phenological s tages  i n  respec t  of haulms 

y i e l d  were no t  much d i f f e r e n t .  

Among t h e  degree  of s t r e s s ,  4C alone recorded s i g n i f i c a n t l y  l e s s  

haulms y i e l d  over  r e s t  of t he  11 subtreatments .  

4.1 -4 Q u a l i t y  of seed obtained from 1982 ra iny  season: 

The seeds ob ta ined  from 1982 ra iny  season experiment were analysed f o r  

o i l  and p r o t e i n  bes ides  100 kerne l  weight a t  t h e  biochemistry 

l abo ra to ry  of ICRISAT and t he  r e s u l t s t a r e  presented i n  Table 9. 

4.1 -4.1 100 Kernel  Weight: 

Among t h e  phenologica l  s t ages ,  maximum mean 100 kerne l  weight (44g) 

was ob ta ined  i n  T r t . 1  c l o s e l y  followed by Trt .2  wi th  40 g while T r t . 3  

and T r t  .4 recorded t h e  same value of 38 g/100 ke rne l s .  



Table 9 .  Resu l t s  of ana lys i s  of 100 kernel  weight, o i l  and 
pro te in  contents of the experiment on the e f f e c t  of 
previous moisture s t r e s s  on current season productivity 
during the  1982 rainy season. 

O , v r O O O O o O O O O O O O O O O o o O o o o O O O O O o O O O O O O o O O o o o o o o o o o o o o o o o o o o o o o o o o o  

Treatment 100 kernel  O i l  ( % I  Protein ( X )  



A s  t o  t h e  degree  of s t r e s s ,  subt rea tments  l A ,  1 B  and 1 C  were 

s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  r e s t  of 9  subtreatments .  In  T r t . 2 ,  2C 

recorded significantly l e s s  100 ke rne l  weight than 2A and 2B. In  

Tr t .3 ,  100 k e r n e l  weight was s i g n i f i c a n t l y  l e s s  i n  3A and 3C than  3B. 

I n  Tr t .4 ,  4A was s u p e r i o r  t o  4B and 4C. The l e a s t  kerne l  weight (34 

g )  was recorded i n  4C. 

4.1.4.2 con ten t :  

Among t h e  phenological  phases,  Tr t .1  recorded h igher  mean o i l  content  

(40.8%) c l o s e l y  followed by Tr t .2  (40.3%) while  T r t . 3  and Tr t . 4  

r e g i s t e r e d  38.5% and 39.6% mean o i l  content  r e s p e c t i v e l y .  

As t o  t he  degree  of s t r e s s ,  Trt . lA recorded h ighes t  o i l  content  

of 42.3% whi le  t h e  d i f f e r e n c e s  among t h e  r e s t  of t h e  11 subt rea tments  

were n o t  much d i f f e r e n t .  

4.1.4.3 P r o t e i n  Content:  

There were no marked d i f f e r e n c e s  among t h e  phenological  s t ages  and 

degree  of s t r e s s  a l s o  i n  r e spec t  of p r o t e i n  content  except  t h a t  Trt.3C 

recorded t h e  l e a s t  p r o t e i n  content  of 28% a s  a g a i n s t  30% recorded i n  

4A ( c o n t r o l ) .  



4.2 Experiment 11: Studiee  on t h e  e f f e c t  of e a r l y  moisture 
s t r e s s  on p r o d u c t i v i t y  of two groundnut -- 
c u l t i v a r e  (1982 r a iny  season) 

The r e s u l t s  of t h i s  experiment a r e  d iscussed  under t h e  fol lowing 

headings : 

P l a n t  Measurements 

Leaf Area Index 

Number of Pegs 

Number of pods 

Dry Matter  D i s t r i b u t i o n  

Pod Growth 

Kernel Growth 

Root S tud ie s  

Evapot ranspi ra t ion  

Dry Matter  Product ion i n  Re la t i on  
t o  Cumulative Evapot ranspi ra t ion  

S o i l  Measurements 

S o i l  Temperature 

Radiatxon Balance 

Albedo 

Yield and Yield Component8 

F i n a l  P l a n t  popula t ion  

Pod Yie ld  

Kernel Yield 

Baulms Yield 

Water Use Eff ic iency  and Harvest Index 

Seed Qua l i t y  



4.2.1 P l a n t  Measurements 

4.2.1.1 Leaf a r e a  index 

Leat a r e a  index (LAI)  a s  a  f u n c t i o n  of time i n  two groundnut cvs  TMV2 

and Robut under  t h e  two m o i s t u r e  t r e a t m e n t s  i s  shown i n  F i g u r e  10 .  

Among t h e  two m o i s t u r e  t r e a t m e n t s ,  covered t r e a t m e n t  i n  bo th  t h e  

c u l t i v a r s  was s u p e r i o r  t o  t h e  uncovered i n  r e s p e c t  of LAI. The 

maximum LA1 recorded  i n  t h e  covered p l o t s  was 4.9 whi le  i t  was 3.5 i n  

t h e  uncovered p l o t s  f o r  TMV2. The corresponding v a l u e s  f o r  Robut were 

4.7 and 3.2 r e s p e c t i v e l y .  

Among t h e  c u l t i v a r s ,  Robut responded b e t t e r  t o  e a r l y  m o i s t u r e  

s t r e s s  than  TMV2 a s  suggested by t h e  l i n e a r  i n c r e a s e  i n  LA1 a f t e r  t h e  

r e l e a s e  of e a r l y  m o i s t u r e  s t r e s s  a t  about  44 DAE. 

4.2.1.2 Number o t  pegs 

Number o t  pegs a s  a  f u n c t i o n  of t ime i n  two groundnut cvs .  TMVZ and 

Robut under t h e  two m o i s t u r e  t r e a t m e n t s  i s  shown i n  F i g u r e  11. The 

peg p roduc t lon  was more i n  t h e  covered p l o t s  t h a n  uncovered p l o t s  i n  

both  t h e  c u l t i v a r s  but more pronounced i n  Robut. I n  TMVZ, peg 

p roduc t lon  i n c r e a s e d  a f t e r  t h e  r e l e a s e  of e a r l y  m o i s t u r e  s t r e s s  

(covered p l o t s )  and s t a r t e d  d e c r e a s i n g  from 60 DAE. But i n  Robut t h e  

r a t e  of i n c r e a s e  i n  peg p roduc t ion  was h i g h e r  than  i n  TMV2, up t o  50 

DAE i n  t h e  covered p l o t s  and t h e n  s t a r t e d  decreas ing .  

4.2.1.3 Number of pods 

Seasonal  changes i n  t h e  pods i n  t h e  two groundnut c v s  TMV2 and Robut 

under t h e  two m o i s t u r e  t r e a t m e n t s  i s  shown i n  F i g u r e  12. The number 

of pods i n  g e n e r a l  was observed t o  be more i n  t h e  covered p l o t s  t h a n  

i n  t h e  uncovered p l o t s  but  it was more pronounced i n  Robut than  TMV2. 

Among t h e  c u l t i v a r s ,  Robut responded b e t t e r  i n  terms of pod p roduc t ion  





F igure  11 .  Product ion o f  pegs as a f unc t i on  o f  t ime i n  two groundnut cvs TMV2 and Robut under two 
mo is tu re  t reatments  ( C  - covered; UC - uncovered) i n  the  1982 r a i n y  season. 





f o r  e a r l y  m o i s t u r e  s t r e s s  t h a n  TMV2. The t o t a l  number of pods 

produced was s i g n i f i c a n t l y  h i g h e r  i n  Robut. 

4.2.1.4 Drv m a t t e r  d i s t r i b u t i o n  

Dry m a t t e r  d i s t r i b u t i o n  a s  a f u n c t i o n  of t ime i n  two groundnut cvs  

TMV2 and Robut under t h e  two m o i s t u r e  t r e a t m e n t s  i s  shown i n  F igures  

13  and 1 4  w h i l e  t h e  pe rcen tage  of d r y  m a t t e r  d i s t r i b u t i o n  i n  v a r i o u s  

p l a n t  p a r t s  a t  m a t u r i t y  f o r  t h e  above t r e a t m e n t s  i s  shown i n  TablelO. 

There were no marked d i f f e r e n c e s  between t h e  covered and uncovered 

t r e a t m e n t s  i n  TMV2 i n  r e s p e c t  of d r y  m a t t e r  d i s t r i b u t i o n  a t  m a t u r i t y  

of t h e  c rop .  But i n  t h e  c a s e  of Robut, h i g h e r  accumulat ion of 

p h o t o s y n t h a t e s  i n  t h e  pods was n o t i c e d  i n  t h e  covered t r ea tment  a s  

compared t o  t h e  uncovered t r e a t m e n t ,  t h e  i n c r e a s e  be ing  about  3%. 

Table  10.  Dry m a t t e r  d i s t r i b u t i o n  (%) i n  v a r i o u s  p l a n t  p a r t s  a t  
m a t u r i t y  of groundnut cvs  TMV2 and Robut under t h e  two 
m o i s t u r e  t r e a t m e n t s  (C - covered;  UC - uncovered)  
d u r i n g  t h e  1982 r a i n y  season. ................................................................ 

Dry m a t t e r  d i s t r i b u t i o n  (%) 
P l a n t  p a r t  ............................................. 

TMV2-C TMV2-UC Robut-C Ro bu t -UC 

Leaves 10 ,O 11.6 9.3 14.5 
Stems 28 .O 27.6 27.1 27.7 
Pegs 2.7 2.2 2.3 2.8 
Pods 59.3 58.6 60.3 55 .O 
( i n c l u d e  k e r n e l )  ............................................................... 
4.2.1.5 Pod growth 

Pod growth a s  a f u n c t i o n  of time i n  two groundnut cvs  TMV2 and Robut 

under t h e  two m o i s t u r e  t r e a t m e n t s  i s  shown i n  F i g u r e  15.  The covered 

t r e a t m e n t  i n  b o t h  t h e  c u l t i v a r s  was found t o  be s u p e r i o r  t o  t h e  

uncovered t r e a t m e n t  i n  r e s p e c t  of pod growth. The pod growth was 

enhanced i n  b o t h  t h e  c u l t i v a r e  a f t e r  t h e  r e l e a s e  of e a r l y  mois tu re  

s t r e s s  ( 4 4  DAE). Among t h e  c u l t i v a r s ,  pod growth i n  TMV2 was 







Days a f t e r  emergence 

Figure 15. Changes i n  t h e  pod g rowth  o f  two groundnut cvs 
Robut and TMV2 under two m o i s t u r e  t rea tmen ts  (C - covered; 
UC - uncovered) i n  the  1982 r a i n y  season. 



i n i t i a l l y  more but  l a t e r  growth was b e t t e r  i n  Robut. F ina l  pod dry 

ma t t e r  was h igher  i n  TMV2. 

4.2.1.6 Kernel growth 

Kernel growth a s  a func t ion  of time i n  two groundnut cvs TMV2 and 

Robut under t h e  two mois ture  t r ea tmen t s  i s  shown i n  Figure 16. Kernel 

growth followed almost t h e  same p a t t e r n  of pod growth. The covered 

t reatment  i n  TMV2 produced a much f a s t e r  r a t e  of seed growth than i n  

Robut s t a r t l n g  from 80 DAE. This  was revea led  by t h e  f a c t  t h a t  i n  t h e  

covered t rea tment  i n  TMV2, t h e  ke rne l  growth continued up t o  100 DAE 

while  i n  t he  covered p l o t s  i n  Robut, ke rne l  growth slowed down a f t e r  

80 DAE. 

4.2.1.7 Root s t u d i e s  

Data on roo t  l eng th  and dry ma t t e r  i n  two groundnut cvs TMV2 and Robut 

a t  ma tu r i t y  under t he  two mois ture  t rea tments  a r e  shown i n  Table 11. 

Table 11. Length and dry  weight of r o o t s  a t  matur i ty  of two 
groundnut cvs  TMV2 and Robut under t h e  two mois ture  
t rea tments  (C - covered; UC - uncovered) dur ing  t h e  
1982 r a i n y  season (mean f o r  t h r e e  p l a n t s ) .  ............................................................. 

Treatment Length of t a p  To ta l  l eng th  of Dry weight 
r o o t  r o o t  system of t o t a l  roo t  

(cm/plant)  (cm/plant)  system 
( g / p l a n t  ........................................................... 

TMVZ-C 7 5 1499 1.014 
TMVZ-UC 48 914 0.548 
Robut-C 67 1431, 0.989 
Robut -UC 5 2 1299 0.948 



8 0 9 0 

Days a f t e r  emergence 

Figure 16. Changes i n  t h e  ke rne l  growth o f  t w o  groundnut cvs  Robut and 
TMV2 under two mi s t u r e  t rea tmen ts  ( C  - covered; UC - uncovered) 
i n  t h e  1982 r a i n y  season. 



The covered plots in both the cultivars proved superior to the 

uncovered treatments in respect of length of tap root, total length 

and dry weight of root system. 

Among the cultivars, TMV2 in the covered plots had longer tap 

root, total length and dry weight of root system than in Robut. Root 

distribution for the two cultivars in the two treatments is shown in 

Plate 4. 

4.2.1.8 Evapotranspiration 

Water use in terms of evapotranspiration (ET) as a function of time in 

two groundnut cvs TMV2 and Robut under the two moisture treatments is 

shown in Table 12. 

Table 12. Evapotranspiration (ET) as a function of time in .two 
groundnut cvs TMV2 and Robut under the two moisture 
treatments (C - covered; UC - uncovered) during the 
1982 rainy season. 

- -- --- - - -- ---------- 

Evapotranspiration (arm) 
DAE .................................................. 

TMV2-C TMV2-UC Robut-C Robut -UC .............................................................. 
24-3 2 7 .O 22.6 8.9 21.9 
33-42 7.4 59.6 9.5 54.8 
43-50 14.6 44.2 13.3 43.9 
51-57 16 .O 19.7 10.1 24.3 
58-67 1.4 1.5 1.8 3.4 
68-75 10.6 12.0 14.7 18.9 
76-85 4 b  .4 53.3 43.2 62.1 
86-94 32.1 50.9 44.2 51.5 
95-104 37.7 51.9 43.8 37 $7 
105-116 14.7 17.1 4.5 10.6 



P l a t e  4. Root d i s t r i b u t i o n  f o r  TBIV2 and Robut i n  t h e  two 
t r e a t m e n t s  d u r i n g  t h e  1982 r a i n y  season.  



Among the two moisture t reatments ,  t he re  was considerable 

reduct lon  i n  t he  ET i n  t h e  covered p l o t s  than the  uncovered p l o t s  i n  

both the  cu l t i va re  of groundnut. 

During the  ea r ly  moisture s t r e s s  period (44 DAE), the  ET i n  t he  

covered p l o t s  i n  both t he  c u l t i v a r s  was f a r  l e s s  than the  values 

obtained i n  the uncovered p lo t s .  Lateron the  d i f fe rences  i n  ET 

between the covered and uncovered p l o t s  were narrowed down i n  both the  

cu l t i va re .  But the covered p l o t s  continued t o  show l e s s  ET values 

than t h e  uncovered p l o t s  even up t o  maturi ty i n  both the  v a r i e t i e s .  

When cumulative ET over the  crop growth season i s  considered, t he  

covered p l o t s  i n  TMV2 recorded a  reduced ET of about 145 m over the  

uncovered p lo ts .  In  t he  case of Robut, t he  ET reduct ion was t o  an 

ex ten t  of 135 mm between the  covered and uncovered p lo t s .  

Among the c u l t i v a r s ,  TMV2 was more e f f i c i e n t  i n  the  t o t a l  water 

use than Robut. 

4.2.1.9 Dry matter  product ion in r e l a t i o n  to cumulative 
evapot ranspi ra t ion  

/ 

Dry mat te r  production a s  a  func t ion  of cumulative evapot ranspi ra t ion  

(CET) of two groundnut cvs TMV2 and Robut under the  two moisture 

t reatments  i s  ahown i n  Figure 1 7 .  

Among the  moisture t reatments ,  higher dry matter  production was 

obtained i n  the covered p l o t s  than the  uncovered p l o t s  a t  the  minimum 

values of CET i n  both t he  c u l t i v a r s .  



CET (mm) 

F igure  17. Re la t ionsh ip  between dry  mat ter  accumulatton and curnulattve 
evapotranspi ra t ion (CET) o f  two groundnut cvs Robut and TMVZ 
under two mois ture treatments (C - covered; UC - uncovered) 

i n  t h e  1982 r a i n y  season. 



Among the  c u l t i v a r s ,  Robut was more e f f i c i e n t  i n  dry matter  

production s ince  i t  produced more dry mat te r  f o r  t he  same u n i t s  of ET 

i n  t he  covered p lo t s .  I n  Robut, t h e  covered p l o t s  recorded maximum 

dry mat te r  product ion a t  a very low CET (61 mrn) a s  aga ins t  a CET value 

of 260 arm f o r  uncovered p lo t s .  Robut recorded more dry matter  both 

under covered and uncovered condi t ions  than TMV2. I n  t he  case of 

TMV2, maximum dry matter  production was recorded i n  t h e  covered p l o t s  

a t  a low CET (66 mm) a s  aga ins t  a CET value of 266 mm f o r  t he  

uncovered p lo t s .  

4.2.2 Soil measurements 

4.2.2.1 Soil Temperature 

Seasonal changes i n  s o i l  temperature of groundnut under the  two 

moisture t reatments  a r e  shown i n  Figure 18. During t h e  e a r l y  moisture 

s t r e s s  period i.e., up t o  44 DAE, t he  s o i l  temperature i n  t he  covered 

p l o t s  was higher by about 4°C than the  uncovered p l o t s .  After  t he  

r e l ea se  of e a r l y  moisture s t r e s s ,  t he  d i f f e r ences  i n  s o i l  temperature 

between covered and uncovered p l o t s  were m a l l .  The f l u c t u a t i o n s  i n  

the s o l 1  temperature a f t e r  t he  r e l ea se  of e a r l y  moisture s t r e s s  were 

due t o  the  occurrence of drought f o r  sho r t  periods. 

4.2.3 Radiat ion Balance 

4.2.3.1 Albedo 

The percent  albedo i n  two groundnut cvs TW2 and Robut under the  two 

moisture t reatments  i s  shown i n  Figure 19. Among the  moisture 

t reatments ,  albedo was more i n  t h e  uncovered p l o t s  than the  covered 

p l o t s  i n  both the  c u l t i v a r s .  







Among t h e  c u l t i v a r s ,  t h e  a lbedo was double on 34 DAE i n  TMV2 than  

i n  Robut i n  t h e  uncovered p l o t s .  The a lbedo inc reased  i n  both t h e  

c u l t i v a r s  u n t i l  t h e  r e l e a s e  of e a r l y  mois tu re  s t r e s s  (44 DAE) and 

s t a r t e d  reduc ing  l a t e r o n .  

4.2.4 Yie ld  and Yie ld  components 

Yield  and y i e l d  components t o g e t h e r  w i t h  f i n a l  p l a n t  popu la t ion  of two 

grounanut cvs  TMV2 and Robut under t h e  two mois tu re  t r ea tment s  a r e  

shown i n  F igure  20 and Table  13.  

4.2.4.1 F i n a l  P l a n t  Popu la t ion  

The d i f f e r e n c e s  among t h e  t r e a t m e n t s  were no t  s i g n i f i c a n t  

statistically. However, i t  was observed t h a t  t h e  f i n a l  popu la t ion  i n  

t h e  covered t r e a t m e n t s  of both  t h e  c u l t i v a r s  was more than  t h e  

uncovered t r ea tment s .  

4.2.4.2 Pod Yie ld :  

In  t h e  covered p l o t s  TMVZ gave a 21% inc reased  y i e l d  over  t h a t  i n  t h e  

uncovered p l o t s  whi le  about 28% inc reased  pod y i e l d  was obta ined from 

t h e  covered p l o t s  of Robut over  t h e  uncovered ones.  

4.2.4.3 Kernel  Yie ld :  

Kernel y i e l d  i n  t h e  covered p l o t s  of TMV2 was 25% h igher  over t h e  

uncovered p l o t  y i e l d s ,  whi le  t h e  covered p l o t s  of Robut y ie lded  111 

inc reased  k e r n e l  y i e l d  over  t h e  uncovered ones (Fig.20).  

4.2.4.4 Haulms Yield:  

The covered p l o t s  i n  bo th  c u l t i v a r s  TMVZ and Robut y ie lded  more haulms 
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Table 13. F ina l  p l a n t  population, y i e l d  and y i e l d  components 
of two groundnut cvs  TMV2 and Robut under t he  two 
mois ture  t rea tments  (C - covered; UC - uncovered) 
during t h e  1982 ra iny  season. 

Cult i v a r  TW2 Robut SED f @ SED 2 

Fina l  p l a n t  populat lonlha 
( '000) 
C 142.6 134.0 17.5 17.2 
UC 124.2 125.4 

Pod y i e l d  (kglha)  
C 1451 1606 216 199 
UC 1200 1258 

Kernel y i e l d  (kglha)  
C 853 893 145 125 
UC 684 810 

Haulms y i e l d  (kgfha)  
C 4157 3946 384 56 7 
UC 3700 3131 

@:SED between 2 subplot  t reatment  means ( c u l t i v a r s )  a t  t he  same 
l e v e l  of main p l o t  t reatment  (moisture t r ea tmen t s ) .  

*:SC;D between 2 main p l o t  t reatment  means f o r  t he  same 
subplot  t reatment  mean o r  f o r  d i f f e r e n t  l e v e l s  of the  
subplot  t reatment .  



t nan  t h e  uncovered p l o t s .  

4.2.4.5 Water Use Ef f i c i ency  &Harves t  Index: 

The d a t a  on water  uae e f f i c i e n c y  (WE)  and ha rves t  index a r e  presented 

i n  Table 14. Robut showed a  h igher  WUE over TMV2 and i n  t h e  covered 

p l o t s  i n  both  t he  c u l t i v a r s  WE was g r e a t e r  than i n  uncovered p l o t s .  

Table 14. Water use  e f f i c i e n c y  and ha rves t  index of two groundnut 
cvs TMV2 and Robut under t h e  two mois ture  t rea tments  
(c-covered; UC-uncovered) dur ing  t h e  1982 r a iny  season. 

Treatment Water use  e f f i c i e n c y  Harvest Index 
(Kg/ha/cm) 

In  t h e  covered p l o t s  i n  both t h e  c u l t i v a r s  H I  was h igher  than t h e  

uncovered p l o t s .  Between t h e  two c u l t i v a r s ,  Robut gave a  h igher  

harves t  index over  TMV2. 

4.2.4.6 Seed Q u a l i t y  

The 100 seed weight ,  o i l  and p r o t e i n  con ten t s  of two groundnut cvs 

TMV2 and Robut under two mois ture  t r ea tmen t s  a r e  presented i n  Table 

15. 

The covered p l o t s  recorded h igher  seed weight ,  o i l  and p ro t e in  

con ten t s  i n  both t h e  cvs than t h e  uncovered p l o t s .  



Table 15. 100 seed weight, o i l  content and protein content 
of two groundnut cvs TMV2 and Robut under the two 
moisture treatments (C - covered; UC - uncovered) 
during the 1982 rainy season. ............................................................ 

Treatment 100 s e e d w e i g h t ( g 1  O i l %  Protein 4 



4.3 Experiment 111: Studies on the effect of moisture 
stress at different ~henolonical stages of groundnut -- 
(1982-83 postrainv season) 

The results of this experiment are discussed under the following 

headings, 

4.3.1 Water Applied, Available Water and 
Evapotranspiration 

4.3.1.1 Amount of Water Applied 

4.3.1.2 Available Soil Water 

4.3.1.3 Evapotranspiration 

Plant Measurements 

Phenology 

Leak Area Index 

Number of Pegs 

Number of Pods 

Dry Matter Distribution 

Pod Growth 

Kernel Growth 

Dry Matter Production h Evapotranspiration 

Yield and Yield Components 

Plant Population 

Pod Yield 

Kernel Yield 

Shelllng Percentage and Evapotranspiration 

Water Use Efficiency and Harvest Index 

Water Use Efficiency 

Harvest Index 

Covariate Analysis of treatment ef fects 



Root S t u d i e s  

Length of Tap Root 

T o t a l  l e n g t h  of Roots 

Dry Weight of T o t a l  Root System 

Seed Q u a l i t y  

100 Kernel Weight 

P r o t e i n  Content 

O i l  Content 

P l a n t  Water S t r e s s  Measurements 

Stomatal  Conductance 

Seasonal V a r i a t i o n  

Diurnal  V a r i a t i o n  

Response t o  Photosynthet ic  
Photon Flux Densi ty  

Stomatal  Conductance a s  a Funct ion of 
Pho tosyn the t i c  Photon Flux Density a t  
t h r e e  Classes  of Vapor P ressure  D e f i c i t .  

T r a n s p i r a t i o n  

Seasonal Var ia t ion  

Diurnal  V a r i a t i o n  

Leaf Water P o t e n t i a l  

Seasonal V a r i a t i o n  

Diurnal  V a r i a t i o n  

Leaf Water P o t e n t i a l  a s  a Funct ion of 
Stomata1 Conductance a t  Three Classes  of 
Vapor P ressure  D e f i c i t  

Canopy Temperature 

Seasonal V a r i a t i o n  

Diurnal  V a r i a t i o n  

Re la t ionsh ip  Between S t r e s s  Degree 
Days and T o t a l  Evapo t ransp i ra t ion  



Canopy-air Temperature Differential 

Seasonal Variation 

Diurnal Variation 

Soil Temperature 

Seasonal Variation 

Diurnal Variation 

Seasonal Variation in (Soil-air) Temperature 

Diurnal Variation 

Soil Penetration Resistance 

Seasonal Variation 

Soil Penetration Resistance and ET Levels 

Soil Penetration Resistance and Kernel Yield 

Radiation Balance 

Albedo 

Net Radiation 

4.3.1 Water applied. available water and evapotranspiration 

4.3.1.1 Amount of water ap~lied 

Irrigation was given at weekly intervals depending on the treatments. 

The schedule of irrigation given to groundnut in different treatments 

is furnished in Table 16. 



Table 16 .  Schedule of i r r i g a t i o n  a p p l i e d  t o  groundnut i n  d i f f e r e n t  
t r e a t m e n t s  dur ing  1982-83 pos t ra iny  season.  ................................................................ 

Date Days a f t e r  Tr t .1  T r t .  2 T r t .  3 Tr t .4  
emergence 

- -- 

Or Nov 1982 2 GI" G I  U  I G I  
16 Nov 1982 9 -- U  I G I  -- 
22 Nov 1982 15 G I  G I  U  I G I  
29 Nov 1982 22 -- -- U I  G I  
06 Dec 1982 29 U I ~  G I  G I  G I  
13 Dec 1982 36 U  I -- -- G I  
20 Dec 1982 43 U  I G I  G I  G I  
21 Dec 1982 5 0 U I  -- -- G I  
03 J a n  1983 5 1 U  I U  I G I  G I  
10 J a n  1983 64 U I  U  I -- G I  
11 J a n  1983 7 1 U  I U I  G I  G I  
24 J a n  1983 78 U  I U I  -- G I  
31 Jan  198-1 85 U  I U I  G I  G I  
0 1  Feb 1983 92 U  I U I  U  I G I  
14 Feb 1983 99 U  I U I  U I  G I  
21 Feb 1983 106 U  I U  I 01 G I  
25 Feb l r 8 ~  113 U I  U I  U  I G I  
01 Mar 1983 120 U  I U  I U  I G I  
14 Mar 1983 12 1 U  I U  I U  I G I  
21 Mar 1983 134 U  I U  I U I  G I  
25 Mar 1 ~ 8 3  141 U I  U  I U I  G I  .................................................................. 

a = Grad ien t  i r r i g a t l o n  ( G I )  a p p l i e d  through t h e  use  of l i n e  source .  

b = Uniform i r r i g a t l o n  ( U I )  a p p l i e d  through t h e  use  of p e r f o r a t e d  
p ipes .  



4.3.1.2 Available Soi l  Water 

Available so l1  water was measured i n  the  0-120 cm s o i l  p ro f i l e  f o r  a l l  

the four treatments a t  the three  ET leve ls  i n  each treatment on a  

seasonal bas i s .  Although da ta  were co l lec ted  a t  a l l  ET leve ls ,  f o r  

the sake of comparison only da t a  a t  the  high and low ET leve ls  i n  each 

treatment a re  presented here. Available s o i l  water i n  a l l  the four 

treatments a t  two leve ls  of ET i s  shown i n  Figures 21-24. 

In  T r t  .l (Fig.21) more ava i lab le  s o i l  water was observed a t  11-60 

cm depth i n  the  p lo t s  a t  592 mm of ET than a t  611 mm ET leve l .  

Extract ion of ava i lab le  s o i l  water was more from 11-30 cm s o i l  depth 

a t  both ET levels .very l i t t l e  v a r i a t i o n  i n  t he  ava i lab le  s o i l  water 

content was noticed a t  s o i l  depth of 61-90 cm and 91-120 cm.More 

f luc tua t rons  i n  the ava i lab le  s o i l  water a t  0-10 cm depth were noticed 

a t  both ET leve ls .  

In  Trt.2, the ava i lab le  s o i l  water a t  the  two leve ls  of ET 

(Fig.22) was l e s s  up t o  about 55 DAE s ince the  p l o t s  were under 

moisture s t r e s s  during t h i s  period. After  the re lease  of s t r e s s ,  t he  

ava i lab le  so l1  water i n  the s o i l  p r o f i l e  s t a r t ed  increasing.  

In  T r t .  2  ( ~ i g . 2 2 ) ~  the ava i lab le  s o i l  water was more i n  t he  

p lo t s  a t  576 mm ET leve l  than a t  494 mm ET leve l .  A t  the higher ET 

leve l  ex t r ac t ion  of water from p r o f i l e  depth of 11-30 cm was more and 

t o  a  l e s s  extent  from 0-10 cm depth. The seasonal va r i a t i on  i n  the  

ava i lab le  so l1  water a t  61-120 cm depth was not qu i t e  d i s t i n c t  a t  

higher ET leve l .  In  t he  case of 494 mm ET leve l  ex t rac t ion  of water 

occurred a t  a l l  depths down t o  120 cm. 
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I n  Tr t .3  ( ~ i g . 2 3 ) ,  t h e  a v a i l a b l e  s o i l  water  i n  genera l  decreased 

up t o  90 DAE a t  bo th  l e v e l s  of ET s i n c e  t h e  p l o t s  were under mois tu re  

s t r e s s  dur ing  t h i s  per iod.  A f t e r  t h e  r e l e a s e  of water  s t r e s s , t h e  

a v a i l a b l e  s o l 1  water  i n  t h e  s o i l  p r o f i l e  s t a r t e d  inc reas ing .  During 

t h e  mois tu re  s t r e s s  pe r iod ,  a v a i l a b l e  s o i l  water  was more i n  t h e  s o i l  

depth  of 11 t o  60 cm a t  546 nrm ET l e v e l  than a t  401 mm ET l e v e l .  

E x t r a c t l o n  of water  from p r o f i l e  dep th  from 11-60 cm was more a t  both  

ET l e v e l s .  At 401 mm ET l e v e l ,  e x t r a c t i o n  of water was observed from 

t h e  deeper  dep ths  of s o i l  p r o f i l e ,  

I n  T r t . 4  ( F i g  24) ,  t h e  a v a i l a b l e  s o i l  water  con ten t  was q u i t e  

h igh,  expec ted ly ,  i n  t h e  11-60 cm s o i l  p r o f i l e  a t  t h e  687 mm ET l e v e l  

a s  compared t o  t h e  47 mm ET l e v e l .  A t  t h e  high ET l e v e l  of 687 mm, 

t h e r e  was l r t t l e  e x t r a c t i o n  of water  from p r o f i l e  depth  below 90 cm. 

A t  47 mm ET l e v e l ,  t h e  e x t r a c t i o n  of water  occurred a t  a l l  depths .  

4.3.1.3 Evapo t ransp i ra t ion  

The n e t  amount of water  app l i ed  and e v a p o t r a n s p i r a t i o n  computed a r e  

presented i n  Tab le  1 7 .  

4.3.2 P l a n t  Measurements 

The response of p l a n t s  t o  i r r i g a t i o n ,  be i t  d ry  m a t t e r  product ion,  

g r a i n  y i e l d ,  l e a t  a r e a ,  e t c .  can be s tud ied  by applying d i f f e r e n t  

amounts of i r r i g a t i o n .  These responses  t o  i r r i g a t i o n  w i l l  be modified 

by a v a i l a b l e  s o l 1  water ,  r a i n  and i r r i g a t i o n  e f f i c i e n c y .  The p l a n t  



S o i l  depth I 

Days a f t e r  emergence 

F igu re  23. Seasonal changes i n  t h e  a v a i l a b l e  s o i l  water  a t  d i f f e r e n t  s o i l  depths  i n  Treatment 3 a t  a) 546 mn and 
b) 401 nun ET l e v e l s  d u r i n g  t h e  1982-83 p o s t r a i n y s e a s o n .  





Table 17. Amount of water applied and ET in different treatments 
during the 1982-83 postrainy season. 

-- 

rreatment Die tance Net amount of ET 
from the water applied (mm) 
line source (m> 

(m) ............................................................... 
1 3 6 6 )  5 92 

9 657 603 
15  623 611 

2 3 630 576 
9 589  5 46 

15 522  4 94 
3 3 603 5 46 

9 5 53 515 
15 47 7 40 1 

4 3 739  687 
9 40 9 3 86 

15 27 47 



responses t o  ET a r e  more s t a b l e  because ET includes  a l l  t h e  sources of 

water t o  p l a n t  ( s o i l  water ,  r a i n  and i r r i g a t i o n ) .  A l l  t h r e e  sources 

of water a r e  considered equa l ly  e f f i c i e n t  (Stewart  and Hagan, 1973; 

Stewart e t  a l . ,  1977). Furthermore, no a p p l i c a t i o n  e f f i c i ency  i s  

involved i n  t h e  case  of ET a s  wi th  i r r i g a t i o n .  Thus i t  i s  concluded 

t h a t  t h e  d iecuss ion  on p lan t  responses t o  ET is  much more valuable  i n  

understanding t h e  e f f e c t s  of l imi ted  water than t h e  responses t o  

irrigation. 

4.3.2.1 Phenolony 

The number of days taken f o r  each s p e c i f i c  reproduct ive  s tage  (Boote, 

1982) a t  d i f f e r e n t  ET l e v e l s  a t  d i f f e r e n t  phenological  s t ages  of 

groundnut crop dur ing 1982-83 pos t ra iny  season i s  presented i n  Table 

18. 

R1 :  I n  t h e  reproduct ive  s t age  R1 (beginning bloom), flowering 

occurred e a r l y  i n  T r t  .l while a t  an ET l e v e l  of only  41 mm i n  T r t  .4,  

t h i s  was delayed by 9 days. The r e s t  of t h e  t rea tments  d id  not  d i f f e r  

i n  t h e  initiation of f lowers.  

R2:  Pegging occurred e a r l y  i n  Trt .1.  In  t h e  o t h e r  3 t rea tments  

peg i n i t i a t ~ o n  was delayed by about 4-6 days w i t h  decreas ing ET. 

R3: The d u r a t i o n  of R3 was s h o r t  i n  Tr t .1 .  A t  an  ET l e v e l  of 

494 mm i n  T r t  .2, t h i s  dura t ion  was extended by 4 days and i n  T r t  .3 by 

10-13 days a t  d i f f e r e n t  ET l e v e l s ,  I n  Trt .4,  pod formation was 

delayed by 8-12 days wi th  the  decreas ing ET. 



Table 18.  Days a f t e r  emergence a t  d i f f e r e n t  ET l e v e l s  for  di f ferent  
treatments during the 1982-83 post  rainy season. ....................................................................... 

TREATMENT 1 TREATMENT 2 TREATMENT 3 TREATMENT 4 

R . S . :  Reproductive Stage R5 : Beginning Seed 
R1 : Beginning Bloom R6 : Ful l  Seed 
R2 : Beginning Peg R7 : Beginning Maturity 
R3 : Beginning Pod R8 : Harvest Maturity 
R 4  : Ful l  Pod 



R4: The same trend as noticed in stage R3 was observed in all 

the four treatments. 
* 

R5: Trt.1 and Trt.2 did not differ except at an ET level of 494 

mm in Trt.2 where seed formation was delayed by 8 days. In Trt.3, 

seed formation was further delayed as it took 82-84 days as against 74 

days taken by Trt.4 with 687 mm of ET. The longest period for seed 

initiation occurred at a low ET level of 47 mm in Trt.4. 

R6: Similar trend as noticed in stage R5 was observed. 

R7: Trt.1 and Trt.2 were earliest to begin maturity while Trt.3 

was very late in this regard. In Trt .4 the duration was 112 to 119 

days in different ET levels. 

R8 (Harvest maturity): Trt.1 and Trt.2 took 134-141 days to 

mature while the maturity was much delayed in Trt.3 and Trt.4. 

4.3.2.2 Leaf area index 

Lear area index (LAX) as a function of time for all the four 

treatments is shown in Figure 25. 

Marked differences in LA1 at different ET levels were.observed in 

Trt.3 and Trt.4 only, while they were not quite distinct in Trt.1 and 

Trt.2. In all the four treatments, maximum LA1 was recorded at 90 DAE 

except at the ET levels of 515 and 401 mm in Trt.3 where maximum LA1 

was recorded between 100 to 110 DAE. 





In Trt.1, 592 mm of ET resulted in significantly higher LA1 from 

60 DAE when compared to the higher ET values of 603 and 611 mm. In 

Trt.2 also at the lower ET levels of 546 and 494 mm the plants 

marntained higher LA1 over the ET level of 576 mm from 100 DAE. 

In Trt.3, significant differences in LA1 were observed among the 

different ET levels from 60 DAE. From 110 DAE these differences were 

less discernable. 

For Trt.4 at all the ET levels LA1 increased up to 90 DAE at 

which tlme the differences were maximum. The plots with 687 m of ET 

recorded the maximum LA1 of 4.4 while the ET level of 47 nrm resulted 

in an LA1 of only 1.7. From 100 DAE, at an intermediate ET level of 

386 mm the plants maintained a higher LA1 over the other two ET 

levels. 

4.3.2.3 Number of pens 

The number of pegs per plant as a function of time at different ET 

levels for different treatments during the 1982-83 postrainy season 

are presented in Table 19. 

In Trt.1, the number of pegs was differed significantly with ET. 

The peg number was lowest with the ET level of 592 mm. In Trt.2 

however the number of peg8 increased with reduction in ET, A similar 

trend was observed in Trt.3. 

The number of pegs at all ET levels occurred in ~rt.4. At an ET 

level of 687 the groundnut plants produced less number of pegs as 

compared to the highest ET levels in the other treatments. The least 

number of pegs was obtained at the ET level of 47 mm. 



Table 19. No. of pegs/plant a s  a function of time a t  d i f ferent  ET l e v e l s  
for d i f f eren t  treatments during the  1982-83 post rainy season. 

TREATMENT 1 TREATMENT 2 

TREATMENT 3 TREATMENT 4 



4.3.2.4 Number of pods 

The number of pods per  p l an t  a s  a  func t ion  of time a t  d i f f e r e n t  ET 

l e v e l s  f o r  d i f f e r e n t  t reatments  during the  1982-83 pos t ra iny  season i s  

presented i n  Table 20. 

In  Trt .1 ,  s i g n i f i c a n t  d i f f e r ences  were observed i n  t h e  pod number 

among the  ET l eve l s .  There was however no consistency i n  t he  

d i f f e r ences  i n  pod number a t  d i f f e r e n t  ET l eve l s .  In  T r t  .2, t h e  low 

ET l eve l  of 494 mm r e su l t ed  i n  higher pod number over the  o ther  two 

l e v e l s  from 110 DAE onwards. I n  Trt .3  a l s o  the  low ET l eve l s  of 515 

and 401 nrm r e su l t ed  i n  more pods per p l an t  over t he  higher l eve l  of 

546 mm. 

I n  Trt .4 ,  the number of pods was s i g n i f i c a n t l y  d i f f e r e n t  among 

the  ET l eve l s .  Pod number was expectedly more a t  t he  687 mu ET l eve l  

compared t o  386 and 47 mm l eve l s ,  

4.3.2.5 Dry  mat te r  d i s t r i b u t i o n  

Dry mat te r  d i s t r i b u t i o n  among var ious  p lan t  p a r t s  f o r  a l l  the  four  

t reatments  a t  two ET l e v e l s  during the  1982-83 pos t ra iny  season i s  

shown i n  Figures 26 t o  29 and Table 21. Although d a t a  were co l lec ted  

a t  a l l  ET l e v e l s ,  f o r  t he  sake of comparison only da t a  a t  the  high and 

low ET l e v e l s  i n  each t reatment  a r e  presented. 

I n  Trt .1 ,  maximum dry mat te r  accumulation was not iced a t  120 DAE 

with more p a r t i t i o n i n g  t o  t h e  stems a t  592 nrm of ET. A t  611 nrm of ET, 

the dry matter  accumulation was maximum a t  130 DAE and higher 

Partitioning i n t o  pods and kerne ls  occurred. 



Table 20. No.of pods /p lan t  a s  a f u n c t i o n  of time a t  d i f f e r e n t  ET l e v e l s  f o r  
d i f f e r e n t  t r ea tments  dur ing  t h e  1982-83 p o s t  r a i n y  season. ........................................................................... 

TREATMENT 1 TREATMENT 2 
D AE ................................................................ 

592 5 46 611 SE + 57 6 5 46 494 SE + 
mm mm mm mm mm mm - - 

0.79 1.93 1.16 0.08 4.76 4.49 0.35 0.15 
8.14 7.97 5.78 0.08 13.71 8.80 5.20 0.13 
8.98 9.00 3.09 0.46 14.06 11.97 6.18 0.25 
8.13 8.90 8.04 0.03 16.30 13.42 19.61 0.23 

10.91 9.15 14.41 0.11 19.06 18.62 32.09 0.12 
9.62 13.43 17.93 0.06 16.84 23.48 40.49 0.25 

32.62 25.04 18.42 0.36 19.94 26.63 41.44 0.24 
.---------------------------------------------------------------------- 

TREATMENT 3 TREATMENT 4 





Days a f t e r  emergence 

F i g u r e  27. Dry m a t t e r  d i s t r i b u t i o n  i n  groundnut a t  tra l e v e l s  o f  ET a )  576 mn and b )  494 mm i n  T r t . 2  
d u r i n g  t h e  1982-83 p o s t r a i n y  season. 







Table 21. Dry mat t e r  p a r t i t i o n i n g  a t  ma tu r i ty  expressed a s  percentage among 
t h e  v a r i o u s  p l a n t  p a r t s  a t  d i f f e r e n t  ET l e v e l s  f o r  d i f f e r e n t  
t r ea tmen t s  dur ing t h e  1982-83 post-rainy season. ---------------------------------------------------------------------------. 

Drymatter d i s t r i b u t i o n  ( X )  

P l a n t  T r t .  1 Trt .2  T r t  .3 T r t  .4 
Component -----------------------------------------------------------. 

592 611 57 6 494 5 46 40 1 687 47 
mm mm arm arm mm nun mm mm 

Leaves 20.4 23.5 23.5 24.9 18.1 20.2 22.0 29.8 

Stems 31.7 26.6 28.0 21.9 22.8 18.8 24.7 59.0 

Flowers 0.1 0.1 0.5 0.1 0.1 ' 0.1 0.1 0.8 

Pegs 1.1 5.2 2.3 3.4 4.1 12.6 1.5 0.9 

Pods 29.2 27.3 29.3 32.1 34.6 37.4 29.8 6.8 

Kernels 17.5 17.3 16.4 17.6 20.3 15.8 22.0 2.7 



I n  Tr t .2 ,  ( ~ i g .  27) maximum dry ma t t e r  accumulation was observed 

a t  130 DAE w i t h  more p a r t i t i o n i n g  t o  t he  etems and pods a t  576 mm of 

ET, while  a t  499 mm ET l e v e l ,  a l i n e a r  i nc r ea se  i n  t he  dry mat te r  

accumulatron was no t iced  even up t o  140 DAE. A t  t he  low l eve l  of ET, 

a g r e a t e r  p ropo r t i on  of d ry  mat te r  was p a r t i t i o n e d  t o  t he  pods and 

kerne ls .  

I n  Tr t .3  maximum dry ma t t e r  accumulation occurred a t  130 DAE. 

Higher dry ma t t e r  product ion a s  w e l l  a s  p a r t i t i o n i n g  t o  stems, pods 

and ke rne l s  was observed a t  t h e  ET l e v e l  of 546 mm. 

I n  Tr t .4 ,  h ighes t  t o t a l  dry mat te r  accumulation was observed a t  

110 DAE except  f o r  l eaves  and stems which continued up t o  140 DAE w i th  

687 mm of ET wi th  g r e a t e r  p a r t i t i o n i n g  of dry mat te r  t o  pods. With a 

considerably l e s s  ET of 47 nrm, t o t a l  dry mat te r  production was about 

nine times l e s s  when compared t o  t he  687 mm of ET and t he  dry matter  

accumulation was most ly i n  t h e  stems and leaves .  Groundnut p l o t s  a t  

matur i ty  a t  t he  t h r e e  ET l e v e l s  i n  T r t . 4  a r e  shown i n  P l a t e  5. 

4.3.2.6 Pod Growth 

Pod growth a s  a f u n c t i o n  of time a t  d i f f e r e n t  ET l e v e l s  i n  d i f f e r e n t  

t rea tments  during t h e  1982-83 pos t ra iny  season i s  shown i n  Figure 30. 

I n  T r t . 1 ,  t h e r e  was a mixed t r ead  among t h e  ET l eve l s .  The 

lowest ET l eve l  showed increased pod growth from 110 DAE while t he  

in te rmedia te  ET l e v e l  showed poor growth r a t e s .  In  Trt .2  a l s o  

increased pod growth r a t e s  were assoc ia ted  w i th  low ET. 



P l a t e  5 .  G e n e r a l  v iew o f  t h e  g r o u n d n u t  
p l a n t s  a t  m a t u r i t y  a t  a )  687 mrn ,  
b )  386 rnrn and c )  47  rnm ET l e v e l  
i n  T r t . 4  during t h e  1982-83 
p o s t r a i n y  s e a s o n .  
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I n  Tr t .3 ,  wi th  maximum pod growth r a t e s  amongst a l l  t reatments,  

the  high ET l e v e l  (546 mm) promoted b e t t e r  growth r a t e .  A t  the  low ET 

l e v e l  of 401 mm the  p lan t s  showed poor growth r a t e s  i n i t i a l l y ,  but 

s u b s t a n t i a l l y  increased the  pod growth from 120 DAE. 

I n  Trt .4,  pod growth was comparatively l e s s  even a t  the  high ET 

l eve l  of 687 m ~ .  The pod growth a t  t h i s  ET leve l  was 274 g/n?while a t  

386 mm of ET the  growth r a t e  (237 was s l i g h t l y  lower. I n  the  

p l o t s  which were subjected t o  severe s t r e s s  by reducing the  ET t o  47 

mm, t he  pod growth was very much a f fec ted  and the  p l o t s  recorded about 

7 g/maof pod dry matter .  

4.3.2.7 Kernel growth 

Kernel growth a t . d i f f e r e n t  ET l e v e l s  i n  d i f f e r e n t  treatments during 

the  1982-83 post ra iny season i s  shown i n  Figure 31. 

I n  Tr t .1 ,  kernel  growth was s imi la r  t o  t h a t  of the  trend observed 

i n  pod growth, with more pronounced d i f fe rences  i n  growth r a t e s  

between 611 and 592 mm of ET l eve l s .  I n  T r t  .2 a l s o  the  pa t t e rn  of 

seed growth was s imi la r  t o  t h a t  of pod growth wi th  the  low ET l eve l s  

tending t o  promote b e t t e r  growth r a t e s .  

I n  Trt .3,  kernel  growth was maximum a t  t h e  highest  ET l eve l  of 

546 nrm followed by the  515 mm of ET leve l .  

I n  Tr t .4 ,  marked d i f fe rences  were noticed i n  kernel  growth among 

the ET leve l s .  A t  an ET l e v e l  of 687 mm the  kernel  dry matter  a t  140 

DAE was 203 g/m2while a t  386 mm of ET it  was 131 g/m': A t  the  lowest 

ET l e v e l  of 47 nnn, the  kernels  could accumulate only 2.7 g/mf 
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4.3.2.8 ma t t e r  product ion  evapo t r ansp i r a t i on  

The r e l a t ~ o n s h i p  be tween dry mat te r  product i o n  and cumulative 

evapo t r ansp i r a t i on  (CET) i s  presented i n  Figur 32. 

I n  T r t . 1 ,  wi th  i nc reas ing  cumulative ET, t h e  dry mat te r  

p r o d u c t ~ o n  i n i t i a l l y  increased  more r ap id ly  a t  t h e  592 and 603 mm ET 

l e v e l s  but  t h e  h igh  ET l e v e l s  of 611 mm showed a  more l i n e a r  i nc rease  

i n  t h e  l a t e r  s t ages .  

I n  Tr t .2 ,  however i nc rease  i n  dry mat te r  product ion wi th  ET was' 

more pronounced a t  t h e  lower ET l e v e l s  of 546 and 494 nrm than a t  576 

rnrn of ET. I n  T r t .  3  t h i s  t rend  was reversed wi th  more dry ma t t e r  

p r o d u c t ~ o n  a t  t h e  h igher  ET l e v e l s  of 546 and 515 mm p a r t i c u l a r l y  a t  

t he  l a t e r  s t a g e s  of c rop  growth. 

I n  T r t . 4 ,  t h e  in te rmedia te  l eve l  of ET (386 mm) promoted a  h igher  

dry m a t t e r  product ion  over t h e  ET l eve l  of 687 mm. With a  

s i g n i f i c a n t l y  lower ET of 47 mm t h e  dry mat te r  product ion was s eve re ly  

c u r t a i l e d .  The dry  ma t t e r  product ion a t  matur i ty  was p lo t t ed  a g a i n s t  

t o t a l  e v a p o t r a n s p i r a t i o n  (TET) i n  F igure  33. There was a  p o s i t i v e  and 

highly s i g n i f i c a n t  c o r r e l a t i o n  between dry ma t t e r  product ion a t  

matur i ty  and TET. 

4.3.2.9 Yie ld  and Yie ld  Components 

The d a t a  on p l a n t  popu la t i on  and pod y i e l d  a t  d i f f e r e n t  ET l e v e l s  f o r  

d i f f e r e n t  t r ea tmen t s  dur ing  t h e  1982-83 pos t r a iny  season a r e  presented 

i n  Table 22. 
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Y = 210.61t 1.41 x , r s e  = 200.17 .. 
r = 0 . 7 5 ,  P < 0 . 0 1  

?! 
50 180 310 440 570 7 00 

T o t a l  evapo t ransp i ra t i on  (mm) 

3 3 -  Dry m a t t e r  p r o d u c t i o n  a t  m a t u r i t y  o f  groundnut as  r e l a t e d  t o  t o t a l  
e v a p o t r a n s p i r a t i o n  (TET) f o r  d  i f f e r e n t  t reatments d u r i n g  the 1982-83 
Postra i ny sea son. 
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Table 22. Plant population a t  harvestL pod y i e ld  

a t  d i f f erent  ET l e v e l s  for  d i f f erent  treatments 
during the 1982-83 post-rainy season. ................................................................ 

Treatment ET l eve l  Plant Population Pod Yield 
per ha. ( '000) (kglha) 



4.3.2.9.1 P l a n t  popu la t ion  

The d i f f e r e n c e s  among t h e  t r ea tment s  p e r t a i n i n g  t o  p lan t  popula t ion a t  

ha rves t  were not  s i g n i f i c a n t .  

4.3.2.9.2 Pod y i e l d  

Among t h e  phenological  s t a g e s ,  T r t  ,2  w i t h  a  mean pod y i e l d  of 4067 

kg/ha was s i g n i f i c a n t l y  super io r  t o  T r t .  1, T r t . 3 ,  and Tr t .4 .  Among 

the  ET l e v e l s  i n  Tr t .1  and T r t . 3  t h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s .  I n  T r t .  2 ,  t h e  lower ET l e v e l s  of 546 and 494 mm 

recorded s i g n i f i c a n t l y  super io r  pod y i e l d  over t h e  higher  ET l e v e l  of 

576 mm. I n  Tr t .4 ,  t h e  y i e l d  a t  ET l e v e l s  of 687 and 386 mm was 

s i g n i f i c a n t l y  s u p e r i o r  t o  t h a t  a t  47 mm. 

4.3.2.9.3 Kernel y i e l d  

Kernel y i e l d  i e  shown i n  Figure  34. f o r  a l l  t h e  t rea tments .  ke rne l  

y i e l d  showed t h e  same t rend a s  i n  t h e  case  of pod y i e l d  discussed 

above. 

4.3.2.10 S h e l l l n g  Percentage and ~ v a p o t r a n s o i r a t i o n  (ET) 

The r e s u l t s  of t h e  r e g r e s s i o n  a n a l y s i s  of t h e  s h e l l i n g  X a t  d i f f e r e n t  

ET l e v e l s  d u r i n g  t h e  1982-83 pos t ra iny  season a r e  shown i n  Fig 35. 

The s h e l l i n g  % was s i g n i f i c a n t l y  and p o s i t i v e l y  c o r r e l a t e d  to the 

ET l e v e l s .  

4-3.2 .ll Water use  e f f i c i e n c y  and Harvest  Index 

Data on wa te r  use e f f i c i e n c y  (WUE) and h a r v e s t  index (HI) a t  d i f f e r e n t  

l e v e l s  for different t r ea tmen t s  a r e  presented i n  Table 2 3 .  
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Figu re  34. Kerne l  y i e l d  a t  d i f f e r e n t  ET l e v e l s  (g i ven  i n  mrn) f o r  d i f f e r e n t  
t r e a t m e n t s  d u r i n g  t h e  1982-83 p o s t r a i n y  season. 



Y = 49.53 + O . 4 X ,  r s e  = 3.84 

E ~ a p o t ~ r a n s p  i r a t  i o n  ( m m )  

F igu re  35. Groundnut she1 1 i ng  % as a f u n c t i o n  o f  evapo t ransp i r a t i on  du r i ng  
the  1982-83 pos t r a  i ny  season. 



Table 23. Water use ef fe ic iency  and harvest  index a t  d i f f e r en t  ET 
l eve l s  f o r  d i f f e r e n t  t reatments  during the  1982-83 
postrainy season. 

Water Use 
Treatment Eff iciency 

(kg/ha/cm) 

Treatment: 1 
. 592 uun 162 

L 546-nlm 172 
611 mm 149 

Treatment: 2 
576 m 143 
546 uun 178 
494 uun 186 

Treatment: 3 
546 m 152 
515 mm 160 
401 m 204 

Treatment: 4 
687 mm 11 3 
386 mm 142 

47 m 49 1 

Harvest 
Index 



4.3.2.11.1 Water Use Eff iciency 

In general  WUE increased with decreasing ET l eve l  i n  a l l  treatments.  

The lowest WUE was observed with the highest  ET l eve l  of 687 mm i n  

~ r t  .4 (Table 23).  

4.3.2.11.2 Harvest Index 

The low ET l e v e l s  of 546 and 494 mm i n  Trt.2 gave the  highest H I  

values. I n  Trt .3  however, H I  was higher with the  higher ET leve ls .  

47 mm ET l e v e l  i n  T r t  ,4  gave the  lowest H I  (Table 23). 

4.3.2.12 Covariate  Analysis of Treatment Affec ts  

The v a r i a t i o n  i n  t h e  d i f f e r e n t  treatments (phenological s tages)  by 

covar ia te  ana ly s i s  i s  presented i n  Table 24 i n  respect  of leaf a rea  

index (LAI)  a t  matur i ty ,  peg and pod numbers a t  maturi ty ,  pod y i e ld  

and kerne l  y i e l d ,  harves t  index and water use e f f ic iency .  

1. Leaf a r ea  index: Treatments 1 t o  3  were on par and were 

S ign i f i can t l y  super ior  t o  Tr t .  4  i n  respect  of LA1 a t  maturity. 

2 .  Number of pegs: Treatment 3  was s i g n i f i c a n t l y  superior  t o  t he  

rea t  of 3  t rea tments  a s  t o  the number of pegs a t  maturi ty ,  while Trt .1  

and Trt.2 were on par. I n  Trt .4  the  peg number was l e a s t  and was 

s i g n i f i c a n t l y  d i f f e r e n t  from the other  3  treatments.  

3 *  Number of pods. Pod number a t  maturity was s i gn i f i c an t l y  l e s s  i n  

treatment.4 a s  compared t o  treatmente.1 t o  3 which were on par. 



Table 24. Comparison of different parameters for different 
treatments (phenological stages) by covariate 
analysis method during the 1982-83 postrainy season. 

Parameter Trt.1 Trt.2 Trt.3 Trt.4 SE F value 
--..---------------------------------------------------- 
LA1 at maturity 1.45 2.00 1.81 0.60 0.20 10.01** 

No. of pegs 
at maturity 39.9 32.4 41.8 13.5 2.62 22.87** 

No. of pods 
at maturity 24.4 25.6 31.3 11.1 2.64 10.59** 

Pod yield 

Kernel yield 1685 2856 1830 1868 224 6.47** 

Harvest index 16.8 37.9 22.6 29 1.75 14.91** 

Water use 
efficiency 221 191 164 174 20.65 0.89 NS 

**: Significant at PL 0.01 
NS: Not significant 



4. Pod y i e ld .  Trt.2 was s i g n i f i c a n t l y  super ior  t o  t h e  o the r  t h r e e  

t rea tments  i n  r e spec t  of pod y i e ld .  

5. Kernel y ie ld .  A s  i n  t he  case of pod y i e l d ,  Tr t .2  was 

s i g n i f i c a n t l y  super ior  t o  t h e  r e s t  of t he  t reatments .  

6.  Barvest index. Tr t .2  was s i g n i f i c a n t l y  super ior  t o  t he  r e s t  of 

t he  3  t reatments .  A s  compared t o  Trt.1, t rea tments  3 and 4  were 

s i g n i f i c a n t l y  d i f f e r e n t .  

7. Water use e r f i c i ency .  The d i f f e r ences  among t h e  phenological 

phases were not  s i g n i f i c a n t  a s  can be expected s ince  the ET l e v e l s  

were used a s  covar ia tes .  

4.3.2.13 coot Stud ie s  

Data on roo t  growth a t  two ET l eve l s  f o r  d i f f e r e n t  t reatments  a r e  

presented i n  P l a t e  6 and Table 25. 

4.3.2.13.1 Length of Tap Root 

The l eng th  of t a p  r o o t  decreased wi th  decrease i n  ET i n  Trt .2  and 

Trt.3 while  i n  T r t . 4  ( con t ro l )  t h i s  t rend  was reversed.  The groundnut 

p l an t s  which were subjected t o  severe moisture s t r e s s  a t  t he  47 mm ET 

l eve l  developed a  deep roo t  system going up t o  one meter deep a s  

aga ins t  66 cm f o r  t h e  687 nnn ET l eve l  (Table 25). 

4.3.2.13.2 Tota l  l ength  of roots  

The t o t a l  l ength  of r o o t s  decreased wi th  decreasing ET i n  a l l  but 



Table 25. Root components as  affected by moisture s t r e s s  a t  d i f ferent  
ET l e v e l s  for d i f ferent  treatments during the 1982-83 postrainy 
season. 

Length of Total Dry weight 
Treatment ET (m) tap root length of of to ta l  

(cm) roots  root system 
(cm) (g/plant .................................................................. 



P l a t e  6 .  R o o t  d i s t r i b u t i o n  o f  g r o u n d n u t  
at a )  687 rnrn a n d  c )  47 mrn ET 
l e v e l s  i n  T r t . 4  d u r i n g  t h e  1982- 
83 p o s t r a i n y  s e a s o n .  
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T r t  .l. Maximum t o t a l  root  length was recorded a t  the  highest  ET l eve l  

of 687 mm i n  Trt.4. Root length was severely af fec ted  a t  the  low ET 

l eve l  i n  Trt.3. 

4.3.2.13.3 Dry  weight of t o t a l  root  system 

The dry weight of t o t a l  root  system decreased wi th  the  decrease 

i n  ET i n  a l l  t reatments  except Trt .1.  Root dry weight was low a t  t he  

lower ET l eve l  i n  Trt .3 (Table 2 5 ) .  

4.3.2.14 Seed g u a l i t v  

The 100 kernel  weight, pro te in  and o i l  contents  a t  d i f f e r e n t  ET l e v e l s  

fo r  d i f f e r e n t  t reatments  a r e  presented i n  Table 26. 

4.3.2.14.1 100 Kernel Weight 

Among the  phenological s tages,  T r t .  2 recorded the  highest  kernel  

weight followed by Trt .1,  Trt.3 and Trt .4 

Among the  ET l eve l s ,  the d i f ferences  i n  the  kernel  weight were 

s i g n i f i c a n t  i n  a l l  treatments. Except i n  Trt . l ,  the  kernel  weight 

decreased with decrease i n  ET. I n  Trt.3 with 401 mm of ET, a low 

kernel  weight was recorded and the  l eae t  weight was recorded a t  the 

lowest ET l eve l  of 47 nrm (Table 26). 
' 

4.3.2.14.2 Prote in  Content 

Trt .2 and Trt .4 recorded higher mean pro te in  content than Tr t  .l and 

Trt .3 



Table 26. 100 Kernel weight, protein and oil contents at different ET 
levels for different treatments during the 1982-83 post-rainy 
season. 

100 Kernel Protein Oil 
Treatment weight content content 

(g) t 2)  ( %  1 

Treatment: 1 592 mm 54.9 29.4 43.9 

Treatment: 2 576 mm 59.5 34.0 43.8 

Treatment: 3 546 mm 52.6 30.0 43.4 

Treatment: 4 687 mm 57.7 31.0 41.4 



Among t h e  ET l e v e l s ,  Trt .2 with 576 nrm of ET and Tr t .4  wi th  386 

mm of ET were on par  and t h e  p r o t e i n  contents  were h igher  i n  these  

cases  over o the r  t rea tments  (Table 26). 

4.3.2.14.3 oil Content 

Tr t .1  and Trt .2 recorded higher  o i l  content  over Tr t .3  and Tr t .4 .  

Among the  degree of s t r e s s ,  t h e  o i l  content  decreased wi th  t h e  

decrease  i n  ET i n  a l l  t rea tments  except Tr t .1 .  Trt .3 a t  401 mm ET 

l e v e l  recorded t h e  lowest o i l  content  followed by Tr t .4  with 47 m ET 

(Table 26) .  

4.3.3 --- Plant  water  s t r e s s  measurements 

4.3.3.1 Stomata1 Conductance 

4.3.3.1.1 Seasonal Variation 

Seasonal variation i n  the  stomatal conductance under f i e l d  cond i t ions  

dur ing the  1982-83 post ra iny season a r e  shown i n  Figure 36. I n  

examining the  seasonal  p r o f i l e  of stomatal  conductance, c a r e f u l  

cons ide ra t ron  should be given t o  four  f a c t o r s  (1 )  loca t ion  of t h e  

measurement, ( 2 )  physiological  s t age  of growth of t h e  p lan t ,  (3 )  wet 

leaves  and i r r i g a t i o n ,  and (4 )  evaporat ive  demand. 

Since the  purpose i s  t o  examine the  r e l a t i v e  changes i n  stomatal  

conductance wl th  changes i n  ET l e v e l s  i n  d i f f e r e n t  t rea tments ,  only 

mean va lues  of p l a n t  measurements averaged over the  day recorded on 16 

sampling days over  the  growing period of the  crop were used. 





I n  T r t .  1, i n  gene ra l ,  conductance was h ighe r  a t  t h e  lower ET 

l e v e l  of 592 m. I n  Tr t .2  where mois ture  s t r e s s  was imposed up t o  

about 51 DAE, stornatal conductance was h igher  a t  t h e  h igher  ET l e v e l .  

A t  t h e  low ET l e v e l  of 494 mm, t h e  conductance was g r e a t l y  reduced up 

t o  51 DAE, but increased  w i th  water  a p p l i c a t i o n  s t e a d i l y  t h e r e a f t e r .  

I n  Tr t .3  where mois ture  s t r e s s  was imposed from 29 t o  92 DAE, t h e  

s tomata l  conductance va lues  dur ing  t h i s  per iod  among t h e  t h r e e  ET 

l e v e l s  were d i f f e r e n t .  The s tomatal  conductance reached a  minimum 

mean va lue  of 0.07 cm/s from 60 t o  80 DAE i n  t h e  p l o t s  w i th  401 mm of 

ET a s  a g a i n s t  a  va lue  of 0.6 cm/s i n  t h e  p l o t s  w i th  546 mm of ET. 

Af t e r  t he  r e l e a s e  of s t r e s s  t h e  s tomatal  conductance va lues  improved. 

I n  Tr t .4  t he  s tomata l  conductance a t  687 mm of ET was 

cons iderab ly  h ighe r  over  those  a t  47 uun of ET. The lowest va lue  of 

0.02 cm/s was recorded i n  t h e  l a t t e r  case  a t  ma tu r i t y  a s  aga in s t  0.56 

cm/s a t  687 m of ET. It i s  apparent  t h a t  i nc r ea s ing  s o i l  dryness  i s  

a s soc i a t ed  w l th  a  d e c l i n e  i n  s tomatal  conductance. The s tomatal  

conauctance va lues  w i t h  687 and 386 mm of ET were very c l o s e  up t o  67 

DAE and l a t e r o n  t h e  va lues  were s i g n i f i n c a t l y  d i f f e r e n t .  



4.3.3.1.2 Diurnal  v a r i a t i o n  

Under adequate  wa te r  a v a i l a b i l i t y  t h e  s tomates  of most p l a n t s  open 

when t h e  sun r i s e s  and remain open u n t i l  n e a r  sundown. But under 

m o i s t u r e  s t r e s s ,  when a imbalance deve lops  between supply  and demand 

f o r  w a t e r ,  guard c e l l s  become l e s s  t u r g i d  and s tomates  begin t o  c l o s e .  

Two t y p i c a l  days ,  75 DAE and 118 DAE, were s e l e c t e d  t o  i l l u s t r a t e  t h e  

d i u r n a l  p a t t e r n  of s t o m a t a l  conductance i n  groundnut.  These days were 

s e l e c t e d  t o  r e p r e s e n t  t h e  R3 s t a g e  (beg inn ing  of pod) and R7 s t a g e  

(beg inn ing  m a t u r i t y )  r e s p e c t i v e l y .  

Data a t  75 DAE, (Fig.371 e s t a b l i s h  t h e  f a c t  t h a t  s tomata l  

conductance was in f luenced  by t h e  t ime of t h e  day and t h e  s t a g e  a t  

which s t r e s s  was imposed. The i n f l u e n c e  of an adequate  supply of 

water  i s  w e l l  d e s c r i b e d  by t h e  g r e a t e r  s tomata l  conductance v a l u e s  i n  

a l l  t h e  four  main t r e a t m e n t s ,  a s  opposed t o  t h e  p l o t s  which were g iven  

l e s s  amount of water .  T h i s  was more c l e a r  i n  T r t . 3  and T r t . 4  where 

t h e  d i f f e r e n c e s  i n  t h e  d i u r n a l  v a r i a t i o n  i n  t h e  s tomata l  conductance 

w i t h  ET l e v e l s  were l a r g e .  Time of t h e  day has  a s i g n i f i c a n t  e f f e c t  

on s tomata l  a c t i v i t y .  Stomata were open e a r l y  i n  t h e  morning and were 

open u n t l l  1300 h r s  i n  T r t .  1 and T r t . 4  and 1100 h r s  i n  T r t . 2  and 

T r t . 3 .  With d e c r e a s i n g  i r r a d i a n c e  t h e r e a f t e r ,  s tomata l  conductance 

showed a r a p i d  drop.  The response  of t h e  c rop  a t  t h e  low l e v e l  of 

wa te r  a v a i l a b i l i t y  a t  t h e  47 mm ET l e v e l  i n  T r t . 4  was t o  c l o s e  t h e  

s tomata  r a p i d l y  by 1100 h r s .  A s i m i l a r  r e sponse  could  be seen  a t  t h e  

401 mm ET l e v e l  w i t h  T r t . 3  a l s o .  
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The stornatal conductance values on 118 DAE present  a  d i f f e r e n t  

p i c t u r e  (Fig.38). A s i g n i f i c a n t  drop i n  conductance values a s  

compared t o  75 DAE i n  most of t he  t rea tments  was not iceable .  The 

d i f f e r ences  a r e  more pe rcep t ib l e  i n  Trt .4  a t  d i f f e r e n t  ET l eve l s .  

Time of day a t  118 DAE a l s o  has a  s i g n i f i c a n t  e f f e c t  on stomatal 

a c t i v i t y .  In  T r t . 1 ,  Tr t .2  and Trt .4 ,  stomata were open u n t i l  1300 h r s  

(IST) only and t h e r e a f t e r  stomatal conductance s t a r t e d  decreasing.  

But i n  Tr t .3  where water  s t r e s s  was re leased  on 92 DAE, t he  stomata 

were open u n t i l  1600 h r s  and then closed.  I n  Trt .4  a t  the  low ET 

l eve l  of 47 mm, the  stomata were closed a l l  day. 

4.3.3.1.3 Response to photosynthe t ic  photon flux dens i ty  (PPFD) . 

Stomatal conductance a s  a  func t ion  of PPFD under f i e l d  condi t ions  i s  

shown i n  Figure 39. To expla in  t h i s  r e l a t i onsh ip  only t he  h ighes t  

(687 mm) and the  lowest (47 m) ET l e v e l s  i n  T r t . 4  were chosen. A t  

t he  high ET l eve l  (687 am), t h e  s tomatal  conductance increased wi th  

iucreas ing  PPFD, a  response t yp i ca l  of a  crop under adequate water 

availability. However a t  t he  low ET l eve l  of 47 mm, changing 

r a d i a t r o n  l e v e l s  had l i t t l e  in f luence  on t h e  stomatal conductance 

i n d i c a t ~ n g  thereby the  con t ro l l i ng  inf luence  of water i n  t h i s  case. 

4.3.3.1.4 Stomatal conductance ae func t ion  of 
Phoytosynthet ic  Photon Flux Density g& 
t h r ee  c l a s s e s  of Vapor Pressure  D e f i c i t  

The d a t a  on stomatal conductance and PPFD recorded a t  t he  highest  ET 

l eve l  of 687 mm i n  T r t . 4  from 75 t o  132 DAE were grouped i n t o  t h r ee  
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VPD c l a s s e s  v i z , ,  1-4, 5-8, 9-12. The r e l a t i o n s h i p  between stomata1 

conductance and, Photonsynthet ic  Photon Flux Densi ty  (PPFD) a t  t h e  

t h r e e  c l a s s e s  of Vapour P ressure  D e f i c i t  (VPD) i s  shown i n  F igure  40. 

A t  t h e  low VPD range of 1-4 mb, t h e  stomata1 conductance was high 

and i t  increased w i t h  inc reas ing  photon f l u x  dens i ty .  I n  t h e  VPD 

range of 5-8 mb, t h e  stornatal conductance i n c r e a s e  was slow a t  t h e  low 

photon f l u x  d e n s i t y  but showed a  g r e a t e r  i n c r e a s e  a t  t h e  h igher  va lues  

of 1 7 ~ 0 , ~ ~ / m ~ / s e c .  

4.3.3.2 T r a n s p i r a t i o n  

4.3.3.2.1 Seasonal V a r i a t i o n  

Seasonal changes i n  t h e  t r a n s p i r a t i o n  under f i e l d .  c o n d i t i o n s  dur ing  

t h e  1982-83 p o s t r a i n y  season a r e  shown i n  F igure  41. 

I n  Tr t .1  up t o  80 DAE t r a n s p i r a t i o n  was s i g n i f i c a n t l y  h igher  i n  

t n e  p l o t s  w i t h  592 mm of ET than  i n  t h e  p l o t s  w i t h  611 uun of ET and 

t h e  t r a n s p i r a t i o n  was s i m i l a r  a t  a l l  t h e  ET l e v e l s  l a t e r o n .  The 

maximum t r a n s p i r a t i o n ( l a  pcjc+~~s-l) was recorded on 33 DAE a t  592 mm of 

ET a g a i n s t  4l s" a t  611 mm of ET. I n  T r t  .2  where mois ture  

s t r e s s  was imposed up t o  57 DAE, t h e  t r a n s p i r a t i o n  a t  494 mm ET l e v e l  

was l e s s  up t o  82 DAE a s  compared t o  those  a t  ET l e v e l s  of 546 and 576 

mm. The crop recovered from t h e  water  s t r e s s  l a t e r o n  and t h e  

t r a n s p i r a t i o n  a t  d i f f e r e n t  ET l e v e l s  was almost s i m i l a r  dur ing t h e  

r e s t  of t h e  crop growth per iod.  A t  546 mm of ET, t r a n s p i r a t i o n  va lues  

were c l o s e  t o  those  a t  576 mm of ET a t  a l l  sampling d a t e s .  







I n  Trt .3  where moisture s t r e s s  was imposed from 29 t o  92 DAE, t h e  

d i f f e r ences  among t h e  3  ET l e v e l s  were l a rge  from 33 t o  96 DAE. A s  

low a s  1.8 f i g  c d 2  S" of t r a n s p i r a t i o n  was recorded during t h i s  

period a t  t he  ET l eve l  of 401 mm while a t  546 mm of ET the  

t r a n s p i r a t i o n  ( 1 6 . 5 , u § c ~ ~ s "  ) was h igher ,  The crop recovered 

from the  water s t r e s s  from 111 DAE onwards and the  d i f f e r ences  among 

t h e  ET l e v e l s  were not  s i g n i f i c a n t  f o r  t h e  r e s t  of t he  crop growth 

period . 

I n  Trt .4  d i f f e r ences  i n  t he  t r a n s p i r a t i o n  between the  ET l e v e l s  

were large.  The d i f f e r ences  i n  t r a n s p i r a t i o n  between 687 and 386 nun 

ET l e v e l s  were observed from 75 DAE. The lowest r a t e s  of 

transpiration ( 0 .7  ,ug C G ~ S - ' )  were observed a t  t h e  ET l e v e l s  of 47 mm 

a t  132 DAE aga ins t  11.8 f ig  c ~ a s ' l  a t  t h e  ET l eve l  of 687 mm. 

4.3.3.2.2. Diurnal Var ia t ion  

Data a t  75 DAE (Fig. 42) e s t a b l i s h  t he  f a c t  t h a t  t r a n s p i r a t i o n  was 

inf luenced by the  time of the  day and t h e  s tage  a t  which s t r e s s  was 

imposed. The inf luence  of an adequate supply of water i s  wel l  

described by the  d i f f e r ences  i n  t h e  t r a n s p i r a t i o n  va lues  i n  a l l  t he  

four  t rea tments  a t  d i f f e r e n t  l e v e l s  of ET. This was apparent i n  Tr t .3  

and Tr t .4  wherein t h e  d i f f e r ences  i n  t h e  d iu rna l  v a r i a t i o n  i n  t he  

t r a n s p i r a t i o n  observed a t  d i f f e r e n t  ET l e v e l s  were la rge .  Time of the 

day has a  s i g n i f i c a n t  e f f e c t  on t r a n s p i r a t i o n .  These r e s u l t s  were 

s i m i l a r  t o  those obtained i n  t he  d iu rna l  changes of stomata1 

Conductance. T ransp i r a t i on  was more u n t i l  1300 h r s  i n  Trt.1 and Trt .4  

while i n  Tr t .2  and Tr t .3  the increase  was up t o  1100 h r s  only. Wi th  
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decrease i n  stomatal conductance wi th  decreasing i r rad iance  

t h e r e a t t e r ,  t r ansp i r a t i on  showed a  rapid drop. The d iurna l  changes i n  

t he  t r ansp i r a t i on  a t  the low ET l e v e l s  of 401 mm i n  Trt .3  and 47 mm i n  

Trt .4  r e t l e c t  the rapid stomatal c lo su re  described i n  Figure 37 

e a r l i e r .  

The t r a n s p i r a t i o n  values on 118 DAE (Fig.43) present  a  d i f f e r e n t  

p i c tu re .  Whrle changes i n  the  d iu rna l  p a t t e r n  of t r ansp i r a t i on  a t  

d i f f e r e n t  ET l eve l s  were not well  d i s t inguished  i n  Trt .1  t o  Trt .3 ,  t he  

d i f f e r ences  were wel l  defined i n  Trt.4. Time of day a l s o  has a  

s i g n i f i c a n t  e f f e c t  on t ranspi ra t ion .  In most of the t reatments ,  

t r a n s p i r a t i o n  increased upto about 1100 h r s  and the rea f t e r  s t a r t e d  

decreasing. But i n  Tr t .2  a t  576 mm of ET and i n  Trt .4  with 687 mm of 

ET given, t r a n s p i r a t i o n  reached a maximum a t  1300 h r s  and the rea f t e r  

s t a r t e d  decreasing rap id ly .  

4.3.3.3 Leaf Water Po ten t i a l  

4.3.3.3.1 Seasonal variation 

Seasonal v a r i a t i o n  i n  leaf  water po t en t i a l  under f i e l d  condit ions 

during the  1982-83 postrainy season a r e  shown i n  Figure 44. 

Excepting Trt .1 ,  i t  was observed t h a t  i n  the  other  th ree  

t reatments  the leaf water po t en t i a l  values decreased with decreasing 

ET . 

In  Trt. 3  which was under moisture s t r e s s  from 29 t o  92 DAE,  the  

leas  water po t en t i a l  values reached a  maximum of -24 bars  a t  401 mm of 

ET and the  d i f f e r ences  among the  ET l e v e l s  were la rge  up t o  104 DAE. 
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With i r r i g a t i o n s  a t t e r w a r d s ,  t h e  l ea f  water  p o t e n t i a l  v a l u e s  have come 

down t o  about -15 b a r s .  

I n  Tr t .4  l a r g e  d i f f e r e n c e s  were observed i n  l e a f  water  p o t e n t i a l  

among t h e  ET l e v e l s ,  i n  p a r t i c u l a r  between 687 rn and 47 mm of ET.The 

l e a r  wa te r  p o t e n t i a l  v a l u e s  a t  687 mm of ET ranged from -8 t o  -20 b a r s  

w h i l e  a t  47 mm of ET, t h e  va lues  ranged from -10 t o  -54 b a r s  on a  

seasona l  b a s i s  which i n d i c a t e s  t h e  s e v e r e  mois tu re  s t r e s s  c o n d i t i o n s  

imposed i n  t h e  l a t t e r  case .  I n  t h e  c a s e  of ET l e v e l  of 386 mm, t h e  

l e e r  water  p o t e n t i a l  v a l u e s  ranged from -9 t o  -26 b a r s .  

4.3.3.3.2 Diurna l  V a r i a t i o n  

Data a t  75 DAE (Fig .45)  e s t a b l i s h  the  f a c t  t h a t  l e a f  water  p o t e n t i a l  

was i n f l u e n c e d  by t h e  t ime of t h e  day and t h e  s t a g e  a t  which t h e  water  

s t r e s s  was imposed. The in f luence  of an adequate  supply  of water  i s  

w e l l  d e s c r i b e d  by low lea f  water  p o t e n t i a l  i n  adequa te ly  watered p l o t s  

a s  a g a i n s t  h i g h  v a l u e s  obta ined i n  t h e  mois tu re  s t r e s s  p l o t s .  This  

was more c l e a r  i n  Tr t .3  and T r t . 4 ,  where l a r g e  d i f f e r e n c e s  i n  l e a f  

wa te r  p o t e n t i a l s  were observed between t h e  ET l e v e l s .  In  T r t . 3  and 

T r t  .4 it was observed t h a t  t h e  l ea f  water  p o t e n t i a l s  decreased w i t h  

d e c r e a s i n g  ET w i t h  t h e  minimum va lues  recorded a t  1300 h r s  ( IST) .  I n  

Tr t .3  which was under mois tu re  s t r e s s  from 29-92 DAE, t h e  d i u r n a l  

changes i n  l e a r  wa te r  p o t e n t i a l  were very  d i s t i n c t  on 75 DAE. The 

v a l u e s  i n  g e n e r a l  inc reased  w i t h  decreased ET and were d i f f e r e n t  from 

0900 t o  1700 h r s  a t  d i f f e r e n t  ET l e v e l s .  A t  401 mm ET l e v e l ,  the"1eaf  

water  p o t e n t i a l  v a l u e s  ranged from -7 t o  -36 b a r s .  
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I n  Tr t .4 ,  the  l e a t  water p o t e n t i a l  values  were d i f f e r e n t  a t  the  

h igh and low ET l e v e l s .  But the  values  were almost s i m i l a r  a t  the  687 

mm and 386 mm ET l e v e l s .  

Diurnal changes i n  the  leaf  water p o t e n t i a l  a t  118 DAE ( ~ i g .  46) 

present  a  d i f f e r e n t  p i c t u r e  from t h a t  observed on 75 DAE. Among the  

phenological  s t ages ,  marked d i f f e r e n c e s  i n  d i u r n a l  changes of leaf 

water p o t e n t i a l  could be seen only i n  Tr t .4  while the  d i f fe rences  i n  

Tr t .1  t o  Tr t .3  were very narrow. I n  Tr t .4 ,  the  v a r i a t i o n  i n  the  leaf 

water p o t e n t i a l  ranged from -7 t o  -63 bars .  

A t  d i f f e r e n t  ET leve l s ,no  marked d i f f e r e n c e s  were noticed i n  

T r t . 1  t o  Trt .3,  But i n  Tr t .4 ,  the  d i u r n a l  changes i n  the  leaf water 

p o t e n t i a l  a t  687 mm were not much s ince  t h e  range of v a r i a t i o n  was 

from -7 t o  -21.5 bars.  A t  the  ET l e v e l  of 47 mm, t he  v a r i a t i o n  was 

l a r g e  (-29 t o  -63 b a r s ) ,  reaching the  peak water p o t e n t i a l  of -63 bars 

by 1300 hrs.  The response of the  crop a t  386 nrm of ET leve l  was c lose  

t o  t h a t  a t  687 mm of ET. 

4.3.3.3.3 Leaf water p o t e n t i a l  as g func t ion  of stomatal  
conductance a t  th ree  c l a s s e s  of vavour pressure  
d e f i c i t  (VPD) 

Observations on leaf water p o t e n t i a l  and stomatal  conductance 

c o l l e c t e d  from 75 DAE were grouped i n t o  t h r e e  VPD c l a s s e s  v i z . ,  1-4, 

5-8 and 9-12 mb and t h e  r e l a t i o n  between leaf  water po ten t i a l  and 

s tomatal  conductance a t  the  th ree  c l a s s e s  of WD i s  shown i n  Figure 

47. 



a Leaf  water  p o t e n t i a l  (bars)  
C 

2 I 1 I  I I I I I  
A 4 W & m W .e 

r 0 0\ a3 
0 

m h) 0s .e P C- 
?' b 

L 
rC 

--I 
* u -I 

1 -. 
(D c 
llr 7 
rt 2 : !?, w 

0 "  
3 0 
rr < 
cn OJ 

-l 
OJ -. 
rt OJ 0 "  

rt 0 -. - 0 
a3 W W 

O H  
u -. 0 
D J  
m L-2 ul 

m 0 & 
n 3- m - m m  
c (D 0 

' "  

1 0 -. - 
3 (D 
a P, 

-h 
R 
3- z 0 
(D OJ 
R - (D 

w -l 
a fA 
N U  4 
I 0  
03 rt 

3 w m  0  
u rt 

E ;' 
1 
ul 

rt - 
-l 
@J llr -. rt 
3 
< Q - 
cn + 
(D ' 
CU (D 



-70, 
VPD Class 

Stomata 1 conductance (cm/sec) 

A 1-4 rnb 

Figure 47. Leaf water  p o t e n t i a l  as a f u n c t i o n  o f  stornatal conductance. Data 
pooled over  3 d i f f e r e n t  c l a s s e s  o f  vapor p ressure  d e f i c i t  (VPD) d u r i n g  
t h e  1982-83 p o s t r a  i n y  season. 
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I n  t h e  VPD c l a s s  1-4 mb, wi th  low va lues  of l ea f  water  p o t e n t i a l  

s tomata l  conductance was h ighe r ,  This  i s  ev iden t  from t h e  occurrence 

of many observations when t h e  s tomata1 conductance was between 0.6 t o  

1.4 cm/sec w i th  l ea f  water  p o t e n t i a l  of l e s s  than  -15 bars .  I n  t h e  

VPD c l a s s  of 5-8 mb, t h e  s tomata l  conductance va lues  ranged from 0.6 

t o  1.2 cm/sec w i th  l e a t  water  p o t e n t i a l  a t  -15 t o  -25 bars .  

I n  t h e  VPD c l a s s  of 9-12 mb, s tomata l  conductance was very low 

(0-0.2 cm/sec) w i th  t h e  i nc rease  i n  t h e  l ea f  water  p o t e n t i a l  (-15 t o  

-65 b a r s ) .  I n  g e n e r a l ,  i t  i s  observed t h a t  stomata1 conductance 

decreased wi th  i n c r e a s e  i n  l e a f  water  p o t e n t i a l  e s p e c i a l l y  i n  t h e  VPD 

c l a s s e s  of 5-8 mb and 9-12 mb. 

4.3.3.4. Canopy Temperature 

4.3.3.4.1 Seasonal v a r i a t i o n  

Seasonal  variation i n  t h e  canopy tempera ture  a t  d i f f e r e n t  ET l e v e l s  

f o r  d i f f e r e n t  t r e a t m e n t s  a r e  shown i n  F igu re  48. 

With t h e  except ion  of Tr t .1 ,  i t  was observed t h a t  t h e  canopy 

tempera tures  increased  wi th  decreas ing  ET and t h e  d i f f e r e n c e s  were 

l a r g e  e s p e c i a l l y  i n  t r ea tmen t s  2 t o  4. 

Among t h e  ET l e v e l s , n o  marked d i f f e r e n c e s  were not iced  among the  

subt rea tments  i n  T r t . 1  s i n c e  t h e  mois ture  s t r e s s  was r e l ea sed  a t  29 

DAE . 
I n  Tr t .2  which was under mois ture  s t r e s s  from emergence t o  57 

DAE, t h e  canopy tempera tures  were h igher  a t  494 mm of ET when compared 

t o  516 mm ET l e v e l .  The groundnut c rop  was warmer i n  t he  former case 

by about 4 t o  8 O C  t han  i n  t h e  l a t t e r .  When t h e  moisture s t r e s s  was 
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r e l ea sed  i n  t h i s  Tr t . ,  t h e r e  was a  8-10 O C  drop i n  t he  canopy 

temperature which could be a t t r i b u t e d  t o  evapora t ive  cooling provided 

by increased t r a n s p i r a t i o n  f l ux .  

I n  t reatment  3  which was under mois ture  s t r e s s  from 29-92 DAE, 

t h e r e  were apparent  d i f f e r ences  i n  t h e  canopy temperature a t  d i f f e r e n t  

ET l e v e l s .  The p l an t s  a t  401 uim ET l e v e l  were warmer by 8-10 O C  than 

those  a t  546 mm ET l e v e l .  While t h e  maximum canopy temperature 

recorded i n  the  former case  was 29 O C ,  i n  t h e  l a t t e r  i t  was only 2Z°C. 

Af t e r  t he  r e l e a s e  of moisture s t r e s s  i n  t h i s  t reatment ,  t he re  was a  

drop of about 9-10 O C  i n  t h e  canopy temperature due t o  t r a n s p i r a t i o n a l  

cooling.  

I n  Tr t .4  t he  d i f f e r ences  i n  canopy temperature between ET l eve l s  

were l a rge  throughout t he  growing season. The p l an t s  a t  386 m ET 

l e v e l  exhib i ted  temperatures  s i m i l a r  t o  those  a t  687 rnm l eve l  up t o  82 

DAE. The maximum mean canopy temperature a t  687 nun ET l eve l  was only 

24°C while  a t  41 rmn it peaked t o  35OC. 

4.3.4.4.2 Diurnal  Va r i a t i on  

Data a t  75 DAE (Fig.49) e s t a b l i s h  t h e  f a c t  t h a t  canopy 

temperature was inf luenced by the.  time of t he  day and the  stage a t  

which the  water  s t r e s s  was imposed. The inf luence  of an adequate 

supply of water a s  aga ins t  s t r e s s  condi t ions  i s  we l l  described by low 

canopy temperatures  a t  high ET l e v e l s  a s  a g a i n s t  high temperatures a t  

t h e  low ET l eve l s .  This was not t h a t  much evident  i n  Tr t .1  and Trt.2 

due t o  t h e  f a c t  t h a t  i n  these  t rea tments  mois ture  s t r e s s  was released 





long before 75 DAE and normal irrigations were given. Trt .3 which was 

under moisture stress from 29 to 92 DAE, exhibited significant 

differences among ET levels in particular, at 401 mm. The canopy 

temperatures peaked to 35°C at 1300 hrs at 401 mm ET level while in 

the other two ET levels, the canopy temperatures reached 24°C at 1300 

hrs. In Trt.4, at 47 m ET level the canopy temperatures were much 

higher when compared to the other ET levels. Here the canopy reached 

a maximum temperature of 33°C by 1100 hrs and maintained the same 

until 1300 hrs and then the temperatures started decreasing. The 

maximum temperature recorded at the other two ET levels was 25°C. 

Diurnal changes in the canopy temperature at 118 DAE (Fig.50) 

present a different picture from that observed at 75 DAE. Among the 

treatemnts, marked differences in the canopy temperature could be seen 

in Trt.4 only while the treatments 1 to 3 ,did not show much 

differences and also among the different ET levels. In Trt.4, the 

diurnal changes were significantly different among the three ET 

levels. At 41 rmn of ET, maximum canopy temperature of 41.4 "C was 

recorded by 1300 hrs while at the other two ET levels maximum canopy 

temperatures were 31*4 "C and 35.6"C. 

4.3.3.4.3 Relatlonship Between Stress Degree Days and 
Total Evapotranspiration 

Relatlonship between Stress Degree Days (SDD) and Total 

Evapotranspiration (TET) of differentially irrigated groundnut during 

the 1982-83 postrainy season is shown in Figure 51 





Tota  1 e v a p o r a t i o n  (mm) 

. 

Figure 51 Re1 a t  i o n s h i p  between s t r e s s  degree days and t o t a l  e v a p o t r a n s p i r a t i o n  
f o r  d i f f e r e n t  t r e a t m e n t s  d u r i n g  t h e  1982-83 p o s t r a  i n y  season. 

'i = -67.10 - 1.02X; r s e  = 67 .23  

r = 0.24 ; P < 0.01 

- 



The relationship between SDD and TET was h i g h l y  s i g n i f i c a n t  and 

n e g a t i v e l y  c o r r e l a t e d  ( r=0.94) .  At low v a l u e s  of TET, t h e  SDD v a l u e s  

were h i g h  w h i l e  a t  h i g h  TET, t h e  SDD v a l u e s  were q u i t e  low. 

4.3.3.5 Canopy-air t empera tu re  d i f f e r e n t i a l  (CATD) 

4.3.3.5.1 Seasona l  V a r i a t i o n  

The s e a s o n a l  v a r i a t i o n  i n  t h e  canopy-air  t empera tu re  d i f f e r e n t i a l  a r e  

p r e s e n t e d  i n  F i g u r e  52 f o r  a l l  t h e  t r e a t m e n t s .  

Among t h e  t r e a t m e n t s ,  t h e  d i f f e r e n c e s  i n  CATD were q u i t e  d i s t i n c t  

i n  T r t . 2  t o  T r t . 4  w h i l e  i n  T r t . 1 ,  t h e  d i f f e r e n c e s  were not d i s t i n c t .  

I n  t h e  c a s e  of T r t . 2  which was under m o i s t u r e  s t r e s s  up t o  57 

DAE, t h e  CATD v a l u e s  were very  low (1.9 t o  -2.g°C) a t  494 mm of ET 

w h i l e  a t  516 nrm t h e  CATD v a l u e s  were from -1.3 t o  -5.3'C. M t e r  t h e  

r e l e a s e  of m o i s t u r e  s t r e s s ,  t h e  CATD v a l u e s  were not  much d i f f e r e n t  

among t h e  t h r e e  ET l e v e l s .  

I n  T r t . 3  which was under m o i s t u r e  s t r e s s  from 29 t o  92 DAE, t he  

CATD v a l u e s  were q u i t e  low (2.0 t o  -3.7 "C) dur ing  t h e  per iod of 

m o i s t u r e  s t r e s s  a t  401 nun ET l e v e l  w h i l e  a t  546 mm of ET t h e  t h e  CATD 

v a l u e s  ranged from -2 t o  -6.7OC.   he CATD v a l u e s  obta ined a t  515 am 

ET l e v e l  were c l o s e  t o  t h o s e  w i t h  546 mm of ET. 

I n  T r t . 4  l a r g e  d i f f e r e n c e s  i n  CATD v a l u e s  were not iced between 

t h e  ET l e v e l s  of 687 mm and 47 mm whi le  t h e  va lues  a t  386 nm~ were 

c l o s e  t o  t h o s e  o b t a i n e d  a t  687 mm. The CATD v a l u e s  ranged from -2 t o  

- 8 . 8 " ~  a t  687 mm w h i l e  t h e  v a l u e s  were very  low a t  47 (1.9 to  - 
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3.7%) indicating t h e  s e v e r i t y  of mois tu re  s t r e s s  i n  t h e  l a t t e r  case .  

4.3.3.5.2 Diurna l  V a r i a t i o n  

Data a t  75 DAE (Fig.53) e s t a b l i s h  t h e  f a c t  t h a t  CATD v a l u e s  were 

in£  luenced by t ime of t h e  day and t h e  s t a g e  a t  which t h e  mois ture  

s t r e s s  was imposed. The d i f f e r e n c e s  i n  CATD v a l u e s  were not  much 

d i s t l n c t  i n  T r t . 1  and T r t . 2  where t h e  c r o p  recovered f u l l y  from t h e  

m o i s t u r e  s t r e s s  by 75 DAE. But i n  t h e  c a s e  of T r t . 3  and Tr t .4 ,  marked 

d i f f e r e n c e s  were no t i ced  among t h e  ET l e v e l s ,  I n  T r t . 3 ,  which was 

under  mois tu re  s t r e s s  from 29 t o  92  DAE, s i g n i f i c a n t  d i f f e r e n c e s  i n  

t h e  d i u r n a l  v a l u e s  of CATD were observed between 546 and 401 mm ET 

l e v e l s  w h i l e  t h e  v a l u e s  a t  515 mm were c l o s e  t o  those  a t  546 mm. A t  

401 m of ET, CATD v a l u e s  were p o s i t i v e  between 1100 t o  1500 h r s  (1.5 

t o  3.4 "C) whi le  a t  546 mm, t h e  v a l u e s  were i n  t h e  range of -1 t o  

-10.8"C. 

I n  T r t . 4  l a r g e  d i f f e r e n c e s  i n  t h e  d i u r n a l  v a l u e s  of CATD were 

observed between 687 and 47 mm of ET whi le  t h e  v a l u e s  a t  386 mm were 

c l o s e  t o  those  a t  687 mm. The CATD v a l u e s  were p o s i t i v e  (1.4 t o  

3.4"C) a t  47 m of ET between 1100 t o  1500 h r s  whi le  a t  687 arm CATD 

v a l u e s  ranged from -4.4 t o  -7.2 "C. 

Data  a t  118 DAE ( ~ i g .  54) on d i u r n a l  v a r i a t i o n  i n  CATD values  

p r e s e n t  a  d i f f e r e n t  p i c t u r e .  As w i t h  t r a n s p i r a t i o n ,  leaf  water 

P o t e n t i a l  and canopy t empera tu res  marked d i f f e r e n c e s  could be seen i n  

only  T r t . 4  w h i l e  t h e  d i f f e r e n c e s  were very  narrow i n  Tr t .1  t o  Tr t .3 .  

493.4 Soil t empera tu re  

4.3.4.1 Seasonal  Variation 







Seasonal variation in the soil temperature at 10 cm dpeth at 687 and 

47 ma ET levels in Trt.4 as compared to air temperature are shown in 

Figure 55. 

Soil and air temperatures were recorded from 24-148 DAE. Up to 

about 60 DAE, the soil temperature exceeded air temperature at both 

the ET levels and lateron, the soil temperature at the high ET level 

was consistently below the air temperature. At the low ET level, the 

soil temperature exceeded the air temperature by 2-4OC. 

4.3.4.2 Diurnal Variation 

The diurnal variation in the soil temperature at the two ET levels of 

687 and 47 mm in Trt.4 on 75 and 118 DAE are presented in Figures 56 

and 57 respectively. 

At 75 DAE, soil temperature at both the ET levels was above air 

temperatures up to 0800 hrs. With increasing energy flux thereafter, 

the air temperatures increased more rapidly compared to the soil 

temperatures up to 1600 hrs. Soil temperatures at the low ET level of 

47 mm were below air temperatures from 0900 to 1400 hrs but were above 

air temperatures afterwards. At the high ET level however from 0800 

hrs onwards sol1 temperatures were below the air temperature. The 

difference in the peak soil temperature between the high and low ET 

levels was 8OC. 

By 118 DAE, the air temperatures were much higher compared t o  

those at 75 DAE. The pattern of variation in soil temperature a t  the 

low ET levels was similar to that described above for 75 DAE. A t  t h e  
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high ET level however the soil temperatures were below the air 

temperatures throughout the 24 hr period.The variations in the soil 

temperatures between the two ET levels ranged from 20 to 35OC. 

4.3.4.3 Seasonal Variation (soil-air) temperature 

Seasonal variatlon in the (soil-air) temperatures for the three ET 

levels in Trt.4 are shown in Figure 58. 

At the high ET levels of 687 and 386 nrm, the (soil-air) 

temperatures were below 0°C from 60 DAE with the differences at 687 m 

level more negatlve than at 386 nun. At the low ET level of 47 mm, the 

(soil-air) temperatures varied between 1 to 5OC indicating the severe 

stress under which plants grew in this treatment. 

4.3.4.4 Diurnal Variatron 

The diurnal variatlon in the (soil-air) temperature at the three ET 

levels in Trt.4 are presented in Figure 59 for 75 DAE and Figure 60 

for 118 DAE. 

Diurnal changes on 75 DAE revealed that the (soil-air) 

temperature differential values started decreasing from 0800 hrs at 

all the three ET levels but at the higher ET levels (687 and 386 mm),  

the differentla1 was -6OC by 1000 hrs while at the low ET level of 47 

m, it was -2OC. In the former case, the value of (soil-air) 

temperature started increasing from 1600 hrs while in the latter, the 

increase started from 1100 hrs itself. The variation between the high 

and low ET levels ranged from -7OC to 5'C. 









At 118 DAE, the diurnal variations in the (soil-air) temperature 

were larger at the high ET levels than at 47 mm. The values started 

increasing up to 0700 hrs, decreased from about 0800 hrs to 1600 hrs 

and then increased. The variation between the ET levels ranged from 

-ll°C to 7 O C .  

4.3.5 Soil penetration resistance 

4,3.5.1 Seasonal Variation 

Seasonal variation in soil penetration resistance (SPR) at different 

ET levels in different treatments are shown in Figure 61. The SPR 

measurements were made beween 44 to 107 DAE (pod development period). 

A wide variation in the SPR was observed in all the four 

treatments depending on the intensity and duration of water stress 

imposed, 

Among the ET levels in Trt.1 the differences were marginal up to 

58 DAE only. In Trt.2, the SPR values were different among the ET 

levels and in particular between 576 and 494 mm ET levels. 

In Trt.3, which was under moisture stress from 29 to 92 DAE, the 

SPR values increasd steadily up to 92  DAE particularly at the low ET 

level of 401 mm. Highest SPR (64 kg/cg) was recorded at 86 DAE at 

this level. The SPR values increased with the decreasing level of ET. 





I n  Trt .4 ,  d i f f e r e c e s  i n  the  SPR va lues  among t h e  ET l eve l s  were 

l a r g e r  from 51 t o  107 DAE. The SPR va lues  ranged from 19 t o  37 kg/crnz 

a t  t h e  high ET l e v e l  of 687 mm while they ranged from 56 t o  67 kg/cm2 

a t  t he  47 mm ET l eve l  during t h e  pod development period. The SPR 

va lues  a t  the  386 mm ET l eve l  were c lo se  t o  t he  687 mm l eve l .  

4.3.5.2 Pene t r a t i on  Resis tance and ET l e v e l s  

Mean seasonal  s o i l  pene t ra t ion  r e s i s t a n c e  (SPR) a s  a funct ion ET 

during the  1982-83 postrainy season i s  shown i n  Figure 61. The 

r e l a t l o n s h i p  between SPR and ET was highly s i g n i f i c a n t  and negat ively 

co r r e l a t ed .  

4.3.5.3 Soil Penet ra t ion  Resis tance and Kernel Yield 

Kernel y i e ld  a s  a  func t ion  of mean seasonal  SPR a t  d i f f e r e n t  ET l e v e l s  

f o r  d i f f e r e n t  t rea tments  i s  shown i n  Figure 63. 

The r e l a t l o n s h i p  between the  kerne l  y i e ld  and SPR was s ign i f i can t  

( r  = 0.62) and negat ively co r r e l a t ed .  Higher kernel y ie ld  was 

obtained a t  the  lower end of SPR. 

4.3.6 Radiation Balance 

4.3.6.1 Albedo 

Seasonal variation i n  t he  d a i l y  mean albedo a t  the  687 and 47 nrm ET 

l e v e l s  i n  Tr t .4  a r e  shown i n  Figure 64. 



Evapotransp i r a t  i o n  (mn) 

F igu re  62. Mean s o i l  p e n e t r a t i o n  r e s i s t a n c e  f rom 44 t o  107 DAE as a  f u n c t i o n  o f  
e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  1982-83 p o s t r a i n y  season. 



Y = 3408.99 - 43.64 X ;  rse = 680.7 

r = 0.62; P < 0.05 

So i 1 pene t ra t ion  res i r tance (kg:crn2) 

F igure  63. Kernel y i e l d  as a f unc t i on  o f  mean soil penet ra t ion  res is tance 
from 44 t o  107 DAE at d i f f e r e n t  ET levels dur ing t he  1982-83 
pos t  r a i ny  season. 



Days a f t e r  emergence 

F i g u r e  64. Seasonal v a r i a t i o n  i n  t h e  d a i l y  mean a lbedo  i n  f r t . 4  a t  
two  ET l e v e l s  (687 mm and 47 mm) dur  i n s  t h e  1982-83 
p o s t r a i n y  season. 
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The albedo ( p e r c e n t  of r e t l e c t e d  r a d i a t i o n )  was more i n  t h e  dry 

c r o p  a t  t h e  low El' l e v e l  of 47 mm a s  compared t o  t h e  adequa te ly  

watered c rop  (ET = 687 mm) up t o  104 DAE and l a t e r o n  t h e  d i f f e r e n c e s  

were smal l .  

4.3.6.2 Net R a d i a t i o n  

Seasona l  v a r i a t i o n  i n  t h e  d a i l y  mean n e t  r a d i a t i o n  a t  the  687 and 47 

mm ET l e v e l s  i n  T r t . 4  a r e  shown i n  F i g u r e  65. 

The n e t  r a d i a t i o n  was low a t  t h e  low ET l e v e l  than  a t  t h e  high ET 

l e v e l  (687 mm). I n  g e n e r a l ,  t h e  n e t  r a d i a t i o n  showed an i n c r e a s e  from 

46 DAE up t o  125 DAE. 



T r t  . 4  

Days a f t e r  emergence 

F i g u r e  6 5 .  Seasonal v a r i a t i o n  i n  t h e  d a i l y  mean n e t  r a d i a t i o n  i n  
T r t . 4  a t  two l e v e l s  (687 mm and 47 mm) du r i ng  t h e  
1982-83 p o s t r a  i n y  season. 
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AND 



5. DISCUSSION AND CONCLUSIONS 

The pertonuance of c rop  p l a n t s  under moisture s t r e s s  i s  highly 

dependent on t h e  maintenance of favourable  p l a n t  water s t a t u s .  

Informatron on t h e  n a t u r e  of development of c rop  water d e f i c i t s  and 

t h e  growth s t a g e s  most s e n s i t i v e  t o  water s t r e s s  r e s u l t i n g  from 

i u t e r a c t i o n s  between s o i l ,  p l a n t ,  and atmospheric f a c t o r s ,  would 

a s s r s t  i n  developing agronomic p r a c t i c e s  f o r  increased water use 

e f f i c i e n c y .  Drought cond i t i ons  a r e  impl ica ted  i n  causing low y i e l d s ,  

poor grades (Davidson e t  a l .  1973, S t a n s e l l  e t  a l .  19761, decrease 

i n  subsequent germina t ion  ( P a l l a s  e t  a l .  1977) and an i nc r ea se  i n  t he  

inc idence  of a£ l a t o x i n  (Diener and Davies, 1977) i n  groundnut. 

Severa l  r e p o r t s  a r e  a v a i l a b l e  on t h e  genera l  e f f e c t s  of water s t r e s s  

on groundnuts ( P a l l a s  e t  a l . ,  1979; Boote and Hammonds 1981; ~ r i s h n a  

S a s t r y  e t  a l . ,  1980). However, s t u d i e s  on p l a n t  response t o  a  range 

of water  d e f i c i t s  occur r ing  a t  d i f f e r e n t  s t ages  of crop growth a r e  

l i m i t e d  i n  l r t e r a t u r e  t o  understand t he  soi l -plant-atmospheric  

r e l a t r o n s  i n  groundnut. 

Work has  been done on t h e  e f f e c t s  of so i l -water  s t r e s s  during 

germinat ion (Hadas and Russo, 1974). P a l l a s  e t  a l .  (1977) repor ted  

w i t h  t h e l r  i n v e s t l g a t i o n e  on t h e  problem of seed germination wi th  

groundnut i n  Georgia t h a t  germinat ion of a1 1 v a r i e t i e s  was obtained 

when t h e  average s o i l  water  t e n s i o n  i n  t h e  su r f ace  30-cm was 

maintained a t  l e s s  than 0.6 ba r s .  On t h e  o t h e r  hand, allowing 

F l o r i g i a n t  v a r i e t y  t o  reach a  s o i l  water  t ens ion  g r e a t e r  than 15 bars  

du r ing  t he  growing season lowered i t s  percentage of sound mature 

k e r n e l s  by 34%. The l a rge  seeded v i r g i n i a  type peanut,  F l o r i g i a n t ,  



was found t o  be t h e  most s u s c e p t i b l e  t o  droughty s o i l  cond i t ions .  The 

e f f e c t  of a  p rev ious  h i s t o r y  of mois ture  s t r e s s  on t h e  e a r l y  seed l ing  

v i g o r  of groundnut has  no t  been f u l l y  s tud ied .  

I n  t h e  p r e s e n t  s e t  of t h r e e  experiments,  t h e  response of 

grounanut t o  e a r l y  mois tu re  s t r e s s  (EMS) a s  w e l l  a s  t o  s t r e s s  imposed 

a t  d i f f e r e n t  phenological  s t a g e s  was s tud ied  dur ing t h e  ra iny  season 

a s  w e l l  a s  t h e  pos t ra iny  season. I n  o r d e r  t o  study t h e  e f f e c t  of a  

prevlous  mois ture  s t r e s s  h i s t o r y  on t h e  seed l ing  v igor  and y i e l d  of a  

c u r r e n t  crop of groundnut,  seed samples from a  previous  experiment i n  

which water s t r e s s  of d i f f e r e n t  i n t e n s i t i e s  was imposed on t h e  

grounanut crop a t  d i f f e r e n t  s t a g e s  of growth were c o l l e c t e d .  

The r e s u l t s  of t h e  proximate a n a l y s i s  of t h e  k e r n e l s  w i t h  a  

p rev ious  mois ture  s t r e s s  h i s t o r y  (Table 6 )  i n d i c a t e d  t h a t  e a r l y  

mois tu re  s t r e s s  helped i n c r e a s e  t h e  o i l  and sugar  content  w i t h  a 

s l i g h t  inc rease  i n  t h e  p r o t e i n  and t h e  decrease  i n  t h e  s t a r c h  con ten t .  

Among t h e  seed samples t h a t  were used i n  t h i s  experiment,  t h e  seeds 

were poorly  f i l l e d  i n  t h e  t reatment  where t h e  water  s t r e s s  was imposed 

from f lowering t o  l a s t  pod s e t .  

The seeds w i t h  a  previous  mois tu re  s t r e s s  h i s t o r y  from kmergence 

t o  i n i t i a t ~ o n  of pegs ( e a r l y  mois ture  s t r e s s )  had b e t t e r  seed f i l l i n g  

(Table  6 )  and gave h igher  f i e l d  emergence (F ig .  4 )  than  o the r  

t r ea tments .  Grea te r  seed weight r e s u l t i n g  from e a r l y  mois ture  s t r e s s  

was due t o  h igher  o i l  and sugar  c o n t e n t s  a s  found by Unchiev (1941).  



These r e s u l t s  emphasised t h a t  germina t ion  v igo r  i s  a  most 

impor tan t  seed q u a l i t y  f a c t o r  i n  t h e  e f f i c i e n t  product ion  of c rops  

(Spain ,  1976; Sivasubramanian and Ramakrishna, 1974; Reddy, 1978). 

The h ighe r  f i e l d  emergence r e s u l t e d  i n  a  h ighe r  p l a n t  popula t ion  i n  

t h e  c a s e  of groundnut from seed wi th  a  s t r e s s  h i s t o r y  dur ing  e a r l y  

s t a g e s  of c rop  growth than  those  a t  o t h e r  s t a g e s  (Table 9 ) .  

The seed l ing  v i g o r  was analysed i n  terms of r a t e  of germinat ion 

( ~ i g . 4 1 ,  l e a t l e t  number and a r e a  and dry ma t t e r  product ion from 

samples taken  every 3 days from emergence t o  26 DAE. I n  t h e  t reatment  

w i t h  e a r l y  mo i s tu re  s t r e s s  h i s t o r y  t h e  c rop  produced h igher  leaf  a r e a  

p e r  l e a r l e t  (Fig.6)  and a l s o  on a  p l a n t  b a s i s  (F ig .7) .  The leaf  l e t  

production was a l s o  b e t t e r  i n  t h i s  t rea tment  ( ~ i g . 5 ) .  It was 

cons idered  t h a t  synch ron i sa t i on  of seed growth w i t h  a  l a r g e  l e a f l e t  

a r e a  (Wil l lams e t  a l .  1975) and e a r l y  development of t he  leaf  canopy 

and maintenance of maximum leaf  number (Maeda, 1970) were important 

f o r  h ighe r  y i e l d .  The f i n a l  dry m a t t e r  product ion  was a l s o  supe r io r  

i n  c rop  grown from seed t h a t  had been e a r l y  s t r e s s e d  than  f o r  o t h e r s  

(F ig .8) .  The seeds w i th  an e a r l y  mois ture  s t r e s s  h i s t o r y  recorded 

maximum pod and k e r n e l  y i e l d s  and h ighe r  s h e l l i n g  percentage (Table 8  

and Fig.  9 )  which might be due t o  h igher  p a r t i t i o n i n g  of dry mat te r  

i n t o  t h e  seeds  (Naidu and Narayanan, 1981). I n  t h i s  t rea tment .  t he  

seeds  were l a r g e r  and b e t t e r  f i l l e d  and t h e  y i e l d  appeared t o  be 

determined by t h e  s i z e  of seed s i n k  ( ~ i l l i a m e  e t  a l .  1975; Gorbet,  

1977).  



I n  order  t o  study i n  d e t a i l  t he  response of groundnut t o  e a r l y  

mois ture  s t r e s s  two experiments were designed, one during each of t he  

r a i n y  and t he  pos t ra iny  seasons. During t he  ra iny  season EMS was 

induced by covering t h e  experimental p l o t s  wi th  black polyethylene 

f i l m  i n  two c u l t i v a r s  TMV2 and Robut. The presence of the  

polyethylene f i l m  between t h e  crop rows prevented t he  seepage of r a i n  

water  i n t o  t he  s o i l  and t h e  polyethylene cover was removed a t  44 DAE 

i .e .  a t  t he  time of peg i n i t i a t i o n .  During t he  postrainy season, 

t rea tment  2 was comparable t o  t he  t reatment  imposed during t he  ra iny  

season. 

The e f f i c a c y  of t h e  techniques used i n  t h i s  experiment t o  induce 

e a r l y  moisture s t r e s s  on t h e  groundnut crop was r e f l e c t e d  i n  t he  very 

low l e v e l s  of evapo t r ansp i r a t i on  poss ib le  both i n  t he  ra iny  a s  we l l  as  

i n  t h e  pos t ra iny  season. Ra in fa l l  t o  an ex t en t  -of 233  mm out of 656 

nun rece ived  during t h e  ra iny  season was prevented from enter ing  t he  

s o l 1  by covering t h e  p l o t s  wi th  t he  b lack  polyethylene f i lm.  A s  a  

r e s u l t  t he  evapo t r ansp i r a t i on  i n  t he  covered p l o t s  was only 10 mm as  

compared t o  60 mm i n  t he  uncovered p l o t s  during t h e  period when the  

b l ack  polyethylene f i l m  was on t h e  ground. Even a f t e r  t he  removal of 

t h e  polyethylene f i lm ,  t he  evapot ransp i ra t ion  i n  t h e  groundnut crop 

was low. During t h e  postrainy season i n  T r t .  2 t he  

evapo t r ansp i r a t i on  ranged from 494-576 mm depending upon the  d i s t ance  

from t h e  l i n e  source a s  aga in s t  687 mm i n  t h e  i r r i g a t e d  cont ro l  

t rea tment  i n  T r t .  4. By the  use of t he  l i n e  source i r r i g a t i o n  

technique vary ing  l e v e l s  of ET were a l s o  achieved i n  t he  o the r  

t rea tments  where s t r e s s  was imposed a t  d i f f e r e n t  phenological s tages .  



As t o  t he  a v a i l a b l e  s o i l  water ,  during t he  pos t ra iny  season, i n  

t h e  T r t .  2, which was comparable t o  t he  e a r l y  s t r e s s  treatment 

imposed during t h e  r a iny  season, t h e  e x t r a c t i o n  of water was more from 

t h e  11-30 cm p r o f i l e  depth a t  576 nnn ET l eve l  while a t  an ET l eve l  of 

494 mm t he  e x t r a c t i o n  of water occurred a t  a l l  depths down t o  120 cm 

( ~ i g . 2 2 ) .  I n  T r t .  1 during t he  pos t ra iny  season t he  ava i lab le  s o i l  

ws te r  was more a t  11-60 cm depth while t h e r e  was l i t t l e  va r i a t i on  a t  

dep ths  below 60 cm. A t  t he  ET l eve l  of 546 mm i n  Trt .3 ,  the  ava i l ab l e  

s o i l  water i n  t h e  s o i l  depth of 11-60 cm was more when compared t o  t he  

ET l e v e l  of 401 mm where t he  p l a n t s  ex t r ac t ed  more water from deeper 

depths  of the  s o i l  p r o f i l e  (Fig.23). In  t h e  i r r i ga t ed  control  

t reatment  of Tr t .4  where t he  a v a i l a b l e  water was q u i t e  high i n  t he  

11-60 cm depth,  t h e r e  was l i t t l e  e x t r a c t i o n  of water below the  90 cm 

p r o f i l e  depth. A t  t h e  lowest ET l e v e l  of 47 mm i n  Trt .4 ,  the  crop 

ex t r ac t ed  water  from a l l  s o i l  depths.  S t a n s e l l  e t  a l .  (1976) 

repor ted  t h a t  water  e x t r a c t i o n  occurred up t o  a  depth of 106 cm i n  

peanuts .  Mantel1 and Goldin (1964) repor ted  evapot ransp i ra t ion  f o r  

groundnut of 403-687 mm wi th  an optimum around 515 mm. Anand Reddy e t  

a l .  (1980) observed t h e  h ighes t  ET requirement of 560 mm f o r  

groundnut a s  compared t o  t he  o the r  crops.  

The e a r l y  moisture s t r e s s  r e s u l t e d  i n  higher  LA1 i n  pa r t i cu l a r  i n  

cv Robut during t h e  ra iny  season; The same phenomenon was a l s o  

observed a t  t he  ET l e v e l s  of 546 and 494 mm i n  T r t  . 2  during t he  

pos t r a iny  season ( ~ i g . 2 5 ) .  The e a r l y  s t r e s s  delayed flower i n i t i a t i o n  

(Ochs and Wormer, 1959) and suppressed vege ta t ive  growth by inh ib i t ing  

t h e  l e a t  expansion r a t e s .  The r e l e a s e  of water s t r e s s  a t  t h i s  s tage 

r e s u l t e d  i n  reproduct ive  f l u sh  leading t o  synchrony in  flowering and 



subsequent pod f i l l i n g  which increased t he  r a t i o  of f i l l e d  pods t o  t he  

t o t a l  number of pods. Although one would expect t h i s  t o  happen when 

v e g e t a t i v e  phase was drought s t r e s sed  followed by r e l e a s e  of water 

s t r e s s ,  t h e r e  a r e  no r e p o r t s  i n  l i t e r a t u r e  quant i fy ing  t h i s  

phenomenon. B i l l a z  and Ochs (1961) a l s o  observed a  considerable  

s t lmu lus  i n  l e a t  growth a f t e r  t h e  r e l e a s e  of water s t r e s s  during t h e  

e a r l y  s t ages  of crop growth. The r e s u l t i n g  advantage i n  t he  dry 

ma t t e r  productron of groundnut was observed both i n  t he  ra iny  season 

a s  we l l  a s  dur ing  t h e  pos t ra iny  season, p a r t i c u l a r l y  a t  t he  lower ET 

l e v e l s  of 546 and 494 mm ( ~ i g .  3 2 ) .  EMS a l s o  appeared t o  have 

increased  t he  r o o t  growth through an i nc rea se  i n  t he  length  of t he  t ap  

r o o t  a s  we l l  a s  t h e  t o t a l  l ength  of t he  roo t  system  able 11) .  

Higher so11 temperatures  (4OC) dur ing  t h e  EMS period could have helped 

i n  b e t t e r  r o o t  and shoot growth leading t o  increased dry matter  

p roduct lon  dur ing  t h e  two growing seasons.  Dry mat te r  production was 

h igher  i n  t he  EMS p l o t s  (Fig.17) with more e f f i c i ency  f o r  cv Robut 

dur ing  t he  r a iny  season. During t he  pos t ra iny  season a l s o  t he  

advantages of EMS were more pronounced a t  t he  lower ET l e v e l s  (F ig .  

For both t he  cvs t e s t e d  during t he  ra iny  season, WUE waS almost 

double wi th  t he  EMS t rea tment .  Imposi t ion of EMS on t h e  crop appears  

t o  have increased  t h e  peg a s  w e l l  a s  pod product ion f o r  both t he  cvs 

dur ing  t h e  r a i n y  season and a t  a l l  ET l e v e l s  during t he  pos t ra iny  

season. The r e l a t r v e  dry mat te r  product ion (DM/Dkuax) i n  r e l a t i o n  t o  

r e l a t l v e  evapo t r ansp i r a t i on  (ETIETmax) of t he  two groundnut cvs TMV-2 

and Robut presented i n  Figure 66 show the  advantage i n  dry matter  

p roduct lon  relative t o  water ex t r ac t ed  i n  EMS t reatment  (covered 
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p l o t s )  p a r t i c u l a r l y  a t  t he  low l e v e l s  of r e l a t i v e  ET (ETIETmax). The 

r e s u l t i n g  y i e l d  advantage can be seen i n  F igure  67 where t he  r e l a t i v e  

k e r n e l  y i e l d  was h ighe r  f o r  bo th  c u l t i v a r s  a t  a  low r e l a t i v e  l eve l .  

An increased  pod y i e l d  of 21 t o  28% was observed wi th  EMS during t h e  

r a i n y  season whi le  dur ing  t h e  pos t r a iny  season s i g n i f i c a n t l y  supe r io r  

pod and ke rne l  y i e l d  were ob ta ined  i n  Tr t .2  over t he  o the r  t h r e e  

t r ea tmen t s  (Table 22 and Fig. 34) .  The lower l e v e l s  of ET i n  Tr t .2  

gave h igher  pod and ke rne l  y i e l d s  dur ing  t he  pos t ra iny  season. A p l o t  

of t h e  r e l a t r v e  k e r n e l  y i e l d  (KYIKYmax) i n  r e l a t i o n  t o  r e l a t i v e  ET 

(ETl~Tmax) show the  y i e l d  advantage a t  these  two ET l e v e l s  i n  T r t . 2  

compared t o  a l l  o t h e r  t rea tments  (Fig.  68) .  The favourable  

partitioning of t o t a l  biomass i n t o  reproduct ive  s t r u c t u r e s  cont r ibu ted  

t o  t h e  observed y i e l d  advantages.  This  appears  t o  be an important 

mechanism of a d a p t a t i o n  t o  drought of groundnut where r a i n f a l l  o r  

i r r i g a t i o n  a r e  b a r e l y  s u f f i c i e n t .  

Ear ly  water s t r e s s  a l s o  appeared t o  have cont r ibu ted  t o  improved 

q u a l i t y  of t he  seed i n  terms of increased  seed weight a s  we l l  a s  o i l  

and p r o t e i n  con t en t s .  This  was confirmed by t h e  proximate ana ly s i s  of 

t h e  seed samples. 

With regard  t o  t h e  e f f e c t s  of water  s t r e s s  a t  t he  o ther  growth 

s t a g e s  i t  was observed t h a t  dur ing  t h e  pos t ra iny  season i n  Trt.1, t he  

reproduct rve  growth s t a g e s  were observed e a r l i e r  a s  compared t o  o the r  

t rea tments .  I n  Tr t .3  because of water  s t r e s s  a t  a  c r i t i c a l  s t age ,  

i . e . ,  from f lower ing  t o  l a s t  pod s e t ,  (29-92 DAE), t h e  reproduct ive  

growth phases were delayed.  These r e s u l t s  were i n  agreement wi th  t he  

f i nd ings  of B i l l a z  and Ochs (1961),  J o s h i  and Kabari (1972), 

Subramaniam e t  a l .  (1974),  Su e t  a l .  (19641, Williams e t  a l .  



i gure  6 7 .  R e l a t i v e  kerne l  y i e l d  ( K Y / K Y ~ ~ ~ )  i n  r e l a t i o n  t o  r e l a t i v e  

evapo t ransp i ra t i on  ( E T / E T ~ ~ ~ )  o f  two groundnut cvs Robut and 

TMVZ under two mo is tu re  t reatments (C - covered, UC - uncovered) 

i n  t he  1982 r a i n y  season. 



F i g u r e  68. R e l a t i v e  k e r n e l  y i e l d  (KY/Kymax) i n  r e l a t i o n  t o  r e l a t i v e  

e v a p o t r a n s p i r a t i o n  (ET/ETmax) f o r  d i f f e r e n t  t reatments  

d u r i n g  t h e  1982-83 p o s t r a i n y  season. 



(19781, and Boote and Hammond (1981).  I n  T r t  .4 delayed pod formation 

and h a r v e s t  m a t u r i t y  was n o t i c e d  whi le  a t  t h e  lowest  ET l e v e l  of 47 nrm 

t h e  pod initiation was delayed t h e  l o n g e s t  (89 DAE). 

Maximum LA1 was ob ta ined  a t  t h e  h i g h e s t  ET l e v e l  of 687 mm i n  t h e  

i r r i g a t e d  c o n t r o l  t r ea tmen t  i n  T r t . 4  whi le  t h e  LA1 was s i g n i f i c a n t l y  

lower a t  t h e  lowest  ET l e v e l  of 47 m where t h e  continuous soi l -water  

d e f i c i t  caused p roduc t ion  of fewer and smal le r  leaves .  That water 

d e f i c i t  a f f e c t s  t h e  l e a f  enlargement of groundnut was a l s o  shown by 

I l ' i n a  (1968) and Lin  e t  a l .  (1963) .  The r a t e  of d a i l y  leaf  

production was a l s o  shown t o  have been reduced because of water 

d e f i c i t s  a t  s e v e r a l  s t a g e s  of growth of groundnut (0chs and Wormer, 

1959; B i l l a z  and Ochs, 1951; Vivekanandan and Gunasena, 1976).  

Peg and pod p roduc t ion  was observed t o  have been more i n  T r t .  3 

d u r i n g  t h e  p o s t r a i n y  season which was due t o  profuse  f lowering 

observed a f t e r  t h e  r e l e a s e  of mois tu re  s t r e s s  a t  92 DAE. Groundnut 

p l a n t  was r e p o r t e d  t o  have t h e  mechanism t o  compensate f o r  f lower 

r e d u c t i o n s  because  of e a r l y  water  d e f i c i t  (L in  e t  a l .  1963; Ono e t  

a l .  1974; Boote e t  a l .  1976) by producing a  f l u s h  of f lowers  and 

f r u i t  when t h e  w a t e r  s t r e s s  i s  r e l i e v e d  ( B i l l a z  and Ochs, 1961; 

P a l l a s  e t  a l .  1979).  However t h e  m a j o r i t y  of t h e  pods remained 

immature a t  148 DAE. The e f f e c t  of s o i l  water  d e f i c i t  i n  T r t .  3  

cou ld  a l s o  have been on peg p e n e t r a t i o n  a s  w e l l  a s  pod development. 

Measurements of s o i l  p e n e t r a t i o n  r e s i s t a n c e  made from 44 t o  107 DAE i n  

t h i s  t r e a t m e n t  a l s o  revea led  t h a t  dur ing  t h e  pe r iod  when t h e  su r face  

m o i s t u r e  c o n t e n t  was very  low t h e  p e n e t r a t i o n  r e s i s t a n c e  was 

c o n s i d e r a b l y  l a r g e r  i n  T r t .  3  than  i n  o t h e r  t r ea tment s .  Cox (19621, 

Undewood e t  a l .  (1971) and Boote e t  a l .  (1976) observed t h a t  pegs 



f r e q u e n t l y  f a i l e d  t o  e f f e c t i v e l y  p e n e t r a t e  i n t o  a i r - d r y  s o i l  thus  

preventing f r u i t  growth. S k e l t o n  and Shear  (1971) a l s o  repor ted  t h a t  

a d e q u a t e  r o o t  zone m o i s t u r e  w i l l  keep pegs a l i v e  u n t i l  pegging zone 

m o i s t u r e  c o n t e n t  i s  s u f f i c i e n t  t o  a l l o w  p e n e t r a t i o n  and i n i t i a t i o n  of 

pod development.  Adequate pegging zone m o i s t u r e  was c r i t i c a l  f o r  peg 

development i n t o  pods and adequa te  s o i l  m o i s t u r e  i n  t h e  r o o t  zone was 

r e p o r t e d  n o t  t o  compensate f o r  t h e  requirement  f o r  pegging zone 

m o i s t u r e  f o r  t h e  f i r s t  30 days  of peg development (Ono e t  a l .  1974).  

The r e d u c t r o n  i n  t h e  y i e l d  of groundnut because  of s t r e s s  dur ing  

T r t .  3  i s  n o t  unexpected s i n c e  t h e  p e r i o d  of pod fo rmat ion  and pod 

a d d i t i o n  i s  t h e  p e r i o d  when peanut p l a n t s  were  r e p o r t e d  by (Sandhu e t  

a l ,  1972; Subramaniam e t  a l .  1978; Reddy and Reddy, 1977) t o  be 

most s e n s i t i v e  t o  w a t e r  d e f i c i t .  The y i e l d  r e d u c t i o n  i n  T r t .  3 was 

due t o  low s h e l l i n g  pe rcen tage .  S t a n  (1968) r e p o r t e d  t h a t  s h e l l i n g  

p e r c e n t a g e  was commonly lower under s t r e s s  c o n d i t i o n s .  The seed 

we igh t  and o i l  c o n t e n t  were a l s o  dec reased  w i t h  d e c r e a s e  i n  ET l e v e l s  

e x c e p t  i n  T r t .  1 ,  The lowest  100 seed weight  was ob ta ined  a t  t h e  ET 

l e v e l  of 47 mm i n  T r t .  4  whi le  t h e  lowest  o i l  c o n t e n t  was observed i n  

T r t .  3  a t  401 mm ET l e v e l  which was due t o  poor f i l l i n g  of pods a s  

t h e  m o i s t u r e  s t r e s s  was imposed d u r i n g  pod f i l l i n g  s t a g e  (Table 26).  

The r o o t  l e n g t h  a s  w e l l  a s  t h e  r o o t  d r y  weight  were h igher  i n  

b o t h  t r e a t m e n t s  1 and 2 a t  t h e  h i g h e r  l e v e l s  of ET when compared t o  

t h e  maximum s t r e s s e d  t r e a t m e n t s  a t  t h e  ET l e v e l  of 47 mm i n  Tr t .4 .  

I n  t h e  l a t t e r  t r e a t m e n t  t h e  maximum r o o t  l e n g t h  was observed (100 cm). 

During d rough t  s t r e s s  p e r i o d s ,  lower r o o t s  were r e p o r t e d  t o  con t inue  

t o  grow downwards i n t o  u n r e s t r i c t e d  m o i s t  s o i l  zones even though t o p  

growth may a p p e a r  t o  a t o p  ( A l l e n  e t  a l .  1976).  Grea t  r o o t i n g  dep th  



f o r  water s t r e s sed  groundnut was a l s o  reported by Lin e t  a l .  (1963), 

Linka and Misra (1973), and Narasimham e t  a l .  (1977). 

The water s t r e s sed  p l an t s  a l s o  showed lower leaf water po ten t ia l s  

and lower s tomatal  conductance a s  wel l  as  low t r ansp i r a t i on  r a t e s .  

P a l l a s  and Samish (1974) and Pa l l a s  e t  a l .  (1974) a l so  showed t h a t  

under water s t r e s s  peanut p l an t s  show s ign i f i can t  changes i n  the  

stomata. The d iu rna l  pa t t e rns  of stomatal opening in  peanut leaves 

were a l s o  reported by Vivekanandan and Gunasena (1976). Reduced 
b 

stomatal  conductance under severe water s t r e s s  i s  a plant adaptat ion 

t o  drought s t r e s s  which was a l s o  reported by Bhagsari e t  a l .  (1976) 

with peanuts where t h e  r e l a t i v e  water content was reported t o  decrease 

below 80%. A t  a l l  ET l eve l s  i n  both treatments 1 and 2 the seasonal 

p a t t e r n s  i n  stomatal conductance indicated considerable recovery i n  

t h e  stomatal a c t i v i t y  of the  leaves a f t e r  the water s t r e s s  was 

re leased .  In  T r t .  3 however, where t he  s t r e s s  durat ion was much 

longer ,  the  l eve l  of decrease i n  stomatal conductance during the  

period of water s t r e s s  was considerably higher compared t o  t reatments  

1 and 2. A t  t h e  lowest ET l eve l  of 47 mm i n  T r t .  4 the stomatal 

conductance s t e a d i l y  decreased from 0.5 cm/sec a t  19 DAE t o  as  low as 

.01 cm/sec around 120 DAE. Stomata1 c losure  i n  groundnut p lan ts  was 

repor ted  t o  reduce t h e  ne t  photosynthesis (Bhagsari e t  a l .  1976). 

Diurnal v a r i a t r o n  i n  t he  stomatal conductance as  well  as  the  response 

of stomatal conductance t o  varying l eve l s  of PPFD during the  growing 

season indica ted  t h e  s trong r e l a t i onsh ip  between stomatal opening and 

c lo su re  and i r r ad i ance  when peanut was under adequate water supply as  

opposed t o  t h e  severe e f f e c t  of water s t r e s s  on the  s t w a t a l  

conductance a t  ET l eve l  of 47 m i n  T r t .  4. 



Atmospheric vapor p r e s s u r e  d e f i c i t  (VPD) a l s o  had a s t rong  

i n f l u e n c e  on t h e  s tomata l  conductance of groundnut.  A t  t h e  same l e v e l  . 
of PPFD, a lower VPD caused low s tomata l  conductance i n  peanut p l a n t s  

b u t  w i t h  i n c r e a s i n g  l e v e l s  of PPFD t h e  inc rease  i n  stomatal  

conductance a t  t h e  low VPD l e v e l  of 1-4 m i l l i b a r s  was i n i t i a l l y  m a l l  

but  inc reased  r a p i d l y  w i t h  i n c r e a s i n g  PPFD l e v e l  beyond 1100 

p ~ / m ~ / s e c .  A t  t h e  h igh  l e v e l  of VPD of 9-12 m i l l i b a r s  however t h i s  

r a p i d  i n c r e a s e  i n  t h e  s tomata l  conductance was not observed wi th  

i n c r e a s i n g  i r r a d i a n c e .  A t  t h e  lowest  l e v e l  of ET of 47 m, t h e  

s t o m a t a l  c l o s u r e  was most s i g n i f i c a n t  w i t h  t h e  complete d e p l e t i o n  of 

s o l 1  wa te r .  Al l en  e t  a l ,  (1976) a l s o  r e p o r t e d  t h a t  when s o i l  water 

i s  complete ly  d e p l e t e d  groundnut p l a n t s  reduced f u r t h e r  water l o s s  by 

f o l d i n g  t h e n  l e a t l e t s  which reduced t h e  exposed evaporat ive  su r face  

a r e a .  At t h i s  very  l imi ted  l e v e l  of ET, l ea f  water  p o t e n t i a l s  of up 

t o  -64 b a r s  were ob ta ined ,  In  l i t e r a t u r e  however, water s t r e s s e d  

grounanut  p l a n t s  were repor ted t o  reach l ea f  water  p o t e n t i a l s  of -30 

t o  -45 b a r s  (Bhagsar i  e t  a l .  1976; P a l l a s  e t  a l .  1977, 1979). 

Decreased s tomata l  a c t i v i t y  a p p a r e n t l y  a f f e c t e d  t h e  t r a n s p i r a t i o n  

r a t e s  from t h e  groundnut p l a n t  a s  i n d i c a t e d  by both  the  seasonal 

v a r i a t i o n  a s  w e l l  as t h e  ' d i u r n a l  v a r i a t i o n  i n  t r a n s p i r a t i o n  f o r  

d i f f e r e n t  t r e a t m e n t s  dur ing t h e  growing season. The atmospheric 

e v a p o r a t i v e  demand combined w i t h  t h e  . s o i l  water  d e f i c i t  exer ted a 

s t r o n g  i n f l u e n c e  on t h e  v a r i a b i l i t y  i n  t h e  t r a n s p i r a t i o n  r a t e s  of t h e  

groundnut p l a n t s .  It i s  understood t h a t  any reduct ion i n  

t r a n s p i r a t i o n  i s  u s u a l l y  accompanied by decreased pho tosyn the t i c  r a t e  

and a s  a r e s u l t  decreased dry  mat t e r  product ion.  The y i e l d  advantages 

o b t a i n e d  because of t h e  EMS i n  T r t .  2 could be a t t r i b u t e d  towards t h e  



rapid recovery in the stomatal conductance as well as the 

transpiration rates from the leaves upon the release of moisture 

stress. Because of the presence of good ground cover in this 

treatment upon the release of stress, the transpiratin component of 

evapotranspiratin from the plant was significant. In the absence of 

plant ground cover, average evaporation from the soil surface was 

reported to be 30 to 40% of pan evaporation (Goldberg et al. 1967, 

Kassam et al. 1975). After establishment of full ground cover, 

Kassam et al. (1975) reported that the ratio of evapotranspiration to 

open pan evaporation remained very stable under adequate soil water 

supply untll the leaf area began to decline. Hence it can be surmised 

that in Trt. 2 because of the higher LA1 and higher transpiration 

rates, the groundnut plants vere able to maintain higher rates of net 

photosynthesis. 

The changes in the canopy temperature of groundnut during the 

growing season as well as on a diurnal basis at different ET levels in 

different treatments also showed that the lack of transpirational 

cooling at the lower ET levels contributed to increased canopy 

temperature. With other crops Wiegand and Namken (19661, Ehrler and 

Van Bavel (1967) and Bartholic et al. (1972) showed that leaf 

temperatures and leaf air temperature differences were related to 

plant water stress and could be used to differentiate treatments 

undergoing stress and no stresa.When soil moisture becomes limited, 

stomatal closure occurs resulting in reduced transpiration, increased 

heat load on the canopy and a consequent rise in leaf temperatures 

sometimes by as much as 10°C above the air temperature (~earcy et al. 

1971). At the ET level of 47 mrm in Trt. 4 the canopy temperatures 



r o s e  t o  35OC whi le  a t  687 rma ET l e v e l  i t  was only 24OC when the  crop 

was a t  82 DAE. SDD of groundnut p l a n t s  showed a l i n e a r  decrease wi th  

i nc r ea s ing  evapot ransp i ra t ion .  This  p a t t e r n  i s  i n  l i n e  with t he  

obse rva t i ons  of Idso  e t  a l .  (1977). These da t a  i n d i c a t e  t h a t  

measurements of canopy temperature a s  we1 1 as  t he  d i f f e r ence  between 

t h e  canopy and t h e  a i r  temperature f a c i l i t a t e  comparison of t he  e f f e c t  

of water  d e f i c i t  on t h e  groundnut p l a n t s .  

Under water  d e f i c i t  t h e  s o i l  temperatures  a r e  reported t o  

i nc r ea se  and t h e  d iu rna l  v a r i a t i o n s  i n  t h e  s o i l  temperatures under 

d i f f e r e n t  t rea tments  show t h a t  a t  s i g n i f i c a n t l y  decreased l eve l  of ET 

t h e  s o i l  temperatures  i s  very much i n  phase w i th  t he  a i r  temperature 

and could exceed t h e  a i r  temperature f o r  a  cons iderab le  por t ion  of the  

day a f t e r  mid a f te rnoon.  However a t  a  higher  ET l eve l  t he  s o i l  

temperatures  were c o n s i s t e n t l y  below t h e  a i r  temperature. 

The advantage i n  dry mat te r  product ion enjoyed by t he  groundnut 

p l a n t s  wi th  recovery from water  s t r e s s  was apparent from the  

r e l a t i o n s h i p s  between t h e  dry ma t t e r  product ion and cumulative 

evapo t r ansp i r a t i on  of t h e  p l an t  (Fig.  3 2 ) .  The s lopes  of the  l i n e s  

i nd i ca t ed  t h a t  i n  T r t .  2  s p e c i a l l y  a t  t h e  lower l e v e l s  of -ET wi th  

i nc r ea s ing  evapo t r ansp i r a t i on  t h e  p l a n t s  produced more dry matter  a s  

compared t o  t h e  h igher  l e v e l  of ET. I t  i s  s i g n i f i c a n t  t o  no t ice  t h a t  

t h e  s lope  of t h e  l i n e  i n  T r t .  2 was s i g n i f i c a n t l y  improved over t he  

i r r i g a t e d  c o n t r o l  t reatment  i n  T r t .  4 where t h e  ET l eve l  was 687 mm. 

A p l o t  of t h e  r e l a t i v e  dry mat te r  product ion t o  r e l a t i v e  ET f o r  

d i f f e r e n t  t rea tments  i nd i ca t ed  t he  obvious advantages of dry matter  

productron i n  t rea tments  2B and 2C a s  w e l l  a s  i n  T r t .  3A ( ~ i g .  69). 

The advantage a t  t he  lower ET l e v e l s  of T r t .  2  was a l s o  apparent i n  a  



F i g u r e  69. R e l a t i v e  d r y  m a t t e r  p roduc t i on  (DM/DMmax) i n  r e l a t i o n  t o  

r e l a t i v e  e v a p o t r a n s p i r a t i o n  (ET/ETmax) f o r  d i f f e r e n t  t reatments 

d u r i n g  the  1982-83 p o s t r a i n y  season. 



p l o t  of the  r e l a t i v e  kernel  y i e l d  i n  r e l a t i o n  t o  r e l a t i v e  

evapo t r ansp i r a t i on  ( ~ i g .  68 ) .  A t  t he  comparative ET l eve l s  i n  t he  

o the r  t reatments  , t he  lower ET l e v e l s  of 546 mm and 494 mm in  T r t .  2 

gave higher  water use  e f f i c i ency  a s  compared t o  t he  e f f i c i e n c i e s  of 

water  use observed a t  s im i l a r  ET l e v e l s  i n  o ther  t reatments .  

Based on t he  above d iscuss ion  on t he  th ree  experiments given 

above, t he  fol lowing conclusions a r e  drawn: 

Response of Groundnut t o  Early Moisture S t r e s s  (EMS) - 
1. As a  r e s u l t  of EMS, i r r i g a t i o n s  can be skipped off  which w i l l  

save cons iderab le  amount of i r r i g a t i o n  water.  

2. The probable drought periods i n  t he  crop season can be a r r ived  by 

analysing t he  c l ima t l c  da t a  i n  t h a t  region and t he  da t e  of sowing 

can su i t ab ly  be ad jus ted  so t h a t  t he  e a r l y  drought coincides wi th  

t he  EMS s t age  i n  groundnut. 

3 .  Conalderable reduc t ion  i n  t he  ET was achieved wi th  the  imposi t ion 

of EMS both i n  t h e  rainy and postrainy seasons. 

4 .  In  t he  EMS treatment  during t h e  postrainy season, t he  ex t r ac t i on  

of water was more from the  11-30 cm p r o f i l e  depth a t  576 mm ET 

l eve l  while  a t  a  lower ET l eve l ,  t he  ex t r ac t i on  of water occurred 

a t  a l l  dep ths  down t o  120 cm depth. 

5. EMS r e s u l t e d  i n  higher  LAX, more pegs and pods during t he  rainy 

season a s  we l l  as  the  postrainy season, p a r t i c u l a r l y  a t  t he  low 

ET l e v e l s  of 546 and 494 mm. 

6 .  Higher dry mat te r  production i n  both rainy and postrainy seasons 

was obtained i n  t he  EMS treatment ,  probably due t o  higher s o i l  



t empera ture  which might have r e s u l t e d  i n  b e t t e r  r o o t  and shoot 

growth. 

7.  Pod and k e r n e l  growth were enhanced i n  both t h e  c u l t i v a r s  i n  t h e  

EMS t r ea tment  dur ing  t h e  r a i n y  season while  t h e  same t rend was 

observed i n  t h e  p o s t r a i n y  season a l s o  a t  t h e  low ET l e v e l s .  

8. Increased  pod y i e l d  (21  t o  28%) was obtained during ra iny  season 

w i t h  t h e  EMS t r ea tment .  During t h e  pos t ra iny  season, 

s i g n i f i c a n t l y  s u p e r i o r  pod and k e r n e l  y i e l d s  were obtained when 

s t r e s s  was imposed from emergence t o  pegging. This might be due 

t o  p r e t e r e n t l a l  p a r t i t i o n i n g  of photosynthates  t o  pods and 

k e r n e l s .  

9 .  EMS improved t h e  seed q u a l i t y  i n  terms of increased seed weight,  

o i l  and p r o t e i n  con ten t s .  

10 Water use  e f f i c i e n c y  was almost double w i t h  t h e  EMS t reatment  

d u r i n g  t h e  r a i n y  season. Harvest  index was b e t t e r  i n  t h e  r a i n y  

season whi le  t h e  same was h i g h e s t  a t  t h e  low ET l e v e l s  of 546 and 

494 nrm dur ing  emergence t o  peg i n i t i a t i o n  during t h e  pos t ra iny  

season.  

E f f e c t  of Moisture  S t r e s s  His to ry  D u r i n ~  Prev ious  Season on' Current -- 
Season Productivity 

11. The seeds w i t h  a  previous mois tu re  s t r e s s  h i s t o r y  from emergence 

t o  initiation of pegs ( e a r l y  mois tu re  s t r e s s )  produced crop w i t h  

b e t t e r  seed f i l l i n g ,  h igher  o i l  and sugar  c o n t e n t s  wi th  a  s l i g h t  

i n c r e a s e  i n  t h e  p r o t e i n  and decrease  i n  s t a r c h  and gave higher  

f i e l d  emergence r e s u l t i n g  i n  h igher  p l a n t  populat ion.  

12. Seed l ings  w i t h  EMS h i s t o r y  were more vigorous i n  terms of l ea f  

number, l e a t  a r e a ,  and super io r  dry mat te r  production. 



13. Maximum pod and ke rne l  y i e l d s  bes ides  higher  she l l i ng  percentage 

were ob ta ined  u s ing  seede having an EMS h i s to ry .  

Response of Groundnut Water S t r e s s  (ET Levels) & Different  
Phenolouical  S tages  

14. Moisture e t r e s s  imposed during reproduct ive s tages R1 t o  R6 

delayed t h e  d u r a t i o n  i n  almost a l l  t h e  reproduct ive s tages.  

15. A t  t he  lowest ET l e v e l ,  t he  crop ex t r ac t ed  water from a l l  s o i l  

dep ths .  

16. Maximum LA1 was obtained w i th  t he  h ighes t  ET leve l  of 687 m 

whi le  a t  t h e  lowest ET l eve l  of 47 mm t he  LA1 was very low. 

17. Highest peg product ion  and more p a r t i t i o n i n g  of dry matter t o  

pods, ke rne l s  and stems were observed a t  low ET l eve l s  when 

mois ture  s t r e s s  was imposed from f lowering t o  l a s t  pod s e t .  A t  a  

very low ET of 47 mm i n  t he  cont inuously s t r e s sed  t reatment ,  pod 

number was l e a s t  and dry mat te r  product ion was nine times l e s s  

when compared t o  687 mm ET i n  t h e  continuously i r r i g a t e d  

t rea tment  and was p a r t i t i o n e d  t o  mostly stems and leaves. 

18. Pod and k e r n e l  growth were more when moisture s t r e s s  was imposed 

from f lower ing  t o  l a s t  pod s e t  while t he  same were very much 

reduced w i th  a  very low ET l e v e l  of 47 rmn i n  t he  continuously 

s t r e s s e d  t rea tment .  

19. There was a  p o s i t i v e  and h ighly  s i g n i f i c a n t  co r r e l a t i on  between 

t h e  dry ma t t e r  product ion and t o t a l  ET a t  matur i ty .  

20. Pod and k e r n e l  y i e l d s  were reduced when s t r e s s  was imposed f r o m  

emergence t o  f lowering,  f lowering t o  l a s t  pod s e t  and 

cont inuous ly  s t r e s s e d  t reatment .  Water use e f f i c i ency  was loves t  

wi th  t he  h ighes t  ET l e v e l  of 687 m i n  t he  continuously s t r e s sed  

t rea tment  whi le  t h e  H I  was lowest a t  47 mm ET l eve l .  She l l ing  % 



was very much a f f ec t ed  when moisture s t r e s s  was imposed from 

emergence t o  l a s t  pod s e t .  

21. Grounanut p l a n t s  which were subjected t o  severe moisture s t r e s s  

a t  t he  47 ma ET l eve l  i n  t he  cont inuously s t r e s sed  treatment 

developed a  deep r o o t  system going up t o  one meter deep. 

22. Moisture s t r e s s  from f lowering t o  l a s t  pod s e t  a f fec ted  t he  seed 

f i l l i n g ,  p r o t e i n  and o i l  conten ts .  

23. The stomatal  conductance increased wi th  increasing PPFD a t  t he  

h ighes t  ET l e v e l  of 687 mm while  a t  47 mm ET l eve l ,  r a d i a t i o n  

l e v e l s  had l i t t l e  in f luence  on t h e  s tomatal  conductance. 

24. A t  t he  low VPD range of 1-4 mb, t h e  s tomatal  conductance was high 

and i t  increased  w i th  increas ing  PPFD while i t  was low a t  5-8 mb 

range of WD. 

25. A t  t he  lowest ET l e v e l  of 47 mm, t he  leaf  water po t en t i a l  reached 

a  peak va lue  of -63 bars .  

2 6 .  The s o l 1  p e n e t r a t i o n  r e s i s t ance  (SPR) values increased with t he  

decreas ing  l e v e l  of ET. A t  t h e  lowest ET l eve l  of 47 mm, t he  SPR 

va lues  ranged from 56 t o  67 kg/cmz a s  a g a i n s t  19 t o  37 kg/cmZ a t  

687 mm ET l e v e l .  A t  lower va lues  of SPR, higher  kernel  y ie ld  was 

obtained.  

27. Seasonal p a t t e r n  i n  t h e  s tomatal  conductance i n  t he  t reatments  

subjec ted  t o  moisture s t r e s s  from emergence t o  flowering and 

emergence t o  peg i n i t i a t i o n  ind ica ted  considerable  recovery in  

t h e  s tomatal  a c t i v i t y  of t he  leaves  a f t e r  t he  moisture s t r e s s  was 

r e l ea sed .  The decrease i n  t h e  s tomatal  conductance i n  t he  

t rea tments  wi th  s t r e s s  imposed from flowering t o  l a s t  pod was 

cons iderab ly  higher .  The l e a s t  s tomatal  conductance was seen i n  

t h e  cont inuously moisture s t r e s sed  p l o t s  a t  47 mm ET leve l .  



28. The t r a n s p i r a t i o n  r a t e s  were a f f ec t ed  due t o  t he  decreased 

s tomata1 a c t i v i t y  by both t he  seasonal  v a r i a t i o n  a s  wel l  as t he  

d i u r n a l  v a r i a t i o n  f o r  d i f f e r e n t  t reatments .  

29. Increased  canopy temperatures were observed i n  a l l  t he  t reatments  

dur ing  t h e  growing season a s  w e l l  a s  on a  d iurna l  ba s i s  a t  lower 

ET l e v e l s  because of l ack  of t r a n s p i r a t i o n a l  cooling. In t he  

cont inuous ly  mois ture  s t r e s sed  p l o t ,  a t  t he  ET l eve l  of 47 mm, 

t h e  canopy temperatrues peak t o  35°C while  a t  687 mm ET l eve l ,  i t  

was on ly  24°C when t h e  crop was a t  82 DAE. A t  low values of 

t o t a l  evapo t r ansp i r a t i on ,  t he  s t r e s s  degree day values were high 

and v i c e  ve r sa .  

30. The seasona l  and d iu rna l  v a r i a t i o n s  i n  t he  s o i l  temperatures 

under d i f f e r e n t  t rea tments  show t h a t  a t  low ET, t he  s o i l  

temperature was very much i n  phase w i th  t he  a i r  temperature and 

exceeded t h e  a i r  temperature f o r  a  considerable  por t ion  of t he  

day a f t e r  mid a f te rnoon.  

31. More albedo and low n e t  r a d i a t i o n  were observed a t  low ET leve l  

of 47 nrm. 





6 .  SUMMARY 

S t u d i e s  were under taken  t o  i n v e s t i g a t e  t h e  e f f e c t  of us ing seeds  w i t h  

a  m o i s t u r e  s t r e s s  h i s t o r y  i n  t h e  p rev ious  season on t h e  c u r r e n t  season 

p r o d u c t i v i t y  and t o  examine t h e  e f f e c t s  of mois tu re  s t r e s s  a t  

d i f f e r e n t  pheno log ica l  s t a g e s  of groundnut dur ing t h e  1982 ra iny  

s e a s o n  ana t h e  1982-83 p o s t r a i n y  s e a s o n  a t  t h e  I n t e r n a t i o n a l  Crops 

Research I n s t r t u t e  f o r  t h e  Semi-Arid Trop ics  (ICRISAT) , Pa tancheru,  

Andhra Pradesh.  

I n  t h e  exper iment  u s i g  s e e d s  w i t h  a  p rev ious  mois tu re  s t r e s s  

h i s t o r y ,  e a r l y  s e e d l i n g  v i g o r  i n  terms of r a t e  of seed emergence, 

l e a r l e t  number, l eak  a r e a  p e r  l e a f l e t  and p l a n t ,  and dry m a t t e r  

production was e v a l u a t e d  a t  3-day i n t e r v a l s  from emergence up t o  26 

DAE. Q u a l l t y  of t h e  seed samples w i t h  m o i s t u r e  s t r e s s  h i s t o r y  dur ing  

t h e  p rev ious  s e a s o n  and a l s o  of t h e  seed ob ta ined  from t h e  subsequent 

c r o p  was ana lysed .  

The s e e d s  w i t h  m o i s t u r e  s t r e s s  h i s t o r y  from emergence t o  peg 

initiation d u r i n g  t h e  p rev ious  s e a s o n  gave h i g h e r  seed l ing  v i g o r  i n  

terms of l e a k  number, l e a f  a r e a  and s u p e r i o r  dry  m a t t e r  product ion 

b e s i d e s  maximum pod and k e r n e l  y i e l d .  

In  t h e  i n v e s t i g a t i o n s  on t h e  e f f e c t  of wa te r  s t r e s s  a t  d i f f e r e n t  

p h e n o l o g i c a l  s t a g e s ,  s o i l  w a t e r ,  l e a f  a r e a ,  p l a n t  growth and p l a n t  

pa ramete r s  of w a t e r  s t r e s s  such a s  s tomata1 conductance,  

t r a n s p i r a t i o n ,  canopy t empera tu re  and l e a f  wa te r  p o t e n t i a l  and 

r a d i a t i o n  measurements were measured a t  7-10 day i n t e r v a l s .  S o i l  

t empera tu re  was monrtored throughout t h e  growing season. S o i l  



p e n e t r a t i o n  r e s i s t a n c e  was measured from 44 t o  107 DAE. Root s t u d i e s  

were made a t  m a t u r i t y  bes ides  seed q u a l i t y  es t imat ion .  

The r e s u l t s  i n d i c a t e d  t h a t  cons ide rab le  reduc t ion  i n  ET was 

ach ieved  by impos i t ion  of e a r l y  mois tu re  s t r e s s  (EMS) both i n  the  

r a i n y  and p o s t r a i n y  seasons .  The e x t r a c t i o n  of water  was more a t  566  

mm EL l e v e l  from 11-30 cm s o i l  p r o f i l e  and t h e  s o i l  water extraction 

occur red  a t  a l l  dep ths  down t o  120 cm dep th  a t  t h e  lower ET l e v e l .  

Higher LAI, pegs and pods were ob ta ined  i n  t h e  EMS t reatment .  Due t o  

h i g h e r  s o l 1  temperature  i n  t h e  EMS t rea tment  higher  dry mat te r  

p roduc t lon  w l t h  b e t t e r  r o o t  and shoot  growth was achieved besides  

enhanced pod and kernel  growth. About 21-28% h igher  pod y i e l d  was 

o b t a i n e d  w l t h  t h e  EMS t r ea tment  dur ing t h e  ra iny  season and 

s i g n i f i c a n t l y  s u p e r i o r  pod and k e r n e l  y i e l d  dur ing the  postra iny 

season  due t o  p r e f e r e n t i a l  p a r t i t i o n i n g  of p h o t o ~ ~ n t h a t e s  t o  pods and 

k e r n e l s .  Higher wa te r  use  e f f i c i e n c y ,  h a r v e s t  index and improved seed 

q u a l l t y  i n  terms of inc reased  seed weight ,  o i l  and p ro te in  con ten t s  

were o b t a i n e d  wr th  EMS t r ea tment .  

I n  t h e  t r ea tment  where wa te r  s t r e s s  was imposed continuously 

d u r i n g  t h e  growing season t h e  c rop  e x t r a c t e d  wa te r  a t  a l l  s o i l  depths 

a t  t h e  lowest  ET l e v e l s .  The h i g h e s t  ET l e v e l  of 687 urn gave maximum 

LA1 w h i l e  i n  t h e  s e v e r e l y  s t r e s s e d  t r ea tment  t h e  LA1 was much reduced. 

I n  t h e  l a t t e r  t r ea tment  a  9-fold r e d u c t i o n  i n  dry mat te r  productlon 

occur red  a s  compared t o  t h a t  a t  687 mm of ET. 

Pod and k e r n e l  y i e l d s  were reduced when s t r e s s  was imposed from 

emergence t o  f lower ing  and from f lowering t o  l a s t  pod s e t .  The 

grounanuc p l a n t s  showed s i g n i f i c a n t  a d a p t a t i o n  t o  t h e  lowest ET l eve l  



by e x t e n a i n g  t h e  r o o t s  t o  deeper  s o i l  depths .  

Mois tu re  s t r e s s  imposed from f lower ing  t o  l a s t  pod s e t  was a  

c r i t i c a l  p e r i o d  s i n c e  i t  a f f e c t e d  t h e  seed f i l l i n g ,  p r o t e i n  and o i l  

c o n t e n t s .  

The s e a s o n a l  and d i u r n a l  v a r i a t i o n s  i n  t h e  s o i l  temperatures 

under  d i f f e r e n t  t r e a t m e n t s  show t h a t  a t  low ET, t h e  s o l 1  temperature 

was ve ry  much i n  phase w i t h  t h e  a i r  t empera tu re  and exceeded t h e  a i r  

t empera tu re  f o r  a  c o n s i d e r a b l e  p o r t i o n  of t h e  day a f t e r  mid af ternoon.  

Seasonal  p a t t e r n  i n  t h e  s tomata l  conductance i n  t h e  t r ea tment s  

s u o j e c t e d  t o  m o i s t u r e  s t r e s s  from emergence t o  f lower ing  and emergence 

t o  peg initiation i n d i c a t e d  c o n s i d e r a b l e  recovery i n  t h e  s tomatal  

a c t l v l t y  of t h e  l e a v e s  a f t e r  t h e  m o i s t u r e  s t r e s s  was r e l e a s e d .  The 

d e c r e a s e  i n  t h e  s t o m a t a l  conductance i n  t h e  t r ea fments  wi th  s t r e s s  

imposed from f lower ing  t o  l a s t  pod was cons ide rab ly  higher .  The l e a s t  

s t o m a t a l  conductance was seen i n  t h e  con t inuous ly  mois ture-s t ressed 

p l o t s  a t  41 mm ET l e v e l .  

The t r a n s p i r a t i o n  r a t e s  were a f f e c t e d  due t o  t h e  decreased 

s t o m a t a l  a c t i v i t y  by bo th  t h e  seasona l  v a r i a t i o n  a s  we l l  a s  t h e  

d i u r n a l  v a r i a t i o n  f o r  d i f f e r e n t  t r ea tmen t s .  

I n c r e a s e d  canopy temperatures  were observed i n  a l l  t h e  t r ea tment s  

d u r i n g  t h e  growing season  a s  w e l l  a s  on a  d i u r n a l  b a s i s  a t  lower ET 

l e v e l s  because  of l a c k  of t r a n s p i r a t i o n a l  coo l ing .  
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