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I INTRC^XX:TION 

Wheat is one of the most i m p o r t a n t c e r e a l c rops of the 

w o r l d , bo th w i t h r e g a r d to a n l i c ] i i i t y and i ts use as a source of 

human l o o d . Wheat has been d e s c r i b e d as the " K i n g of C e r e a l s " for 

c e n t u r i e s and c o n t i n u e s to r e t a i n t l ie p r i d e of p lace even t o d a y 

because of the ac reage i t o c c u p i e s , the h i g h f r o d u c t i o n i t commands 

and the ( i r e - e m i n e n t p o s i t i o n i t ho lds in the I n t e r n a t i o n a l food 

tr ade . 

Wheat is the m a i n s t a p l e food of n e a r l y a b i l l i o n 

peo|) le or al)C)Ut 35 (ler cen t of the w o r l d ' s p o p u l a t i o n . I t is g r o w n 

ac ioss a w ide r a n g e of e n v i r o n m e n t s a r o u n d the w o r l d . L a r g e 

( ( u a n l i t i c s of w h e a t are be i ng p r o d u c e d by the c o u n t r i e s f a v o u r e d 

w i t h ( o o l and mo is t wea ther d u r i n g g r o w i n g p e r i o d f o l l o w e d by d r y 

and Wi i tm wea the r d u r i n g g r a i n f i l l i n g to r i p e n i n g . Tl ie t o t a l a rea 

under w l i e a t i n the w o r l d is 2^/0.0 m . h a . w i t h an a n n u a l p r o d u c t i o n 

of 515.10 m. tons ( A n o n , 1990). Wheat a t t a i n s p rem ie r p o s i t i o n i n 

human n u t r i t i o n m a i n l y because of i ts u n i q u e p r o t e i n , g l u t e n , w h i c h 

is r e s p o n s i b l e for b r e a d m a k i n g p r o p e r t i e s of w h e a t f l o u r . I t is 

a lso r i c h in c a r b o h y d r a t e s , v i t a m i n s , m i n e r a l s , e t c . 

I n I n d i a , w h e a t is the second most i m p o r t a n t food c r o p 

b e i n g nex t to r i c e , and i t c o n t r i b v i t e s n e a r l v '>'^ per cen t to t i ie 

t o t a l food g r a i n p r o d u c t i o n of the c o u n t r y . The t o t a l e s t i m a t e d 

a rea unde i w h e a l i n I n d i a d u r i n g 1989-90 was 2'* m . h a . w i t h a 

p r o d u c t i o n of 5'* (n . tons ( A n o n , 1991). A v e r a g e p r o d u c t i v i t y of 



I nd ia is 22.40 q.ha . I t is one of the important r ab i cereals 

grown in Karnataka on an area of 2.62 lakh hectares, w i th a 

|)rocluction of I . 3'f lakh tons (Anon, 1989). The average 

p roduc t i v i t y in Karnataka is 5.^3 q.ha , which is much below the 

nat ional average ol 22A0 q.ha (Anon, 1989). 

Poor yields in Karna taka , as compared to nat iona l 

average could be a t t r i bu ted to both env i ronmenta l and genetic 

fac tors . Cereal yields are determined by v a r i e t y , management 

practices and environment. Among var ious c l imat ic fac tors , low 

water a v a i l a b i l i t y and high temperature are major product ion 

cons t ra in ts . Tliese constra ints may occur throughout the growing 

season as in tlie low land tropics or as termina l stresses af fect ing 

the crop du r ing the g ra in f i l l i n g period in Medi terranean 

environments anti h igh lands . Most crop plants of temperate o r i g i n 

do iu)l tolerate prolonged exposure to maximum temperatures above 

35"C. Under f i e l d cond i t ions, temperatures of 35-38°C are common 

in many wheat producing areas of the w o r l d . However, agronomists 

and physio logists have found tha t for p lan t i ng of wheat, the 

average temperature should be around 20-22°C, for t i l l e r i n g around 

16-20''C and for proper development of wheat p lan t , the best 

temperature range is 20-23°C (Tandon, 198^^). At mean da i l y 

temperatures higher than 20°C in the ear l y t i l l e r i n g phase, the 

t i l l e r i n g is poor and heading is accelerated. At temperatures 

higher than 25"(', in the gra in development phase, tlie p lan t dries 

up premature ly . These temperature l imi ts represent the l imi ts of 

crop growth dura t ion in these areas (Hanch ina l , 1987). 



I t is very d i f f i c u l t to adequately define the lieat stress 

in plants because the response depends on thernnal adap ta t ion , 

t lu iaUon 1)1 exposure, and stage ol growth. l̂ 'ur theruiore, tiie 

effects of h igh temperature stress are in t imate ly l inked w i th those 

of water st ress, w i th respect to energy balance of p lan t o rgans . 

One ol the important means of d i ss ipa t ing excess net r ad ia t i on is 

through latent heat v i a , t r a n s p i r a t i o n , so tha t the p lan t 

t r a n s p i r i n g surfaces may be several degrees below the ambient 

temperature. 

The mechanisms for adaptat ion to h igh temperature can 

be at both tiie morphological and at molecular l eve l , for example, 

heat avoidance in t incc l ia involves leaf pubescence, which results 

in the greater ref lectance and thereby caus ing reduct ion in leaf 

temperature. The adaptat ion to high temperatures has been wel l 

character ized in w i l d p lant species, and such knowledge would 

ce r ta in l y help to in terpre t crop response to h igh temperatures. 

In terest in crop response to env i ronmenta l stresses has 

increased great ly in recent years because severe losses may resu l t 

from heat, co ld , drought and h igh concentrat ions of toxic minera l 

elements (Blum, 1985). Unfavourable temperature and lack of 

water , l im i t the expression of f u l l genetic y ie ld potent ia l of the 

p lan t and i t appears that heat and drought affect plants and crop 

yields d i f f e ren t l y . An understanding of the mechanisms of stress 

would help in developing improved crop management and breeding 

techniques. Therefore these mechanisms would help in increas ing 



crop product ion in unfavourable environments also. With this 

background, the present study was aimed w i th the fo l lowing 

objectives 

1 To f ind out the morpho-phys io log ica l 

changes due to h igh temperatures and 

tt ieir s ign i f icance w i th respect to 

p r o d u c t i v i t y . 

2 To study the effect of temperature on 

b iophys ica l parameters v i z . , stomatal 

conductance, t r ansp i r a t i on rate and leaf 

temperature in three cu l t i va ted wheat 

species v i z . , Tr i t icum dicoccum L. , 

T. ciur uin and J* ^t-'stivum. 

3 To relate the clianges in b iophys ica l and 

biochemical parameters to p roduc t i v i t y in 

d i f ferent temperature regiines. 

U To f i nd out tlie re la t ionsh ip between 

glaucousness and tolerance to higher 

temperature in d i f fe rent wheat genotypes. 

5 To f i nd out the phys io log ica l basis of h igh 

temperature tolerance in wheat genotypes. 
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I I uiivir.w or LITRRATURII 

In its widest context , the stress environment is one of 

the major factors responsible for the cu r ren t g lobal map of 

d i s t r i bu t i on patterns of various c rops . The temperature 

environment is probably the most ef fect ive force a f fec t ing the crop 

d i s t r i b u t i o n . The thermal regime is c r i t i c a l by way of a f fect ing 

p lan t phenology, developmental phases, growth ra tes , y ie ld 

components and the f i n a l y i e l d . Growth and development processes 

fol low d is t inc t temperature response curves , d i sp l ay i ng a peak or a 

plateau at what is defined as an optimum temperature. In the 

present rev iew, an attempt has been made to present re levant 

l i t e ra tu re on the physiology of heat stress and heat resistance w i th 

special reference to the inf luence of h igh temperature on (1) Growth 

parameters and y ie ld (2) Biophysica l parameters such as 

t r a n s p i r a t i o n ra te , d i f fus ive resistance and leaf temperature and 

(3) Various phys io log ica l and biochemical aspects v i z . , ch lo rophy l l 

content, sugar content, free pro l ine accumulat ion and wax 

deposi t ion. 

2.1 GROWTH PARAMETERS 

Temperature is one of the important envi ronmenta l 

factors which affects the p lant growth and development. In case of 

wheat, cool temperatures favour the growth and development. 

The effect of heat in reducing the nutnber of t i l l e r s 

produced or the k i l l i n g of secondary t i l l e r s is a p r i nc ip le reason 



for poor stands under high temperature regimes (Koh l i , 198^^). 

When soi l temperature reached ^0 to 'f5°C, seedl ing 

emergence and p lant populat ion were ser iously affected and thereby 

reducing the crop y ie ld (Midmore, 1976). Heinr ich (1981) 

denionstr ated tha t the y ie ld s t a b i l i t y was more re lated to 

genotype x temperature in teract ion t l ian genotype x moisture 

in te rac t ion , and the tolerance to h igh temperature at panicle 

development stage is an important con t r i bu t i ng factor for y ie ld 

s t a b i l i t y . hr ief exposures to extreme soi l tciriper ature inh ib i ted the 

crown root growth and t i l l e r i n i t i a t i o n (F ischer , 1985b). 

l i i r yukov (1987) observed var ious growth funct ions v i z . , 

RCiR, CCiR, NAR and LAR in re la t ion to temperature and found tha t 

these growth funct ions had high values at low temperature and 

decreased w i t h an increase in the temperature. The increase in 

day temperature from 21 to 27°C or n igh t temperature from 13 to 

21°C adversely affected the i n i t i a t i o n of new t i l l e r s and resul ted in 

the shorter and slender culms, smaller leaves w i th a decreased leaf 

area and dry matter product ion (Campbell and Read, 1968). 

S i m i l a r l y , Fr iend (1966) reported that the number of t i l l e r s and 

leaf area ra t io (LAR) increased in the temperature from 10 to 25°C 

and decreased thereafter at 30°C. He reported tha t the optimum 

temperature for vegetat ive growth of wheat and for get t ing maximum 

RGR and NAR is 20°C. 

An increase in the temperature from 10 to 25°C led to 



an increase in dry weights of the whole p l an t . At 30°C and above, 

the rate of i n i t i a t i o n of pr imord ia and leaf enaergence were lower 

liiaiA Iha l a l 2!)"C: ( I ' r ie iu l ej_ aj_. , 1^621) ). Temperature ib also 

known to inf luence the leaf morphology and expansion in wheat 

i . e . , the l iroadest leaves were formed at l^°C, the longest at 25°C, 

where as the intermediates at 20°C (Fr iend et_ ^ , , 1962a). In 

another exper iment , they indicated the effect of temperature on the 

number and area of leaves which in tu rn alter the leaf area ra t io 

( l .AU), leading to changes in leaf thickness and the rate of 

pimtoby nliieb i i per u iu t leaf area. 

Downes (1969) observed the dry matter product ion at 

two d i i l e ren t temperature regimes, and reported tha t the dry matter 

-1 
product ion decreased from 3.63 to 2.56 g p lan t w i th an increase 

in tiie temperature from 25 to 30°C and the leaf area from 225 to 

2 -1 

337 cm p lan t . The net ass imi la t ion rate also decreased at 30°C 

as compared to 25°C. Wardlaw (1970) reported tha t under na tu ra l 

day l i g h t at a temperature of 21/16°C, increase in dry weight of 

the stem exceeded tha t of the ear for the f i r s t ten days fo l low ing 

anthesis . Further increase in the temperature to 26/22°C resul ted 

in the shor tening of stem growth per iod . 

The substrate requi red for growth may be par t i t ioned 

in three ways; a par t into the f i n a l product , a par t into 

resp i ra t ion to supply the energy needed to form the end product 

and a par t into resp i ra t ion requ i red for the maintenance 

(Thorney, 1971). I t is possible that an increased maintenance 
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r e s p i r a t i o n , wi th an i n c r e a s e in t e m p e r a t u r e m i g h t l imi t the amount 

of s u b s t r a t e a v a i l a b l e for the g r o w t h . 

F r i e n d ejt a_l̂ . (1963) not iced t h a t an i n c r e a s e in 

t e m p e r a t u r e from 10 to 30°C and l i g h t i n t e n s i t y from 200 to 2500 

loot ( und i e s r e s u l t e d in an i n c r e a s e d r a t e of e l o n g a t i o n of the 

d e v e l o p i n g i t \ f lorcscence an<l e a r l i e r a n t h c s i s . WarUngton £t^ aj_. 

( I V / / ) s l u d i c d ihe temper a l u r c effects on growtli of w h e a t 

("v. Ciuinenya under c o d n t r o i l c d e v n i r o n m e n t s wi th d a y / n i g h t 

temper d t u r e s of 23/20 , 20/15 and l ^ / i C C a t the v e g e t a t i v e , e a r 

deve lopment and g r a i n growth s t a g e s . They found t h a t the e a r 

deve lopment p h a s e is most s e n s i t i v e as far as t e m p e r a t u r e effects 

a re l o n c e r n e d . IMants grown a t lower temper atvires had long c u l m s , 

l a r g e f l ag l e aves and more p o t e n t i a l l y f e r t i l e f l o r e t s / s p i k e l e t . 

F i n a l l y they c o n c l u d e d t h a t the number of f lo re t s which p roduced 

h a r v e s t a b l e g r a i n s and the w e i g h t of t he se g r a i n s a t m a t u r i t y were 

more af fected by h igh t e m p e r a t u r e s d u r i n g the g r a i n growth s t a g e . 

The dry ma t t e r a c c u m u l a t i o n and t i l l e r i n g o c c u r e d a t a 

h ighe r r a t e in l a t e v a r i e t i e s which were e x p o s e d to h igh 

t e m p e r a t u r e s , bu t the t o t a l d ry ma t t e r p r o d u c t i o n was more in e a r l y 

v a r i e t i e s , when exposed to low t e m p e r a t u r e s (Moshkov, 198^) . The 

d u r a t i o n , d ry ma t t e r a c c u m u l a t i o n and ce l l d i v i s i o n were r e d u c e d in 

both d r o u g h t and h igh t e m p e r a t u r e t r e a t m e n t s and the combined 

effect of d r o u g h t and h igh t e m p e r a t u r e was much more s e v e r e t h a n 

t h a t of s e p a r a t e t r e a t m e n t s (Nicolas e t a l . , 198^^). 
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Musikenko ejt̂  a l . (1986) de t e rmined the r e s p o n s e of r a t e 

of dry ma t t e r i nc remen t s (RI) in r e l a t i o n to h igh t e m p e r a t u r e and 

r e p o r t e d t h a t i r r e s p c r t i v e of the growth s u p r e s s i o n , the Rl r e a c h e d 

a minimum in the day fo l lowing h e a t s t r e s s . S i m i l a r l y 

Rawson (1986) op ined t h a t r a p i d p h e n o l o g i c a l d e v e l o p m e n t , poor 

b iomass p r o d u c t i o n and s t e r i l i t y a r e major f ac to r s l e a d i n g to the 

poor y i e ld s in w h e a t grown under h igh t e m p e r a t u r e regimes 

t h r o u g h o u t the c r o p growth p e r i o d . 

2 .2 YIELD AND YIELD COMPONENTS 

T e m p e r a t u r e p a c i n g the p l a n t s e n e s c e n c e and s h o r t e n i n g 

the d u r a t i o n of g r a i n f i l l i n g is a common m a n i f e s t a t i o n in 

commerc ia l w m l e r w h e a t and the t e m p e r a t u r e in e x c e s s of 15"C 

a p p a r e n t l y e x p l a i n s the dependence of 1000 Kerne l w e i g h t on g r a i n 

f i l l i n g d u r a t i o n (Wiegand and C u e l l a r , 1981). In the s u b - t r o p i c s , 

w h e a t y i e ld s a r e very s e n s i t i v e to sowing t ime . At 28° N, the 

s i m u l a t i o n s showed a na r row band of o p t i m a l sowing time (be tween 

15 October and 15 November) and for e v e r y d a y ' s d e l a y in s o w i n g , 

g r a i n y ie ld was r e d u c e d s h a r p l y by 50 kg ha ( A g g a r w a l , 1988). 

The t e u \ p c r a t u r c c a n often be r e l a t e d d i r e c t l y to Kerne l 

w e i g h t ( l \ a g g a and Rawson, 1977) and the e x p o s u r e of whole p l a n t 

or e a r s a lone to s h o r t pe r iods of h igh t e m p e r a t u r e s above 25°C 

r e s u l t e d in r e d u c e d l i n a l g r a i n weigi i t (Ford et^ a\_., 1976). They 

a l so r e p o r t e d t h a t the e x p o s u r e of e a r s a lone to h igh t e m p e r a t u r e 

a r e u n l i k e l y to r educe the a c c u m u l a t i o n of d ry ma t t e r in o the r 

p a r t s . 



10 

For e a c h deg ree Cels ius i n c r e a s e in t e m p e r a t u r e d u r i n g 

g r a i n f i l l i n g p e r i o d , l.C^f nng d e c r e a s e in k e r n e l w e i g h t was 

o b s e r v e d in R u s s i a n s p r i n g w h e a t ( I J l anova , 1975). S imi la r s t u d y 

was done by I n d i a n r e s e a r c h e r s ( A s a n a , 1968 and W a t t a l , 1965), 

who o b s e r v e d t h a t lugh t e m p e r a t u r e d u r i n g g r a i n f i l l i n g h a v e a 

d e t r i m e n t a l effect on k e r n e l w e i g h t and s u b s e q u e n t l y on g r a i n y ie ld 

t h r o u g h s h o r t e n i n g of g r a i n f i l l i n g p e r i o d . 

Asana and Will iams (1965) r e v e a l e d t h a t h igh 

t e m p e r a t u r e (30/25°C) after a n t h e s i s r e d u c e d y ie ld l a r g e l y t h r o u g h 

its effect on w e i g h t per g r a i n and the g r a i n deve lopmen t r a t h e r 

t h a n g r a i n n u m b e r . I t was shown t h a t opt imum t e m p e r a t u r e for 

tnaximum ke rne l d ry we igh t is 15/10°C ( d a y / n i g h t ) in w h e a t 

(Chowdhury and W a r d l a w , 1978). 

While s t u d y i n g the effect of t e m p e r a t u r e on g r a i n y ie ld 

p a t t e r n in rcsijonbu to d i f f e ren t d a y / n i g h t t e m p e r a t u r e reg imes of 

18/13, 21/16 and 2'f/19°C in Goba and Pe t ic -62 w h e a t v a r i e t i e s , the 

h i g h e s t y ie ld was o b t a i n e d a t 21/16°C (XJevidson e t a l . , 1978). The 

g r a i n se t was maximum when t e m p e r a t u r e was low and a t h igh l i g h t 

i n t e n s i t y from the time of a n t h e s i s to m a t u r i t y . I t r a n g e d from 28 

g r a i n s per ea r a t 27/22°C under 17.5% s u n l i g h t to k3 g r a i n s 

per e a r a t 15/iO°C under full s u n l i g h t ( W a r d l a w , 1970). 

Ward law e_t aj^. (1985) o b s e r v e d on o v e r a l l r e d u c t i o n in 

the d u r a t i o n of k e r ne l f i l l i n g pe r iod from 60 to 36 days when 

t e m p e r a t u r e was i n c r e a s e d from 15/10 to 21/16°C, and was 
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c o m p e n s a t e d by an i n c r e a s e in the r a t e of growth from 0.73 to 

[ A^ mg k e r n e l " d a y ' , bu t t h e r e was a l i t t l e c h a n g e in w e i g h t 

per_ ke rne l a t m a t u r i t y . F u r t h e r i n c r e a s e in t e m p e r a t u r e from 21/16 

to 30/25°C d e c r e a s e d the d u r a t i o n of growth from 36 to 22 d a y s bu t 

was no longer ( on ipensa t ed by an i n c r e a s e in the r a t e of d ry m a t t e r 

a c c u m u l a t i o n and t he re fo re the g r a i n w e i g h t was much r e d u c e d a t 

m a t u r i t y . 

When w h e a t ( rop was exposed to hot wind for a s h o r t 

pe r iod at boot s t a g e or brief e x p o s u r e to h i g h e r t e m p e r a t u r e a t 

a n t i i e s i b , the g r a i n number per s p i k e was r e d u c e d d r a s t i c a l l y which 

was m a i n l y due to r e d u c t i o n in g r a i n se t a t t e m p e r a t u r e s h ighe r 

t h a n 30"C (Smike and S l i awcra f t , 1980). S a i n i a n d A s p i n a l (1982) 

exposed w h e a t p l a n t s to 30"C for 3 d a y s and not iced t h a t the 

ke rn e l w e i g h t was r e d u c e d by 68 per c e n t t h a n those grown 

c o n t i n u o u s l y a t 20°C. 

The y i e ld in w h e a t was d e c r e a s e d by 'fOO k g / h a w i th 

an i n c r e a s e in l^C in maximum t e m p e r a t u r e beyond 25°C and the 

a d v e r s e effects of t e m p e r a t u r e were r e d u c e d wi th i n c r e a s i n g 

f r equency of i r r i g a t i o n (Morey and S o d a p h a l , 1981). Brief w a r m i n g 

of e a r s r e d u c e d t o t a l g r a i n we igh t and a l so c a u s e d smal l r e d u c t i o n 

in g r a i n number (Bhu l i a r an<t Tenner 1983). G r a i n y ie ld in s o y b e a n 

was s t r o n g l y c o r r e l a t e d wi th maximum leaf a r e a index (LAI) bu t 

not wi th NAR or RGR, and i t was c o n c l u d e d t h a t the g r a i n y ie ld 

g e n e r a l l y d e p e n d s on leaf a r e a d u r a t i o n (LAD) after a n l t h e s i s 

( A n n a n d a l e e t a l . , 1984). 
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Warr ington GX. aj_. (1977) ind icated that wheat grown at 

25°C du r ing double r idge to anthesis had only 30 gra ins in the 

inain ca r , wliereab plants grown du r ing th is period 15°C had 

approximately 70 gra ins in the main sp ike , and the spike dry 

weight at anthesis was also reduced by higher temperatures. 

The ef iect of temperature after f l o r a l i n i t i a t i o n is on 

the number of kernels per un i t area and the number of kernels per 

un i t area decreased by about h% for each degree Celsius increase in 

t lu ' iiK'.in temperature over the range of \tt to 22°C after 30 days 

proceeding anthesis ( l i s c h e r , 1985a). 

M( l \ )na ld tyt̂  al^. (1983) revealed tha t in non - l im i t i ng 

water supp ly , g ra i n y ie ld in late p l an t i ng was low, which was 

a t t r i bu ted to the hastened crop development and h igh temperatures 

du r i ng g ra in f i l l i n g . Similar observat ions were made by Mercellos 

and Single (1971), who stated that poor y ie ld can also be caused 

by higher post-anthesis temperatures resu l t i ng in reduced dura t ion 

of the g ra in f i l l i n g period and reduced kernel we igh t . Heat stress 

meiosis in wheat reduced the y ie ld through abnormal ovary 

development resu l t i ng in reduced growth of pol len tube and seed set 

(Sain i £ l ^ . , 1983). In another repor t , Sv ihra and Hudcova (1986) 

reported tha t the high temperature reduced the development of g ra in 

weight thereby resu l t i ng in decreased lOOO-grain we igh t . 

The negative effect of heat du r i ng the ea r l y growth 

stages of wheat was ident i f ied in its effect towards reduced 
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d u r a t i o n of the s p i k e i n i t i a t i o n pe r iod and a s u b s e q u e n t r e d u c t i o n 

in tlic nutiibcr of k e r n e l s per s p i k e ( W a r r i n g t o n et^ a l . , 1977 and 

.Shpilcr unci niutu, IV86). 

War (Haw vi^ a)_. (1^8^) d e i n a s t r a t e d tlie s e n s i t i v i t y of 

g r a i n number to h igh t e m p e r a t u r e d u r i n g boo t ing a n d s e n s i t i v i t y of 

w e i g h t per g r a i n to iiigii t e m p e r a t u r e s after a n t l i e s i s and they found 

a g e n e r a l r e d u c t i o n in y ie ld per e a r of 3 to 'f per c e n t for e a c h 

1 °C r i s e in t e m p e r a t u r e above a mean of 15°C. F u r t h e r , the 

r e s p o n s e to t e m p e r a t u r e v a r i e d wi th the s t a g e of d e v e l o p m e n t ; some 

c u l t i v a r s may r e s p o n d well a t boot ing and some a t g r a i n 

deve lopmen t s t a g e . The w h e a t s p i k e s when e x p o s e d to t e m p e r a t u r e s 

of 23 to 35°C from a n t h e s i s to m a t u r i t y , r e s t r i c t e d the growth by 

l imi t ing s u c r o s e c o n v e r s i o n to s t a r c h ( M a n e s , 1988). 

I n c r e a s e in the mean t e m p e r a t u r e above 15°C d u r i n g 

g r a i n f i l l i n g has commonly been o b s e r v e d to r e d u c e f i n a l k e r n e l 

w e i g h t ( P e t e r s jet^ aj^. , 1971 and S p i e r t z , 197'f). Reduc t ion in g r a i n 

s i ze wi th h ighe r t e m p e r a t u r e s o p e r a t e s by h a s t e n e d s e n e s c e n c e and 

i n c r e a s e d r e s p i r a t i o n , r e s u l t i n g in the r e d u c e d a v a i l a b i l i t y of 

p h o t o s y n t h a t e s for g r a i n f i l l i n g (Sofield et^ a_l_., 197^*; S p i e r t z , 197^^ 

and F i sche r and L a i n g , 1976). F i sche r and Maure r (1976) showed 

t h a t 1"C r i s e in t e m p e r a t u r e above the a m b i e n t between the end of 

t i l l e r i n g to the b e g i n n i n g of g r a i n f i l l i n g s t a g e r e d u c e d by y ie ld 

by li per c e n t . The r e d u c t i o n in the g r a i n number per s p i k e in 

hot e n v i r o n m e n t s was med i a t e d by the r e d u c e d number of g r a i n s per 

s p i k e l e t and s p i k e l e t s per s p i k e (Shp i l e r and Blum, 1986). 
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Peters et^ aJ. (1971) revealed tha t high night 

temperatures markedly reduced (almost 50%) the grain yield in 

wheat as compared to cool night temperatures . Grain numDer is one 

of the most important determinants of yield in wheat. High 

temperatures beyond 20°C, between ear ini t iat ion and antnesis cause 

considerable reduction in the number of grains per spike (Fischer 

and Maurer, 1976). No other period of growth appears ic be more 

sensitive to high temperature than the appearance of aouoie ridge 

on the shoot apex and the emergence of flag leaf in wneat. The 

per cent grain set was reduced from 5^.7 to 17.2 when tne plants 

were shifted from 20 to 30°C (Saini and Aspinall , 1982). 

Recent investigations (Jenner, 1991a) have revealed 

that continuous exposure to high temperature resulted in decrease 

concentrations of the products of sucrose syn thase , the major 

pathway for the metabolism of sucrose in the endosperm, thereby 

reducing the grain dry weight. Jenner (1991b) reported tha t the 

final single grain weight of the more tolerant cu l t ivar (Kalyansona) 

was not s ignif icantly affected by exposure to high temperature 

(35/25°C, day /n igh t ) but it was reduced in the cu l t ivar (Sun 9E) 

by approximately 15.5 per cent as compared to low temperature 

(21/16°C, d a y / n i g h t ) . 

2.3 BIOPHYSICAL PARAMETERS 

Among different biophysical parameters , the leaf 

t ranspirat ion and diffusive resistance are directly related to 

number of stomata present per unit leaf a r e a . The optimum 
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temperature for net CO- uptake was reported to be about 2^°C for 

wheat and barley and above this temperature, net CO- uptake 

decreased, because of increased stomatal and mesopnyli resistances 

(Leach, 1979). 

Miller (1983) reported that the number of stomata per 

unit leaf area is influenced by environmental conditions ana plants 

had a lower stomatal frequency under optimal moisture conditions 

than under stress conditions (Van deRoovaart and Ful ler . 1935). 

Significant reduction in net CO- fixation rate accompanied decreases 

in stomatal apa r tu re , which coincided with periods of hign 

temperature, low humidity, maximum solar radia t ion and water 

stress (Morris et a l . . 1983). 

The effect of air temperature on t r ansp i ra t ion of wheat 

at different re la t ive humidity levels have been studied by 

Smirnov et_ a_[. (1987). and reported that the maximum t ransp i ra t ion 

was observed at 30 per cent relat ive humidity and decreased with 

an increase in re la t ive humidity. Transpirat ion ra te increased with 

increase in air temperature from 30 to ^6°C, i rrespect ive of relat ive 

humidity. However. Downes (1970) reported that the t ransp i ra t ion 

rate in wheat increased with increased temperature. but the 

photosynthesis was independent of temperature. I t was also 

observed that the CO- concenteration difference between the air and 

intracel lular spaces increased with temperature. 

Th,'^B6r) 

UNIVv-RSITY OF AGRiru i 'URAL SCICNCES 
UNIVER-ITV LICPARV 

•KVK. BANGALORE - §§0 QfiS. 
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konda (1990) reported the genotypic differences in leaf 

diffusion res is tance , t ranspi ra t ion rate and leaf temperature. 

Annong various genotypes tested, Local Khapli and Bijaga yellow 

were found to have higher diffusion resis tance, low t ranspi ra t ion 

rate and leaf temperatures . 

2A BICX:HEMICAL PARAMETERS 

2AA Chlorophyll content 

A rise of 0.5°C temperature beyond 3'f°C did change the 

pattern of normal chlorophyll accumulation and subsequent growth 

leading to failure of chlorophyll accumulation and ear ly death 

(Fischer. 1962). The total chlorophyll content and chlorophyll a/b 

ratio were decreased as the temperature increased from 25/15 to 

35/25°C (Kassim and Paulsen, 198^^). 

2.^^.2 Proline content 

In recent years , attempts have been made to screen 

genotypes for drought tolerance based on their capaci ty to 

accumulate free proline under moisture stress condit ions. Genotypic 

differences in the accumulation of proline under stress in wheat 

have been noticed by Rao and Nainawatee (1980) and Pandey (1982) 

While, Singh e_t a_l_. (1972) noticed the direct relation between yield 

stabi l i ty index of genotypes of barly and their abi l i ty for proline 

accumulation under water s t ress . Genotypic differences in the 

accumulation of proline has also been recorded in sorghum 



17 

(Sinha and Rajugopal, 1975). Sorghum genotypes which accumulated 

higher amount of proline also had higher recovery ra t ing than 

other genotypes (Blum and Ebercon. 1976). 

Nath and Ghoshal (1978) pointed out the significant 

accumulation of proline content, under water stressed leaves of ten 

wheat cul t ivars belonging to Tr iticum aestivum. T_. durum and 

T̂ . dicoccum. Similar study was done on wheat var ie t ies . 5-308, 

C-30- and C-306, and observed greater increase in proline 

accumulation with an increase in the stress in these var ie t ies . 

It was observed that the course of free proline 

accumulation in leaves , stems, roots and ea r s , was related to leaf 

water potential of these organs and indicated that there was a 

perfect correlation between the proline accumulation and a decrease 

in tne water potential of these organs (Karamanos et a l . , 1983). 

They further revealed that the increased amounts of the free proline 

can De associated with more effective dehydration and drought 

avoidance mechanisms. However, the inf luence of temperature 

regimes on the accumulation of free proline has not been reported 

and most of the work has been centered under limited moisture 

suppl) conditions. 

2.4.3 Wax deposition 

Johnson ot^ aL (1983) reported that the presence of 

glaucous in wheat lines is beneficial under rainfed condition and 

other environmental s t resses . They observed an increase in dry 
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matter production, grain yield and harvest index in glaucous lines 

than in non-glaucous l ines . The differences in yield between bloom 

and bloomless sorghum varieties were observed under semiarid 

conditions and were at t r ibuted mainly to difference in gas exchange 

ratio (Ross, 1972). 

Jordan ex a l . (1983) reported that the moisture stress 

significantly enhanced the development of epicuticular wax and the 

abili ty to accumulate greater amount of wax in response to moisture 

stress varied widely among different l ines. Richards (198A-) 

observed no difference in leaf areas between glaucous and 

non-glaucous plants under i r r igated conditions whereas, in drought 

treated p lants , glaucousness resulted in higher leaf area than in 

non-glaucous p lan t s . 

Gas exchange studies of the durum lines under both 

irr igated and drought treatments indicated tha t the ears of 

non-glaucous plants had higher rates of photosynthesis, 

t ranspirat ion and stomatal conductance and the photosynthesis rate 

increased with an increase in light levels (Rechards, 1986). While, 

Nizamuddin and Marshal (1988) evaluated the epicut icular wax 

content in durum and aestivum wheats and its re la t ionship with 

drought tolerance and spectral reflectance, and reported that the 

epicuticular wax is associated with drought tolerance. The surface 

reflectance was reduced when the waxy layer from the leaf was 

removed with chloroform. 
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Non-glaucous sorghum genotypes exhibited higher rates 

of transpiration than glaucous lines (Chatterton et^ a_l_., 1975). 

Similarly O'Toole et_ aĵ . (1979) observed that the removal of 

epicuticular wax from the rice leaves significantly reduced the 

cuticular resistance to water loss. 

Bengtson £ l aĵ . (1978) reported that wax was related to 

drought tolerance of oat varieties. O'Toole and Cruz (1983) 

observed that rice cultivars adapted to dry land conditions had a 

greater amount of epicuticular wax than those adapted to wet 

environments. 

f 

2A.k Sugars accumulation 

Sugar is one of the most important metabolites 

accumulated during environmental stresses, which is ben ficial to 

the plant growth and development. Osmotic adjustment in response 

to water stress enables many plants to withstand the moderate 

water stress or grow in areas of limited water availability 

(Hsiao &X_ al . , 1976). In cotton, sugars seem to accumulate in 

stress hardened plants (Cutler and Rains, 1978 and Cutler et al . , 

1977). Maximum accumulation of sucrose was observed during 

noon-time in cotton due to lower water potentials (Ackerson, 1981). 

Decrease in starch content of the chloroplast of the spinach leaves 

and a corresponding increase in sugar concentration could lead to 

an increase in the heat resistance (Santarius and Mullar, 1979). 
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3enner (1991a) compared the wheat ears exposed for 7 

days to high temperature (35°C day/25°C night) with those 

maintained at lower temperatures (21°C day/I6°C) and found that 

ra i s ing the temperature resulted in the increase of sucrose content. 

When two cu l t iva rs of wheat known to differ in their post-anthesis 

tolerance of high temperature were compared, the response interms 

of carbohydrate metabolism was similar in both the cu l t i va r s . 

However. Bhuller and Jenner (1985) reported tha t the accumulation 

of starch is more sensi t ive than the deposition of proteins and the 

exposure to elevated temperature results in decreased conversion of 

sucrose to s tarch _i_n Vitro. Further , the activities of the en zymes, 

sucrose synthase (MacLeod and Duffus, 1988) and s tarch synthase 

(Ri)ven, 1986) have been reported to be reduced in cereal endosperm 

by high temperature. 
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I l l MATERIAL AM3 METHODS 

A field experiment was conducted during rabi 

(November 1990 to March 1991), to s tua \ tne physiological basis of 

heat tolerance in wheat genotypes. The cetails of the materials 

used and techniques adopted during tne course of investigation are 

described here under. 

3.1 EXPERIMENTAL SITE 

The experiment was carr ied out at the Wheat 

Improvement Project, Main Research Station. University of Agril. 

Sciences, Dharwad. 

3,4^ CLIMATE 

The Main Research Station. Dharuad is si tuated in the 

t ransi t ional t rac t of Karnataka at 15°12' N la t i tude , 75°07' E 

longitude and at ao al t i tude of 774 m above the mean sea level. 

The average annual ra infa l l during 1990-91 was 730.5 mm and was 

fairly distr ibuted from April to November. The maximum and 

minimum temperatures during r ab i . 1990-91 were 38.9 and 9.4''C 

respectively. The re la t ive humidity during the crop growth period 

ranged from 74.0 to 90.4 per cent. The meteorological data for the 

year 1990-91 and the mean of previous 40 years was collected from 

the meteorological observatory, Gsllege of Agriculture, Dharwad and 

is depicted in Fig. 1. 
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3.3 SOIL AND ITS CHARACTERISTICS 

The experimental site consisted of medium black clay 

loam soil. Composite soil samples from the experimental site were 

analysed for various physical and chemical proper t ies . The data 

of soil analysis and the methods employed are given in Table 1. 

3A EXPERIMENTAL DETAILS 

The experiment consisted of 12 genotypes representing 

three cult ivated wheat species v iz . . T_. dicoccum. _T. durum and 

J . aestivum, the details of which are indicated in Table 2. 

3.4.1 Temperature regimes 

1. Normal date of sowing - 9 November 1990 
(Low temperature regime) 

2. Late sowing - 5 December 1990 
(High temperature regime) 

The daily maximum and minimum temperatures recorded 

under both the temperature regimes of crop growth are given in 

Appendix-I and I I . 

3.4.2 Plot size 

Gross plot = 3.0 m length x 1.38 m width 

Net plot = 2.5 m length x 0.92 m width. 

3.5 CULTURAL PRACTICES 

3.5.1 Land preperation 

The land was harrowed twice after the harvest of the 
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Table 1. P h y s i c a l and chemical p rope r t i e s of the soil 

of e x o e r i m e n t a l s i te 

P a r t i c u l a r s Values Method employed 
o b t a i n e d 

1. P h y s i c a l p r o p e r t i e s 

Sand % 15.03 P u r i ' s method 
( S h a n k a r a m , 1966) 

S i l t % 27.19 - d o -

Clay % 52.06 - d o -

Bulk dens i t y 1.30 Core Sampler method 

(gm cc"^) ( P i p e r , 1966) 

2. Chemical p r o p e r t i e s 

A v a i l a b l e N 177.5 Modified K j e l d a h l ' s method 

(kg ha"^) (3ackson, 1967) 

A v a i l a b l e Pj^^ "^"^-^ O lson ' s method 

(kg ha~^) ( M u h r ^ t ^ l i - ' ^965) 

A v a i l a b l e K2O 260.0 Flame photometer 

(kg ha"^) (Muhr £ t a J . , 1965) 

PH (Soil to wa te r 7.6 to PH meter ( P i p e r , 1966) 
r a t i o 1:2.5) 8.0 
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previous crop and then smoothened with a wooden plank to a fine 

t i l th so as to faci l i ta te easy sowing. Plots were prepared as per 

the plan given in Fig. 2. 

3.5.2 Seeds and sowing 

Seeds were obtained from wheat breeder, All India 

Co-ordinated \^heat Improvement Project. Main Research Station 

(MRS). Dharwad and treated with or ganomercur ic compound. Vitawax 

at the rate of 2.0 g kg ' of seeds as a preventive measure agains t 

foot rot. seed rot and damping off. The sowing time was staggered 

to achieve different temperatures as described in 3 .4 .1 . A 

recommended seed rate of 45 g plot was used. The furrows were 

opened at 23 cm apa r t and seeds were dibbled in the furrows at 5 

cm distance. Soon after the sowing plots were i r r iga ted and then 

regular i r r igat ions were given at an interval of 12 days . 

3.5.3 Ferti l izer application 

Recommended fertilizer dose of 120:60:40 kg N : P-,0- : 

K-O/ha was appl ied. 50 per cent of Nitrogen along with full dose 

of P-,0, and K_0 were applied at the time of sowing and the rest 

50 per cent of Nitrogen was applied 5 cm away and 5 cm below the 

soil at 30 days after sowing (DAS). 

3.5.4 After care 

Two hand weedings were done at 15 and 45 DAS and 

one intercult ivat ion was done at 30 DAS. There was no incidence 

of any pests and diseases and hence no plant protection chemicals 

were sprayed . 
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FIG. 2. PLAN OF LAYOUT OF THE EXPERIMENT 
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3.5.5 Harvesting 

The crop was cut to the ground level at physiological 

matur i ty . For the purpose of yield and yield a t t r ibu tes , plants 

from five hills tagged earl ier were seperated from rest of the 

plants and were oven dried at SO^C to a constant weight to 

determine the total dry matter . 

3.6 COLLECTION OF EXPERIMENTAL DATA 

Five plants from each plot were tagged randomly on 

35 day after sowing for recording various morphological obser­

vations, yield and yield a t t r ibu tes . 

3.6.1 MORPHOLOGICAL CHARACTERS 

3.6.1.1 Number of t i l lers oer hill 

Five hills in each treatment tagged ear l ie r were used 

for counting the number of t i l lers at 35, 60, 85 DAS and at 

matur i ty . Numbers of t i l lers per hill was computed by taking tne 

average of five h i l l s . 

3.6.1.2 Plant height 

Plant height was measured from the base of the plant 

to the top fully opened leaf of the main shoot at 35, 60, 85 D.AS 

and at harvest . Measurements were taken from the main shoots of 

five hills in each treatment tagged ear l ier and average height of 

the single plant was calculated and expressed in cm. 
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3.6.1.3 Numper of green leaves 

Numoer of green leaves present on the main shoot and 

t i l lers were counted from the tagged plants of five hills in each 

replication at 35. 6C and 85 DAS. At harvest , all the leaves were 

dry anc nence v, as not taken into account. The average of five 

hills v>-as taken anc expressed on per hill bas i s . 

3 .6 .1 .^ Lea: area 

Lea: area was computed by using Index leaf method of 

St ickle ' _e2. a_l_. (1961) as given below. 

Leaf area = L x VI x F x number of green leaves 

where, 

L = maximum length (cm) 

W = maximum width (cm) 

F = factor (0.707 for wheat) 

Maximum length (cm) and width (cm) of the third leaf 

from the top were measured. 

3.6.1.5 Total dry matter production 

For this purpose, plants from five hills at random were 

uprooted and seperated into leaf, stem and spike and were oven 

dried at 80°C to a constant weight at 35, 60, 85 DAS and at 

harvest . The data was expressed on per hill basis in g. 
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3 . 6 . 1 . 6 Days to an thesis 

The day on which 50 per cen t of tne sp ikes emerged 

was noted as a n t h e s i s day and the to t a l number o: days r e q u i r e d 

to emerge as the days to a n t h e s i s . 

3 .6 .2 PHYSIOLOGICAL STUDIES 

3 .6 .2 .1 Growth a n a l y s i s 

Various growth p a r a m e t e r s were c a i c u l a t e c from the 

d a t a o b t a i n e d on dr> weights of d i f ferent p l a n t p a r t s a n c leaf a rea 

as desc r ibed Delow. 

3 . 6 . 2 . 1 . 1 Leaf a r e a index (LAI) 

The LAI per hi l l was c a l c u l a t e d b \ u s i n g the formula , 

Leaf a r e a / h i 11 
LAI 

Land a r e a / h i l l 

3 . 6 . 2 . 1 . 2 Leaf a r e a d u r a t i o n (LAD) 

Leaf a r e a d u r a t i o n is the i n t e g r a l of leaf a r e a index 

over the growth per iod (Watson, 1952). LAD for v a r i o u s growth 

per iods was worked out as per the formula of Power et_ a\_. (1967). 

L. + (L : . ) 
LAD = -1 i l l - ( t2 - t p 

whe re , 

LAD = Leaf a r e a d u r a t i o n ( d a y s ) 

L. = LAI a t i s t a g e 
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L. , = LAI at (i+l) stage 
1+1 

t, and ty = time interval between i and 

(i - 1)*^ stage (days) 

3.6.2.1.3 Absolute growth rate (AGR) 

It expresses the dry weight increase per unit time and 

was calculated by using the following formula. 

AGR = — L g da> 
t2 - t | 

Where. 

^2 and Wj are the dry weight of the 

plant per hill at time tj and t2. 

3.6.2.^^ Relative growth rate (RGR) 

It is the rate of increase in the dry weight per unit 

dry weight a l ready present and was calculated as follows. 

lo^W - l°Se^^'l -1 . -1 
RGR = _Z__£ H_!_ g g ' day ' 

( t 2 - t^) 

where. 

^1 

^2 

Dry weight of the plant at time tj 

Dry weight of the plant at time t2 

3.6.2.1.5 Crop growth rate (CGR) 

Crop growth rate is the rate of dry matter production 

per unit ground area per unit time (Watson. 1952). It was 

calculated by using the formula, 
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CGR = -Ji — X - g dm ^ day 
(t2 - tj) A 

where, 

Wj = Dry weight of the plant (g) at time t | 

Wj = Dry weight of the plant (g) at time X2 

A = Land area (dm'') 

3.6.2.1.6 Net assimilation rate (NAR) 

Net assimilation rate is the rate of dr\ weight increase 

per unit leaf area per unit time (Watson, 1952). It was calculated 

by following the formula of Radford (1967). 

(W^ - W,) ( l o g e L , - l o g ^ L , ) . -2 ^ -1 
NAR = 2 1_ X --̂  ^e_JL_ g am ^ day ' 

(t2 - tj) (L2 - Lj) 

where. 

Lj and Wj = Leaf area (dm^) and dry weight of 

the plant (g) at time t j . 

L2 and W2 = Leaf area (dm^) and dry weight of 

the plant (g) at time t2. 

3.6.2.1.7 Specific leaf weight (SLW) 

The specific leaf weight indicates the leaf thickness 

and was determined by the method of Radford (1967). 

CT »̂/ ^^^^ '^'•y w e i g h t ( g ) 
SLW = g dm-

Leaf area (dm^) 
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3.6.2.1.8 Specific leaf area (SLA) 

The inverse of specific leaf weight is the specific lea: 

area and was calculated by using the following formula, 

Leaf area (dm^) ^ , 
SLA = dm^ g'^ 

Leaf dry weight (g) 

3.6.2.1.9 Harvest index (HI) 

It was calculated by using the formula given D\ 

Donald (1962) and expressed in per cent. 

Economic yield 
HI = X 100 

Biological yield 

3.6.3 Biophysical studies 

Measurements of various biophysical parameters v iz . . 

stomatal resis tance for CO- and water vapour exchange. 

t ranspi ra t ion ra te and leaf temperature were made on the abaxial 

surface of the top fully expanded leaf at 60 and 80 DAS using 

stead\ state poremeter (LICX)R model LI 1600). These measurements 

were made between 10.00 AM to 12.00 noon on all sampling dates . 

Stomatal res is tance was expressed as s cm . whereas, the 

t ranspi ra t ion ra te and leaf temperatures were expressed in terms of 

•2 -1 ^ g cm s" and °C, respectively. 

-2 -1 The t ranspi ra t ion rate ( A^g cm" s ' ) was measured 

directly from the same leaf used for measuring stomatal conductance 

by the porometer. The leaf temperature (°C) was recorded using 
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the Duiit in thermocouple of the steady state porometer pressed 

aga ins t the abax ia l surface of the leaf. The leaves used for 

measuring stomatal conductance and t ranspi ra t ion rate were 

simultaneously used for recording the leaf temperature. 

3.6.1- BIOCHEMICAL STLDIES 

3.6.^.1 Estimation of chlorophyll content 

Total chlorophyll Chi.a and Chl.b contents were 

determined following the method of Arnon (19^9) at 35. 60 and 

85 D.AS. 

Fresh leaves from top of the canopy were brought in an 

ice box from the field and were cut into small pieces. 

Approximately 250 mg of leaves were weighed from each sample and 

were homogenised with acetone. The extract was filtered through 

Whatman No.l filter paper and washed twice with 80 per cent 

acetone. The final volume of the ext rac t was made to 25 ml. The 

aDsorbance of the ext rac t was measured at 645, 652 and 663 nm in 

Ultraspec double beam Spectrophotometer (model CL-5'f). The total 

chlorophyll , chlorophyll ' a ' and chlorophyll ' b ' contents were 

calculated using the following formulae. 

(20.2 X A,.c) + (8.02 X A , . , ) 
Total chlorophyll = ^z£ 2 i L v y ma p-1 fr «.t 

a x 1000 X U X V mg g fr.wt. 

Chi .a = 12.7 (Agg3) - 2.69 (A^^^) X — 
1000 X 0 . 2 5 
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25 
Chi. b = 22.9 (A^^^) - 4.68 (A^^j) X 

1000 X 0 .25 

where. 

A,.c = Absorbance of the ex t rac t at 645 nm 

A, , - = Absorbance of the ext rac t at 663 nm 

a = Path length of l ight in the cuvette (1 cm) 

V = Volume of the extract (25 ml) 

W = Fresh weight of the sample (0.25 g) . 

3.6.4.2 Estimation of total soluble sugars 

The amount of total soluble sugars present in tne 

ext rac t was estimated by anthrone method (Dobois ex_ a\_.. 1951). 

Reagents; 

1. Ethanol (80%) 

2. Anthrone reagent : 0.29 g of anthrone was 

dissolved in 100 ml of concentrated sulphuric acid. 

Procedure: 

1. Extraction of plant sample 

Fresh leaf samples were collected randomly from each 

plot, washed and one gram of the sample was homogenised with 

80 per cent e thanol . Homogenised leaf ex t rac t was allowed to boil 

for 2-3 minutes on hot water bath and filtered through Whatman 

No.l filter paper . The residue was once again boiled in alcohol 

for 2-3 minutes and filtered through Whatman ^Jo.l filter paper . 

The extraction process was repeated three to four times. 
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Ext r ac t ed a lcohol was used for the e s t ima t ion of to ta l so lub le 

s u g a r s Dy us ing a n t h r o n e r e a g e n t . 

2. Es t imat ion of s u g a r s 

One ml of alcohol e x t r a c t was t a k e n in the t e s t tube 

anc fou- ml of a n t h r o n e r e a g e n t was al lowed to run down the s ide 

o: tne t e s t tube b\ keeping the tes t tubes in an ice o a t h . The 

samples were boiled on hot water ba th for 10 m i n u t e s , and al lowed 

ic cool a t room t e m p e r a t u r e . The a b s o r b a n c e of the oiue green 

so lu t ion was m e a s u r e d a t 625 nm and the amount of s u g a r s p resen t 

ir. the sample was c a l c u l a t e d by us ing the s t a n d a r d c u r v e p r e p a r e d 

from glucose ( F i g . 3) . 

3 . 6 . 4 . 3 Dete rmina t ion of free p ro l ine con t en t 

P ro l ine con ten t was e s t ima ted by the method of 

Bates e t a l . (1973) . 

Reagen t s : 

1. Aqueous su l fo sa l i cy l i c ac id (3%) 

2. G lac i a l acet ic acid 

3. Toluene 

4 . Acid n i n h y d r i n : 1.25 g of n i n h y d r i n was d i sso lved 

in a warm mix tu re of 30 ml of g l a c i a l acet ic acid 

and 20 ml of 6 M phosphor ic a c i d . 

P rocedure : 

F resh leaf samples (0.5 g) were c o l l e c t e d , ground well 
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in a mor ta r u s i n g pes t le and e x t r a c t e d in 10 ml of th ree per cen t 

s u l p h o s a l i c y l i c a c i d . The e x t r a c t was f i l t e red t h rough Whatman 

No.l f i l ter pape r and the f i l t r a t e was used for p ro l ine e s t i m a t i o n . 

An a l i a u o t of two ml from each sample was t aken in 

s e p a r a t e t e s t t ubes and to each tes t t u b e , two ml of acid n i n h y d r i n 

r e a g e n t and two ml of g l a c i a l acet ic ac id were added anc boiled on 

hot water ba th for an nour . Then, the t e s t tubes were t r a n s f e r r e d 

to ice water ba th for cool ing and the con ten t s of each t e s t tube 

were t r a n s f e r r e d to a s e p a r a t i n g funne l . To t h i s , four ml of 

to luene was added s h a k e n t ho rough ly and al lowed to form two 

s e p a r a t e l a y e r s . 

The upper to luene layer c o n t a i n i n g the colour complex 

due to p ro l ine n i n h y d r i n i n t e r a c t i o n was t aken into a s e p a r a t e tes t 

tube and the colour was r ead in u l t r a s p e c double beam 

spect rophotometer (model CL-5^) a t 520 nm. The prol ine 

c o n c e n t r a t i o n was ae te rmined from a s t a n d a r d c u r v e p r e p a r e d us ing 

pro l ine ( F i g . ^) and e x p r e s s e d on dry we igh t b a s i s . 

3.6. It A Wax e s t ima t ion 

The wax con ten t was de termined by the color imetric 

method of Ebercon et^ aj_. (1977). This method is based on the 

colour c h a n g e produced by the r eac t i on of wax with ac id ic 

po tass ium bichronnate (K_Cr_0^). 
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Reagents 

1. Chloroform 

2. Acidic potass ium b i c h r o n a t e r e a g e n t : - This was 

p r e p a r e d by mix ing 40 ml of de ion ised water with 

20 g powdered po tass ium bichrorriate. Tne 

r e s u l t i n g s l u r r y was mixed v i g o r o u s h with one 

l i t r e concen t r a t ed s u l p h u r i c ac id and heated ( ce lov 

bo i l ing point., unt i l a c l ea r so lu t ion was o b i a i n e d . 

Procedure 

The i n d i v i d u a l samnle c o n s i s t i n g of 10 whea t l ea : c'sci-

oi known a r c i ' boti" su r faces ) was iinniersc^d in 15 ml o: crnoroiorrr. 

for 15 s e c o n d s . The e x t r a c t was f i l te red and e v a p o r a t e d to d ryness 

on a bo i l ing v.ater b a t h , un t i l the smell of chloroform could not be 

detected. Five ml oi ac id ic K_Cr ^ 0 - was acded to the sam.ples anc 

placed in boi l ing water for 30 minutes. After coo l ing , 12 ml of 

deionised water was added. 15-20 minutes were allowed for the 

colour development, and the optical density of the sample was read 

at 590 nm. 

Wax was quantified by using the standard curve 

prepared by using carbowax 3000 (Polyethylene glycol 3000), and 

2 
expressed as mg per dm area (both surfaces - since wax is 

present on both the sur faces ) . 

3.7 STATISTICAL ANALYSIS 

Fischer ' s method of ana lys i s of var iance was applied 
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for the analysis of the data and interpreta t ion of results as 

suggested by Panse and Sukhatme (1967) and Sundar ra j et^ a[_. (1972) 

The level of significance used in ' F ' and ' t ' test was P = 0.05. 

Crit ical difference (CD) values were calcula ted at 5 per cent 

probabil i ty level, wherever ' F ' test was s igni f icant . 
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IV EXPERIMENTAL RESULTS 

A field experiment was conducted during r ab i . 199C-91 

to evaluate the physiological basis of temperature tolerance in 

twelve wheat genotypes. The crop was exposed to different growth 

temperature regimes during its life cycle by varying tne sowing 

dates . In the absence of growth cabine ts , the normal practice of 

undertaking the temperature tolerance studies is through variat ion 

in the sowing time. The crop was raised under two temperature 

regimes and the genotypes were evaluated at different stages for 

various morphological charac te r s , growth parameters , biophysical, 

physiological and biochemical charac te r i s t i c s . In order to give 

emphasis on the temperature aspects, the table captions are 

designated as "influence of temperature regimes", instead of "date 

of sowing". The mean values of each parameter at each crop 

growth stage and the mean values of temperature regimes are 

described in this chapter . 

kA ENVIRONMENTAL CONDITION DURING THE CROP GROWTH PERIOD 

The data pertaining to different weather parameters 

v iz . , r a in fa l l , relative humidity and temperature during the crop 

growth period (1990-91) and the average of 40 years (1951-90) are 

depicted in F ig . l and Appendix I and I I . 

i^AA Temperature 

It was observed that the maximum temperature varied 
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from 26.1 to 35.6°C and 27.2 to 38.9°C during normal sown and late 

sown crop respect ively, whereas, the minimum temperature ranged 

from 9.4 to 19.8°C in normal sown crop and 9.4 to 20.9°C during 

the late sown crop. The difference in the mean minimum 

temperature over the ent i re crop growth period of both normal and 

late sown crop was 1°C. The mean of minimum and maximum 

temperatures ranged from 12.9°C in normal sown to 13.5°C in late 

sown crop. It was further evident from the data that the normal 

sown crop experienced higher maximum and minimum temperatures 

upto 35 DAS. Although, there was no appreciable changes in the 

mean maximum temperature between the normal sown and late sown 

crop, they differed by 2°C, with the normal sown crop recording 

higher mean temperature upto 35 DAS. From 35 DAS to harvest , the 

late sown crop recorded higher temperature with a difference of 

2.4°C in the maximum and 1.7°C in the minimum temperature as 

compared to normal sown crop (Table 3) . 

The crop at ta ined ear ly physiologic maturi ty (107 days) 

in the late sown crop as compared to normal sown crop (115 days) . 

The data indicated a clear difference in growth temperatures 

between normal sown crop and late sown crop and hence, it is 

further used in the text throughout as 'low temperature ' and 'high 

temperature ' regimes instead of 'normal sown' and ' l a t e sown c r o p ' , 

respect ively. 

4.1.2 Relative humidity 

The re la t ive humidity during the crop growth period 

ranged from 68 per cent (March) to 82 per cent (December), 
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Table 3. Mean maximum and minimum temperatures prevail ing 

during different growth stages under two sowing 

aates of wheat 

Temperature (°C) 

^ ,̂ Normal sown crop La te sown crop 
Growth stages ^^ ^^, ^^^^^ ^^ ^^ ^^^^^ 'o^ 

Mean Mean Mean Mean 
Maximum Minimum Maximum Minimum 

Sowing to 3? days 

35 to 60 days 

60 to 85 days 

85 days to Harvest 

Mean 30.9 15.0 32.6 15.7 

29.6 

29.3 

31.2 

33.6 

16.1 

13.5 

15.2 

15.it 

29.5 

31.3 

33.6 

36.1 

13.8 

15.0 

15.if 

18.7 



43 

w h e r e a s , the a v e r a g e r e l a t i v e humidi ty for the l a s t ^0 years was 65 

per cen t (November) and 52 per cen t ( F e b r u a r y ) . 

^^.1.3 Ra in fa l l 

Dur ing the crop growth pe r iod , r a i n f a l l occured only 

d u r i n g the month of November, which was 56.8 mm and in other 

months i . e . from November to March, no r a i n f a l l was r e c o r d e d . 

Whereas , the a v e r a g e r a i n f a l l for the l a s t 'fO y e a r s d u r i n g the same 

per iod (November to March) r a n g e d from 0.7 mm in J a n u a r \ to 

32.2 mm in November ( F i g . l b ) . 

^^.1.4 Growing Degree Days (GDP) 

The da t a on the inf luence of t e m p e r a t u r e regimes in 

GDD upto 50 per c e n t a n t h e s i s in d i f fe ren t whea t genotypes 

i nd i ca t ed t h a t t he re was no difference between normal and la te sown 

c rop (Table 4 ) . Genotypic differences in the GDD \ a l u e s were 

e v i d e n t in both the t e m p e r a t u r e r e g i m e s . Of a l l the genotypes 

t e s t ed , Local Khapi i had the higher GDD followed by EIGSN-17 under 

both normal and la te sown c r o p . The minimum GDD w, as obse rved 

wi th r e s p e c t to genotype HD-2501 under both t e m p e r a t u r e r eg imes . 

The difference between the maximum and minimum GDD values were 

39̂ * and 369 r e s p e c t i v e l y , for low t e m p e r a t u r e and high t empera tu re 

r e g i m e s . 

It.2 MORPHOLOGICAL CHARACTERS 

'J .2.1 Days to 50 per cen t a n t h e s i s 

file:///alues
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Table 4 . Inf luence of t e t i p e r a t u r e regimes on growing 

degree days (GDD) upto 50 per cen t an thes i s 

in c i f fe ren t w n e a t genotypes 

Genotypes 
Growing aeg ree a a \ 5 

Lov. t empe ra tu r e High t empera tu re 

Local Khapl i 1125 1134 

Bi jaga yellow 919 91S 

Raj-1555 1068 1076 

HD-4502 1073 U U 

DWR-174 1014 1002 

Bulk-776 874 841 

Sham-1 983 951 

EIGSN-17 1106 1114 

F u r a t - 4 950 917 

D-417-29 964 968 

HI-977 774 785 

HD-2501 731 766 

Mean 965 966 
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The data indicated tha t the days to 50 per cent 

anthesis were lower uncer low temperature regime as compared to 

high temperature regime (Table 5). The maximum number of days 

required for 50 per cent anthesis was more in Local Khapli under 

both temperature regimes followed by HD-4502 and the minimurr. was 

in HD-2501. Days tc 5C per cent anthesis was same in Bulk-776 

under both temperature regimes. 

4.2.2 Plant height 

Plant neignt differed signif icantly among genotypes, 

temperature regimes and their interaction at all the stages studied 

(Table 6) . In general , the plant height was sl ightly more in the 

low temperature regime as compared to high temperature regime at 

all the s tages , except at 35 DAS, where, the plant height in high 

temperature regime registered a marginal increase over low 

temperature regime. The maximum plant height was recorded in 

Bijaga yellow followed by Local Khapli in both the temperature 

regimes. 

At 35 DAS, Bijaga yellow had the maximum plant height 

(.36.60 cm) followed by Local Khapli (.35.60 cm) in high temperature 

regime. The similar trend was observed in low temperature regime. 

No signif icant differences were observed between HD-4502 and 

DWR-174 and D-417-29 and HI-977 at high growth temperature. At 

85 DAS and at harvest , the differences in the plant height were 

significant due to genotypes, temperature regimes and their 
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Table 5. Influence of temperature reginries on 50 per cent 

anthesis in wheat genotypes 

Genotypes 
Days to 50 per cent anthesis 

Lov. temperature regime High temperature regime 

Local Khapli 6̂^ 65 

Bijaga yellow 50 53 

Raj-1555 60 62 

HD-'f502 63 64 

DWR-17^ 51 58 

Bulk-776 k^ *9 

Sham-1 54 ^5 

EIGSN-17 62 64 

Furat-4 52 53 

D-417-29 55 56 

HI-977 kk 46 

HD-2501 42 45 
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i n t e r a c t i o n . The r a n g e of p l a n t he igh t v a r i e d frorr 72.86 cm 

(Bulk-776) to 90.31 cm (Bi jaga yel low) a t low growth t empera tu re 

and 71.51 cm {Bulk-776) to 88.35 cm (B i j aga yel low) a: nigh growth 

t e m p e r a t u r e . The difference in the p l a n t he igh t due tc t empera tu re 

regimes was s i g n i f i c a n t in a l l the genotypes i nd i ca t i ng a 

s i g n i f i c a n t r educ t ion in p l a n t h e i g h t due to i n c r e a s e in growth 

temper a t u r e . 

^.l.'i Number of green leaves 

Number of green leaves differed s i g n i f i c a n t l y among 

geno types , t e m p e r a t u r e regimes and the i r i n t e r a c t i o n a t al l the 

s t a g e s (Tab le 7 ) . In g e n e r a l , the number of green leaves was 

more a t low growth t empera tu r e as compared to h igh tempera ture in 

a l l the s t a g e s excep t a t 35 DAS, where the l a te sown crop had more 

number of green l e a v e s . The maximum number of green leaves 

recorded a t h igh growth t e m p e r a t u r e was in D-417-29 ( l ^ .S ) followed 

by F u r a t - ^ ( 1 3 . 4 ) , EIGSN-17 (11.8) and Raj-1555 (11 .75) . The 

genotypes DWR-174 and S h a m - 1 , HD-'f502 and Bi jaga yellow and 

HD-2501 and Bulk-776 did not differ s i g n i f i c a n t l y among each other 

under th i s t e m p e r a t u r e reg ime . A s imi la r t r end was observed a t 

low t e m p e r a t u r e a l s o . 

At 60 DAS, the maximum number of green leaves were 

obse rved in HD-4502 (19.9) followed by Raj-1555 ( iS .9 ) at low 

t e m p e r a t u r e and th i s t r end c o r r a b o r a t e d with t h a t of high 

t e m p e r a t u r e . At 85 DAS, the re was no s i g n i f i c a n t difference due to 
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ĉ 

\£) 
OS 

o 

(̂  
ri^ 

r>. 
•a-

o 

(VI 

ITN 

o 

f n 

0 0 

0 0 

1 

^ 

0 0 

CM 

<̂  
tfS 

(N 

00 

r̂  
r^ 

O 

r^ 
c^ 

o 
ON 

CM 

" 

u .̂ 

C 

r. 

J 

V": 

2 

^ 

o 

(^ O 

O — 

(N r<^ 

O O 

—_ 
Ov 

CM 

IJN 

(̂  
cj-

o 
(Nl 

VD 

ON 

O 

(N 

OS 

VC 

fSJ 

O 

0 0 

o\ 

O 

—' 
•3 -

u ^ 

\D 

r^ 

•a-

o 
OS 

0 0 

OS 

OS 

00 

\o 

(SJ 

TN 

VD 

f^ 

VO 

O 

o 
— 

rx 
(N| 

o 
— 

J -

o 

CM 0 0 

VO 0 0 O 

O 

ON O 

00 

00 

00 tx, 

o — 
CM 

r»S 

00 

•a-

Os 

O 00 

OC 

ON 

^ 

1 ^ 

rsi c t 
O ^ 

O O 

rx ON 
fx O 

( N 

r̂  

m 
u~\ 

^ 
D. 
(0 

— 1 

rt 
u 
o 
J 

OS 

ON 

f x 

1 ^ 

> 
_o 
•»H 

<U 
>, 

n) 
tio 
(0 

• ̂  
CQ 

0 0 

f n 

OS 

"^ 
"̂  
l A 

^^ 
1 

—̂  
fd 

DC 

t ^ 

ON 

•a-

0 0 

( N 
O 
l A 
•a -

t 

O 
X 

o 

'~ 

-^ 
O 

< f 

r̂  
"̂  1 

^ 
Q 

CM 

OS 

r<^ 

0 0 

fv . 
1 

J£ 
_ H 

3 
CO 

(SJ 

•a -

o 

""* 
E 
rt 
^ 
t / i 

0 0 

^̂  

h v 

"̂  

r^ 

1 

Z 
CO 

(J 
^̂  
UJ 

•a -

C»S 

OS 

CM 

J -
1 

^-' 
a 
L. 

D 
u. 

0 0 

•a-

IV , 

<J-

CJN 

C M 

1 
r-. 

.a-
1 

O 

— i 

^ 

0 0 

o 

rv. 
r-x 
OS 

_( 
r 

oo 

C^ 

0 0 

VC 

^̂  
o 
ITS 
CM 

1 

Q 
X 

ON 

' 

h v 

ON 

c 
ro 
o 
S 

/^ 

>ta^ 

±1 
£j 
j~) 

o 

— 
o 

1 -
D 

(0 
1 -

o 
Q. 
c 
o 

i -

ir. 
O 
c k _ 

60 
O 

o — 

l \ 00 
CM ffS 

o o 

c 
(/5 O 

• t - l . 

ll 
6^ 

00 

c 

o 
in 

Q 



50 

temperaiure regimes, but significant differences were observed due 

to genotypes and their interaction. The differences ir the number 

of green leaves due to temperature regimes, irrespective of 

genotypes indicated a significant reduction due to increase in the 

growth temperature , 

ir.l.^ Number o: t i l lers 

The date on the number of t i l lers per hill recoraed at 

different stages as influenced by temperature regimes in different 

genotypes are presented in Table 8. Number of t i l lers per hill 

were generally more at low growth temperature as compared to high 

growth temperature at 60, 85 DAS and at harves t . Whereas, at 35 

DAS, the number of t i l lers were more in high temperature regime. 

The maximum number of t i l lers at 35 DAS was in HD-^502 (5.31) 

followed by Sham-1 (4.96) at high temperature regime. A similar 

trend was noticed at low temperature regime. 

At 60 D.AS, all the genotypes registered tne maximum 

number of t i l le rs under low growth temperature . Tne maximum 

number of t i l le rs were observed in Raj-1555 (6.63) followed by 

DWR-174 (6. 'f3). No significant differences were observed between 

Bulk-176 and Sham-i and Local Khapli and Bi)aga yellow at low 

temperature regime. At 85 DAS and at harvest also, the difference 

in the number of t i l lers was evident with respect to genotypes, 

temperature regimes and their interact ion. The number of t i l lers 

varied from 2.90 (Bijaga yellow) to 6.86 (Raj-1555) at low 

temperature regime, and at high temperature regime, the number of 
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t i l l e r s v a r i e d f r o r 1.63 (HD-2501) to ;.GG {DWR-17^). 

k.2.5 Lea : c rv w e i s h t 

The accumula t ion of dry mat te r in the leaf was low 

upto 35 DAS and inc rea sed almost IC fold between 35 and 60 DAS 

(Table 9 ) . Temoera tu re regimes had s i g n i f i c a n t differences in leaf 

dry w e i g h t only a : 60 and 85 DAS. However, the differences cue to 

genotypes and t ne i - i n t e r a c t i o n were s i g n i f i c a n t a t al l the s t a g e s . 

I t was obse rved t h a t , the leaf dry we igh t was more in 

high t e m p e r a t u r e regime a t 35 DAS and la te r on , the leaf dry 

we igh t dec rea sed s i g n i f i c a n t l y under h igh t e m p e r a t u r e reg ime. 

There was a difference in the a t t a i n m e n t of peak leaf dry weight 

among g e n o t y p e s . The m>aximum dry we igh t was noticed at 60 DAS 

in Raj-1555, HD-^3Z2, DWR-17^ and HD-2501, w h e r e a s , in r e s t of the 

g e n o t y p e s , the maximum dry we igh t was not iced a t 80 DAS. 

At 35 DAS, the genotype F u r a t - 4 had the maximum dry 

we igh t under both t e m p e r a t u r e r e g i m e s . At 60 DAS, Raj-1555 had 

s i g n i f i c a n t l y h igher leaf dry we igh t (4 .43 g / h i l l ) over other 

genotypes under low t e m p e r a t u r e reg ime . The minimum dry weight 

was r eco rded in Sham-1 (1.40 g / h i l l ) . W h e r e a s , under high 

t e m p e r a t u r e reginne, DWR-174 (3.52 g / h i l l ) and EIGSN-17 (0.90 g / h i l l ) 

accumula ted the maximum and minimum leaf dry we igh t s , 

r e s p e c t i v e l y . I t was obse rved t h a t the leaf dry we igh t inc reased 

m a r g i n a l l y in a l l the genotypes excep t Raj-1555, HD-4502, DWR-174 

and HD-2501 a t 85 DAS. There was no s i g n i f i c a n t difference between 
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HD-^502, D-^17-29 and HD-2501, under low temperature regime during 

which, these genotypes had maintained sl ightly higner leaf dry 

weight over other genotypes. Local Khapli had significantly higher 

leaf dry weight (3.08 g/hil l) under high temperature regime. The 

minimum leaf dry weight was noticed in Furat-^ (0.84 g /h i l l ) . At 

harvest , the maximum leaf dry weight was recorded in D-^17-29 

(3.26 g/hi l l ) and in HD-4502 (3.59 g/hi l l ) respec t iveh , under low 

and high temperature regimes. Although, the mean leaf dry weight 

was sl ightly more in high temperature regime as compared to low 
t * 

temperature regime, it was non-signif icant . 

4.2.6 Stem dry weight 

The data on the influence of temperature regimes on 

stem dry weight recorded at different stages is presented in 

Table 10. It indicated that the stem dry weight increased 

continuously from 35 DAS ti l l harvest under high temperature 

regime. Whereas, under low temperature regime, it increased from 

35 to 60 DAS and decreased sl ightly at S^ DAS as compared to 60 

DAS and at harvest . The temperature regimes significantly reduced 

the stem dry weight at all the stages except at 35 DAS. The 

differences due to genotypes, temperature regimes and their 

interaction were significant at all the s t ages . 

At 35 DAS, the genotype, DWR-174 recorded significantly 

higher stem dry weight over other genotypes under both temperature 

regimes. At 60 DAS, HD-4502 (2.29 g h i l i ' S and Raj-1555 

(2.15 g hil l" ) had slightly higher stem dry weight over other 
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genotypes under low temperature regime. Whereas, ir high 

temperature regime, Buik-776 and Furat-'f were at par witr. each 

other and were superior over other genotypes under both iov. and 

high temperature regimes. 

The genotype HD-'f502 had the maximum stem crs ve ight 

under both temperature regimes and it had signif icantl> r.igher 

values under high temperature regime as compared to Iov. 

temperature regime at $5 DAS. The lowest stem ary weig-.t was 

recorded in Local Khapli followed by Bijaga yellow uncer Iov. 

temperature regime and Local Khapli followed by D-^17-29 unaer 

high temperature regime. The similar trend was noticec with 

respect to Local Khapli and Bijaga yellow under low temperature 

regime at harvest . However, the maximum stem dry weignt was 

recorded in HD-'f502 under high temperature regime at this s tage . 

All the genotypes recorded maximum stem dry weight unaer high 

temperature regime, except Sham-1, Fura t -^ , HI-977 and HD-2501 at 

harves t . 

4.2.7 Spike weight 

Similar to that of leaf dry weight and stem dry 

weight, no significant differences due to temperature regimes were 

observed in spike weight at 60 DAS. However, the differences due 

to temperature regimes, genotypes and their interaction were 

s ignif icant at 85 DAS and at harves t (Table 11). 

Among the genotypes, HD-2501 had the maximum spike 

weight of 0.94 g hill" and 0.81 g hil l" under low and high 
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temperature regimes, respectively at 6C D/\S. The lowest spike 

weight was recorded in EIGSN-17 and HE>--502 under lov. temperature 

and EIGSN-17 under high temperature regime at this s tage. In 

general , the spike weight increased frorr. 6C DAS til l narvest in all 

the genotypes under both temperature regimes. At S5 D/\S, D\VR-17^ 

had significantly higher spike weign: under lov. temperature 

(8.15 g hill ) and high temperature (6.25 g hil . ) regimes, 

however, it had tne same spike weigh: as that of D--17-29 under 

high temperature regime. The m.inimum soike weight v^as oDserved 

in Local Khapli under low temperature (3.35 g hiL ' ) and high 

temperature (2.93 g hill ) regimes at tnis s tage . At harvest , 

Raj-1555 and DWR-i7if had similar spike weight of 11.70 g hill"^ 

and were superior over rest of the genotypes under low temperature 

regime. The genotype DWR-17'f maintained its position even under 

high temperature regime. The genotypes Bijaga yellow, Bulk-776, 

Sham-1, EIGSN-17, Furat-^ and Local Khapli recorded relatively low 

spike weight under both temperature regimes. 

^^.2.8 Total dry matter 

The total dry matter per hill was obtainec by adding 

individual leaf, stem and spike dry weights at different growth 

stages in both the temperature regimes for all the genotypes and 

presented in Table 12. 

The data indicated signif icant differences in the total 

dry matter production due to temperature regimes, genotypes and 

their interaction at all the growth s t ages . There was a sharp 
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increase in the total dry matter (TDM) between .35 and 60 D.AS in 

both the temperature regimes. In general , there was a significant 

reduction in TDM due to high temperature at 60, 85 DAS and at 

harves t . Whereas, at 35 DAS, the increase in TDM was observed at 

high temperature as compared to low temperature. Among the 

genotypes, DWR-17;, D-417-29, HD-2501, Furat-^ and Bijaga yellow 

recorded significantly higner TDM over other genotypes under lov. 

temperature regime. A similar trend was noticed even a: high 

temperature regime also. At 60 DAS, the maximum dr\ matter was 

recorded in Raj-1555 and DWR-iy^* respect ively, under low anc high 

temperature regimes. However, no s ignif icant differences were 

observed between HD-4502, DWR-l?'*, HD-2501 and between 

Local Khapli, Bulk-776, Furat-'f, D-417-29 and HI-977 under low 

temperature regime. A similar trend was noticed even under high 

temperature regime at this s tage. 

At 85 DAS, HD-4502 recorded signif icantly higher TD\̂  

over other genotypes under both temperature regimes. The lowest 

TDM was recorded in Local Khapli and HD-2501 under low and high 

temperature regimes respectively. Whereas, at harvest , DWR-174 

recorded maximum TDM followed by HD-'f502 under both the 

temperature regimes and these had signif icantly high TDM over rest 

of the genotypes. The mean maximum TDM was recorded in DWR-17^ 

at harvest . Again the low dry matter was recorded in 

Local Khapli under low temperature regime and Furat-4 under high 

temperature regime. 
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' f .2 .9 Leaf a r e a 

The leaf a r e a i n c r e a s e c n e a r . ) four- fold Detween 35 to 

60 DAS and dec reased s l i g h t h t n e r e a i t e r at 85 DAS (TaDie 13). I t 

was o b s e r v e d t h a t the leaf a r e a c e c r e a s e c s i g n i f i c a n t h under high 

tennperature regime in a l l the s t a g e s excep t at 35 D.AS, where , it 

i n c r e a s e d s i g n i f i c a n t l y under h ig r l e m p e - a t u r e r eg ime . At 35 DAS, 

a l l the genotypes recorded a s i g n i f i c a n t . r .c rease in l ea : a r e a under 

high t e m p e r a t u r e regime. The genotype r u r a T - 4 had s ign i f i can t ly 

h igher leaf a r e a over other genotypes in both the t empera ture 

r e g i m e s . 

At 60 DAS, Ra)-I555 had tne maximum leal a r ea of 

2 - 1 2 - ' 
475.0 cm h i l l and 373.4 err h i l . under low and high 

t e m p e r a t u r e r eg imes , r e s p e c t i v e l y . The minimum leaf a r e a was 

2 - i 
r eco rded in EIGSN-I7 (301.7 err, h i l l M under low tempera tu re 

2 -1 

regime and Sham-i (156.1 err. h i l l ) under h igh t empe ra tu r e 

r eg ime . However, HD-4502 and D-417-29 did not differ s i g n i f i c a n t l y 

each o ther under low t e m p e r a t u r e r eg ime . S i m i l a r l y , EIGSN-17 and 

F u r a t - 4 were a t par with each other under h igh t e m p e r a t u r e reg ime. 

At 85 DAS, D-417-29 had s i g n i f i c a n t l y h igher leaf a r e a 
2 -1 

(385.3 cm h i l l ) over other genotypes under low t empera tu re 
r eg ime . Whereas , under h igh t e m p e r a t u r e r e g i m e , Local Khapl i 

2 -1 
m a i n t a i n e d s i g n i f i c a n t l y h igher leaf a r e a (308.6 cm hi l l ) over 

2 -1 

other genotypes and was a t par wi th D^'R-17U (304.5 cm hi l l ) . 

The genotypes Bi jaga yellow and Raj-1555, DWR-174 and HI-977, 

HD-2501 and HI-977 did not differ s i g n i f i c a n t l y with each other 

under low t e m p e r a t u r e reg ime . \Xhereas , under high t empera tu re 

file:///Xhereas
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r eg ime , the genotypes Bi jaga yellov,- and HD-^502, Bi jaga yellow and 

D-'f l7-29, DWR-174 and HI-977 did not have s i g n i f i c a n t differences 

among t h e m s e l v e s . 

tt.3 GROWTH PARMIETERS 

4 .3 .1 Crop Grou-tr Rate 

The c a t a on the c rop growth r a t e (CGR) was recorded 

a t d i f fe ren t growth s t ages in a l l the genotypes and are p resen ted 

in Table 14. At 35-6C D , ^ , maxiraum CGR was obse rved in Raj-1555 

2 1 7 ' 

(0.216 g dm day ) followed by KD-4502 (0.213 g dm" d a \ " ' ) and 

the minimum was obse rved in Sharr.-i (C.106 g dm" day" ) at low 

t e m p e r a t u r e reg ime . At high t e m p e r a t u r e r eg ime , DVlR-174 showed 
-2 -1 

maximum CGR (C.168 g am day ) and minimum was in 
-2 1 

Bi jaga yellow (C.085 g dm day ) . 1^ s i g n i f i c a n t differences 

were o b s e r v e d between F u r a t - 4 and D-417-29 and between Raj-1555 

and HD-4502 a t low t empera tu r e regime and a t h igh t empe ra tu r e 

r eg ime , n o n - s i g n i f i c a n t difference was o b s e r v e d between Raj-1555 

and HD-4502. 

At 60-85 DAS, the maximum CGR was observed in 

F u r a t - 4 and D-417-29 (0.243 g dm"^ day"^ ) and minimum in 

-2 -1 
Local Khapl i (0.09 g dm' day ^) a t low t e m p e r a t u r e reg ime. At 

h ighe r t e m p e r a t u r e reg ime, the maximum CGR was observed in 

-2 -1 
HD-4502 (0.267 g dm" day" ) and minimum was in F u r a t - 4 

-2 -1 
(0.056 g dm day ) . S i g n i f i c a n t d i f fe rences were obse rved among 

geno types , t e m p e r a t u r e regimes and the i r i n t e r a c t i o n s . However, no 



Table 1^. Influence of temperature regimes on crop growth rate 

(CGR, g dm"'̂  day" ) at different growth stages in 

wheat genotypes 
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Genotypes 

Local K h a p h 

Bi jaga yellow 

Raj-1555 

HD-i502 

DWR-17^ 

Bulk-776 

5 h a m - l 

EIGSN-17 

F u r a t - 4 

D-417-29 

HI-977 

HD-2501 

Me a n 

T e m p e r a t u r e 
regimes 
Genotypes 
I n t e r a c t i o n 

35 

Low 

C.142 

C.113 

C.216 

C.213 

C.189 

C.1^3 

C.106 

G.118 

G.131 

0.127 

O.U'f 

0.191 

0.151 

S.Em+ 

0.005 
0.012 
0.016 

- 60 DAS 

High 

C.112 

0.085 

0.113 

0.125 

0.168 

O . IU 

0.088 

0.069 

0.106 

0.071 

0.103 

0.095 

0.104 

C D a t 

0.007 
0.033 
0.047 

* 

Tempera tu re 

Mean 

0.127 

0.099 

0.164 

0.169 

0.178 

0.128 

0.097 

0.094 

0.118 

0.099 

0.174 

0.143 

5% 

60 

regimes 

Low 

0.090 

0.139 

0.177 

0.236 

0.202 

0.201 

0.204 

0.159 

0.243 

0.243 

0.202 

0.135 

0.185 

S.Em+ 

0.012 
0.029 
0.041 

- 85 DAS 

High 

0.104 

0.111 

0.200 

0.267 

0.189 

0.146 

0.117 

0.120 

0.056 

0.184 

0.176 

0.095 

0.147 

C D a t 

0.033 
0.082 
0.116 

Mean 

0.097 

0.125 

0.188 

0.268 

0.195 

0.173 

0.160 

0.139 

0.149 

0.213 

0.189 

0.115 

5% 

^DAS Days after sowing 
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s i g n i f i c a n t difference was o b s e r v e d oetu'een Bulk-776 ana 5ham-l at 

low t e m p e r a t u r e reg ime. 

if .3.2 Absolute Growth Rate 

The da t a as inf luenced by t e m p e r a t u r e regimes on 

abso lu t e growth r a t e (AGR) at d i f fe ren t s t a g e s in v. neat genotypes 

a re p r e sen t ee in Table 15. I t i n d i c a t e d t h a t AGR cecreased from 

35-60 DAS to 6G-S5 D-^S, i r r e s p e c t i v e of t e m p e r a t u r e reg imes . At 

35-60 D.AS, AGR decreased a t nigh t e m p e r a t u r e regime over low 

t e m p e r a t u r e regime in a l l the g e n o t y p e s . The maximum AGR was 

recorded m Raj-1555 (0.248 g a a \ ) which was c l o s e h followed by 

HD-4502 (C.246 g d a > ' ) a t lov. t e m p e r a t u r e r eg ime . But, in high 

t e m p e r a t u r e reg ime, DWR-174 recorded maximum AGR {C.194 g day ) , 

and the lowest was in EIGSN-17 (0.08 g day" ) . S ign i f i can t 

di f ferences were obse rved due to t e m p e r a t u r e r eg ime , genotypes and 

the i r i n t e r a c t i o n . However, no s i g n i f i c a n t differences were 

o b s e r v e d between Raj-1555, HD-4502, F u r a t - 4 and D-4i7-29 at 1 

t e m p e r a t u r e reg ime. 

At 60-85 DAS, the maximum AGR was obse rved in 

D-417-29 (0.280 g day"^) and Raj-1555 (0.230 g d a y ' ^ ) a t low and 

high t e m p e r a t u r e r eg imes , r e s p e c t i v e l y . The lowest AGR was 

recorded in Local Khapi i (0.104 g da>" ) a t low t e m p e r a t u r e regime 

and a t high t e m p e r a t u r e r eg ime , the geno type HD-2501 recorded the 

lowest AGR (0.110 g day ) . S i g n i f i c a n t d i f ferences were obse rved 

between DWR-174, Bulk-776, Sham-1 and HI-977 a t low t e m p e r a t u r e 

r eg ime . Whereas , a t h igh t e m p e r a t u r e r eg ime , no s i g n i f i c a n t 

ow 
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Table 15. Influence of temperature regimes on absolute growth 

ra te (AGR, g day 

wheat genotypes 

ra te (AGR, g day" ) at different growth stages in 

Genotypes 

Local Khapl i 

Bi jaga yellow 

R a j - U 5 5 

HD-4502 

DWR-17if 

Bulk-776 

Sham-1 

EIGSN-17 

Fura t - ' f 

D-417-29 

HI-977 

HD-2501 

Mean 

Temper a t u r e 
regimes 
Genotypes 
I n t e r a c t i o n 

35 

Low 

0.16^ 

0.130 

0.2^8 

0.2^6 

0.218 

0.165 

0.122 

0.136 

0.151 

0.147 

0 . U 2 

0.220 

OAVti 

S.Em_+_ 

0.002 
0.005 
0.007 

- 60 DAS 

High 

0.129 

0.098 

0.130 

o.nu 

0.194 

0.131 

0.102 

0.080 

0.122 

0.082 

0.119 

0.110 

0.120 

C D a t 

0.006 
0.015 
0.021 

•it-

Temper a t u r e 

Mean 

0.146 

0.114 

0.189 

0.195 

0.206 ' 

0.148 

0.112 

0.108 

0.136 

0.114 

0.130 

0.165 

5% 

6C 

regimes 

Lov. 

C.IO-

C.16C 

C.20L 

0.272 

C.232 

C.232 

0.233 

0.207 

0.183 

0.280 

0.233 

0.156 

0.208 

S.Em+ 

0.003 
0.007 
0.010 

- 85 D,AS 

High 

C. 120 

C.12S 

0.23G 

0.307 

C.21S 

G.16S 

0.135 

0.133 

0.064 

0.212 

0.203 

0.110 

0.172 

C D a t 

0.008 
0.019 
0.027 

Mean 

0.112 

0.144 

0.217 

0.309 

0.225 

0.200 

0.192 

0.172 

0.123 

0.206 

0.218 

0.133 

5% 

D̂AS = Days after sowing 
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differences were observed between Sham-1 and EIGSN-I7 

^ .3 .3 Relative Growth Rate (RGR) 

The connputation of the data for relat ive growth rate 

(RGR) indicated that all the genotypes maintainec higher RGR in 

low tennperature at 35-60 DAS, as compared to higr temperature 

regime. However, at 60-85 D/\S, the RGR was more in tne high 

temperature regime as compared to low temperature regime (Table 

16). It was evident from the data that the differences aue to 

genotypes, temperature regimes and their interaction v. as significant 

at both the s tages . At 35-60 DAS, Raj-1555 recordec the maximum 

RGR (0.103 g g"^ day" ) which was closely followed by HD-^502 

(0.098 g g" day" ) under low temperature, whereas, under high 

temperature, HD-'i502 and Local Khapli had the maximum RGR 

(0.07^ g g" day ) and were closely followed by Raj-1555 

(0.070 g g" day ' ) and were s ignif icant ly superior over other 

genotypes. No significant differences were observed between 

DWR-174, Bulk-776, Sham-1 and HI-977 under both the temperature 

regimes at this s tage. At 60-85 DAS, Sham-1 maintained the 

highest RGR (0.039 g g day ) and the lowest was recorded in 

Local Khapli under low temperature regime. In general , the RGR 

increased under high temperature as compared to low temperature in 

all the genotypes except, Bulk-776, Sham-i and Furat -^ , where it 

declined. No significant differences were observed between Raj-1555 

and HI-977, DWR-174, Bulk-776 and Sham-1, Local Khapli and 

HD-^502 under high temperature regime at this s t age . 
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Table 16. Influence of temperature regimes on relative growth rate 

(RGR, g g~ cay" ) at different growth stages in 

wheat genotypes 

Genotypes 

I-ocal Khapl i 

Bi jaga yellow 

Raj-1555 

HD-4502 

DWR-174 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - 4 

D-417-29 

HI-977 

HD-2501 

Mean 

Tempera tu re 
regimes 
Genotypes 
1 nter ac t ion 

35 

Low 

G.085 

G.066 

0.103 

0.098 

0.081 

0.082 

0.080 

0.074 

0.070 

0.068 

0.080 

0.085 

0.081 

S.Em+ 

0.001 

0.002 
C.003 

- 60 DAS* 

High 

C.074 

0.052 

G.070 

C.074 

0.068 

0.067 

0.066 

0.051 

0.061 

0.044 

0.067 

Q.Q55 

0.062 

C D a t 

0.003 

0.006 
0.008 

Tempera tu re 

Mean 

0.079 

0.059 

0.086 

0.086 

0.084 

0.050 

0.073 

0.062 

0.062 

0.056 

0.074 

0.068 

5% 

60 

regimes 

Low 

0.017 

0.027 

0.023 

0.02S 

0.026 

0.032 

0.039 

0.033 

0.028 

0.038 

0.033 

0.019 

0.028 

S.Em+ 

0.001 

0.001 
0.001 

- 85 DAS 

High 

0.023 

0.048 

0.036 

0.041 

0.026 

0.029 

0.029 

0.039 

0.014 

0.040 

0.035 

0.022 

0.032 

C D at 

0.003 

0.003 
0.004 

Mean 

0.020 

0.037 

0.029 

0.063 

0.026 

0.030 

0.034 

0.036 

0.021 

0.039 

0.034 

0.020 

5% 

^DAS Days after sowing 
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4 .3 .4 Net Ass imi la t ion Rate (NAR) 

The net a s s imi l a t i on r a t e (NAR) v a l u e s aecreased from 

35-60 DAS under both t empe ra tu r e regimes (Tab le 17). S ign i f i can t 

di f ferences due to t e m p e r a t u r e regimes were o b s e r v e c o n h at 33-60 

DAS. Whereas , the differences due to genotypes a n c tne in te rac t ion 

between t empera tu re regimes and genotypes were s ig r . i i i ca r . : at ooth 

tne s t a g e s . At 35-60 DAS, Raj-1555 recorded s ig r . : : i can : i} h igner 

-2 -1 

N.-\R (0.126 g dm day ) over other g e n o t y p e s . Tne c i f ie rences 

between DWR-174, HD-4502 and HD-2501, and between Bi)ag£ yellow, 

S h a m - 1 , EIGSN-17, F u r a t - 4 and HI-977 were not s i g r i f i c a n : at low 

t e m p e r a t u r e reg ime. The NAR dec reased due to h i g r t empera tu re in 

a i l the geno types , with Bulk-776 m a i n t a i n i n g a nigh NAR 

(0.098 g dm"^ d a y ' ^ ) followed by DWR-174 (0.093 g a--:"^ c a \ " ^ ) and 
-2 -1 

Sham-1 (0.090 g dm day ) . No s i g n i f i c a n t differences were 

obse rved Bi jaga yel low, Raj-1555, HD-4502, D-417-29, HI-977 and 

HD-2501 under high t e m p e r a t u r e reg ime. Al though , the NAR was 

m a r g i n a l l y inc reased under high t e m p e r a t u r e regime over low 

t e m p e r a t u r e , the i nc rea se was n o n - s i g n i f i c a n t . However, in Bi jaga 

yellow and F u r a t - 4 the re was a s l i g h t d e c r e a s e in X.AR under high 

t e m p e r a t u r e reg ime. The genotype EIGSN-17 had the maximum NAR 

(C.109 g dm"^ d a y ' M followed by HD-4502 (0.100 g am"^ a a y ' ^ ) a t 

6C-85 DAS. 

4.3 .4 Leaf Area Index (LAI) 

The d a t a on the inf luence of t e m p e r a t u r e regimes on 

leaf a r e a index (LAI) i nd ica t ed t h a t LAI i n c r e a s e d from 35 DAS to 

60 DAS and decreased the rea f te r a t 85 DAS in both the temperature 
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Table 17. I n f l u e n c e of tempera tu re regimes on net a s s i m i l a t i o n 

r a t e (NAR, g dm"^ d a y " ^ ) a t d i f f e r e n t g rowth stages 

i n wheat genotypes 

Genotypes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-^502 

m/R-l7t^ 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - 4 

D-^17-29 

HI-977 

HD-2501 

Mean 

Tempera tu re 
regimes 
Genotypes 
I nter ac t ion 

35 

Low 

0.093 

0.079 

0.126 

0.115 

0.108 

0.101 

0.080 

0.087 

0.081 

0.077 

0.081 

0.114 

0.095 

5.Em+ 

0.003 

0.008 
0.012 

- 60 DAS* 

High 

0.073 

0.053 

0.062 

0.070 

0.093 

0.098 

0.090 

0.063 

0.078 

0.044 

0.066 

0.071 

0.071 

C D a t 

0.010 

0.024 
0.034 

T e m p e r a t u r e 

Mean 

0.083 

0.066 

0.094 

0.092 

0.100 

0.099 

0.085 

0.075 

0.079 

0.060 

0.073 

0.092 

5% 

60 

regimes 

Low 

0.031 

0.050 

0.052 

0.071 

0.058 

0.069 

0.082 

0.072 

0.061 

0.072 

0.062 

0.042 

0.060 

S.Em+ 

0.004 

0.010 
0.014 

- S5 DAS 

High 

0.03S 

0.046 

0.077 

O.IOG 

0.066 

0.074 

0.088 

0.109 

0.040 

0.074 

0.066 

0.047 

0.068 

C D a t 

NS 

0.029 
0.041 

Mean 

0.037 

0.048 

0.064 

0.085 

0.062 

0.072 

0.085 

0.090 

0.050 

0.073 

0.064 

0.044 

5% 

*DAS Days af ter sowing 
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regimes (Table 18). Differences aue to t e m p e r a t u r e r eg imes , 

genotypes and thei r i n t e r a c t i o n were s i g n i f i c a n t a t a l i the s t a g e s 

s t u d i e d . 

At 35 DAS, the LAI was more under high t empera tu re 

regime as comoared to low t e m p e r a t u r e regime in a l l tne genotypes 

and was s i g n i f i c a n t . Among the g e n o t y p e s , F u r a * - - recorded 

s i g n i f i c a n t l y higner LAI over otner genotypes under both the 

t e m p e r a t u r e r eg imes . Tne lowest LAi \i. as recorded in Bulk-776 

under low (0.46) and high (0.54) t e m p e r a t u r e r e g i m e s . At 60 DAS, 

the LAI was more in low t e m p e r a t u r e regime as compared to high 

t e m p e r a t u r e regime in a l l the g e n o t y p e s . The genotype Rai-1555 

had the maximum LAI under both high and low t e m p e r a t u r e regimes 

(4 .13 and 3 .25, r e s p e c t i v e l y ) . However, no s i g n i f i c a n t differences 

were obse rved between HD-4502 and DV^R-174 and between S h a m - 1 , 

EIGSN-17 and F u r a t - 4 under low t e m p e r a t u r e r eg ime . Whereas , 

under high t e m p e r a t u r e r eg ime . Local K h a p l i , D-417-29 and HI-977 

did not differ s i g n i f i c a n t l y among t h e m s e l v e s . At 85 DAS, the 

maximum LAI was recorded in D-417-29 and Local Khapl i under low 

and high t empera tu re r eg imes , r e s p e c t i v e l y . The lowest LAI was 

recorded in Sham-1 (2.27) and F u r a t - 4 (1..30) r e s p e c t i v e l y , under 

low and high t empera tu re r e g i m e s . However, Sham-1 and F u r a t - 4 ; 

HD-4502, Bi jaga yellow and D-417-29; DWR-174 and HI-977; Raj-1555 

and HD-2501 did not differ s i g n i f i c a n t l y among themse lves . 

4 .3 .6 Leaf Area Dura t ion (LAD) 

The d a t a on the inf luence of growth t e m p e r a t u r e on 
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leaf area d u r a t i o n (LAD) recorded a t d i f fe ren t g-owth s t ages 

i n d i c a t e d t h a t LAD i n c r e a s e d fron". 35-60 to 60-85 D.-̂ i in a l l the 

genotypes (Table 19). The h i g h e s t LAD was o b s e r v e c in Raj-1555 

(57.8 days ) and the lowest in HD-2501 (i*9.S d a y s ) Detween 35-60 

DAS in low t e m p e r a t u r e r eg ime . At high t e m p e r a t u r e a l so , Raj-1555 

(52 days ) r e t a i n e d its pos i t ion which was c lose l \ followed by 

D\VR-17^ (50.8 days ) and the lowest was in Sham-1 {25.6 d a y s ) . 

The s i g n i f i c a n t differences were o o s e r v e c among t empera tu r e 

r eg imes , genotypes and the i r i n t e r a c t i o n s a t Doth the s t a g e s . 

At 60-85 DAS, the maximum LAD was recorded in 

DWR-17^ (87.0 d a y s ) which was s i g n i f i c a n t l y h igne - over other 

genotypes a t low t e m p e r a t u r e . At h igh t e m p e r a t u r e a l so , the 

maximum LAD was obse rved in DWR-17^ (72.2 d a y s ) followed by 

Local Khapl i (68.2 d a y s ) . I t was o b s e r v e d t h a t tne LAD was 

almost reduced to half in the genotypes S h a m - 1 , EIGSN-17 and 

F u r a t - 4 a t high t e m p e r a t u r e r eg ime . The mean maximum LAD was 

recorded in DWR-17i* (79.6 d a y s ) followed by Raj-1555 (76.1 days ) 

and the mean minimum in sham-1 (47.9 days ) a t 60-85 DAS. 

However, no s i g n i f i c a n t di f ferences were obse rved between Sham-1 

and EIGSN-17 a t low t e m p e r a t u r e and between Raj-1555 and HD-4502 

at h igh growth t e m p e r a t u r e . 

4 .3 .7 Specific Leaf Area (SLA) 

The d a t a on the inf luence of t e m p e r a t u r e regimes on 

speci f ic leaf a r e a (SLA) a t d i f fe ren t growth s t a g e s in whea t 

genotypes is p resen ted in Table 20. I t was obse rved t h a t the mean 
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Table 19. Influence of temperature regimes on leaf area duration 

(LAD, days) at different growth stages in wheat 

genotypes 

Genotypes 

Local Khapl i 

B i j aga yellow 

Raj-1555 

HD-^502 

DWR-17^ 

Bulk-776 

Sham-1 

EIGSN-17 

Fur at-'* 

D-^17-29 

HI-977 

HD-2501 

Mean 

35 

Low 

^5.6 

U2A 

57.8 

- 55.6 

5^.9 

'^6.5 

40.5 

40.0 

44.6 

51.3 

50.3 

49.8 

48.3 

- 60 DA5 

High 

43.9 

40.0 

52.0 

49.8 

50.8 

33.5 

25.6 

28.9 

33.9 

44.0 

44.0 

36.0 

40.2 

. -tr 

Tempera tu re 

Mean 

44.6 

41.2 

54.9 

52.7 

52.8 

40.0 

33.1 

34.4 

39.2 

47.7 

47.2 

42.9 

60 

regimes 

Low 

72.2 

69.1 

85.9 

83.5 

87.0 

73.9 

62.4 

62.6 

65.4 

85.2 

81.6 

79.6 

75.7 

- 85 D.^ 

High 

68.2 

60.9 

66.2 

67.0 

72.2 

50.1 

33.4 

37.4 

35.2 

62.6 

66.6 

50.8 

55.9 

Mean 

70.2 

65.0 

76.1 

75.2 

79.6 

62.0 

47.9 

50.0 

50.3 

73.9 

74.1 

65.2 

Tempera tu re 
regimes 
Genotypes 
I n t e r a c t i o n 

0.14 

0.33 
0.47 

0.38 

0.94 
1.34 

S.Emj*^ C D a t 5% S.Emj*^ C D at 5% 

0.90 2.53 

0.63 1.78 
0.26 0.73 

^DAS = Days after sowing 
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SLA s i g n i f i c a n t l y inc reased under high t e m p e r a t u r e regime cnly a t 

35 and 60 D.AS. Genotypes , t e m p e r a t u r e regimes anc the i r 

i n t e r a c t i o n ind ica ted s i g n i f i c a n t differences a t a l l me s t a g e s . At 

35 DAS, Bulk-776 and KD-4502 recorded the maximurr SLA ur.cer lov, 

2 - 1 2 - 1 

{^.16 dm g ) and high t e m p e r a t u r e Ci.Sk arr g ) reg imes , 

r e s p e c t i v e l y . Al though, the SLA i n c r e a s e d under n ig r t emce ra tu r e 

regime over its c o r r e s p o n d i n g va lue in low t e m p e r a i u r e r e g : ~ e . I t 

d e c r e a s e d in tne genotypes Local Khap l i , Bulk-77c and HZ^2501. 

The minimum SLA was recorded in the genotype EIGSN-17 uncer both 

t e m p e r a t u r e reg ime. 

At 60 Dr\S a l s o , the SLA was mere unde- high 

t e m p e r a t u r e regime as compared to low t e m p e r a t u r e reg ime, excep t 

in genotypes Sham-1 and F u r a t - ^ . The maximum SLA was recorded 

2 -1 
in Sham-1 (2.27 am g ) and was s i g n i f i c a n t l y supe r io r over r e s t 

of the genotypes under low t e m p e r a t u r e r e g i m e . However, no 

s i g n i f i c a n t differences were o b s e r v e d between Local K h a p l i , 

B i j aga r yel low, EIGSN-17, F u r a t - 4 , D-i^l7-29 and HI-977 uncer low 

t e m p e r a t u r e regime. Under h igh t e m p e r a t u r e reg ime, D-417-29 

2 - 1 2 - 1 
(2.1^^ dm g ) and Bulk-776 (2.08 dm g~ ) r e co rdec s i g n i f i c a n t l y 

h ighe r SLA over other geno types . 

At S5 DAS, the dif ferences between the two t e m p e r a t u r e 

reg imes were not s i g n i f i c a n t in a l l the genotypes excep t 5 h a m - l , 

F u r a t - 4 , HI-977 and HD-2501. Among the geno types , F u r a t - 4 , 

r eco rded s i g n i f i c a n t l y h igher SLA under both the t empe ra tu r e 

r e g i m e s . 
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if..3.8 Specific Leaf Weight (SLW) 

The daxa on the influence of temperature regines on 

specific leaf weight (SLW) indicated that the SLW increased from 35 

DAS to 85 DAS under both the temperature regimes (Table 21). In 

general , mean SLW of various genotypes decreased with an increase 

in growth temperature with exceptions at 6C and 85 DAS. At 35 

DAS, the SLW decreased under high temperature regime in aiJ the 

genotypes except in Local Khapli, Bulk-776 and HD-2501 in which 

there was a s l ight increase over its corresponding value under low 

temperature regime but was non-signif icant . The differences due to 

temperature regimes, genotypes and their interaction were 

significant at all the stages s tudied. Among tne genotypes. 

EIGSN-17 recorded signif icantly higher SLW under both the 

temperature regimes. There were no significant differences between 

Bijaga yellou, Raj-1555, DWR-174, Sham-1, EIGSN-17, Furat-4 and 

D-4I7-29 under low temperature regime. Whereas, under high 

temperature regime, Local Khpali , Bulk-776, EIGSN-17 and D-4I7-29 

did not differ significantly among themselves. 

At 60 OAS, HD-4502 (0.94 g dm"^) and Raj-1555 

(0.93 g dm ) recorded significantly higher SLV̂ ' over other 

genotypes under low temperature regime. At high temperature 

_2 
regime, DWR-174 had the maximum SLW (0.97 g dm ) and was 

significantly higher over rest of the genotypes. Considering all 

the samplings and growth temperatures, the maximum SLW was 

registered in Local Khapli (1.00 g dm ) under high temperature 

regime at &5 DAS. Although SLW decreased under high temperature 
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regime as compared to low t e m p e r a t u r e regime a t 85 D , ^ , the 

genotypes Local Khapl i and DWR-I74 r eco rded i n c r e a s e in SL\^ under 

h igh t e m e r a t u r e r eg ime , out tne d i f ferences were n o n - s i g n i f i c a n t . 

4.i> YIELD AND YIELD COMPONENTS 

The d a t a on the inf luence of t e m p e r a t u r e regimes on 

g r a i n y i e ld , and yield components such as Harves t index ( H I ) , 

1000-gra in weigh t a n c sp ike i e n g t h a r e p r e sen t ed in TaDle 22a 

and 22b. 

4 . ^ .1 Harves t Incex (HI) 

In g e n e r a l , tne H a r v e s t index (HI) dec reased at high 

growth t e m p e r a t u r e as compared to low growth t e m p e r a t u r e in a l l 

the g e n o t y p e s . The differences due to geno types , t e m p e r a t u r e 

regimes and the i r i n t e r a c t i o n were s i g n i f i c a n t . Among the 

geno types , Raj-1555 had s i g n i f i c a n t l y h igher HI (64.6%) over other 

genotypes under low t e m p e r a t u r e r e g i m e . The lowest HI was 

recorded in Bi jaga yellow (47.0%). Under high t e m p e r a t u r e regime 

a l s o , Raj-1555 recorded s i g n i f i c a n t l y h igher HI (56.9%) over other 

g e n o t y p e s . The lowest HI was noticed in Bulk-776 (40.4%). 

However, no s i g n i f i c a n t differences were obse rved in Bi jaga yel low. 

Local K h a p l i , F u r a t - 4 , D-417-29, HI-977 and HD-2501. 

4 .4 .2 1000-gra in U-eight 

The d a t a on 1000-gra in we igh t also differed 

s i g n i f i c a n t l y due to t e m p e r a t u r e r e g i m e s , genotypes and the i r 

i n t e r a c t i o n . The maximum 1000-gra in we igh t was recorded in 
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Local Khapli in both the temperature regimes foliowed by D-U17-29. 

The 1000-grain weight was c ras t ica l ly reduced due to high growth 

temperature in all the genotypes, except Local Khapli, Bijaga 

yellow and DWR-17^. Tne lowest weigh: was recorded in D-417-29 

and HD-2501 under low and nigh temperature regimes, respectively. 

kA.'i Spike Length 

The spike length differec significantly due to 

temperature regimes, genotypes and their interact ions. There was a 

significant reduction in spike length due to high growth 

temperature in all tne genotypes. Among the genotypes, the 

maximum spike length was noticed in Local Khapli under both the 

temperature regimes. At low. temperature regime, the spike length 

in EIGSN-17 was at par with Local Khapli . The minimum spike 

length was recorded in Raj-1555 unaer both the temperature 

regimes. However, HI-977 and HD-2501 did not differ significantly 

in their spike length at high temperature regime. 

i^AA Grain Yield 

The data on the grain yield indicated that it was 

significantly influenced by temperature regimes, genotypes and their 

interaction. In general , there was 21 per cent reduction in grain 

yield due to high growth temperature. Among the genotypes, 

Raj-1555 (9.75 g hill" ) recorded significantly higher grain yield 

over other genotypes under low temperature regime. This was 

followed by DWR-174 (9.6 g hill"^) and HD-4502 (9.5 g hi l l"^) . The 

yield levels were same in Sham-1 and Furat-4 (5.75 g hill" ) and 



Table 22b. Influence of temperature regimes on grain yield 

(g hilTM ir wheat genotypes 
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Cjenotypes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-^502 

I)\VR-174 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - 4 

D-^J7-29 

HI-977 

HD-2501 

Mean 

Tempera ture regimes 
Genotypes 
I n t e r a c t i o n 

Gra in y i e l a 

ter- .perature 
regime 

i-.26 

5.00 

9.75 

9.50 

9.60 

5.50 

0.1^ 

6.25 

5.75 

7.50 

6.75 

6.75 

6.86 

S .Em+ 

0.006 
0.020 
0.030 

(g h i i r h 
High t e m p e r a t u r e 

regime 

4.10 
( 3 . 7 6 ) * 

4.49 
(10.20) 

1.15 
(20.52) 

7.88 
(17.15) 

8.40 
(12.50) 

4.10 
(25.44) 

3.75 
0 4 . 7 9 ) 

4.40 
(29.60) 

3.75 
(34.79) 

5.S5 
(22.00) 

5.70 
(15.56) 

4.90 
(27 .41) 

5.42 

C D a t 5% 

0.027 
0.066 
0.093 

Mear 

4.12 

^.74 

"iJ^ 

S.69 

9.00 

4.80 

4.75 

5.30 

4.75 

e.ss 

6.22 

5.82 

•Figures in the parenthesis indicate per cent decrease over low 
temperature regime. 
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in HI-977 and HD-250I (6.75 g h i l l ' ^ ) . The lowest yield was 

recorded in Local Khapli (i^.2G g hill ) under low temperature 

regime. The maximum yield under high temperature regime v» as 

recorded in DWR-174 (S.̂ fO g hill"^) followed by HD-^5:2 

(7.88 g h i i r M and Raj-1555 {7.75 g h i l l"^) . The lowest yieic 

under high temperature regime was recorded in Sham-1 and Furat— 

(3.75 g hill ) . If we compare the per cent reduction ir gra i r 

yield due to high growth temperature, the genotype Local Khaol. 

had the lowest per cent reduction (3.75%) followed b\ Bijaga yeliov 

(10.2%) and DU'R-17^ (12.5%). The maximum per cent reduction ir 

grain yield was recorded in Sham-1 and Furat- ' i (3'f.79%). 

k.5 BIOPHYSICAL CHARACTERS 

'^.5.1 Leaf Diffusion Resistance (LDR) 

The data pertaining to the influence of temperature 

regimes on leaf diffusion resistance (LDR) was measured at 60 anc 

S5 DAS and presented in Table 23. The LDR increased by near l \ 

three-fold from 65 to 80 DAS, under both temperature regimes. I : 

also indicated significant differences between temperature regimes, 

genotypes and their interaction at both the s tages . At 60 DAS. 

Bulk-776 and Furat-'t had the maximum and minimum LDR under both 

temperature regimes. The genotypes DWR-I7^, Sham-1, HI-977 anc 

HD-2501 recorded moderately high leaf resistance values and there 

were no significant differences amongst them under high temperature 

regime at 60 DAS. The genotypes, Bijaga yellow, Raj-1555, HD-4502 

and EIGSN-17 also did not differ significantly with each o ther . 
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Table 23. Influence of temperature reginnes or. iea: clfiusior. 

resistance (LDR, s cm"M at different grow:-. 

stages in wheat genotypes 

Genotypes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-if502 

DWR-17'f 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - ^ 

D-^17-29 

HI-977 

HD-2501 

Mean 

Tempera tu re 
regimes 
Genotypes 
I nter ac t ion 

Low 

0.30 

0.39 

0.36 

0.2'f 

0.32 

0.50 

0.28 

0.36 

0.20 

0.31 

0.38 

0.48 

0.34 

S.Em_+_ 

0.02 

0.06 
0.07 

60 DAS'" 

High 

0.57 

0.83 

0.89 

0.83 

1.10 

1.48 

1.06 

0.79 

0.69 

0.53 

1.24 

1.21 

0.94 

C D a t 

0.06 

0.15 
0.21 

T e m p e r a t u r e 

Mean 

0.43 

0.61 

0.63 

0.54 

0.70 

0.99 

0.67 

0.57 

0.42 

0.42 

0.81 

0.85 

5% 

r e E ir'es 

Lov. 

C.D2 

1.21 

C.5S 

C.7S 

1.3C 

1.13 

1.2i 

0.69 

0.73 

C.9I 

0.86 

0.91 

S .Em-

0.03 

0.08 
0.12 

SO D." 

Higr 

3.52 

4.i.C 

1.92 

l.Si-

1.86 

2.52 

1.87 

2.49 

1.47 

2.01 

2 .9 t 

2.03 

2.43 

C D 

0. 

0 
0 

\5 

at , 

.10 

.24 

.34 

Mean 

2.07 

2.81 

1.40 

1.21 

1.32 

1.91 

1.50 

1.87 

1.08 

1.37 

1.93 

1.45 

5% 

*DAS Days after sowing 
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The lowest r e s i s t a n c e was r e c o r a e d in D-417-29 (0 .53 s cm ) under 

high t empera tu re reg ime . At 8C D.AS. the maximum r e s i s t a n c e was 

recorded in Bulk-776 a t low t e m p e r a t u r e ( 1 . 3G s cm" ) and 

Bi jaga yellow (4.40 s cm ) a t high t e m p e r a t u r e regime. The 

genotypes HE>-;;502 (0.58 s cm" ) and F u r a t - 4 (1.4-7 s cm" ) had 

minimum, r e s i s t a n c e under lov. and high t e m p e r a t u r e reg imes , 

r e s p e c t i v e l y . Al though, Bulk-776 hac the maximum r e s i s t a n c e under 

low t empera tu r e reg ime, it d ie not differ s i g n i f i c a n t l y with Bijaga 

yel low, Sham-I and EIGSN-17. S i m i l a r l y , no s i g n i f i c a n t differences 

were obse rved between Bulk-776 and EIGSN-17, between Raj-1555, 

HD-4502, DWR-174 and S h a m - 1 , and between D-417-29, HD-2501 and 

Raj-1555 under high t e m p e r a t u r e r eg ime . Bi jaga yellow recorded 

s i g n i f i c a n t l y higher LDR over a l l o ther g e n o t y p e s . 

4 .5 .2 T r a n s p i r a t i o n Rate (TR) 

The t r a n s p i r a t i o n r a t e (TR) as inf luenced by the 

growth t empera tu re was r eco rded a t 60 and 80 DAS and is presented 

in Table 24. The d a t a i n d i c a t e d t h a t the TR dec reased from 60 DAS 

to 80 DAS under both low and . h igh t e m p e r a t u r e regimes and it was 

also boserved t h a t the TR dec rea sed with an i nc rea se in the growth 

t e m p e r a t u r e . Tempera ture regirries, genotypes and the i r in te rac t ion 

differed s i g n i f i c a n t l y in TR a t both the s t a g e s s t u d i e d . 

At 60 DAS, the maximum TR was r ecorded in F u r a t - 4 

and D-417-29 under low (49.57 / ^ g cm"^ s"^) and high (31.95 

-9 -1 
Jig c m ' s ) growth t e m p e r a t u r e , r e s p e c t i v e l y . These va lues were 

s i g n i f i c a n t l y higher in F u r a t - 4 over other g e n o t y p e s . Whereas , the 
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Table 2^. Influence of temperature regimes on t ranspi ra t ion rate 

( jUg cm"^ S~ ) at different growth stages in wheat 

genotypes 

Geno t \pes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-^5C2 

DWR-174 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - 4 

D-417-29 

HI-977 

HD-2501 

Mean 

Tempera tu re 
regimes 
Genotypes 
I nter ac t ion 

Low 

38.16 

31.43 

33.77 

46.53 

39.01 

27.26 

40.93 

37.15 

49.57 

40.41 

31.78 

28.10 

37.00 

S.Em+ 

0.46 

1.13 
1.59 

60 DAS* 

High 

19.00 

22.57 

19.01 

16.32 

16.40 

14.13 

24.03 

23.67 

24.65 

31.95 

16.13 

16.74 

20.38 

C D a t 

1.31 

3.21 
4.54 

Tempera tu re 

Mean 

28.58 

27.00 

26.39 

31.42 

27.75 

20.69 

32.48 

30.41 

38.01 

36.17 

23.95 

22.42 

5% 

regimes 

Low 

12.54 

13.91 

20.IS 

17.38 

18.5S 

14.10 

22.02 

26.08 

\5.11 

22.83 

19.10 

17.85 

18.36 

S.Em+ 

0.14 

0.34 
0.48 

80 D.^ 

Higr 

6.2^ 

7.25 

11.3C 

8.09 

8.9G 

9.2S 

11.73 

7.96 

14.03 

8.43 

8.13 

11.11 

9.37 

C D a t 

0.40 

0.97 
1.38 

Mean 

9.42 

10.58 

15.74 

12.73 

13.74 

11.69 

16.87 

17.02 

14.90 

15.63 

13.62 

14.48 

5% 

^DAS Days after sowing 

file:///5.11
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l e a s t TR was recorded in Bulk-776 under both the t empera ture 

r e g i m e s . Bi jaga yellow and H]-977, Bulk-776 and HD-2501 did not 

differ s i g n i f i c a n t l y among tnennseives at low growth t e m p e r a t u r e . 

Whereas , the genotypes S h a m - 1 . EIGSN-17 and F u r a t - ^ ma in ta ined 

modera te t r a n s p i r a t i o n r a t e s . Tne genotypes HD-^502, DWR-lZ^f, 

HI-977 and HD-2501 m a i n t a i n e d low t r a n s p i r a t i o n r a t e s and were 

n o n - s i g n i f i c a n t with each o t h e r . 

At 85 DAS, the genotyoe EIGSN-17 had the maximum TR 

-2 -1 
(26.08 i-<- g cm s ) u n c e - iov. t e m p e r a t u r e and Fura t -^ 

(14.03 t̂*- g cm s ) under riigh t e m p e r a t u r e reg ime . They 

m a i n t a i n e d s i g n i f i c a n t l y supe r io r TR over r e s t of the genotypes . 

The l e a s t TR was recorded in Local Khapl i and Bi jaga yellow under 

both the t e m p e r a t u r e r e g i m e s . However, Bi jaga yellow and Bulk-776 

under low t e m p e r a t u r e r eg ime , and D-417-29 and HI-977 under high 

t empe ra tu r e regime did not differ s i g n i f i c a n t l y wi th each o the r . 

' f .5 .3 Leaf Tempera tu re (LT) 

The inf luence of growth t e m p e r a t u r e on leaf t empera ture 

i n d i c a t e d a m a r g i n a l i n c r e a s e in leaf t e m p e r a t u r e (LT) at high 

growth t e m p e r a t u r e over low growth t e m p e r a t u r e , but was 

n o n - s i g n i f i c a n t both a t 60 and 85 DAS (Tab le 25) . 

The genotype DWR-17i. had the maximum LT both under 

low (28.6°C) and h igh (31.3°C) t e m p e r a t u r e r eg imes . The 

di f fer rences in the LT were s i g n i f i c a n t only among the genotypes at 

both the da tes of s a m p l i n g . The lowest LT was recorded in 



Table 25. Influence of temperature regimes on leaf temperature 

(°C) at different growth stages in wheat genotypes 
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Genotypes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-'f502 

DWR-17if 

Bulk-776 

Sham-1 

EIGSN-17 

Furat-if 

D-^17-29 

HI-977 

HD-2501 

Mean 

Lov, 

2S.2 

2S.^ 

27 . t 

27.5 

2S.6 

2S.2 

2S.3 

27.8 

2S.0 

27.3 

2S.6 

27.9 

2 8 . 0 

60 DAS* 

, 

High 

29 .^ 

29.7 

29.1 

29.2 

31.3 

28 .^ 

29.4 

29.3 

28.6 

29.4 

29.1 

29.4 

2 9 . 4 

Tempera tu re 

.\^ear. 

2S.S 

29.C 

28.2 

2S.i-

29.9 

28.3 

28.8 

2S.6 

28.3 

28 .3 

28.8 

28.6 

regimes 

Low 

28.5 

28.7 

27.1 

26.6 

27.4 

26.4 

27.3 

27.5 

27.1 

28.1 

28.9 

28 .3 

2 7 . 7 

80 DAS 

High 

29.C 

30.2 

29.1 

29.4 

30.7 

30.7 

31.3 

30.8 

30.5 

30.7 

31.3 

31.8 

3 0 . 5 

Mean 

28.7 

29.6 

28.1 

28.0 

29.1 

28.6 

29.3 

20.2 

28.8 

29.4 

30.1 

30.0 

Tempera ture 
regimes 
Genotypes 
I n t e r a c t i o n 

S.Em+_ 

0.64 

0.45 
0.18 

C D a t 5% 

NS 

1.29 
NS 

S.Em_^ 

0.16 

0.40 
0.57 

C D at 5% 

NS 

1.15 
N5 

^DAS Days after sowing 
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D-ifl7-29 (27.3°C) which was a t par w i t r Ra)- i555 [27 A°0 under 

low t empera tu r e regime and Bulk-776 (2S.4°C) under high 

t empera tu re reg ime . At 85 DAS, among tne geno types , HI-977 

(28.9' 'C) and HD-2501 (31.8°C) had the rr.aximum LT under low and 

high t empera tu re r e g i m e s , r e s p e c t i v e h . Lnaer high t empe ra tu r e 

regime, Local Knapl i r ecorded the minimurr LT of 29.C°C. 

4.6 Pm3I0L0GICAL AND BIOCHEViI C\_ CH.ARACTERS 

k.GA Ch lorophyl l a Content 

The da t a on the inf luence c : t e m p e r a t u r e regimes on 

ch lo rophy l l a con ten t i n d i c a t e d t h a t tne c n i . a con ten t inc reased 

from 35 to 60 DAS and d e c r e a s e d the rea f t e r a t 85 DAS under both 

the t empera tu re regimes (Tab le 26 ) . Tne differences due to growth 

t e m p e r a t u r e s , genotypes and the i r i n t e r a c t i o n were s i g n i f i c a n t a t 

a l l the s t a g e s . 

At 35 DAS, t h e r e was an i n c r e a s e in the c h l . a con ten t 

from low to Ihigh growth t e m p e r a t u r e in a l l the g e n o t y p e s . Among 

the genotypes , DWR-174 (1.69 mg g fresh w t . " ) and HI-977 

(1.66 mg g fresh wt . ) r eco rded s i g n i f i c a n t l y h igher c h l . a con ten t 

under low t e m p e r a t u r e r e g i m e . Whereas , under high t e m p e r a t u r e 

reginne, i t was with Bulk-776 (2.10 mg g fresh w t . " ) , The 

genotypes Bi jaga yel low, HD-'f502, Bulk-776 and D-417-29 did not 

differ s i g n i f i c a n t l y with e a c h other under low t e m p e r a t u r e reg ime. 

At 60 DAS, the genotypes HD-2501 (2.20 mg g fr . wt . "^ ) 
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and DWR-17^ (1.88 mg g f resh wt . ) recorded s i g n i f i c a n t l y h igher 

c h l . a con ten t over r e s t of the genotypes under low and high 

t e m p e r a t u r e r e g i m e s , r e s p e c t i v e l y . The lowest c h l . a con t en t was 

recorded in Sham-1 (1.39 mg g fresh wt . ) under low t e m p e r a t u r e 

regime and Bi jaga yellow (1.00 mg g fresh wt . ) under high 

t e m p e r a t u r e r eg ime . However, the genotypes Local K h a p l i , HD-'f502, 

D\^R-17^ and EIGSN-17 did not differ s i g n i f i c a n t l y each other under 

low Temperature r eg ime . S i m i l a r l y , Bulk-776, D-^17-29, HD-4502, 

Local Khapl i and HD-2501 did not differ s i g n i f i c a n t l y with each 

other under high t e m p e r a t u r e reg ime . 

At 85 DAS, a s imi la r t rend of dec rease in c h l . a con t en t 

due to i nc rea se in growth t empera tu r e was r ecorded in a l l the 

g e n o t y p e s . Among the g e n o t y p e s , Bulk-776 and HD-'f502 had the 

maximum c h l . a con ten t under low and high t e m p e r a t u r e r eg imes , 

r e s p e c t i v e l y . Whereas , Sham-1 had the lowest va lue under low 

(1.20 mg g fresh wt . ) and high (0.91 mg g f resh wt . ) 

t e m p e r a t u r e r eg imes . The genotypes HD-'f502, DWR-17^ and HI-977 

did not differ s i g n i f i c a n t l y with each other under high t e m p e r a t u r e 

r e g i m e . 
« 

4 .6 .2 Ch lo rophy l l b Content 

Similar to t h a t of c h l . a , c h l o r o p h y l l b con t en t also 

i n c r e a s e d from 3.5 to 60 DAS and decreased s l i g h t l y at 85 DAS under 

both the t e m p e r a t u r e regimes (Tab le 27) . The di f ferences due to 

t e m p e r a t u r e r eg imes , genotypes and thei r i n t e r a c t i o n s were 

s i g n i f i c a n t a t a l l the t h r e e s t a g e s . 
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At 35 DAS, the high temperature regime recorced 

s ign i f i can t l y higher c h l . b content over low temperature regime in 

a l l the genotypes. Among the genotypes, Local Knapl i fad 

s ign i f i can t l y higher ch l . b content under low (0.67C mg g f r . w t . ' ' ) 

and high (0.970 mg g fresh w t . " ) temperature regimes. Among tne 

genotypes, Bulk-776 and HI-977 under low temperature regime anc 

Furat-4 and D-417-29 under high temperature regime did not na\e 

s ign i f i can t differences among themselves. S i m i i a r U , Loca. Knao^.. 

Bulk-776 and HI-977 did not dif fer s ign i f i can t l y v. i th eacn ot re-

under high temperature regime. 

At 60 D.^, the maximum ch l .b content was recorded i r 

HD-2501 (1.220 mg g fresh w t . " ^ ) and HI-977 (0.900 mg g f r. w t . ' ^ ^ 

respect ively, under low and high temperature regimes. In a l l other 

genotypes, the ch l . b content decreased s ign i f i can t l y due to high 

growth temperature except in Local Khap l i , where, there was a 

s ign i f i can t increase under high growth temperature as compared to 

low growth temperature. The lowest ch l . b content was recorded in 

Sham-1 under both the temperature regimes. The genotypes HD-45C2. 

Bulk-776 and EIGSN-17 did not dif fer s ign i f i can t l y w i th each other 

at low temperature regime. 

At 85 DAS also, c h l . b content s ign i f i can t l y aecreasec 

under high temperature regime in a l l the genotypes except in 

Local Khapl i and Bi jaga yel low. Whereas, a s ign i f i can t increase 

was recorded in these genotypes under high temperature regime. 

Among the genotypes, the maximum ch l .b content was recorded in 
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HD-2501 and Local Khapl i under lov. and nigh t e m p e r a t u r e r eg imes , 

r e s p e c t i v e l y . The minimum c h i . b con ten t u as however , not iced in 

Sham-1 under high t e m p e r a t u r e regim>e. 

^ . 6 . 3 Chlorophyl l a / b Rat io 

I t was o b s e r v e c t h a t the low t e m p e r a t u r e regime 

m a i n t a i n e d a h igher c h l o r o p n y l l a / c r a t i c as comparec to high 

t empe ra tu r e regime a t a l l the s t a g e s Table 2S) . Differences due to 

t empe ra tu r e regimes were s i g n i f i c a n : oni> a t 35 a n c 8,0 D/\S, 

w h e r e a s , the genotypic differences were s i g n i f i c a n t a t a l l the 

s t a g e s . 

At 35 DAS, HD-^502 m a i n t a i n e d a s i g n i f i c a n t l y h igher 

r a t i o both under low (4 .^7) and high (4 .26) t e m p e r a t u r e r e g i m e s . 

The lowest r a t i o was in Local Khapl i a t lov. t e m p e r a t u r e regime and 

DWR-174 and Sham-1 under high t e m p e r a t u r e r eg ime . However, the 

genotypes Bi jaga yel low, EIGSN-17, F u r a t - ^ and HD-2501 did not 

differ s i g n i f i c a n t l y wi th each other under high t e m p e r a t u r e r eg ime . 

* » 

At 60 DAS, the maximum c h l o r o p h y l l a / b r a t i o was 

obse rved in Local Khapl i (2.68) and EIGSN-17 (2 .44) under low and 

high t empera tu r e r e g i m e s , r e s p e c t i v e ! ) . The genotype Bi jaga yellow 

had the lower c h l . a / b r a t i o (1.32) under high t e m p e r a t u r e r eg ime . 

At 85 DAS, Buik-776 (3.10) and HD-4502 (2 .56) r eco rded 

s i g n i f i c a n t l y higher c h l . a / b r a t i o under low and high t e m p e r a t u r e 

reg imes , r e s p e c t i v e l y . However, the genotypes S h a m - 1 , EIGSN-17, 

F u r a t - 4 , D-417-29 and HD-2501 did not have s i g n i f i c a n t differences 
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with each other under low t e m p e r a t u r e r eg ime . S i m i l a r l y , the 

genotypes Loca. Khapl i and Raj-1555 were a t par u ith each other 

under th i s reg ime. V h e r e a s , a t higr^ t e m p e r a t u r e r eg ime , the 

genotypes D-^17-29, HI-977 and Sham-1 were a t par each o t h e r . 

if.6.'t Tc~al Ch io roDh\ i l Conten t 

Tne d a t a on the inf luence of t e m p e r a t u r e regimes on 

to ta l c h i o r o p n y i : con ten t p r e sen t ed ir Table 29, i nd i ca t ed t h a t it 

i nc reased from 35 tc 60 D'\S and aec -ea sed t h e r e a t t e r at S5 DAS. 

Tempera tu re r eg imes , genotypes anc the i r i n t e r a c t i o n differed 

s i g n i f i c a n t l y at all the s t a g e s . In g e n e r a l , the to ta l c h l o r o p h y l l 

con ten t dec reased due to high t e m p e r a t u r e in a l l the genotypes a t 

60 and 85 DAS. 

At 35 DAS, the maximum to ta l c h l o r o p h y l l codn ten t was 

recorded in DWR-17'* (2 .28 mg g fresn wt . ) and Local Khapl i 

(2.89 mg g fresh wt . ) under low ana high t e m p e r a t u r e r eg imes , 

r e s p e c t i v e l y . Among the g e n o t y p e s , Raj-1555, EIGSN-17 and HI-977 

had the h igher t o t a l c h l o r o p h y l l con ten t and did not differ 

s i g n i f i c a n t l y with e a c h other under lov. t e m p e r a t u r e reg ime . The 

lowest c h l o r o p h y l l con ten t was recorded in HD-4502 

(1.71 mg g fesh wt . ) under low and Bi jaga yellow 

(1.92 mg g fresh wt . ) under h igh t e m p e r a t u r e r eg ime . 

At 60 DAS, the maximum c h l o r o p h y l l con ten t was 

recorded in HE>-2501 under low t e m p e r a t u r e regime which was 

s ign i f i cant ly superior over rest of the geno types , whereas , 
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at higher growth temperature, the maximum was in DWR-I76 

{2.7U mg g fresh wt.~ ), which was s ign i f icant ly superior over rest 

of the genotypes. However, Local Khap l i , Raj-1555 and HD-2501 did 

not differ s ign i f i can t l y w i th each other under higher temperature 

regime. At 85 DAS, DWR-174 had s ign i f i can t l y higher to ta l 

ch lorophy l l content over other genotypes uncer low temperature 

regime. The genotypes Local Khapl i (2.2S mg g fresh wt . ) and 

HI-977 (2.2^^ mg g fresh w t . ' ) had s ign i f i can t l y higher to ta l 

ch lorophy l l content under high temperature regime. I t was also 

observed that genotypes Bi jaga yellow, Rai-1555 and HD-^502 were 

at par each other under this growth temperature. 

i^.S.^ Proline Content 

The data on prol ine content indicated an increase from 

33 to 85 DAS under both low and high temperature regimes 

(Table 30). The maximum prol ine content was recorded at 85 DAS 

in a l l the genotypes. The differences due to temperature regimes, 

genotypes and their in teract ion were s ign i f i can t at a l l the stages, 

except due to temperature regime at 35 D.AS, where, the prol ine 

content decreased in a l l the genotypes under high growth 

temperature as compared to low growth temperature. Among the 

genotypes, Local Khapl i recorded the maximum prol ine content at 

a i l the growth stages. 

At 35 DAS, the minimum prol ine content was recorded in 

Sham-I under both low (101.2 / ^ g g dry w t . " ) and high 

(94.7 ,l^g g dry w t . " ) temperature regimes. The genotypes, 
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Bi jaga yel low, Raj-1555, HD-^502, DWR-174 and HI-977 did not differ 

s i g n i f i c a n t l y with each o ther under low growth t e m p e r a t u r e , 

w h e r e a s , under high growth t e m p e r a t u r e , F u r a t - 4 , D-^17-29 and 

HD-2501 were a t par wi th each o t h e r . 

At 60 DAS, Bulk-776 (287.1 g g dry w t . " ) and 

Local Khapl i (306.^ i^g g dry w t . " ) recorded s i g n i f i c a n t l y h igher 

p ro l ine con ten t under low and high t e m p e r a t u r e s , r e p s e c t i v e l y . The 

genotypes Raj-1555, F u r a t - 4 and D-417-29 were at par with each 

other under low t e m p e r a t u r e reg ime . Whereas , unaer high 

t empera tu re reg ime, the genotypes EIGSN-17, D-417-29, HI-977 and 

HD-2501 did not differ s i g n i f i c a n t l y with each o t h e r . 

At 85 DAS, the p ro l ine con ten t i n c r e a s e d under h igh 

t empe ra tu r e regime in a l l the geno types . The maximum pro l ine 

con ten t was obse rved in EIGSN-17 (295.4 U g g dry w t . " ) and 

Local Khapl i (326.7 ^ g g dry wt . ) under low and high 

t empera tu re r eg imes , r e s p e c t i v e l y . Though, EIGSN-17 had the 

maximum pro l ine con t en t , i t did not differ s i g n i f i c a n t l y with 

Local Khapl i and Bulk-776. Under high t e m p e r a t u r e reg ime, the 

geno types , Bi jaga yel low, Raj-1555, HI-977 l a n d HD-2501 did not 

have s i g n i f i c a n t d i f ferences among themse lves . 

4 .6 .6 Wax Deposi t ion 

The d a t a on the wax depos i t ion i n d i c a t e d t h a t i t 

i nc reased from 35 DAS to 60 DAS, i r r e s p e c t i v e of growth 

t e m p e r a t u r e . S i g n i f i c a n t differences due to t e m p e r a t u r e regimes and 
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Table 31. Influence of tennperature regimes on wax deposition 

(mg dnn"'') at different growth stages in wheat 

genotypes 

Genotypes 

Local Khapl i 

Bi jaga yellow 

Raj-1555 

HD-'f502 

DWR-174 

Bulk-776 

Sham-1 

EIGSN-17 

F u r a t - 4 

D-417-29 

HI-977 

HD-2501 

Mean 

Tennperature 
regimes 
Genotypes 
I n t e r a c t i o n 

Low 

0.81 

0.95 

1.22 

0.9S 

0.62 

0.61 

1.35 

1.28 

1.70 

1.50 

1.89 

2.09 

1.25 

S .Emjr_ 

0.01 

0.02 
0.02 

35 DAS* 

High 

0.75 

0.71 

1.10 

0.82 

OA^ 

0.^1 

1.15 

1.18 

1.32 

1.10 

1.75 

1.78 

1.0^ 

C D a t 

0.02 

0.05 
0.07 

Tempera tu re 

Mean 

0.78 

0.S3 

1.16 

0.90 

0.53 

0.51 

1.25 

1.23 

1.50 

1,30 

1.S2 

1.93 

5% 

reginr>es 

Lov* 

0.9S 

1.18 

1.28 

1.46 

0.87 

0.95 

1.91 

1.85 

2.12 

1.96 

2.71 

2.65 

1.66 

S.Emj*^ 

0.02 

0.04 
0,06 

60 DAS 

High 

1.56 

1.47 

2.13 

1.60 

0.91 

0.98 

2.04 

2.01 

2.13 

2.22 

3.04 

2.81 

1.91 

C D a t 

0.06 

0.12 
0.17 

.Wean 

1.27 

1.33 

2.00 

1.53 

0.89 

0.97 

1.98 

1.93 

2.13 

2.09 

2.88 

2.73 

5% 

*DAS Days after sowing 
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their interactions were obtained at both the stages (Table 31). At 

35 DAS, the maximum wax deposition was recorded under low 

_2 
temperature regime (1.25 mg dm ) as compared to high temperature 

_2 
regime (1.04 mg dm ) . The reverse was the trend at 60 DAS. 

Among the genotypes, the maximum wax content was registered in 

HD-250I under both the temperature regimes and was significantly 

superior over rest of the genotypes at 35 DAS. The lowest wax 

deposition was noticed in Bulk-776 in both the temperature regimes. 

No significant differences were observed between Local Khapli and 

Bijaga yellow; DWR-174 and Bulk-776; HI-977 and HD-2501 and 

between Sham-1 and EIGSN-17 under high temperature regime. 

At 60 DAS, the maximum wax deposition was observed in 

HI-977, whereas, the lowest was observed in D-417-29 under both 

the temperature regimes. Among the genotypes, Local Khapli and 

DWR-I74, did not differ significantly with each other . Similarly, 

at high temperature regime, the differences between DWR-174 and 

Bulk-776; Sham-1 and EIGSN-17; Local Khapli and Bijaga yellow and 

Raj-1555 and Furat-4 were non-significant. 

4.6.7 Total Sugars 

The data on the influence of temperature regimes on 

total sugar content indicated a steady increase from 35 DAS to 85 

DAS, irrespective of temperature regimes (Table 32). I t also 

indicated signif icant differences due to temperature regime at 60 

and 85 DAS and the differences due to genotypes and their 

interaction were s ignif icant at all the s tages . 
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At 35 DAS, the maximum sugar content was recorded in 

Bijaga yellow under both the temperature regimes. Among the 

genotypes, though Bijaga yellow had maximum value, it did not 

differ significantly with DWR-174 and D-417-29 under low 

temperature regime. At high temperature regime, Bijaga yellow did 

not differ significantly with D-^17-29, DWR-lZ f̂, HI-977 and HD-2501. 

At 60 DAS also, Bijaga yellou had the maximum sugar 

content under low Cf.OS mg g dry wt. ) and high 

(^.31 mg g dry wt." ) temperature regime. The lowest sugar 

content at this stage was recorded in EIGSN-17 under both the 

temperature regimes. In general , the high temperature regime had 

significantly higher sugar content in all the genotypes except 

Bijaga yellow, DWR-174, Bulk-776, Sham-1, EIGSN-17 and D-^17-29. 

At 85 DAS, among the genotypes, Bijaga yellow recorded 

significantly higher sugar content under both the temperature 

regimes. Though, Local Khapii had the least sugar content 

(2.72 mg g dry wt. ) under low temperature regime, it increased 

substant ia l ly (3.92 mg g dry wt. ) due to higher growth 

temperature. 
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V DISCUSSION 

It is well known that various plant species 

considerably differ in their thernnal resistance behaviour and the 

character is t ic var iat ions in the upper limits of heat resistance 

(Ueis et_ a_l., 1986). For most p lants , high temperature effects are 

reversible as long as the temperatures ao not cause extensive 

damage to organell membranes (Berry and Bjorkman, 1980). The 

extent and time required for recover\ depends on the length and 

severity of high temperature treatments. The capaciT> of plants to 

acclimate various physiological processes to differing temperature 

regimes is the most notable phenomenon for their surv iva l under 

harsh environments. Invest igat ions connected with the action of 

high temperature on plants deal with many questions concerning the 

physiological, biophysical , anatomical and morphological 

modifications. 

Wheat is a winter cereal and adopts well to the cooler 

climates. As the crop growth advances the temperature may 

approach mid-summer levels, exceeding the limits of tolerance for 

i t ' s normal functioning and maintaining the desired productivity 

levels. It also shortens the duration of the reproductive growth 

par t icu lar ly , the grain filling period, which is more essent ia l for 

maintaining higher yields . The genetic variation in heat tolerance 

for various at t r ibutes such as germination, growth, photosynthesis, 

translocation, flowering, fruit or seed set and s tabi l i ty of cel lular 
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membrances have ben reported in nnany crop plants (Wehner and 

Vatschke, 1981; Mackill and Coffman, 1983 and Smillie and 

Hetherington, 1983). 

In Ind ia , wheat is grown under a wide range of 

environmental conditions and there is a differential response of 

wheat genotypes belonging to different species in their yielding 

abili ty under these si tuat ions indicating that these effects are not 

only controlled by the surrounding environment but also b\ the 

genetic make up of the p lant . Therefore, there is an urgent need 

for more supporting evidences of yield associations in wheat from 

different genetic backgrounds with yields measured in greater range 

of environments before such cr i ter ion could be considered for use in 

breeding programmes. Hence, the present investigation was 

undertaken with the wheat genotypes belonging to different genetic 

background and were evaluated for their relat ive performance with 

respect to various morphological, physiological, biochemical and 

biophysical parameters in two differing temperature regimes. The 

results thus obtained are discussed in this chapter . 

The environmental conditions during the crop growth 

period indicated clear cut differences with respect to temperature 

between the two dates of sowing. It was observed tha t , the normal 

sown crop had an exposure to high temperatures during the early 

crop growth i . e . , upto .35 DAS as compared to late sown crop. On 

the contrary , the late sown crop was exposed to higher 

temperatures (both maximum and minimum) during the later phases 
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of crop growth, thus justifying the use of low and high temperature 

regimes in the text . Due to prevalence of high temperatures in the 

late sown crop, the crop was harvested in 107 days as compared to 

115 days in the normal sown crop. Wardlaw et̂  aj_. (1980) reported 

that the duration of kernel filling period was reduced from 60 to 36 

days when temperature was increased from 15/10°C to 21/16°C, and 

a further increase in the temperature from 21/16°C to 30/25°C, 

decreased the duration of growth from 36 to 22 days accompanied b\ 

the reduction in grain weight. In the present invest igat ion it was 

observed that the grain yield was more in the normal sown crop as 

compared to late sown crop result ing in 21 per cent reduction in 

the grain yield due to high growth temperature. In most of the 

field crops, the longer the duration better will be the productivity 

and is true in wheat, i rrespective of the genetic background. 

The data did not indicate any appr ic iable var ia t ion in 

the growing degree days (GDD) upto 50 per cent anthesis in all the 

wheat genotypes (Table 'f) indicating that cer tain amount of heat 

units are required for the attainment of a par t icular phenological 

s tage, irrespective of their growth temperature. But, there was 

variat ion in the number of days for 50 per cent anthesis between 

the two temperature regimes in all the genotypes. The number of 

days taken for 50 per cent anthesis was sl ightly more in high 

temperature regime as compared to low temperature regime. This 

was mainly because of the prevalence of high temperature 

par t icular ly during the early crop growth stage (upto 35 DAS) 

under normal sown crop. The occurrence of a par t icular 
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phenological stage is temperature dependent and is amply explained 

from the present investigation that the required heat units are met 

early in the normal sown crop as compared to late sown crop for 

the attainment of 50 per cent flowering. 

5.1 MORPHOLOGICAL CHARACTERS 

The various morphological characters such as plant 

height, spike length, leaf area , dry matter production and its 

distribution in different plant parts as influenced by temperature 

regimes indicated tha t they performed relatively better under high 

temperature regime (late sown crop) as compared to low temperature 

regime (normal sown crop) at 35 DAS. Although, we are 

designating the environmental conditions as low and high 

temperature regimes, it doesnot s tr ict ly apply to the ear l ier growth 

stages since, the average temperature is more in the normal sown 

crop. The reasons for better performance of all the morphological 

characters under this regime at 35 DAS was mainly because of the 

prevalence of low temperature, par t i cu la r ly , the mean minimum 

temperature (13.8°C). The corresponding mean minimum temperature 

was 16.1°C in the normal sown crop. Thus, it is evident that the 

minimum temperature plays an important role than the maximum 

temperature. Among the various genotypes tested, Bijaga yellow 

had the maximum plant height at all the growth s t ages . The 

differences in the plant height were found to be s ignif icant due to 

genotypes, temperature regimes and their interaction at all the 

growth stages except at 60 DAS, with respect to temperature regime. 

This clearly indicates that it is influenced both by genetic and 
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environmental factors , of which, the genetic factors are 

predominant. Similar to plant height, reduction in other 

morphological parameters v iz . , number of leaves and numoer of 

t i l l e rs , were observed under high temperature regime indicat ing the 

adverse effect of growth temperatures on plant growth and 

development. The results are in confirmity with 

Friend jet_ a_L (1962b) who stated tha t the leaf emergence was lower 

at 30°C as compared to 25°C. 

In the present invest igat ion, D-^17-29 showed maximum 

number of green leaves (1^.8) at high temperature regime at 35 

DAS. Although, at later s tages . Raj-1555 land HD-4502 maintained 

higher number of green leaves under both temperature regimes, the 

reduction in the number of green leaves due to high temperature 

was significantly lower in Bijaga yellow and Local Khapli. The 

maximum reduction was observed in genotypes Sham-1 and HI-977 

indicating the sensi t ive nature of these genotypes to the increase in 

growth temperature. There was a reduction in the number of green 

leaves at 85 D,AS as compared to 60 DAS in all the genotypes. This 

was mainly at t r ibuted to the drying of lower leaves both due to 

senescence and exposure to higher temperatures as the growth 

advanced. The senescence is also accelerated due to increase in 

the growth temperature which accounted for the reduction in the 

number of green leaves . 

The data on number of t i l lers revealed that Ra)-1555, 

HD-'f502 and DWR-174 were significantly superior over other 
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genotypes under both the temperature regimes uDto S5 DAS. At 

harvest , it was observed that the reduction in the numoer of t i l iers 

due to high temperature was leas : in Local Khapli and 

Bijaga yellow indicat ing the tolerance nature of these tuo genotypes 

due to increase in the temperature. Kohli (198^) and 

Fischer (1985b) also reported that , the initiation o: new t i l lers and 

their subsequent development was reduced a: high growth 

temperature in wheat. The leaf dry weight incicatec significant 

differences due to temperature regimes only at 60 and S,5 DAS. This 

clearly shows the sensi t ivi ty of leaves to high temperatures at 

these two s tages . Though, Raj-1555, HD-45G2 and D\XR-I7^ 

accumulated maximum dry weight in leaf under low temperature 

regime, it reduced dras t ica l ly due to increase in the growth 

temperature. The dry matter accumulation was low in Local Khapli 

and Bijaga yellow under low temperature, but its subsequent 

reduction due to high temperature was also low. The genotypes, 

ElGSN-17 and HD-2501 resulted in 50 per cent reduction in their 

leaf dry weight. Such reduction in the leaf dry weight was mainly 

because of the reduction in the number of green leaves in these 

genotypes. The results are in agreement with those of Kassim and 

Paulsen (198^). 

On the codntrary to leaf dry weight, the stem dry 

weight increased due to high growth temperature at harvest 

indicating the accumulation of dry matter in the stem rather than 

its translocation to economic pa r t s . Among the genotypes, the 

maximum dry weight accumulation in the stem was observed in the 
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genotypes Snam-1, EIGSN-17, Furat-^ and HD-2501. Whereas, the 

genotypes Local Khapli , Bijaga yellow and Raj-1555 indicated the 

minimunn accumulation in the stem at harvest under both the 

temperature regimes (Table 33). 

The dry matter accumulation in the spike indicated 

tha t the genotypes Raj-1555, D\VR-174, HD-4502 and D-4I7-29 had the 

maximum va.ues under both the temperature regimes (Table 11), In 

general , the dry matter accumulation in the spike reduced under 

high temperature regime as compared to low temperature regime. 

These are in confirmity with the results of V^arington (1977) who 

stated that the ear development phase is most sensit ive to high 

temperature and the number of florets which produced harvestable 

grains and the weight of these grains were more affected by an 

increase in the temperature from 15/10°C to 25/20°C. The 

differential response of genotypes in its spike weight due to 

changes in the growth temperatures was evident . The per cent 

distr ibution of dry matter in the spike increased from 60 DAS ti l l 

harvest and the maximum accumulation was observed in the 

genotypes, Raj-1555 followed by DWR-174, HD-2501 and Bijaga 

yellow. The extent of reduction due to high temperature also 

varied among the genotypes. The maximum per cent reduction was 

observed in the genotypes, Bulk-776, Sham-1, EIGSN-17 and Fura t -4 . 

However, the genotypes Local Khapli, Bijaga yellow and Raj-1555 

though, reduced the spike weight at high temperature, the per cent 

reduction was minimum. 
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The dry matter distr ibution in different plant parts 

further indicated tha t there was reduction in tne per cent 

distr ibution in both leaf and reproductive parts cue tc high growth 

temperature. However, there was a subs tan t ia l increase in its 

distr ibution in the stem under this temperature in all the 

genotypes, except, in Local Khapli, where, the per cent distr ibution 

in stem decreased with a subsequent increase in tne leaf and 

spike. The influence of temperature regimes on total dr\ matter 

production at different growth stages indicated tha t , the maximum 

mean reduction was observed at 6C DAS (25.2^) and gradual ly 

decreased to 21.1 per cent and 11.2 per cent, respectively at 

85 DAS and at harvest . This clearly snows that , tne formation of 

double ridges to the terminal spikeiets ini t ia t ion which 

approximately coincides at 60 DAS is more sensi t ive to high 

temperature stress as far as the total dry matter is concerned. 

Among the genotypes. Local Khapli, Bijaga yellow and DWR-lZ f̂ 

indicated a marginal decrease in total dry matter production under 

high temperature regime in comparison to other genotypes. It is 

evident from the data that the heat stress pa r t i cu l a r ly , from 

anthesis to maturity affected mainly the assimilate ava i l ab i l i ty and 

its subsequent t ranslocat ion to the grain and the genotypic 

differences were evident . 

The growth temperatures had marked effects on the 

assimilatory surface area result ing in the significant reduction in 

leaf area due to high growth temperature. Similar to tha t of total 

dry matter production and its distr ibution in plant pa r t s , the 
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genotypic differences were evident with respect to leaf a rea . The 

maximum leaf area was recorded at 60 DAS in all the genotypes and 

the maximum reduction in the leaf area was observed in genotype, 

Sham-1 followed by Fura t -4 , EIGSN-I7, HD-2501 and Bulk-776. 

However, the minimum reduction in leaf area was observed in 

Local Khapli, Bijaga yellow, DWR-174 and HD-̂ fSOZ due to high 

growth temperature indicat ing the tolerance nature of these 

genotypes. A similar trend was noticed even at 85 DAS. However, 

at 35 DAS, the maximum leaf area was observed under high 

temperature regime in all the genotypes. This was mainly because 

of the cool temperature prevai l ing upto 35 DAS under this 

temperature regime due to delay in sowing time. The decrease in 

leaf area under high temperature regime may be due to the adverse 

effect on cell alongation and meristematic activity at the growing 

apex. It has been documented that the rate of leaf emergence and 

leaf expansion hastened from 10 to 25°C and with an increase in 

the temperature to 30°C. there is a reduction in both leaf emergence 

and expansion, resul t ing in the reduced leaf area 

(Friend £ t al., 1962a). Once, the assimilatory surface area is 

reduced, the production of photosynthates and their consequent 

supply to various organs would be decreased. Thus, overal l total 

dry matter production is dependent on leaf surface. The LAD 

indicate the maintenance of assimilatory surface area over a period 

of time. It is well known tha t the maintenance of the assimilatory 

surface area is a pre-requis i te for the prolonged photosynthetic 

activity and the ultimate productivity in crop p lan t s . In the 

present investigation, it was observed that the LAD increased from 
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35-60 DAS to 60-85 D.AS in all the genotypes. The genotypic 

differences under both the temperature regimes were signif icant and 

had differential response to changes in the growth temperatures. 

Though, the genotypes Raj-1555 and DWR-iy î had the maximum LAD 

under high temperature regime, the extent of reduction in LAD was 

less in Local Khapli and Bijaga yellow indicating the minimum 

effect of high growth temperature on the assimilatory surface area . 

However, the extent of reduction in Sham-1, EIGSN-i7 and Furat-'^ 

was to the tune of 50 per cent under high temperature regime. A 

similar decrease in LAD due to increase in the growth temperature 

from 25/15 to 35/25°C has been observed in wheat by Kassim and 

Paulsen (198^). Such decrease in the LAD due to high growth 

temperature regime could be at tr ibuted to the acceleration of 

senescence, deterioration of photosynthetic activity and degradat ion 

of proteinaceous constituents (Nooden, 1980). 

The computation of various growth parameters such as 

CGR, RGR, NAR, AGR, SLA and SLW indicated differential response 

at different growth stages in these parameters . It was observed 

that both CGR and AGR decreased with the advancement in the crop 

growth. They also decreased under high temperature regime in all 

the genotypes except, in Raj-1555, Local Khapli and HD-^502 at 

later stages of crop growth. This may be mainly a t t r ibuted to the 

better maintenance of the total dry matter even under high growth 

temperature in these genotypes. The pattern of RGR and NAR 

indicated a s ignif icant increase due to high temperature between 

60-85 D/VS in al l the genotypes except, Bulk-776, Sham-1 and 
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Fura t -4 . It indicates the sensitive nature of these genotypes due 

to increase in the growth temperature through their effect on leaf 

area and total dry matter production. Though, the total dry 

matter production decreased due to high growth temperature in rest 

of the genotypes betv/een 60-85 DAS, their capacity to accumulate 

the dry matter or to produce leaf area per unit of these a l ready 

present s l ight l \ enhanced due to increase in the growth 

temperatures. Similar response of winter wheat to increasing 

growth temperature has been reoorted by Friend et_ aj_. (1963), who 

repaorted that an increase in tne temperature upto 25°C could lead 

to higher rate of ini t iat ion of leaf primordia. Amiong the genotypes 

which recorded an increased RGR and NAR under high temperature 

regime as compared to low temperature regime, the maximum 

increase was noticed in Local Khapli, Bijaga yellow and HD-'f502. 

It was observed that , the SLW decreased and SLA 

increased under high temperature regime as compared to low 

temperature regime. This response was not uniform among the 

genotypes. The increase in the SLA under high temperature regime 

indicates that the leaves are becomming thinner . However, the 

genotypes Sham-1, Furat -^ and DWR-17^ differed in the response by 

showing decreased SLA under high temperature regimes. SLW 

decreased subs tant ia l ly in Sham-1, Furat-^ and HD-2501 indicat ing a 

decrease in the leaf thickness . On the contrary , the genotypes 

Local Khapli and DWR-17'f recorded a significant increase in SLW 

under high temperature regime. SLA has been reported to play both 

active and negative role through its link with photosynthetic 
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voUirne (Ci iar leb l i d w a r d , 1982), Thus lower SLA e q u a t e s wi th more 

l a y e r s of mesophyU and g r e a t e r l i g h t a b s o r p t i o n per u n i t leaf a r e a 

( l \ ) rnlu) l l anti h)iul)l(Jb, 1^76). A r e d u c t i o n in b LA however , a l so 

c'(|Uii1t") wi th .111 iiu n-iist 'd u t i l i / i i t i o n of c a r b o n s u b s t r a t e in the 

p r o d u c t i o n ol lea l mass and the i n c o r p o r a t i o n of more n i t r o g e n per 

un i l U a l a r e a ( ( . i l l e r d , 1V87). Rawson e_t a_l_. ( l ' ;87) r e p o r t e d d t h a t 

2 -1 
i)LA dec l ined a t a p p r o x i m a t e l y '̂  ( m g r o r e a c h mole quanta 

-2 -1 

III day i n c r e a s e m r a d i a t i o n and it d i f fered among g e n o t y p e s 

w i thou t c h a n g i n i n g the r a n k i n g due to c h a n g e s in r a d i a t i o n . As 

the u s e l u l l n e s s ot SI A is d e b a t e d by c r o p p h y s i o l o g i s t , 

McCiendan (1962) a r g u e d t h a t spec ie s which a c h i e v e d the h i g h e s t 

net C0_ e x c h a n g e r a t e p e r ' l i t leaf a r e a from the minimum leaf 

m a t e r i a l a r e the most e f f i c i e n t . This impl ies t h a t h igh SLA is in 

a p o s i t i v e a s s o c i a t i o n wi th liigh c a r b o n exci^ange r a t e and cou ld be 

useful in s c r e e n i n g for e f f i c i e n c y . However , Khan and 

Tsunoda (1970) have d e m a n s t r a t e d n e g a t i v e c o r r e l a t i o n s of SLA wi th 

the c a r b o n e x c h a n g e r a t e amongs t s e v e r a l geno types of w h e a t . In 

the p r e s e n t i n v e s t i g a t i o n , t hough the geno types Local K h a p l i and 

HD-'f502 had m a i n t a i n e d low SLA under h igh t e m p e r a t u r e r e g i m e , 

m i g h t h a v e c o m p e n s a t e d the i r c a r b o n e x c h a n g e r a t e t h r o u g h 

i n c r e a s e d l aye r of mesophyU ce l l s for m a i n t a i n i n g the y ie ld 

s t a b i l i t y under h igh t e m p e r a t u r e r e g i m e , which is e v i d e n t from its 

c o r r e s p o n d i n g SLW v a l u e s . 

5.2 YIELD AND YIELD COMPONENTS 

The net r e s u l t of h e a t s t r e s s d u r i n g the c r o p growth is 
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the r e d u c t i o n in the g r a i n y i e l d . I t was o b s e r v e d from the d a t a 

t h a t the r e d u c t i o n in g r a i n y ie ld was minim uni in Local Khap l i 

(3.76%) followed by Bi jaga yellow (10.20%) and DWR-l?/* (12.5%) 

under h igh t e m p e r a t u r e r e g i m e , t hough the y i e l d i n g a b i l i t y under 

f a v o u r a b l e t e m p e r a t u r e (low t e m p e r a t u r e reg ime) was low in Local 

Khap l i and B i j aga ye l low. the maximum r e d u c t i o n in g r a i n y i e ld 

due to h igh t e m p e r a t u r e reg ime was o b s e r v e d in Sham-1 and F u r a t - 4 

in.73%) followed by EIGSN-17 (29.6%) and llD-2501 (27. ' f%). The 

s t u d i e s of Ward law ^e^ a | . (1980) and Wiegand a n d C u e l l a r (1981) 

showed t h a t over the r a n g e of 12 to 26°C i n c r e a s e in mean 

t e m p e r a t u r e d u r i n g g r a i n f i l l i n g , the g r a i n w e i g h t was r e d u c e d from 

'f to 8 per c e n t per deg ree i n c r e a s e in t e m p e r a t u r e . These r e s u l t s 

a r e in conf i rmi ty wi th o u t f i n d i n g s . The lower g r a i n y i e ld due to 

i n c r e a s e in growth t e m p e r a t u r e was a t t r i b u t e d to d e c r e a s e in 

1000-gra in w e i g h t and to s p i k e l e n g t h to some e x t e n t . Lower g r a i n 

w e i g h t is be l i eved to r e s u l t from the combined effects of the 

d u r a t i o n and r a t e of g r a i n f i l l i n g p r o c e s s . Dec rea sed d u r a t i o n of 

g r a i n f i l l i n g would d e c r e a s e the f ina l g r a i n w e i g h t u n l e s s offset by 

an i n c r e a s e in the r a t e of g r a i n f i l l i n g . I t is s u p p l i m e n t e d by the 

da t e s of p h y s i o l o g i c m a t u r i t y in 107 d a y s unde r h igh t e m p e r a t u r e 

reg ime as compared to 115 d a y s under low t e m p e r a t u r e r e g i m e . 

Sofield et_ aA_. (1977) showed t h a t an i n c r e a s e in the t e m p e r a t u r e 

from 15/10 to 2 I / 1 6 T ( d a y / n i g h t ) would d r e d u c e the d u r a t i o n of 

ke rne l l i l l i n g Irom 60 to 36 d a y s . The d u r a t i o n in g r a i n growth 

d e c r e a s e d fu r ther from 36 to 22 d a y s wi th an i n c r e a s e in 

t e m p e r a t u r e from 21/16 to 30/25°C. I t is q u i t e p o s s i b l e t h a t in 

some c.is<'s, the dcrrc-ast; in the d u r a t i o n of g r a i n f i l l i n g would be 
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coinpnesa ted by an i n c r e a s e in the g r a i n growth r a t e . 

I r i r i u l r̂ l_ a^l. (l 'J()l) ti-pDrUil I h a l an in<rcai>t; in l e inpera tu ru troni 

10 to 30"C caubccl e a r l i e r f lo ra l i n i t i a t i o n . This effect cou ld r e s u l t 

from e i t h e r an i n c r e a s e d r a t e of p r o d u c t i o n of flower i n d u c i n g 

s u b s t a n c e s or from an i n c r e a s e d s e n s i t i v i t y of m e r i s t e m a t i c ce l l s to 

a g iven level of flower i n d u c i n g s u b s t a n c e . The r e d u c t i o n in the 

t o t a l g r a i n w e i g h t due to e l e v a t e d growth t e m p e r a t u r e s was m a i n l y 

a t t r i b u t e d to a r e d u c t i o n in i n d i v i d u a l g r a i n w e i g h t and a smal l 

r e d u c t i o n in g r a i n number ( B h u U a r and 3enne r , 1983). The d a t a 

on h a r v e s t index (111), i n d i c a t e d a s i g n i f i c a n t r e d u c t i o n due to 

higli growth t e m p e r a t u r e in a l l tlie geno types e x c e p t Local Khap l i 

and Bi jaga ye l low. Among the g e n o t y p e s , the maximum r e d u c t i o n 

was o b s e r v e d in HD-'f502, Fura t - ' f and S h a m - 1 . However , the 

maximum III under h igh t e m p e r a t u r e regime was r e c o r d e d in DWR-lZ'f 

and Raj -1555. The r e a s o n s for the d e c r e a s e in HI would be m a i n l y 

because of the poor t r a n s l o c a t i o n of p h o t o s y n t h a t e s from sou rce to 

s ink or may be b e c a u s e of the poor p r o d u c t i o n of dry m a t t e r i tself . 

Acevedo e^ aj_. (1990) r e p o r t e d t h a t hea t s t r e s s d u r i n g a n t h e s i s to 

m a t u r i t y affects m a i n l y a s s i m i l a t e a v a i l a b i l i t y , t r a n s l o c a t i o n of 

p h o t o s y n t h a t e s to g r a i n and the s y n t h e s i s and depos i t i on of s t a r c h 

in the d e v e l o p i n g g r a i n . The geno typ ic d i f fe rences in h a r v e s t 

ind ices d e p i c t the r e l a t i v e e f f i c iency of t he se geno types in terms of 

the developinent of the phloem c h a n n e l s and the be t te r s o u r c e - s i n k 

r e l a t i o n s h i p . 

5.3 BIO-PHYSICAL CHARACTERS 

It is d i f f i cu l t to de te rmine the effect of spec i f i c p l a n t 
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r h a r a r t c r i s t i c on the g r a i n y ie ld and the to t a l d ry n'latter 

p roduc t ion b c r a u s e , these effects a re u s u a l l y smal l and depend on 

i)oth tiie e n v i r o n m e n t and the genetic- c o n s t i t u t i o n of a p a r t i c u l a r 

g e n o t y p e . A l t h o u g h , p l a n t pe r fo rmance is a t t r i b u t e d to genet ic 

f a c t o r s , d i f fe rences of g r e a t m a g n i t u d e in s t o m a t a l a p e r t u r e among 

c u d l t i v a r s under c h a n g i n g e n v i r o n m e n t a l s i t u a t i o n s could be 

e x p e c t e d to over r i d e the gene t i c factor (Shimshi and E p h r a t , 1975). 

T h u s , tlie p h y s i o l o g i c a l mechan i sm by which s toma ta a r e c o n t r o l l e d , 

which in t u r n , in f luence g r e a t l y the t r a n s p i r a t i o n r a t e (TR) and 

leaf t e m p e r a t u r e p l ay an i m p o r t a n t ro le in the s u r v i v a l of a p l a n t . 

An a t t empt was made to i n v e s t i g a t e the b e h a v i o u r of d i f f e r en t w h e a t 

genotypi-s iti low and liigli t e m e p r a t u r e regi ines wi th r e s p e c t to 

v a r i o u s b i o p h y s i c a l c h a r a c t e r s . 

The (lata i n d i c a t e d t i i a t the g e n o t y p e s , Local Ki iapl i 

and IMjaga yel low, whi le m a i n t a i n i n g the low d i f fus ive r e s i s t a n c e 

(OR) under low t e m p e r a t u r e r e g i m e , i n c r e a s e d the d i f fus ive 

r e s i s t a n c e to a g r e a t e r e x t e n t under h igh t e m p e r a t u r e r e g i m e . The 

i n c r e a s e in leaf d i f fus ive r e s i s t a n c e (LDR) was a c c o m p a n i e d by a 

concomi t an t d e c r e a s e in the t r a n s p i r a t i o n r a t e (TR) t h e r e b y , 

m a i n t a i n i n g a f a v o u r a b l e wa te r b a l a n c e in the p l a n t s y s t e m . I t 

was o b s e r v e d t h a t the LDR i n c r e a s e d a lmost t h r e e - f o l d from 60 to 

80 DAS i n d i c a t i n g t h a t it is in f luenced by the age factor a l s o . The 

e x t e n t to which s t o m a t a l c o n d u c t a n c e may be l i m i t i n g 

p h o t o s y n t h e s i s , o b v i o u s l y , is very d e p e n d e n t upon the 

p h o t o s y n t h e t i c c h a r a c t e r s of leaf c e l l s and the c o n d i t i o n s under 

which the m e a s u r e m e n t s a r e made a long wi th the ambien t 
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e n v i r o n m e n t a l c o n d i t i o n s of the c r o p . I t is e v i d e n t f rom the d a t a 

t h a t tlicj IDil incrcabc 'd s u b s t a n t i a l l y under l i i g h t e m p e r a t u r e reg ime 

both at 60 and 80 HAS. The geno types , B u l k - 7 7 6 , S h a m - 1 , 

EIGSN-17, F u r a t - ' * and 111-977 w h i c h had i n d i c a t e d a s u b s t a n t i a l 

i nc rease in LDR at 60 DAS, d i d not m a i n t a i n t h e i r s t a tus a t 80 DAS. 

The genotypes Loca l K h a p l i and B i j a g a ye l l ow r e c o r d e d ^̂ 68 per c e n t 

and 26^̂  per cen t i nc rease in the LDR r e s p e c t i v e l y , a t 80 DAS. 

S i m i l a r l y , the TR decreased due to h i g h g r o w t h t e m p e r a t u r e both a t 

60 and 80 DAS. The m a x i m u m r e d u c t i o n in TR was no t i ced i n 

HD-'f502, DWR-17'f and Loca l K h a p l i at 60 DAS, w h i l e , a t 80 DAS, i t 

was w i t h UlC.SN-17, D-'<17-29 and 111-977. Among the g e n o t y p e s , the 

maximui r i TR was r e c o r d e d in S h a m - 1 , niCiSN-17, D- ' t l 7 -29 w h i l e , the 

low TR was o b s e r v e d in Loca l K h a p l i , B i j a g a ye l l ow and B u l k - 7 7 6 . 

1-or m a i n t a i n i n g l a v o u r a b l e water ba lance in p l a n t s , the p l a n t 

shou ld have the low TR w h i l e , m a i n t a i n i n g o p t i m u m s t o m a t a l 

condu< tan (e lor no rma l f u n c t i o n i n g of gas e x c h a n g e . However , 

under adverse e n v i r o n m e n t a l c o n d i t i o n s , such as s t resses due to 

water and h i g h t e m p e r a t u r e s , the LDR s h o u l d be more w h i l e 

m a i n t a i n i n g the low TR. Leach (1979) r e p o r t e d t h a t the s t o m a t a l 

and mesophyU r e s i s t a n c e to CO_ t r a n s f e r was o p t i m u m a t a 

t e m p e r a t u r e of 2'f°C for net CO u p t a k e , w i t h an i nc rease in the 

t e m p e r a t u r e , the net CO_ u p t a k e decreased m a i n l y because of both 

s t o m a t a l and m e s o p h y l l r e s i s t a n c e s . Our r e s u l t s are in c o n f i r m i t y 

w i t h his f i n d i n g s . I n the p resen t i n v e s t i g a t i o n , the v a r i a t i o n in 

the g r o w t h t e m p e r a t u r e between two tempera tu re reg imes was 2 "C, 

w h i c h r e s u l t e d in an inc rease in the LDR and decrease in TR. The 

t e m p e r a t u r e reg imes d i d not have any s i g n i f i c a n t i n f l u e n c e on 
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leaf t e m p e r a t u r e (LT) m e a s u r e d a t 60 and 80 DAS. However , 

j;ciioly|)cb c x i i i b i l c d b i j^ii i f icai i t d t l fcrenccb it) m a i n t a i n i n g the leaf 

t e m p e r a t u r e . It was o b s e r v e d t h a t the geno types S h a m - 1 , EICiSN-17, 

111-^77 and lli")-2!)0l had m a i n t a i n e d maximum leaf t e m p e r a t u r e a t 80 

HAS under h igh t e m p e r a t u r e r e g i m e . I t has a l r e a d y been s t a t e d 

e a r l i e r t i ia t e v e r y degree r e l s i u s r i s e in the t e m p e r a t u r e would l e a d 

to ^-'t per c e n t r e d u c t i o n in tlie g r a i n y ie ld ( W a r d l a w , 1989). The 

r e d u c t i o n in the g r a i n y ie ld in the p r e s e n t i n v e s t i g a t i o n may be 

r e l a t e d to an i n c r e a s e in the leaf t e m p e r a t u r e . Another r e a s o n for 

i n c r e a s e in the leaf t e m p e r a t u r e cou ld be b e c a u s e of d e c r e a s e in 

the TR t h e r e b y r e d u c i n g tr a n s p i r a t i o n a l c o o l i n g of leaf s u r f a c e s 

p a r t i c u l a r l y , under h igh t e m p e r a t u r e r e g i m e . 

5 . * BIOCHEMICAL PARAMETERS 

In the fore go ing d i s c u s s i o n , the effect of t e m p e r a t u r e 

reg imes on p l a n t g rowth and deve lopment and its r e l a t i o n s h i p wi th 

b i o p h y s i c a l p a r a m e t e r s has been d i s c u s s e d . I t is p o s s i b l e t h a t 

t h e r e mus t be some mechan i sm to i m p a r t t o l e r a n c e n a t u r e to the 

p l a n t s . Blum (1988) r e p o r t e d t h a t ce l l membrance t h e r m o s t a b i l i t y is 

a fair index of gene t i c v a r i a t i o n in h e a t t o l e r a n c e t h a t b e a r s a 

r e a s o n a b l e r e l a t i o n s h i p to p l a n t pe r fo rmance under h e a t s t r e s s . 

The p o s s i b l e b iochemcia l e x p l a i n a t i o n for t he se r e s p o n s e s a p p e a r 

not to have been i n v e s t i g a t e d h i t h e r t o and h e n c e , the n a t u r e of 

thermotoler ance has been d i s c u s s e d wi th r e s p e c t to these a s p e c t s . 

The p r e s e n t s t u d y r e v e a l e d t h a t , both c h l o r o p h y l l a, c h l o r o p h y l l b 

and to t a l c h l o r o p h y l l c o n t e n t s d e c r e a s e d with an i n c r e a s e in the 

growth t e m p e r a t u r e . on the who le , it was o b s e r v e d t h a t the per 
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cen t r e d u c t i o n in c h i . a c o n t e n t was more as compared to c h l . b 

i n d i c a t i n g t h a t c h l . b is less s e n s i t i v e to i nc rease in the g r o w t h 

tetripcr a t u r e . The inc rease in the c h l o r o p h y l l c o n t e n t under h i g h 

te inpe ra tu rc reg ime at 35 HAS, was m a i n l y because of the cooler 

t empe ra tu re under t h i s reg ime due to de l ay in s o w i n g t ime as 

comapred to low t empe ra tu re r e g i m e . Among the geno t ypes , S h a m - 1 , 

EICi.SN-17 and Bul ls-??^ reco rded the max imum decrease in the 

c h l o r o p h y l l con te f i t i n d i c a t i n g the s e n s i t i v e n a t u r e of the 

photosy n t h c t i c a p p a r a t u s in these genotypes to h i g h t e m p e r a t u r e . 

The leas t redut l i o n in c l i l o r o p h y l l c o n t e n t was o b s e r v e d in 

l o c a l K h a p l i , h i j a g a y e l l o w , li i^-'>502, 111-977 and nWU-17'f. 

Yo rdanov et_ a l . (1979) r e p o r t e d t h a t a h i g h t e m p e r a t u r e t r e a t m e n t 

of b a r l e y seed l i ngs to k2 to ' t5°C for 't to 8 hours i n h i b i t e d 

c h l o r o p h y l l b i o s y n t h e s i s , w h i c h c o u l d be a consequence of the 

decrased p h o t o c h l o r o p h y H ide q u a n t i t y or i ts t r a n s f o r m a t i o n . A 

s i m i l a r decrease in the c h l o r o p h y l l c o n t e n t due to h i g h t e m p e r a t u r e 

d u r i n g g r a i n deve lopment in w h e a t was o b s e r v e d by Kass im and 

Pau lsen (198^*). T h u s , i t c a n be c o n c l u d e d t h a t the t e m p e r a t u r e is 

one of the most i m p o r t a n t f ac to r s in c o n t r o l l i n g the f o r m a t i o n and 

f u n c t i o n a l a c t i v i t y of the p h o t o s y n t h e t i c a p p a r a t u s . 

The p r o t e i n macromo lecu le has the c a p a c i t y to unde rgo 

a t r a n s i t i o n f rom one s t r u c t u r a l s ta te to ano ther and such 

c o n f o r m a t i o n a l changes of p r o t e i n s are i n v o l v e d w i t h hea t s t ress 

( A l e x a n d r o v , 1977). The g rea te r is the c o n f o r m a t i o n a l f l e x i b i l i t y of 

p r o l c i u b in lernib o( l a b i l i t y o l t h e i r bonds , Ihe g rea te r is t he i r 

i n j u r y by hea t and t h e i r s u s c e p t i b i l i t y to t h e i r enzymat i c 
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d e n a t u r a t i o n . The e v o l u a t i o n of h e a t a d a p t a t i o n was c o n s i d e r e d to 

involve conforr t ia t ional f l e x i b i l i t y , p e r h a p s p a r t l y t h r o u g h the 

s u b s t i t u t i o n of the amino a c i d s . Other s o l u t e s , such as o r g a n i c 

ac ids as well as hormones l ike Kinet in were shown to e x c e r c i s e 

p ro t ec t ion a g a i n s t the h e a t s t r e s s (Zeng and K h a n , 198'f). The ro le 

ol p r o l i n e , an imino ac id has been found to i n c r e a s e many fold due 

to wa te r s t r e s s has been shown in many c r o p s and has been 

a s s i g n e d a spec i f i c ro le of s u p p l y i n g c a r b o n and n i t r o g e n . The 

s t u d i e s r e l a t i n g to the ro le of p r o l i n e and its a c c u m u l a t i o n due to 

higli t e m p e r a t u r e s t r e s s a r e very m e a g e r . In the p r e s e n t 

i n v e s t i g a t i o n , the p r o l i n e c o n t e n t i n c r e a s e d s i g n i f i c a n t l y due to 

h igh t e m p e r a t u r e s t r e s s in a l l the geno types and per c e n t i n c r e a s e 

was more a t l a t e r s t a g e s of c r o p growth which c o i n c i d e d wi th the 

h igh growth t e m p e r a t u r e . The g e n o t y p e s , B i j aga ye l low, 

Local K h a p l i , nWU-17'* and lin-2501 c o n s i s t a n t l y r e c o r d e d the 

maximum p ro l ine a c c u m u l a t i o n under h igh t e m p e r a t u r e reg ime in 

coin|)ar ibon to otiicr g e n o t y p e s . A l though , the spec i f i c n a t u r e of its 

s ign i l icanc e in i n d u c i n g t o l e r a n c e to h igh t e m p e r a t u r e s t r e s s cou ld 

not be e l u c i d a t e d , it is c e r t a i n t h a t it has got p o s i t i v e r e l a t i o n s h i p 

wi th the y ie ld s t a b i l i t y in t he se geno types under h igh t e m p e r a t u r e 

r e g i m e . 

G l a u c o u s n e s s , which is the v i s i b l e m a n i f e s t a t i o n of 

e p i c u t i c u l a r wax has been found to i n c r e a s e the g r a i n y i e ld and 

dry ma t t e r of d r o u g h t t o l e r a n t w h e a t and the time of deve lopmen t of 

e p i c u t i c u l a r wax is an i m p o r t a n t factor ( R i c h a r d s , 198'f). The 

t e m p e r a t u r e s of p h o t o s y n t h e t i c t i s s u e were 0.7"C. cooler in g l aucous 
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t l ian non-glaiK oils lines of wl icat (K i rhards ^ a l . , 1986), The 

development of e p i r i i t i r u l a r wax is an adapt ive mechanism to 

main ta in the water balance through reduct ion in tr anspir a t ional 

losses. Our data indicate that the wax content increased from 35 

to 60 DAS. Which again coincided w i th an increase in the growth 

temperature i nd i ca t i ng the synthesis of wax under adverse c l imat i c 

condi t ions. The comparison of wax deposit ion between the two 

temperature regimes revealed tha t the wax content was more under 

high temperature regime as compared to low temperature regime at 

60 DAS. Among the genotypes, Local K h a p l i , Raj-1555 and 

Bi jagar yellow recorded the maximum per cent increase in wax 

content as compared to other genotypes. However, the genotypes, 

DWR-lZ^f, Bulk-776, Sham-1 and EIGSN-17 did not show much wax 

deposit ion under high temperature regime. The increase in the leaf 

d i f fus ion resistance and decrease in the t r a n s p i r a t i o n rate in 

Local Khap l i , B i jaga yel low, DWR-lZ'f, Raj-1555 could be a t t r i bu ted 

to increased deposit ion of wax in these genotypes. 

I t lias been shown that the rate of accumulat ion of 

s larc l i a i 2!)"C". is greater at 15"C: and resul ted in an accelerated 

rate or g ra in growth ( tenner, 1968 and 1991a). Our data also 

indicated that the to ta l sugars increased w i th an increase in the 

growth temperatures and w i th an advancement in the crop g rowth . 

The increase in the sugar content due to h igh growth temperature 

mig l i l l^lay a role in the osmoregulat ion to ma in ta in normal 

metabolic ac t i v i t y of the c e l l . Among the genotypes, the maximum 

sugar content was recorded in Bi jaga yel low, HI-977, DWR-17'f. 
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The reduct ion in the sugar content of other genotypes at h igh 

growth temperature could be due to high resp i ra to ry losses or due 

to the res t r i c t ion for the flow of sucrose which is regarded as the 

substrate for the starch synthesis as wel l as for r e s p i r a t i o n . I t 

has been shown that the var ious water soluble compounds such as 

sugar , proteins e t c . , are able to protect the sensi t ive ce l l s t ruc ture 

agianst heat i nac t i va t ion (Kraus and Santar ius , 1975). 

There are several poss ib i l i t ies to exp la i n the nature of 

increased heat tolerance in crop p lan ts . A l though, i t is wel l 

known that heat resistance of plants increases du r i ng exposure to 

supraopt ima l , but sub le tha l temperatures, very l i t t l e informat ion is 

ava i lab le on the molecular mechanism of adaptat ion of cel ls to h igh 

temperature cond i t ions . The present inves t iga t ion has brought fo r th 

some new informat ion rega rd ing the inf luence of growth temperatures 

on various phys io log ica l parameters in d i f fe rent wheat genotypes 

grown under f i e ld cond i t ions . I t is hoped tha t In format ion 

generated in the present study would be useful in cha rac te r i s i ng 

the genotypes for their re la t i ve tolerance to h igh temperatures 

based on various phys io log ica l parameters studied and would be 

sueful in the selection of genotypes in fur ther breeding programme. 
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VI SUMMARY 

The present study was aimed in unders tand ing tiie 

inf luence of high temperature stress on var ious morpholog ica l , 

phys io log ica l , biochemical and b iophys ica l parameters in twelve 

genotypes of wheat belonging to d i f ferent genetic background and 

their re la t ionsh ip w i th p r o d u c t i v i t y . For th is purpose, the crop 

was ra ised under i r r i g a t e d condi t ions in the f ie ld in two d i f ferent 

temperature regimes du r ing r a b i , 1990-91. The h igh temperature 

stress is usual ly accompanied by water stress at later stages, 

p a r t i c u l a r l y in the r a b i season, which complicates the in teract ion 

between the temperature and water stress. Hence, the crop was 

ra ised under i r r i ga ted condi t ions to overcome this problem. To 

a t ta in the va r i a t i on in growth temperatures, the crop was sown on 

9 November 1990 and 5 December 1990. The sa l ien t features of the 

f ind ings are summerised below. 

1. Due to va r i a t i on in sowing per iod, the late sown crop 

was exposed to higher temperature by near ly 2°C at later stages of 

crop growth i . e . , from 35 days onwards. On the c o n t r a r y , the crop 

which was sown on 9 November 1990 (normal sown) had an 

exposure to higher temperature (near ly l°C) upto 35 days. There 

was not much difference in the r a i n f a l l received and the re la t i ve 

humidi ty between tiie two temperature regimes. 

2. Most of the morpho log ica l , phys io log ica l , biochemical 

and b iophys ica l parameters indcated better performance in high 

temperature regiine as compared to low temperature regime at 
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3> nA.S. This Wtis main ly bcr^iusc of exposure of tlie crop to higher 

unihicri l temper a lui e under low temperature regime. The treatments, 

' low temperature regime' and ' h i g h temperature regime' are 

designated cons ider ing the temperatures p r e v a i l i n g throughout the 

ent i re crop growth period rather than a pa r t i cu la r s tage. '• * 

3. Various morphological parameters studied ind icated 

tha t , the genotypes Local K h a p l i , B i jaga yel low, DWR-174, HD-'f502 

and Raj-1555 performed better under high temperature regime as 

compared to low temperature regime. The maximum reduct ion w i th 

respect to tliese parameters was observed in bham-1 , I 'urat- ' t and 

ElC..bN-17. 

k. The exposure of the crop to high temperature regime 

resulted in the s i g n i f i c a n t decrease in the ass imi la tory surface 

area. The minimum reduct ion was observed in Local Khap l i and 

Bi jaga yellow and the maximum in Sham-1 at 60 DAS. However, the 

genotypes, Raj-1555, DWR-l^f and HD-^502 had the maximum leaf 

area product ion both under low and high temperature regimes. A 

s imi lar t rend was noticed w i th respect to leaf area dura t ion and 

leaf area index. 

5. The results of var ious growth parameters indicated tha t 

the CGR, RGR, AGR and SLW decreased w i th an increase in the 

growth temperature, whereas, a s i gn i f i can t increase in NAR and SLA 

was observed under h igh growth temperature regime. 
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6. Leaf d i f fus ive r e s i s t a n c e (LDR) i n c r e a s e d wi th a 

d e c r e a s e in t r a n s p i r a t i o n r a t e (TR) under hiigh t e m p e r a t u r e r e g i m e . 

There were no s i g n i f i c a n t i n c r e a s e in tiie leaf t e m p e r a t u r e due to 

h igh growth t e m p e r a t u r e . Among the g e n o t y p e s , Local K h a p l i , 

B i j aga ye l low, DWR-lZ'f and HD-'f502 r e c o r d e d the maximum i n c r e a s e 

in li')R over the i r c o r r e s p o n d i n g v a l u e s under low t e m p e r a t u r e 

r e g i m e . However, the g e n o t y p e s , ElGSN-17, Sham-1 and F u r a t - ' t had 

low I hii iind the l eUuc l ion in the TR was less u n d e r lilgli 

t e m p e r a t u r e r e g i m e . 

7 . Tl iough, both c h l . a and c h l . b c o n t e n t s d e c r e a s e d due to 

h igh growth t e m p e r a t u r e s , the per c e n t d e c r e a s e c h l . a was more as 

compared to per c e n t d e c r e a s e in c h l . b . The g e n o t y p e s , S h a m - 1 , 

EIGSN-17 and Bulk-776 had the maximum per c e n t r e d u c t i o n of t o t a l 

c h l o r o p h y l l , i n d i c a t i n g the s e n s i t i v e n a t u r e of t he se g e n o t y p e s to 

i n c r e a s e in the growth t e m p e r a t u r e s . 

8. The p r o l i n e c o n t e n t was found to d e c r e a s e from 35 to 

85 DAS in a l l the geno types under both t e m p e r a t u r e r e g i m e s . The 

d i f fe rences due to growth t e m p e r a t u r e were s i g n i f i c a n t on ly a t l a te r 

s t a g e s i . e . , 60 and 85 DAS wi th h igh t e m p e r a t u r e reg ime r e c o r d i n g 

h ighe r p r o l i n e c o n t e n t . The per c e n t i n c r e a s e in the p ro l ine 

c o n t e n t due to h igh t e m p e r a t u r e i n d i c a t e d t h a t the genotypes 

Local K h a p l i , DWR-IZ'f, B i j aga yellow and HD-2501 had the maximum 

i n c r e a s e due to h igh t e m p e r a t u r e . 

9 . The growth t e m p e r a t u r e s s i g n i f i c a n t l y i n c r e a s e d the wax 
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depos i t i on in a l l the g e n o t y p e s , bu t , the e x t e n t of i n c r e a s e v a r i e d 

among the g e n o t y p e s . Tlicrc was n e a r l y 60 per c e n t i n c r e a s e in 

wax depos i t i on in Uaj-1555 and Local K h a p l i followed by 

Bi jaga ye l low. The geno types Bulk-776, DWR-lZ^f, HD-2501 and 

Sham-1 showed a m a r g i n a l i n c r e a s e in t he i r wax c o n t e n t due to 

h igh growth t e m p e r a t u r e . 

10. There was an i n c r e a s e in the t o t a l s u g a r c o n t e n t due 

to h igh t e m p e r a t u r e . Among the g e n o t y p e s , B i j aga yel low had the 

maximum t o t a l s u g a r c o n t e n t under both t e m p e r a t u r e r e g i m e s . The 

lowest s u g a r c o n t e n t was not iced in EICiSN-17 under h igh 

t e m p e r a t u r e reg ime a t 85 DAS. 

11. Among the g e n o t y p e s , the maximum r e d u c t i o n in the 

y ie ld was r eco rded in Sham-1 and F u r a t - ' t . T h o u g h , the g r a i n 

y ie ld per h i l l was low in Local Khap l i a n d B i j a g a ye l low, the 

r e d u c t i o n due to h igh t e m p e r a t u r e was very low in t he se geno types 

t hus i n d i c a t i n g the h igh t e m p e r a t u r e t o l e r a n c e . The geno type 

nWR-lZ'f, whi le m a i n t a i n i n g the h igh yie ld both under low a n d h igh 

t e m p e r a t u r e r e g i m e , its r e d u c t i o n due to h igh t e m p e r a t u r e was a lso 

l e s s . Tlie r e d u c t i o n in g r a i n y ie ld in h igh t e m p e r a t u r e was m a i n l y 

a t t r i b u t e d to the s i g n i f i c a n t r e d u c t i o n in the 1000-g ra in w e i g h t and 

s p i k e l e n g t h . 
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Appendix Ĵ  

Maximum and minimum temperatures p r e v a i l i n g 

dur ing growth period of normal sown crop 

T c m p c 

n.iU- M, 

1 

y - i i - y o 

10-1 i - ' ;o 

l l - l l - V O 

1 2 - 1 1 - 9 0 

1 3 - 1 1 - 9 0 

^ - 1 1 - 9 0 

1 5 - 1 1 - 9 0 

1 6 - 1 1 - 9 0 

1 7 - 1 1 - 9 0 

1 8 - 1 1 - 9 0 

1 9 - 1 1 - 9 0 

2 0 - 1 1 - 9 0 

2 1 - 1 1 - 9 0 

2 2 - 1 1 - 9 0 

2 3 - 1 1 - 9 0 

2 ' t - l l - 9 0 

2 5 - 1 1 - 9 0 

2 6 - 1 1 - 9 0 

2 7 - 1 1 - 9 0 

2 8 - 1 1 - 9 0 

2 9 - 1 1 - 9 0 

3 0 - 1 1 - 9 0 

1-12-90 

2 - 1 2 - 9 0 

3 - 1 2 - 9 0 

^ - 1 2 - 9 0 

r a t u r c 

JXlllMltl 

2 

3 0 . 0 

3 0 . 0 

3 0 . 5 

3 0 . 5 

2 8 . 3 

2 9 . 7 

2 9 . 2 

3 1 . 1 

2 6 . 7 

2 6 . 8 

2 7 . 0 

3 1 . 1 

3 0 . 5 

3 0 . 0 

2 9 . 5 

2 9 . 7 

2 9 . 9 

2 9 . 5 

2 8 . 9 

2 6 . 1 

2 7 . 0 

3 0 . 0 

29. 'f 

3 0 . 6 

3 1 . 0 

3 1 . 2 

( ° C ) 

1 MIniiiiutii 

3 

17 .0 

17 .2 

17 .5 

18 .0 

12 .1 

l ' f . 8 

13 .8 

20.^1 

19 .8 

19 .2 

1 8 . 3 

1 8 . 5 

1 6 . 5 

15.if 

15 .0 

15 .0 

15 .2 

U . 8 

18 .7 

1 9 . 3 

19 .0 

15.i* 

15 .0 

1 5 .2 

1 5 .5 

1 5 . 0 

Mcun 

k 

2 3 . 5 

2 3 . 8 

2'f.O 

2if.2 

2 0 . 3 

2 2 . 2 

2 1 . 5 

2 5 . 8 

2 3 . 3 

2 3 . 0 

22 J 

2k.% 

2 3 . 5 

2 2 . 7 

2 2 . 2 

22.if 

2 2 . 6 

2 2 . 2 

2 3 . 8 

2 2 . 7 

2 3 . 0 

2 2 . 7 

2 2 . 2 

2 2 . 9 

2 3 . 2 

2 3 . ^ 

T e m p e r a t u r e 

H a t e 

I 

5 - 1 2 - 9 0 

6 - 1 2 - 9 0 

7 - 1 2 - 9 0 

8 - 1 2 - 9 0 

9 - 1 2 - 9 0 

1 0 - 1 2 - 9 0 

1 1 - 1 2 - 9 0 

1 2 - 1 2 - 9 0 

1 3 - 1 2 - 9 0 

1^^-12-90 

1 5 - 1 2 - 9 0 

1 6 - 1 2 - 9 0 

1 7 - 1 2 - 9 0 

1 8 - 1 2 - 9 0 

1 9 - 1 2 - 9 0 

2 0 - 1 2 - 9 0 

2 1 - 1 2 - 9 0 

2 1 - 1 2 - 9 0 

2 3 - 1 2 - 9 0 

2^1-12-90 

2 5 - 1 2 - 9 0 

2 6 - 1 2 - 9 0 

2 7 - 1 2 - 9 0 

2 8 - 1 2 - 9 0 

2 9 - 1 2 - 9 0 

3 0 - 1 2 - 9 0 

Miix iiiitiin 

2 

3 0 . 7 

3 1 . 0 

3 1 . 5 

3 0 . 1 

2 9 . 2 

2 8 . 9 

2 9 . 5 

2 9 . 6 

3 0 . 1 

2 7 . 2 

2 8 . 1 

2 8 . 3 

2 8 . 9 

2 8 . 5 

2 9 . 0 

2 9 . 0 

2 9 . 2 

2 9 . 0 

2 8 . 6 

2 8 . 9 

2 9 . 0 

2 9 . 2 

2 8 . 6 

2 9 . 0 

2 9 . 2 

29. '* 

( ° C ) 

MInlmuii i 

3 

15 . 2 

15 .0 

15 .2 

U . 6 

U . 6 

15.'f 

U . 9 

13 .2 

13.it 

H . 3 

1 5 . 9 

U . 9 

15.if 

H . 8 

U . 6 

U . 6 

U . 3 

I'f.O 

l ' / . 2 

13.'f 

1 3 . 2 

1 3 . 3 

13 .0 

1 3 .2 

11 .1 

1 1 . 2 

M e a n 

h 

2 3 . 0 

2 3 . 0 

21>.k 

2 2 . ** 

2 1 . 9 

2 2 . 2 

2 2 . 2 

2 1 . ^ 

2 1 . 8 

2 0 . 8 

2 2 . 0 

2 1 . 6 

2 2 . 2 

2 1 . 6 

2 1 . 8 

2 1 . 8 

2 1 . 8 

2 1 . 5 

2 1 . ^ 

2 1 . 2 

2 1 . 1 

2 1 . 3 

2 0 . 8 

2 1 . 1 

2 0 . 2 

2 0 . 3 

Contd. 
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Appendix I 

I 

31-12-90 

1-01-91 

2-01-91 

3-01-91 

ti-Ql-9[ 

5-01-91 

6-01-91 

7-01-91 

8-01-91 

9-01-91 

10-01-91 

11-01-91 

12-01-91 

13-01-91 

U-01 -91 

15-01-91 

16-01-91 

17-0U91 

18-01-91 

19-01-91 

20-01-91 

21-01-91 

22-01-91 ' 

23-01-91 

2'*-01-91 

25-01-91 

26-01-91 

27-01-91 

28-01-91 

29-01-91 

30-01-91 

31-01-91 

. continue 

2 

30.1 

29.6 

30.6 

30.5 

23A 

29.1 

32.2 

31.1 

30.5 

32.2 

31.'^ 

31.1 

31.5 

31.7 

31.1 

30.5 

31.2 

33.3 

30.6 

30.8 

31.0 

32.2 

33.1 

32.8 

32.2 

31.7 

30.8 

28.7 

29.8 

30.0 

29.8 

31.0 

d 

3 

13.2 

12.1 

9 .^ 

9.6 

9.8 

U.O 

15.9 

17.1 

16.8 

16.5 

15.if 

U.O 

U.O 

13.7 

15.1 

16.0 

15.8 

15.'* 

15.9 

16.0 

16.1 

16.3 

15.«f 

16.2 

17.9 

U . 8 

15.0 

K . 3 

ik.l 

13.3 

13.2 

H.O 

k 

21.6 

20.8 

20.0 

20.1 

19.6 

21.6 

2k.\. 

2k. V 

23.6 

2k.k 

23.it 

22.5 

22.8 

22.7 

23.1 

23.2 

23.5 

2k.3 

23.5 

23.4 

23.6 

2'f.2 

2'».2 

2k. 5 

25.2 

23.2 

22.9 

21.5 

22.0 

21.6 

21.5 

22.5 

1 

1-2-91 

2-2-91 

3-2-91 

4-2-91 

5-2-91 

6-2-91 

7-2-91 

8-2-91 

9-2-91 

10-2-91 

11-2-91 

12-2-91 

13-2-91 

14-2-91 

15-2-91 

16-2-91 

17-2-91 

18-2-91 

19-2-91 

20-2-91 

21-2-91 

22-2-91 

23-2-91 

24-2-91 

25-2-91 

26-2-91 

27-2-91 

28-2-91 

1-3-91 

2-3-91 

3-3-91 

2 

31.2 

32.3 

33.8 

35.6 

34.3 

33.9 

32.5 

32.1 

33.5 

33.9 

33.9 

32.0 

33.0 

35.0 

34.4 

33.2 

31.9 

32.0 

35.0 

34.4 

33.9 

33 .3 

34.4 

33.8 

34.4 

33.5 

32.8 

33.9 

32.9 

33.9 

34.2 

3 

14.6 

12.8 

13.8 

13.9 

14.0 

14.3 

14.2 

13.5 

14.8 

15.4 

15.9 

15.5 

15.7 

16.8 

16.5 

16.4 

15.4 

15.0 

14.8 

17.4 

17.1 

14.6 

15.4 

15.0 

15.4 

17.2 

17.0 

17.6 

16.5 

16.8 

17.6 

4 

22.9 

22.6 

23.8 

24.7 

24 .2 

24.1 

23.4 

22.8 

24.2 

24.6 

24.9 

33.5 

24.4 

25.9 

25.4 

24.8 

23.6 

23.5 

24.8 

25.9 

25.5 

23.9 

24.9 

24.4 

24.9 

25 .4 

24.9 

25.8 

24.7 

25 .3 

25.9 

http://23.it
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Appendix 11 

Maximum and minimum temperatures p reva i l ing 

during growth period of late sown crop 

T e m p e r a t u r e 

Date 

I 

5-12-90 

6-12-90 

7-12-90 

8-12-90 

9-12-90 

10-12-90 

11-12-90 

12-12-90 

13-12-90 

U - 1 2 - 9 0 

15-12-90 

16-12-90 

17-12-90 

18-12-90 

19-12-90 

20-12-90 

21-12-90 

22-12-90 

23-12-90 

2'f-12-90 

25-12-90 

26-12-90 

27-12-90 

28-12-90 

29-12-90 

30-12-90 

Maximum 

2 

30.7 

31.0 

31 .5 

30.1 

29.2 

28.9 

29.5 

29.6 

30.1 

27.2 

28.1 

28 .3 

28.9 

28 .5 

29.0 

29.0 

29 .2 

29.0 

28.6 

28.9 

29.0 

29 .2 

28.6 

29.0 

29.2 

29 .^ 

CO 

Minimum 

3 

15.2 

15.0 

15.2 

U . 6 

U . 6 

15A 

H . 9 

13.2 

13.if 

U . 3 

15.9 

H . 9 

15.k 

U . 8 

U . 6 

U . 6 

U . 3 

U.O 

U . 2 

i3A 

13.2 

13.3 

13.0 

13.2 

11.1 

11.2 

Mean 

It 

22.9 

23.0 

23.'f 

22.it 

21 .8 

22.2 

22 .2 

21.if 

21 .8 

20 .8 

22.0 

21.6 

22 .5 

21.6 

21 .8 

21.8 

21 .8 

21 .5 

21.if 

21 .2 

21.1 

21.2 

20.8 

21.1 

20 .2 

20 .3 

T e m p e r a t u r e 

Date 

1 

31-12-90 
1-1-91 

2-1-91 

3-1-91 

ti-l-3[ 

5-1-91 

6-1-91 

7-1-91 

8-1-91 

9-1-91 

10-1-91 

11-1-91 

12-1-91 

13-1-91 

U - 1 - 9 1 

15-1-91 

16-1-91 

17-1-91 

18-1-91 

19-1-91 

20-1-91 

21-1-91 

22-1-91 

23-1-91 

24-1-91 

25-1-91 

CO 

Maximum Minimum Mean 

2 

30.1 
29.6 

30.6 

30 .5 

29.k 

29.1 

32 .2 

31.1 

30 .5 

32.2 

31.if 

31.1 

31.5 

31.7 

31.1 

30.5 

31.2 

33 .3 

30.6 

30.8 

31.0 

32.2 

33.1 

32.8 

32.2 

31.7 

3 

13.2 
12.1 

9.It 

9.6 

9 .8 

U . O 

15.9 

17.1 

16.8 

16.5 

I5.lt 

U . O 

U . O 

13.7 

15.1 

16.0 

15.8 

I5.it 

15.9 

16.0 

16.1 

16.3 

I5.lt 

16.2 

17.9 

U.& 

Contd, 

it 

21.6 
20.8 

20.0 

20.1 

19.6 

21.6 

24.1 

23 .5 

23 .6 

2it.it 

23.It 

22.6 

22.8 

22.7 

23.1 

23 .2 

23 .5 

2it.it 

23.2 

23.4 

23.6 

24.2 

24 .2 

24 .5 

25 .1 

23 .2 
1 
1 

1 • • • 

http://22.it
http://I5.lt
http://I5.it
http://I5.lt
http://2it.it
http://2it.it
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A p p f i u l i x 1 1 , c o n t i n u e d 

I 

26-1-91 

27-1-91 

28-1-91 

29-1-91 

30-1-91 

31-1-91 

1-2-91 

2-2-91 

3-2-91 

'f-2-91 

5-2-91 

6-2-91 

7-2-91 

8-2-91 

9-2-91 

10-2-91 

11-2-91 

12-2-91 

13-2-91 

H - 2 - 9 1 

15-2-91 

16-2-91 

17-2-91 

18-2-91 

19-2-91 

20-2-91 

21-2-91 

22-2-91 

2 

30.8 

28.7 

29.8 

30.0 

29.8 

31.0 

31.2 

32.3 

33.8 

35.6 

3ti.3 

33.9 

32.5 

32.0 

33.5 

33.9 

33.9 

32.0 

33.0 

35.0 

3itA 

33.2 

31.9 

32.0 

35.0 

3kA 

33.9 

33 .3 

3 

15.0 

U . 3 

U . 3 

13.3 

13.3 

\k.O 

1^.6 

12.8 

13.8 

13.9 

I'l.O 

U . 3 

U . 2 

13.5 

U . 8 

\.5A 

15.9 

15.5 

15.7 

16.8 

16.5 

16.^ 

\.5.k 

15.0 

\tt.% 

17.4 

17.1 

ik.e 

t^ 

22.9 

21.5 

22.1 

21.6 

21.6 

22 .5 

22.9 

22.6 

23.8 

2't .8 

2it.2 

2itA 

23.k 

22.8 

2'f.2 

2'*.6 

21.9 

23.8 

2iiA 

25.9 

25.'f 

2i».8 

23.6 

23 .5 

2'f.9 

25.9 

25 .5 

23.9 

1 

23-2-91 

2'f-2-9l 

25-2-91 

26-2-91 

27-2-91 

28-2-91 

1-3-91 

2-3-91 

3-3-91 

k-3-3\. 

5-3-91 

6-3-91 

7-3-91 

8-3-91 

9-3-91 

10-3-91 

11-3-91 

12-3-91 

13-3-91 

14-3-91 

15-3-91 

16-3-91 

17-3-91 

18-3-91 

19-3-91 

20-3-91 

21-3-91 

2 

3k.k 

33.8 

34.4 

33.5 

32.8 

33.9 

32.9 

33.9 

34.2 

35.6 

36.1 

35.6 

35 .3 

35.0 

36.0 

36.4 

38.9 

35.6 

36.4 

36.9 

36.4 

36.4 

36.7 

37.2 

37.3 

37.7 

38 .3 

3 

15.4 

15.0 

15.4 

17.2 

17.0 

17.6 

16.5 

16.8 

17.6 

18.7 

18.7 

17.9 

17.6 

16.5 

17.0 

17.9 

20.4 

20.9 

20.9 

19.0 

18.7 

19.3 

19.8 

20.4 

20.2 

19.3 

20.4 

4 

?4 .9 

24.4 

24.9 

25.4 

24.9 

25.8 

24.7 

25.4 

25.9 

27.4 

27 .2 

26.6 

26 .3 

26.2 

26.7 

28.4 

28.0 

?8 .6 

28.9 

27.7 

27 .6 

28.0 

28 .2 

28 .8 

28.8 

28 .5 

29.4 



^ ' : '3 

1 I J/Vl ^"^5 

rf. ^0 ..., 

,tî .:U)6r) 


