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1 . INTRODUCTION

Chickpea (Cjcer arientinum L. ) is  the leading pulse crop of India.

I t  contributes 51 % of the to ta l  pulse production and occupies % of 

the cropped area of the country. India is  the premier chickpea growing 

country ani the bulk of the world’ s chickpea production i s  derived from 

th is sub-continent, which occupies 80 # of the world's area under chickpea 

cu ltivatio n . Out of the world's to ta l production of 7 .** m illion  metric 

tonnes;obtained from an area of 10.36 m illion hectares, India contributes 

5.83 m illion  metric tonnes of grain from 7*87 m illion hectares (F.A.O. 

1979).

3h®:e is  a need to  increase the pulse production in  India every 

year progressively by an average cf 2.2 % in  order to  maintain the 

minimum requirement cf 50 gram protein intake o f daily  d ie t against the 

WHO/FAO n u trition al standards of 104 gram per capita per day. '

3he lack  of basic information of improved production practices 

and a v a ila b ility  of high yield in g v a rie tie s  with resistan ce to  adverse 

conditions, together with poor transfer of existing inproved technologies 

are recqgnised as some of the major constraints to  in cr^ sed  pulse 

production. Snartt (1978) pointed out lf i t  is  important to know the 

extent to which the physiology o f a crop can be modulated to  f i t  a 

particu lar set cf environmental condition or production practices and 

conversely to the extent to which techniques need to be modified or 

accommodate unalterable physiological processes".
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The average y ie ld  of chickpea is  only 700 kg/ha and varied greatly 

■with both s ite s  and seasons from about 190-1600 kg/ha. One of the major 

causes for low y ie ld  in  chickpea, among others, can be attributed to low 

reproductive e ffic ien cy  which can be as lew as 5 ®he seal y ie ld  is  

b asica lly  determined by the number of flowers that a plant can produce 

and the percentage o f  those^could develop in to  mature seeds of prop a: s ize .

Flower and f r u i t  drop of chickpea is  a common feature resu ltin g  in  

excessive losses of seed y ie ld  to  the extent of 50-95 %- No systematic 

study has been so far undertaken to understand the physiological basis of 

flower and fr u it  drop in chickpea, which occupies the most sign ifican t 

position in  pulse cu ltiv atio n  in  India.

She cause of low reproductive e ffic ien cy  is  mainly due to heavy 

shedding of reproductive structures. This problem is  further aggrevated 

by the fa c t that chickpea is  an indeterminate type, where vegetative growth 

continues for a long period and overlaps with the reproductive growth. I t  

appears that there is  a lag phase and only when s u ffic ie n t photosynthates 

are availab le can these young fru its  begin to develop. Besides the 

deficiency of assim ilates far the developing f r u i t s ,  other causes have 

been suggested which include nitrogen supply, hormonal fa cto rs , gaseous 

exchange, mineral nutrient supply, s o i l  moisture, humidity and tenperature. 

One or more of these prime causes permit eventual regulation of f r u i t  set 

and y ie ld . Factors affectin g  abscission of flowers and f r u it  influence 

the y ie ld  and therefore warrant further study. Hence pod anl seed setting
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becomes the c r i t i c a l  stages requiring improvement far increasing the 

y ie ld . An understanding of physiological and biochemical aspects of 

flower and fr u it  development and th eir shedding Is essen tia l and the 

knowledge thus acquired can be gain fu lly  applied fear attaining higher 

seed y ie ld .

Nevertheless, attempts have been made using growth regulators to 

reduce flower and f r u i t  drop in  order to increase pod se t. D ifferent 

growth regulators have been used by various workers : IAA (Srlvastava and 

Tamer, 1973)* TXBA (Sinha and G hildiyal, 1973)» Qycocel (Alhawat et a l . . 

1974; Saraf e t a l . , 1974; and Sekhon and Kaul, 1974) , Alar and GA (Khan 

et a d ., 1976) are the growth regulators which have been tr ied  on chickpea. 

Despite these e ffo rts  no recommendation could be made to  the farmers for 

want of consistant re s u lts . One of the possible reasons could be that 

the concentration and stage cf application had been a rb ilx a r ily  chosen. 

Hence the need for determining the appropriate stage of application and 

concentration of respective growth regulators and fez* th is an in teraction  

of stage vs concentration study is  desirable.

. Although information is  available on the extent of pod s e t  (Kadam 

et a l . ,  1938; Ral and Rao, 1940 and A grikar, 1957), y e t , very l i t t l e  is  

known of either how or a t  what stage during development variation  in  

y ie ld  components arises under varied environmental condition. Literature 

i s  lacking with respect to an integrated approach regarding time, 

in ten sity  and duration o f flowering and the sequential determination of
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the reproductive efficien cy of chickpea. Obviously detailed studies on 

the e ffe c t  of clim ate on flower and pod settin g  in  chickpea aid the 

mechanism involved are required, before the major lim itations to  repro­

ductive e ffica cy , and their major e ffe cts  on y ie ld  can be a llev ia ted .

The saed y ie ld  in  chickpea, lik e  other grain legumes, deperds upon 

the vegetative and reproductive components, which are markedly affected  

by environmental factors (Sunnn a f ie ld  and I&nchin, 1976). Summer fie ld  

.gt a l ,  (1980) considered the growth and development of an annual legume 

plant resu ltin g  in  a numb® of consecutive phases; vegetative ( in c lu d e  

J u v e n ility ), mature (ripeness of flow ers), reproductive (flowering and 

settin g of fr u its )  aid senescent (which Includes maturation of f r u its ) .

This quantitative performance of plants throughout each stage of develop­

ment is  often determined or limited, by those environmental factors which 

a lso  in it ia te s  phase changes. According to them the tra d itio n a l components 

of y ie ld  analysis equates legume seed y ie ld s  to  the product of three compo­

nents only i . e .  the number o f pods that reach m aturily, the average number 

of seeds in  them and the mean weight of individual seeds. They argued 

that these aggregated data alone are of lim ited values in  furthering over 

comprehensions of the physiological lim itations to legume seed production. 

We cannot use them to id en tify  with confidence, the main e ffe c t  and in te r­

action of clim atic facto rs on the mare responsive components that contri- 

aute s ig n ific a n tly  to  variations in  y ie ld  u n t il  these re latio n s have been 

studied more ca re fu lly .

As i t  is  true of other species, the mntoer of pods that reach maturity



have a major e ffe ct on the seed y ie ld  in  chickpea (Sandku and Singh, 1972). 

Id tt le  is  known also  for chickpea of the e ffects  o f environmental factors 

on the rate  or duration of seed f i l l ;  a t which lo c i within fru its  and a t 

what age abcrtion is  more prevalent or the consequences of maturation 

environment on the biochemical composition of seeds.

Various causes have been assigned to  low pod and seed settin g  in 

chickpea. E arlier workers enphasised the importance o f r e la t iv e  humidity 

(Sen and Mukherjee, 1961) for higher pod se t, which was la ta : ruled out 

by van der Ihesen (1972). Several workers have stressed the importance 

of photo periods (van der Maesen, 1972} Snartt, 1976; arxi Summer f ie ld  _et a l . 

1981), l ig h t  in ten sity  (Sandhu and Hodges, 1971} van der l&esen, 1972 and 

Suaanerfield et a l . ,  1979). Among these factors temperature ha« received 

the highest attention and many attempts have been made to  evaluate the 

performance of chickpea as affected  by d iffe re n t dates of sowing (Sur et a l . 

1966} Eshel, 1967; &isrma et a l . , 1967} Kaul et a l . . 1976 anl Ageeb, 1977). 

Temperature has a lso  been enpfaasised as a facto r a ffe ctin g  shedding in 

chickpea (fexena and Sheldrake, 1980 and Snsnerfield et a l . ,  1981).

Summer fie ld  _et a l.  (1980) r ig h tly  questioned how envir onmental 

variations in time, a ffe c t  ph ysiological and morphological processes i . e .  

growth, development and y ie ld .

Keeping the above considerations in  view an attenpt has been made 

to study the reproductive e ffic ien cy  in  chickpea. The major objectives
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of the present investigationsare :

1 . 3b study the genetic v a r ia b ility  and d iv s 's ity  with respect to

the flowering behaviour and shedding of flowers during the 

reproductive stage in  order to evaluate the peak periods of 

flowering, shedding percentage and reproductive e ffic ie n cy .

2. To study the influence of temperature (based on d iffe re n t dates

of sowing), on time, in ten sity  and duration of flowering and 

reproductive effic ien cy  in  re la tio n  to  growth and development 

of chickpea. ,

3 . 3b study the p o s s ib ility  of inproving reproductive efficien cy

by chemical manipulations using growth regulators.

4 . To in vestigate  the biochemical changes associated with abscission

of flowers and fr u its .



2 . REVIEW OF LITERATURE

Although wealth of lite ra tu re  is  a va ilab le  on d iffe re n t aspects 

of chickpea physiology, biochemistry and agrcnany, y e t lite ra tu re  per­

taining to  the reproductive effic ien cy  is  r e s tr ic t s !  to pod se t only and 

in  sp ecific  terms of the sequence of i t s  components i s  conpletely lacking.

Reproductive, e ffic ien cy is  the capacity of the plant to  produce 

reproductive structures and i t s  conversion to economic products. The 

seed y ie ld  per plant is  determined In a component series by the number of 

flowers farmed pa? plant to percentage f r u it  set and number cf seeds per 

plant and seed s ize  (van Schaik and Rrcbst, 1958). The importance cf 

shedding of reproductive part i s  evident since the seed y ie ld  is  deter­

mined b a sica lly  by the number of flowers a plant can produce and the 

percentage of those that can develop in to  mature seeds and seed size  

(Thoms and Rafer, 1976). Summerfleld et a l .  (1980) emphasised that the 

quantitative performance of p lant throughout each stage of development 

i s  often determined or lim ited by those environmental factors which a lso  

in it ia te  phase changes and suggested the following sequence of components 

of seed y ie ld  in  determinate legumes.

1. Humber cf nodes/plant (N0) V ^ e ta tiv e  growth ra te  x Duration
of preflowering period,

2 . % of N0 that becomes reproductive 
( l  x 2) = Phenologieal poten tial

3. Number of flowers per reproductive node (F) ) Numb®1 of pods pgr
) reproductive node (P)

h. $ of F that s e t  pods ) .
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5. # of P that are retained

6. Humber cf seeds per pod (s)
(3 x 4 x 5 x 6) -  Reproductive e fficacy  ) terbon supply

) Nitrogen supply
7 . $ of S that a tta in  maturity )

8. Mean seed weight = Mean seed growth ra te  x duration o f p o d - fill

(7 x 8) = Yield culmination .

Y ield  / Plant = ( l  x 2) x (3 x 4 x 5 x 6) x ( 7 x 8 )

Considerable work has been done on the reproductive e ffic ie n cy  of
\

cotton, where bud and b a ll  shedding is  of great economic importance 

(B alls, 1912; Harland, 1917; Ewing, 1918; and Llyoid, 1920). Reproductive 

effic ien cy has been estimated in  Arachls typogea (Saith Ben, 1954), white 

pea bean (Davis, 1945) , lima bean (Cardnex, 1933; lembeth, 1950) and 

soybean (Swen, 1933; van Schaik and Ercbst, 1958; Hardman, 1970; Thomas 

and,Rafer, 1976 and Me B lain  and Hume, 1981).

In d irectly  reproductive effic ien cy  can be evaluated fe r  the pulse 

crop from the reported percentage of pod se t in  lite ra tu re . However, 

these estimates are approximate, because t h y  do not take into accaint 

of the number cf im atu re  pods fa lle n , cr the undeveloped pods, which do 

not express the f u l l  seed s iz e . Moreover information regarding the 

flowering behaviour is  a lso  not complete.

Shedding has been reported to  be 40-97 % in  soybean (Swen, 1933) 

fa r  Khar i f  pulses Kaul et a l ., (1976) reported 40-50 32-46 % and 47-

6 l  io fo r  urd, mung bean and cowpea resp ective ly . In case of chickpea 

earlier reports pertain  only to percentage of pod se t. However, recently
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Varma and Eromila Kmnarl (1980) reported fear G-I30 and Kabuli cu ltivar 

L-144 that the flower shedding ranges between 18.5 and 19 $ and pod 

shedding between 26 and 43.1  %. Abbas (1979) (Personal comnunicaticn) 

found that flower shedding occurs to  the extent of 41-88 i» and pod shedding 

2-14 % in  the study of 12 cu ltivars of chickpea.

Percent f r u it  set has been reported for scybean as 13 $ to  22 %

(van Sbhaik and ftcibst, 1958)* nning bean and cowpea as 11-31 % and 17-21 $ 

respectively  (Sinfoh, 1977). For chickpea pod se t has been reported to 

vary between 22.2 and 36.8 $ (Pal and Hao, 1940), and 14-44 % in  4 cu ltivars 

Chaffa, Gigus, N. 30 and Harachana by Agrikarcgr (1957). Abbas (1979) in  

12 chickpea cu ltiv ars observed that pod set varied between 11-65 # and 

f r u i t  set 113-55 $>•

Frcan the above i t  is  clear that information on r  ̂ productive effic ien cy 

of chiclqaea 1b almost lacking and there is  not a single reference in 

lite ra tu re  where the d iffere n t components cf reproductive e ffic ie n c y  have 

been studied in  a sequence. F lcra l biology on the other hand has been 

studied in  d e ta il  and flower formation has been received considerable 

attention. In view of the above th is review w il l  be confined to the 

f lo r a l  b iology, factors affectin g  flower and fr u it  formation and physio­

logy of growth and y ie ld  of chickpea.

2 . 1  F lc ra l Biology- : ,

F loral biology in  chickpea has been extensively studied. The time 

of a ctiv e  blooming has been reported to  vary between 9 A.M. and 10 A.M.
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(Ayyar and Balasubramanlan, 1935)> 9 - 10.30 A.M. (Agrikar, 1957) and 

between 6.15 A.M. and U.50  P.M. (Or eon et a l . , 1977)* Average time taken 

fo r complete blooming of coro lla  varies from 1.30  to  4.^5 hours. Flower 

started to  c lo se  aft®: 2 P.M. and by 10.25 P.M. th^r completely closed.

Average number of flowers opening was 5 par plant and the maximum
\

being 12 per plant (Kadam et a l . ,  1938). The duration of opening varies 

between 7 to  15 hours and 1  to 17 hours depending upon the variety  and

on an average I t  usually varied from 2.6  to 5.23 hours (Agrikar, 1957).
\

The process cf .closing was found to  be more gradual from that of opening 

and the to ta l period in  which a flower rem ined open was less in  the 

second day of opening (Ayyar and Balasubramanlan, 1935). The in terva l 

between the f i r s t  closing and the s ta r t  of the second opening of flower 

varied ftom H -13  hours and from the s ta r t  of the second opening to  the 

f u l l  opening was 1 . 1(6 hours. The period between the second f u l l  opening 

and second closing was found to be of sim ilar order, however, period icity  

of these phases varied with d iffe re n t cu ltivars (Agrikar, 1957). Further, 

the buds open when they a tta in  a s iz e  of 9 mm x 5 mm. Moreover, 4 to  29 % 

o f the buds do not open at a l l .

Agrikar in  his above study a lso  noted that the mode o f flowering 

of the 1+ cu ltivars v i z . ,  Chaffa, Gigus, N. 30 and Harachana was d is tin ctly  

d iffere n t although there was a general ascending or descending order of 

number of flowers that opened progressively. The duration o f flowering 

was a lso  found to  d iffe r  which was found to be 18 days for cv. Chaffa
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against 1  ̂ days In case of. N. 30 and Harachana, while th is  was narrowed 

to  11 days in  case of Gigus. Ayyar and Balasubramanian (1935) found that 

the anther dehiscence and po llin atio n  occured one day before the opening 

of flower and there was hardly any cross p o llin atio n , although a l l  the
i

pollen  grains present a t the time of flower opening were v iab le . Agrikar 

(1957) found that on the whole 69 % of the to ta l  buds had the anther 

dehiscence between 7 .A.M. and 8 A.M. The optimum time far anthesis or 

p ollin ation  was found by Eshel (1968), between 12-29 hours before the 

flower was fu lly  opened and the observed that a t  th is stage the pollen  

germinated in  v itr o  a t  a higher degree and the pollen tubes grew faster 

than in  a fu l ly  opened flower. Sinha and Ccwarkers (1980) studied the 

germination of pollen  and pollen  tube length in  cv. JG-62 and M-l+50 under 

varying temperature and they observed that both germination and growth of 

pollen  tube is  marked by low temperature. Or eon et a l . ,  (1977) from th e ir  

observation on 12 cu ltivars reported that the dehiscence of anther took 

place between 9 A.M. ani  2 .50  P.M., one day prior to opening of flowers. 

Pollen grains were oblong when rip e  and became spherical under wet condi­

tion . Pollens were viable for eight and a h alf hours a t 27°C and 95 $ 

r e la t iv e  humidity and fa r 9 days a t  low temperature of 7 .2 c  and zero r e la ­

tiv e  humidity. Stigma became receptive 2b hours before flower opening 

and i t  remained so u n til 12 hours a fter the opening o f flowers. Ihus the 

to ta l  period of rveep tivity  was 36 hours. In general there is  f u l l  agree­

ment that there is  no c y o s s  pollination  in  chickpea. I t  is  s e lf  pollin ated .
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2.2 Flower and Pod Development t

In chickpea flower is  ty p ica l cf leguminas^ae fam ily consisting 

of a f iv e  le a f calyx  and a co ro lla  which includes a standard, wings and 

a keel, 10 stamens and one carpel gynoecium. Nine of the 10 filaments 

are fused and the ovary is  superior with placenta at vental suture.

Eshel (1968) studied the stage of flower development in  chickpea from 

bud. In early stages the s ty le  elongates simultaneously with the p eta l.

The stigma is  at the edge of the keel, while the stamens remain a t the 

base of the bud with the anthe*fs arranged a ltern a tive ly  In 2 leve ls  when 

the petals protrude from the ca3y x , the filaments s ta r t  to elongate one 

gradually reach the p i s t i l  height and the anthers surrounding the stigma. 

Dehiscence takes place a t th is  stage.

Saxera aid Sheldrake (1976) studied the patterns o f reproductive 

growth aid found that flow ering, as measured by the weight cf flowers per 

p lan t, increased and then declined as se^L development took place most 

rap id ly*„ Hiqy compared the ovule number in  early and la te  farmed flowers 

in  Kabuli and desi cu ltiv ars  and cfcserved no variation  in  ovules in  early 

cr la te  formed flow ers. Simmerfield j t  a l .  (1980) sumnerised the major 

events during embryogenesis in  various legumes and generalised that f in a l  

c e l l  nunbar in  the entoryo is  attained early in  i t s  ontogeiy, the subsequent 

increase in  embryo weight being the re su lt of c e l l  expansion and the con­

comitant synthesis and deposition o f starch and thereafter storage proteins. 

The seeds derive a large proportion in  their, carbon from photosynthesis of



fo lia r  organs a t the parent node (Dure* 1975)*

In chickpea the ffcuit waH grows to  a large extent before seed 

development proceeds. A lag period that la s ts  about 15 days after 

anthesis is  followed by a linear period c f growth of about 20 days dura­

tio n , during which the Individual seed accumulate the vast proportion 

of th eir dry matter (Sa'xena and Sheldrake (1980). Saxena (1979) bad 

earlier noted that pod f i l l in g  was lim ited by the supply of assim ilate 

or nutrients in  case c f la te  farmed pods. Singh j t  a l .  (1981) a lso  

observed the same trend. There was a rapid addition cf dry natter in 

the seeds startin g about the time the grcwth o f pod w all had ceased. In
1 OL̂

the early cu ltivars whloh studied the peninsular India the addition of 

dry matter in  the seed continued upto 35-^0 days, whereas cu ltivars of 

longer duration which were subjected to forced maturity dry matter addi­

tio n  ceased a fte r  25-30 days. This pericd may be considered as the time
*hi
of reach 'physiological maturity of individual pods. They reported that 

cu ltivars d iffered  in  ra te  o f pod development a t the time of maxi mom dry 

cat ter accumulation. Pods of smaller seeded cu ltivars tended to  reach 

physiological m tu rity  e a rlie r . Sinha (197T ) reported that grain  growth 

In legume is  mare fa s t  as compare! to cereals. Indeed the maximim seed 

growth rates far chickpea are among the fa s te s t recorded fot;&rain l^umes 

(Summerfield and Wein, 1979).

Chickpea plant have some a b il ity  to  compensate fo r the loss of 

poten tia l sinks. Sixena and Sheldrake (1980) from their studies on the
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e ffe c t of flew® removal found, th at the compensation took place in  3 ways

i . e .  i )  by the extension of the growing period in  response to  flower 

removal. Conti rued growth reproductive period caused addition of flow er­

ing nodes, hence more pods I I )  by way of increase in  seeds per pod which 

was in  the range of 2k-26 £ o f plants in  which flowers were removed. H i)  

increase of seed weight and th is compensation usually occurred in  small 

seeded cu ltivars and was r e la t iv e ly  small, ranging from 8-20  In bold 

seeded cu ltivars the seed weight declined in  response to flower removal.

Sinha and coworkers (1980) found that the ra te  of photosynthesis 

declines a ft®  the commencement of pad settin g . Therefore, i t  was sugg­

ested that the photosynthetic a b ility  could be lim iting grain y ie ld s  in  

gram. They tested the above two suggestions in  two d ifferen t ways by 

shading to  d ifferen t degrees aft®  flowering and by culturing a shoot 

bearing flow® and young fr u its  in  a medium of glucose cr glutamine.- They 

observed that shading c le a r ly  resu lted  in  decreased fr u it  settin g  and 

y ie ld . In cu lture medium thqr could cu lture the fr u its  upto six  days and 

they found that the ra te  of development of f r u i t  was more than those of 

ccnparable fruitB  in  the f ie ld .  However, they observed th is only in  young 

fru its  as the old® fr u its  did not show any sig n ifica n t d ifferen ce in 

culture medium and in  the f ie ld  and thus they concluded that the photo­

synthetic a v a ila b ility  could be a lim iting facto r to grain y ie ld  in  

chickpea by Its  influence on pod formation and i t s  growth. And in  chickpea 

he found the av®age gain of 3»38 mg of dry weight per day p® pod.



Eaxeoa and Sheldrake (1976) and SLnha and Cowarksra (1980) observed 

a f a l l  in  RGR a t the time of pod development. Kumari and Slnte (1972) 

found that in 22 chickpea cu ltiv ars showed that almost in  a l l  of them 

the rates of photosynthesis dropped sharply a fte r  flowering. They observed 

a variation  in  fru itw a ll photosynthesis in  chiclspea, however, they made 

no assessment of i t s  contribution to  seed y ie ld , but observed that i t  was 

mare than the contribution of le a f near the pod.

2.3  Factors a ffectin g  flower and nod development :

2 .3 .1  Relative humidity :

Sen et a l .  (196U) observed that high re la tiv e  humidity a ffe c ts  the 

pod se t, even though i t  does not a ffe c t  the flower formation. E arlier 

Sen aid Mukher jee  (1961) had observed d efective  pod fa r nation and seed -­

settin g in  plants flowered by the end of December. They saw that the 

percentage of pod formation increased in  a l l  gram cu ltiv ars  from the end 

cf February. They attributed th is phenomenon to  atmospheric humidity, 

which was high in  Decenber/January. This in te r fe r e d  with the p o llin a ­

tion  by preventing the anther sac to burst. They observed that p o llin a­

tion  occurs b est at minimum atmospheric humidity, which were' high in  

Decenber/January. They observed that the p ollin ation  occurred best a t 

a minimum atmospheric humidity, the suggested optimum being from 20-1+0 %t 

which Increased pod se t. Sen et a l .  ( l 964) found that pod se t goes as 

high as 60 % when the crop is  sown in  2nd week of January. Sahai (1955) 

a lso  ted bbs<a?ved the same e a r lie r . However, van der Maesen (1972) ruled
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out the p o s s ib ility  o f atmospheric humidity having a controlling e ffe c t  

on pod se t.

2.3.2 Vernalisation and nhoto period : ,

Xt 1ms been reported by Hal and Murthy ( l94l ) ,  Singh (1958) and 

Moursi _et a l.  (1963) that chickpea is  a quantitative long day plant, hence 

day length bad an Important ro le  in  Its  early flowering. Kanda and Chinoy 

(i960 a ) studied the e ffe c t of photcperiod in  vernalised and unvernalised 

plants. They transplanted unvernalised and vernalised seedlings to  earthen 

pots to  day length o f 6 , U ,  18 and 24 hours. The e ffe c t  of the treatments 

on 2 vegetative periods I .e .  number of days from transplanting to  bud 

in itia tio n  and flower opening were studied. The vegetative period was 

reduced by vern alisation  and photcperiod treatment. The differen ce between 

vernalised and unvernalised plants became more pronounced as day length 

decreased. Bud in itia t io n  and flowering were markedly hastened with long 

day conditions In unvernalised plants and earliness increased with length 

of d a ily  photcperiod. The e ffe cts  ctf photqperiodic treatments were less 

pronounced In case of vernalised p lan ts. The flower bud in it ia t io n  is  

controlled by a thermophase and d iffere n t photcperiod to  which the plants 

were exposed subsequently did not a ffe c t  the period of bud in itia tio n .

They found that the period between the bud in it ia t io n  and flower opening 

was mainly determined by the photoperioi and was reduced by long days.

There was an inverse correlation  between the photoquantum'and thermoquantum 

upto the stage of bud In itia tio n  in unvernalised p lan ts. Thqy suggested
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the concept of photqpbasic develqpment of a plant in sp ite  cf the fa c t 

that the energy required for the completion of a given phase nay be 

supplied in  the form of heat or lig h t.

Sandhu and Hodges (1971) in  their growth chamber experiment with 8 

cu ltivars of chickpea with various combinations of 8-12 h. or 16 h. photo­

period observed that flowering was e a r lie s t  and seed y ie ld  highest with 

16 hour photoperiod, van der Maesen (1972) observed that chickpea was a 

quantitative long day plan t, flowering was advanced 20-^5 days by 16 hour 

photoperiod in comparison to 9 hour photoperiod. .

Pandqy et a l .  ( l 977) in  ,?th‘er study a t Rantnagar with 15 gram geno­

types of d iffere n t origin , grown under natural day, long day cf 24-h and 

short day of 8-h period found that a l l  genotypes were photosensitive.

Short day conditions delayed flowering, produced less  assim ilation products 

which reduced the number of pods per p lan t, however, Summerf!eld (1981) 

observed that shorter days delayed flowering only by 3 days, in  10 of the 

15 cu ltivars examined. Recent studies under controlled environments by 

Robgrts _et a l .  (C .f . Summerfield et a l . ,  1981) suggest flowering In chiclqpea 

is  mediate by mean diurnal temperature rather than night temperature per se 

although the la tte r  might be important in  determining c r i t i c a l  photcperiod.

2.3 .3  Jdght in ten sity  ;

Flowering is  a lso  influenced by lig h t  in ten sity  le v e l (Salisburry, 

1963)* I t  has been also  reported that fr u it  settin g  is  in d irectly  affected 

by low lig h t in te n sity . Sandhu and Hodges ( l 97l )  observed that high lig h t
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in ten sity  of 28063 lux favoured flcwering and f r u i t  s e ttin g , which was 

la ter confirmed by van der Maesen (1572).

2.3* 4 Temperature :

Variation o f atmospheric temperature had been reported to  have 

profound e f fe c t  in  flowering in  gram. Kanda and Chinoy (i960 b) noted 

that the process leading to  bud in it ia t io n  was mainly governed by tempera­

ture as there was a sp ecific  thermophase for bud in itia t io n .

Sen _et a l,  (196^) by sowing gram a t  15 days in terva l from the end of 

October to  middle of January, observed a reduction in  flower numb a* when 

sowing was delayed beyond mid-November. They observed that the gradual 

r i s e  in  atmospheric temperature from the beginning of February was not 

conducive for formation of flowers and therefore the number of flowers 

decreased gradually from in  October sown crop to  103 in  January sown 

crop. Eshel (1967) frcm his experiments with 2 gram cu ltiv ars v i z . ,  C a li­

fornia and Bulgaria sown in  f ie ld  a t 3 weeks in terval from 3rd October to 

2nd week of May observed a reduction in  growing period, flower production 

and reproductive a b ility  by delayed sowings. He observed that the length 

cf the flowering period was p o sitiv e ly  correlated with the munber of grow­

ing days prior to  flowering and negatively correlated with the temperature 

during the flowering period. An increase in  the average d aily  temperature 

during flowering from lh-26°C was associated with the r e s tr ic t io n  in  

flowering period and consequently with re str ic te d  flower production. A 

growth stim ulation due to  temperature increase did not compensate far the
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reduction In the number of flowers which resulted from a shorter flowering 

period, fflnrfinr relationship bbtween temperature and flowering were 

reported by Bosewel (1962) and van Dobben (1963) In pea and by Kovac 

(1963) in  soybean.

van der Ifeesen (1972) reported in  chidspea(aptiiaim temperature fa r  

better flower farmation was between 21 - 29°C fo r  cv. Vilrim arin and for 

C-237, equally favoured between 15 -  23°C, 18 - 26°C and 21 - 29°C.

Recently, auaaerfield et a l . ( l 93l )  in  their studies with 15 cu ltivars of 

gram under controlled conditions found that appearance o f f i r s t  flower 

was hastened by warm nights and longer days. They observed that a l l  the 

cu ltiv ars showed some response to  a reduction in  mean diurnal temperature 

consequent upon a 8°C decrease in  night tenperature. They found that a 

double poded character was mare expressed in  environments were cool (lO°C) 

nights were in  association with warm hot days. Hiqr observed that plants 

which produced few® pods and smaller y ie ld s matured sooner and had s lig h tly  

shorter reproductive periods than which produced nuch larger y ie ld s in  

cooler environments. Longer days, warmer nights and hot days a l l  contri­

buted to rapid maturity.

Gram when sewn in  October gives maximum grain y ie ld  through maximum 

pod formation. Sen. et a l .  (196I*) observed that pods number decreased 

from 213 to 62 when sowing was delayed, as in  case of flower. They observed 

pod settin g percentage stead ily  increased in  la te  sown p lan ts. The settin g  

percentage increased from 3U, in  October sown to 60 in  Jam ary sown crop 

and th is  confirmed the resu lts  of Sahai (1955) who had earlier observed
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that sunshine and atmospheric temperature played an Inpart ant part In pod 

se ttin g , as high percentage of pod set was seen In la te  part of growing 

season.

Eshel (1967) showed that reproduction a b i l i t y  of plants decreased 

with the reduction of growing period. The nunber of pods decreased much 

more stead ily  than the number of flowers In plants cf delayed sowing. He 

further observed that longer pre-flowering periods resu lted  in  mere number 

of flowers and pods. Kaul and Sekhon (1976) from the data of their two 

year esqperiment with four dates of sewing at two weeks in terval from f i r s t  

October to 15th November, with cu ltivars G-I30, L-550 and L-3^5 noted that 

podding p oten tia l showed decline as sowing Is delayed. They attributed 

th is to  tenperature. The resu lts  were in  confirm ity with the findings of 

Mathur and Tamer (1966). Slnha and Cowarkers (1980) pointed out that 1s t  

farmed flowers of December/January did not s e t  f r u i t  in  D elh i, however, 

flowers opening in  early Fdsruary did set f r u i t s .  From experiments conducted 

at D elhi, Indore and %derabad with cu ltivars JG-62, L-550 and C-304, they 

observed that except a t Delhi the f i r s t  formed flcw<2*s se t  fr u its  ranging 

from 83 $ a t Indore to 62 it at fyderabad. A t Indore the maximim and rjiraiTn 

temperatures were 25°C and 15°G during the period cf opening of flowers.

3hey cpinionei that low temperature was the cause of fa ilu re  of f r u it  set 

in  Delhi. Again Slnha and Cowerkers (1980), observed a genetic variably 

in  se n s it iv ity  to  lew tenperature, as sane mutants se t fr u its  in  low tsn- 

perature, whitfc the parents did not set f r u i t .  %  subjecting the shoots of 

parents JG-62 and mutant M-450 to  temperatures 15°C, 20°C and 25°C before
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opening of flowers, they studied the germination of pollen  grains and 

pollen  tube growth. They found that the parent had 2k and 32 percent ger- 

m imtion where as the mutant had k2 and b6  p<3* cent germination at 15°C 

and 20°C resp ectively  and a t 25°C there was no s ig n ifica n t d ifferen ce in  

germination between the two. At 1{3®C and 20°C prebloom temperature the 

pollen  tube growth was a lso  found to  be mere in  mutant thin  the parents.

Ehxena and Sheldrake (1980) a t Hyderabad observed that pod set 

commenced with the onset of flowering, but at Hisaar, the flowers of early 

cu ltivars and la te  sown cu ltivars did not bear fa u lts  while temperature 

was low. They found that the pod se t commenced in  a l l  cu ltiv ars  a t the 

same .time when the temperature were high enough, irresp ective  of time of 

flower in it ia t io n . E arlier, Sheldrake and Saxena (1979) observed that as 

cospared to  plants grown in  optimun s o i l  moisture, the moisture stressed 

plants shewed an earliness in  flow ering, podding and maturity and thqy 

attributed th is to high evaporative desmnds in  re la tio n  to a ir  temperature.

iflirfet (l977)> concluded that^in general^ early maturing genotypes are 

le a st susceptible to  environmental influence. Summerfield jet a l . (1980), 

a lso  arrived a t a sim ilar conclusion with th eir studies on the long duration 

cu ltivars and short duration cu ltiv a rs . They found that the long duration 

G-I30 y ie ld s  best when day temperature is  maintained at 30°C throughout 

the grcxrth, but i t  is  poorly adapted to  hot days during the reproductive 

period. The short duration cu ltivar Annagiri has a sim ilar response, but 

by maturing most o f i t s  pods before the days became r e a lly  hot, i t  produced 

larger than average y ie ld s by escaping the p o ten tia lly  adverse conditions.



Cultivars L-550, Rabat and R S -ll showed very sim ilar responses to  G-130, 

whereas, cvs. 850-3/27 and P-222-1 were very sim ilar to  A nnigiri.

2 .k  Factors a ffectin g  growth and development of chickpea

2 . 1j..l Vernalisation and nhotoperlod :

Day length has an 1 up or t  ant ro le  in the growth and development of 

chickpea. Kanda and Chinoy (i960 b) studied the e ffe c t  of vernalisation 

and photqperlod on the growth, number of branches and leaves per plant.

The e ffe c t  of photqperlod on the stem growth was more marked in  unvernalised 

than In vernalised plants. The in i t i a l  ra te  of stem elongation was greater 

under long day condition treatments than with normal and short days, but 

maxLnnm plant height was reached under 18 hour day treatment. Vernalisa­

tion hastened stem elongation, so thSjt stem length was reached sooner in  

vernalised than in  unvernalised plant under the same photqperlod treatment. 

The e ffe c t  of vern alisation  was marked in  plants exposed to  shorter day 

length than these under longer day length. There was highly sign ifican t 

p ositive  correlation  between the vegetative phase and the p ^ io d  of a tta in ­

ment of maxinum height, indicating that the e f fe c t  of vernalisation  aid 

photqpe:iaism0stem growth is  probably due to  their e ffects  on flowering. 

Branch production undo1 short day was found to  be le ss  than uidgr normal 

day and they suggested that possibly this i s  because of reduced carbon 

a ssimila tio n . Vernalisation a lso  reduced branching irresp ective c f photo- 

periodic treatments. Simi la r  trends were observed by them in  the number 

of leaves per plant under d iffe re n t treatments.
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Sandhu and Hodges ( l97l )  in  th eir growth chamber experiment with 

eight chickpea cu ltivars with various cccfclnatlons of 8 to  12 h. ac 16 h 

photcpericd lig h t in ten sity  of 136 or 28063 lux observed growth and yield, 

highest with 16 hour photoperiod, van der Ifeesen (1972) rqpcrted y ie ld  of 

dry matter was higher in  long days and increasing photqperlod was mare 

favourable fc r  th is than decreasing photoperiods. Skndey e t  a l .  (1977) 

on the other hand in  their studies with 15 chickpea cu ltiv ars  observed 

that long day conditions decreased the number of primary branches and 

to ta l dry matter, while the natural day condition produced metre branches 

and dry matter.

2 . 4.2 Idght in ten sity ;

I t  was reported by Sandhu and Hodges ( l97l )  that low lig h t in ten sity 

favour vegetative growth and i t  influences fj?uit set in d ire c tly . Thqjr 

further observed that growth and y ie ld  was greatest in  higher lig h t inten­

s i t ie s ,  which was confirmed by van der Maesen (1972), who found that a l l  

the parameters of grewth and y ie ld  was enhanced s ig n ifica n tly . l ig h t  inten­

s ity  1ms been in d irectly  studied by investigating the e ffe c t  of shading on 

growth and y ie ld . Mien horizontal shade was given to a canopy during re ­

productive period cf growth a t Hyderabad to reduce the photosynthetically 

active  radiation (PAR) to 50 senescence was delayed and y ie ld  s ig n ifica n tly  

increased upto 15 % and th is was ascribed to the fa c t  that shading reduced 

to stress which was accelerating senescence process. Moreover, i t  was 

thcught that l ig h t  in ten sity  would be near saturation even by reducing the
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EAR to 50 Further reduction in  lig h t in ten sity  delayed senescence, 

even fu rth er, but reduced the y ie ld . The same trend was seen by Sinha 

and Cowcrkers (1980).

Saxena and Sheldrake (1980) in  the shading experiment with d iffe re n t 

lig h t transmission percent a t  Hlssar with four chickpea cu ltivars from 

pod stage observed that y ie ld  was progressively reduced in  a l l  cu ltivars 

with the increase in thickness of shade or with decrease in lig h t  transmi­

ssion percentage. S i ere was s ig n ifica n t reduction in y ie ld  in  a l l  the 

cu ltivars even with the shade intercepting only 25 % o f the sun lig h t . 

Drastic reduction in  to ta l  dry matt a 1, harvest index and pods/m? and seeds/ 

pod occurred a t  84 % l ig h t  interception i . e .  lfi % transmission. They 

concluded that a t Hlssar lig h t became the lim iting factor to dry matter 

production and y ie ld , even a t  le v e ls  only 15 $ below f u l l  sun lig h t . Due 

to high le a f area value (5 . 0 ) a t  Hissar with mutual shading lig h t  pene­

tratio n  with the canopy is  hindered, causing lig h t a lim itin g fa cto r . At 

Hyderabad L,A, 1 is  low (2) and lig h t transmission r a t io  was about 50

2 . 4.3 Temperature

The e f fe c t  of temperature on growth ̂ development and y ie ld  of 

chickpea has b een TSĵ way o f staggered sowings and the optimum time of 

sowing fc r  gram has been found to  be from mid-October to end of October. 

E arlier cr la te r  sowings other than that period resulted in  poor growth 

and low y ie ld  in  most of the cu ltivars (Saxena and Yadav, I975).



Sen and Hukhar j  ee (1961) from their fa r t  nightly sowing studies 

from October to  mid-June observed that the y ie ld  of gram was eleven 

mounds when sown in  October end and i t  reduced to  four mounds when sown 

in  January. This was due to poor growth and resulted in poor pod forma­

tion when sown la te . Again Sen et a l .  ( l 96h) from a detailed six  fo r t­

nightly sowing t r i a l  cccmencing on 28th Qctober through 1957-60 observed 

plant height, nunber of branches and pods per p lant progressively decreased 

with delay in  sowing dates. Sharma et a l .  (1967) in  a two year t r i a l  in  

Ferozpur with twelve desi and eight Kabuli types of chickpea sown a t 

three fo rtn igh tly  in tervals from 21st October observed that mid early 

sowing (21st October) resulted in  higher growth, thereby leading to  higher 

y ie ld s . Later sewings resulted in  lower y ie ld  in  a l l  the cu ltiv a rs .

These findings were confirmed by Stir et a l .  (1966) from their s ix  fo r t ­

nightly sowing studies cocmencing from 13th (fctober and by Mathur aid 

Tomer (1966) from th eir re su lts  of three year t r i a l  sown on three dates 

from 1s t  week o f October. Luthra and G ill  (197b) in  FUnjab urder irrigated  

t r ia ls  with cv. Fb-7 with period ical sowings from 10th October fourd 

that y ie ld s  declined by delayed sowings.

Eshel (1967) in  Is ra e l in  f ie ld  t r ia ls  with two cu ltivars of chicl^iea 

C alifornia and Bulgaria sown a t 3 weeks in terva l from 28th October to  16th 

May observed that delayed sowings shortened the growing period aid caused 

a great reduction in  p lant s iz e , lumber of main and sub-branches aid plant 

to ta l  dry weight . The reproduction a b il it y  was also  greatly  reduced with 

delayed sowing resulted  in  poor y ie ld , van der Maesen (1972) found that
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plants produced mere dry matter and grain when sown early . Kaul and 

Sekhon (1976) in  their fo rtn igh tly  sowing t r ia ls  from 1s t  October to 15th 

November with three v a rie ties  i . e .  G-130, L-335 and L-550 during 1973-74 

observed a sig n ifican t reduction in  plant height, nuntoer o f branches, pods/ 

plant and y ie ld  with delayed sowings and they attributed th is to the f a l l  

in  a ir temperature when sowing was delayed. The podding p o ten tia l also  

showed a sharp reduction due to delayed sowing.

A detailed study by Ageeb and Ayoub (1976) in  Sudan in  d iffe re n t 

types of so ils  with fo rtn igh tly  sowings from 1s t  October to 21st January 

revealed that plant su rviva l, nimber of pods and seeds per p lan t, to ta l 

dry weight°jplant at vegetative reproductive and a t harvest decline progre­

ssive ly  from sowings of 2nd week cf November. This was true far the crop 

growth ra te  tee  a l l  the sowings from one month befcre flowering.

Summer f ie ld  et a l .  {1979) reported promoting e ffects  of warmer nights 

and longer days on vegetative growth, early flow ering, rapid le a f  senescence 

and pod maturation. Recent studies of Suiamerfield jet a l .  (1981) on 15 

chickpea genotypes of various maturity period revealed that the appearance 

of p erfect flowers was hastened by longer days and warmer nights, reduced 

the vegetative period and reduced seed y ie ld  from 4 to 16 per cent. They 

found that hot day not only had a great e ffe c t  on pod aid seed numbers per 

p lan t, but they a lso  decreased the mean seed dry weight s lig h tly  (4 %). On 

the other hand warm nights had the opposite e ffe c t  which tended to  e ffe ct 

the detrimental e ffe c t  of hot d a ys.' They further obs^ved that in  cooler
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environments plants which had s lig h tly  shcrter rp ro d u ctiv e  periods 

and which produced fewer pods and smaller seeds matured sooner than 

those which had longer reproductive periods and larger y ie ld s . Longer 

hot days and warmer nights, a lso  contributed to  rapid maturity. Varia­

tion  in  vegetative grcwth contributed more to charges in  crop duration 

in  ccnparison to reproductive growth.

2 .k .b  Water stress :

Even though chickpea is  grown as an unirrigated crcp in  many parts 

of India, i t  has been seen, irr ig a tio n  of chickpeas during reproductive 

phase generally leads to  increased growth and y ie ld s . Sheldrake and 

Saxena ( l979) observed a ten fo ld  increase in  y ie ld  aid dry matter pro­

duction with irr ig a tio n , while they saw th at a moisture stress re su lts  in  

earlier senescence and maturation in  p lan ts, resu ltin g  in  low dry matter 

production and y ie ld .

2-5 Correlation studies in  chickpea

Literature pertaining to c err elation  studies in  chickpea are 

summer is  ed below.

Correlation studies between Wo. of Corr- '----- -----------------------

Character vs characto?(s) vars tion
---------------------------    t l z

c u lt i-  ela- Workers

2

Seed y ie ld  Himt height 9 + Baluoh art Socm* (1968)
It „

b5 -  Katlyar e t  a l .  (1977)

" Leaf area 10 - Singh (1968)
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Seed y ie ld  No. of branches 9 + Baluch and Soomro (1968)

II n 10 + Singh (1968)
tl it 15 + Shflrm e t  a l.  (1969)
It ti 60 + Bhardwaj and Singh (1972)
II tl 20 + Joshi (1972)
tl it 20 + Choudhry and Khan (1974)
tl it 81 + Patel and Pokle (1974)
tl it 21 + Bahl et a l.  (1976)
tl n 10 + Cfcaon et a l .  (197?)
ri ft 75 + Singh et a l. (1977)
Tl n 45 + Katiyar et a l .  (1977)
IT n 50 + Gupta and Sohanlal (1981)
It Days to  

maturity 45 - Katiyar (1979)
It Pods/plant & 

Seeds/plant 45 + Katiyar (1979)
, 11 100 seed wt. 15 + Sharma et a l .  (1969)

II tl
45 + Phadnis et a l. (1969)

II tt 60 + BhordwaJ and Singh (1972)
11 It 8/ + Patel and Pokle (1974)

n n 21 Bahl et a l .  (1976)
tt B io lo g ica l y ie ld 14 + L ai (1976)

and harvest index 16 + Bahl and Jain (19773
ft tl 50 + Gupta and Sohanlal (1981)

con td ...
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. . 5.

Seed y ie ld No. of flowers 15 + Sharma et a l .  (1969)

E ffective  
pod number

Total plant 
weight 30 - Dahya et a l .  ( l9?6 )

100 seed wt. Seed No./pod 20 + Chcudhry and Khan ( l97^)
tl it 21 . a Bahl et a l .  (1976)
It Seeds /plant jb + CJhoudhry and Khan (197^)
II Pod number 10 + Oraon et a l .  (1977)
n Days to 

maturity 10 + Qraon et a l .  <1977)

Days to 
flowering

Flowering
period 10 + Tl

tl Seed numbs*/ 
plant 10 - It

ri Days to 
maturity 10 It

tt
Plant height 10 - tl

it
Ho. of le a f 10 - 11

tl Total No. of 
pods. 10 - II '

ii 100-seed wt. 10 - n '

From the above table I t  Is  clear that among the vegetative attrib u tes 

the number of branches per p lan t was the most important conponent which 

always had p o sitive  correlation  with y ie ld . However, the plant height also  

showed p o sitive  correlation  with y ie ld . The reproductive attribu tes which 

showed p o sitive  correlation  with y ie ld  were number of pods per plan t, seeds 

per plant and 100 seed widght . Although days to  flower were p o sitiv e ly



related  with flowering period i t  was foind that both these characters

had negative c err elation  with days to  maturity, plant height, number of

lea f per p lan t, to ta l  number of pods per plant and 100 seed weight.
*

2.6 Leaf Area and Dry matter production

The pattern of dry matter accumulation in  shcrt and long duration 

chickpea cu ltivars cv. JG-62 and T-3 resp ectively  grown a t  Hyderabad ' 

(Peninsular India) and a t  Hlssar (North India) was studied by Saxena and 

Krishnamurthy (1979)* ^hey observed that a t %dgrabad le a f  area continued 

to increase a lo ig  with stem weight h a lf way through reproductive phase. 

However, in  cv. T-3 there was better net gain in  weight in  vegetative 

structure a fte r  flowering. The le a f area began to  decline only during the 

la te  reproductive phase. In both cu ltivars there was no net gain in  pod 

number per plant after IAl started to decline rapidly due to  senescence 

and abscission of leaves. This decline in  le a f  area began ea rlie r  in  la te  

cu ltivars than in  early cu ltiv a rs , though in  both cases IA l f a l l  a t the 

s ta r t  of reproductive phase. Saxena and Sheldrake (1980) described the 

pattern of accumulation cf dry matters in  cu ltiv ar grown a t  Hlssar. 

Increase in  le a f  area and addition of dry matter continued even before 

flowering in  both the cu ltiv a rs . Since chickpea is  indeterminate addition 

o f dry matter in  vegetative structure, continues even a fte r  the on set of 

reproductive growth, which is  mare vigorous in  early cu ltiv ars  l ik e  JG-62.

Pad number increased hand in  hand with the increase in  dry matter 

and le a f area, but once the le a f area started  declining there was no

30
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Increase In pod number. The accumulation of dry matter continued fo r a 

protracted period owing to  longer growth duration. Saxena and Sheldrake 

(1980) concluded that source is  not a serious constraint to  to ta l  dry 

matter production, but y ie ld  was r e la t iv e ly  more sen sitive  than to ta l dry 

matter production. Since the capacity of flowering and fru itin g  p oten tia l 

cf th is  crop is  not lim itin g , the achievement of greater dry matter pro­

duction based on improved photosynthetic rates per se cr seme related 

a ttr ib u te  such as RuDP carbchylase a c tiv ity  or ch^lcrophyll content could 

be p o sitive  on approach to get higher y ie ld s (Kumari aid Sinha, 1972;

Sinha, 1977). However, Sumner f ie ld  et a l .  (1980) did not agree with the 

above suggestion because in th eir opinion selection  far photosynthetic 

rate presents very great problem with very l i t t l e  surety o f return.

2.7 Source sink relationship  in  chickpea

Hie two imp cart ant -factors that determine the y ie ld  are photoassimilate 

supply (source a c t iv ity  and the s ter age capacity e.g. numbs* aid s ize  of 

pods and seeds (sink s iz e ) . Saxena and Sheldrake (1980) tried  to  evaluate 

whether source cr sink is lim iting the y ie ld  of chickpea.

Saxena and Sheldrake (1980) studied the e f fe c t  c f d efo lia tio n  at 

d iffere n t stages of growth and the e ffe c t  of d iffere n t degrees cf d e fo lia ­

tion throughout the reproductive phase, a f fe r e n t  degrees c£ d efo lia tio n  

carried a it  a t  the time cf flowering and continued throughout the repro­

ductive phase showed that the removal o f 25 %, 33 $ or 50 $ of the leaves 

had l i t t l e  or no e ffe ct on y ie ld . Thqy found that removal of h alf cf the
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leaves a t  the time of flowering resulted only s lig h t reduction In y ie ld  

and complete d efo lia tio n  a t  the time of flowering lead to  y ie ld  reduction 

cf 30-40 Y ield  was reduced with higher degrees of d efo lia tio n  largely  

a consequence cf reduction In pod numbers per plant.

Evaluation of the source was a lso  done by observing the e ffe c ts  of 

shading on y ie ld  and y ie ld  component by placing cloth  shade over plant 

throughout the reproductive period. Shading involved 75 and 80 % reduction 

of lig h t in ten sity  had not s ig n ifica n t e ffe ct on y ie ld ; Under thinner 

shades (50 % lig h t  reduction) the y ie ld  was s ig n ific a n tly  increased over 

contr o ls . '

Further evaluation o f source e ffe c t was done by flower removal and 

i t s  e ffects  were observed on y ie ld  and y ie ld  components. Flow® removal
s'

lead to the reduction in  y ie ld  as a re s u lt  of reduction in  pod numbers.

The to ta l dry matt® production of deflowered plants was a lso  reduced.

I t  was concluded frcm the above studies that the s ize  of the photo­

synthetic source did not seem to  be the main fa ctcr lim iting y ie ld . They 

suggested that le a f area is  not a primary factor in lim iting y ie ld . However, 

the remaining leaves might be able to condensate for the removal cf leaves 

by an increased photosynthetic ra te . Th<*y ruled out the p o s s ib ilit ie s  cf 

such treatments modifying the water balance, since the wat® po ten tia l o f 

defoliated  and non-defolia ted plants did not d iff® , Comparison of resu lts  

a t  Hyd®abad and Hlssar suggested that le a f  area is  not a serious constraint 

fo r  to ta l dry matter production, but y ie ld  was r e la t iv e ly  more sen sitive



than was to ta l  dry matter production, but y ie ld  was re la t iv e ly  mare 

sen sitive  than was to ta l  dry matter production to  d efo lia tio n .

The e ffe c t  of altered sink s ize  was evident on partition in g o f dry 

matter. The prevention of pod se t by d iffe re n t flower removal resulted in  

both roots and nodules and delayed senescence in  plants; Removal of the 

flowers on some branches and not on others of the same plant resulted in  

delayed senescence on which pod se t was prevented. They suggested that 

the stimulus of sign al that in it ia te  senescence was re lated  to  pod set and 

was lo calised  within the p lan t, as observed and reported fa r  soybean by 

Lindoo and Nooden (1977). Thqy- f in a l ly  concluded th at chickpea plants have
' i

seme a b ility  to  compensate fc r  the loss of poten tia l sink.

' i
2*8 E ffect of chemicals including growth regulators on fthinirpoa

Most of the investigations cn the e f fe c t  of growth regulators in  

chickpea has been of a pure physiological nature in  which the chickpea 

happen to  be chosen as a te st p lan t, however, there are numerous reports 

wtere the response cf chickpea to  these have been studied in  order to 

improve y ie ld s .

2 . 8 .1  Gibber e llln s

Studies pertaining to Gibberel l i ns have been exclusively done with 

G ibberellic acid,(GA3). The ea rlie r  researches by Hugon (i960, 1961, 1962) 

and Mange (1962, 1969) showed that GA a t  50 ppm caused the release of 

apical'dominance and thus influenced branching ami stem growth.
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Six weekly fo lia r  sprays in  the early stage of seedling growth ware 

investigated in  pot by Uprety (1968), who found that (100 ppm) increased 

plant height and le a f lumbers both in  the dwarf HP 58 and t a l l  HP 28. 

However, in  comparison to  t a l l  i t  had greater e ffe c t on dwarf variety . 

Further, i t  reduced flow ering, nitrogen percentage and both and to ta l y ie ld  

in  both cu ltiv a rs . On the contrary Khan and Chaudhry (1976) . in  tr ia ls  

at Llyalpur found that GA a t  concentrations of 50 , 100 and 150 ppm when 

applied as fo lia r  spray in  seedling stage^ Th^r observed a s ig n ifica n tly  

increased flower number, pod se ttin g , seed_ yield .atyall combinations and 

50 ppm being the b est. Mange (1968) showed that application of 100 ppm 

GA to  young seedlings resulted in  an increase in  to ta l  sugar content and 

pwrf no acid content in  the stem and had an opposite e ffe c t  on the to ta l  

nitrogen content. He reported an increase in  organic acid content in  the 

le a f aid a decrease in  the stem. Mange C1969) studied the e ffe c t  of GA 

in  lig h t and dark on chickpea seedlings and he found that GA accelerated 

the insrease in  internode length with increase in  sugar content, w h i le j^  

lig h t  GA increasel the to ta l  dry n atter, to ta l  N-content, resp iration  of 

the above grourd parts and decreased considerably the carbohydrateŝ  nec&Lc 

aid c i t r ic  acids in  roots. In seedlings of gram Mange ( l 972.) found that 

GA a t 100 ppm lncr^sed, synthesis of soluble sugar from aspartic acid and 

U^C glutamic acid . In darkness decarbocylatlon was increased and opposite 

e f fe c t  was seen in  lig h t . Swaraj and Garg (1969) showed under pot culture 

conditions that gram Inoculated with rhizobium stra in  110 and treated with 

20 and 100 mg of GA or ascorbic acid alone nr in  combination to  the apices
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o f plants 60 days a fte r  sowing, accelerated nodulation, stimulated H -fixation, 

'itxir eased auafaer and weight o f nodules aid N-content in  these plants.

Swaraj and Garg ( l9?0 ) observed that GA did not Increase pod weight and 

seed weight, moreover, i t  delayed pod formation. Mehta at a£. (197*0 

found that GA reversed the in h ibition  cf seedling growth and a c t iv it ie s  of 

Upaae t id  eatalaee in  enfrryo Qxis o f gram, caused by aorptacctin. Hehta 

et a l .  (1975) found that GA increased the a c t iv ity  of aoylases in  chickpea.

2 *8 .2  Cytokinln*

Aa early as 196O-6I Hugon showed the importance of cytokinin in  

release cf ap ica l dominance with 5-10 ppm o f Isinetin. Kugon (1969) f  oind 

that the treatment with 5 flncrodeoxy uridine eleainated branching induced 

by cytokinin application. Shrther Hugon (1970) reported that the applica­

tion  o f cytokinin* promoted the migration cf P32 along the main axis to  the 

terminal buds and i t s  incorporation in to  amino acids and the e ffe c t  of 

cytokinin could be n u llifie d  by cooling the stem or nodes of the seedling. 

U ecila ti et a l .  (1971* a) observed the in h ibition  o f  the a x illa ry  buds of 

eight day old chickpea seedlings was overcome by the application o f bermyl 

adinine (BA), Treatment of decapitated a x illa ry  buds by BA showed that 

the elongations was independent o f tho presence of the bud. The re s u lt  

showed that the process of olemlnation of in it ia t io n  of a x illa ry  bud deve­

lopment bQjan a t the base of the buds. U sc lla ti et a l . ( l97  ̂ b) observed 

that the application of BA to  bud caused stim ulation of lip cgen lsis  by 

s ix  hours a fte r  treatment and t e l ly  acid contents of the activated  buds 

was three times that of control.



2.8.3 Auxins

Fewer reports are available on the e ffe c t  of auxins on chickpea, 

however, in  lite ra tu re  both synthetic and natural auxins had been used. 

Rodriguz Lopez (1953) reported that .2, If—D depressed seed germination 

when the seeds were soaked fc r  I* hours in  a 2-20 ppm aqhous solution. 

Similar treatments with 2-5 ppm <  -napttyl a ce tic  acid and a p -napthy 1 

acetamide stimulated shoot growth. Only the cu ltiv ar ’Augulaso bianco1 

grown for 30 days in  the f ie ld  a fte r  germination for 11  days showed incre­

ased weight especially a fte r  treatment with -indole acetic  acid.

Srivastava and Tcmer ( l973) in  t r i a l  with chickpea mutant, very 

susceptible to  bud drop, observed that by spraying Indole-3-acetic acid 

(lAA) 10 ppm or 50 ppm fifte e n  days a fter germination reduced bud shedding. 

Treatment of chickpea seedlings in v itro  with IAA stiirulated tryptophan 

a c t iv ity  by 3OO $ (firivastava e t a l . ,  1973). Mukherjee et a l .  (1969) 

used fo lia r  sprays cf 10 ppm IAA on 18 day old gram seedlings and observed 

an Increase In shoot growth and i t  also, induced adventitious root forma­

tion. Khan and Choudhrv (1976) observed that spraying with Alar (diami- 

nozide) a t 500 cr 1500 ppm or with Plano -flx  whose a ctive  ingredient is  

ihpthyl ace tic  acid (HAA), a t  10 cr 30 ppm ŝig n ifica n tlv  i ncreased flower 

lumber per p lan t, improved seed settin g  and gave higher y ie ld  over un­
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treated plants.

2 .8 . 1* TIBA (2 ,14-,5-triiodobenzoijt acid)

Sinha and Ghildyal (1973) reported that treatin g gram plants with
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500 ppm TXBA at the s ta rt of flowering increased grain y ie ld  and 100 seed 

weight. Tikoo et a l. (1974) found that fo lia r  application of 75 ppm TIBA 

at seedling stage increased plant dry matter by 5 S&» reduced height by 

29 increased branch height by 57 P«1 number and seed y ie ld  by 78 %

in  cv. BG-7. Response of d ifferen t chickpea v a rie tie s  to  fo lia r  spray of 

TXBA (Saxena and Yadav, 1975) was studied a t d ifferen t agrocliiEatic centers 

with and without spray of 2 % urea solution a t pod f i l l i n g  stage. Both 

TEBA and urea spray increased y ie ld . At Rantnagar, even lowest concentra­

tion  of HBA (5 ppm) showed regulatcry re ffe c ts  on temporary spreading of 

the crcp canopy. Studies a t Ludhiana revealed that the response to HBA 

was dependent on the status of s o i l  moisture supply in  re la tio n  to  crqp 

growth.

2 .8.5 Growth retardants

gycocel (2. chloromethvl trlm ethyl ammonium chloride or CCC).

Response to  chickpea to  fo lia r  spray of cycocel at flower in it ia t io n  

was studied at New Delhi (Ahlawat e t  a l . ,  1973 and Saraf et a l . ,  1974) and 

a t Ludhiana (Kaul and Sekhon 1974) using H-355 and G-I30 v a r ie tie s . Though 

the resu lts  at both the centres were inconsitsnt, 0.2 % cycocel increased 

e ffe ctiv e  pod numb a?. ,

B.995 (M-dlmethyl amino succinic acid)

Uprety (1968) applied 500 ppm of B 995 as fo lia r  spray for 6 weeks 

at weekly in tervals to  7 days old seedlings of t a l l  NP 28 and dwarf Hi? 58
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gram cu ltiv ars grown under pot culture conditions. He dbserved that B 995 

s ig n ifica n tly  increased the number of flcw ers, fr u its  and seeds and y ie ld  

per plant. A marked reduction was seen in  plant height in  both cu ltiv a rs , 

which was more marked especially in  t a l l  HP 28.

2 .8 .6  Miscellaneous chemic a ls  

Ascorbic Acid •

Swaraj and Garg (1969) observed that chickpea seeds grown in sand 

culture supplied with solutions containing 20 cr 100 mg ascorbic acid / l i t r e  

increased nodule formation, nodule number and i t s  fresh  and dry weights.

The nitrogen content of ascorbic acid treated plants was 2.5  times mare.

The pod fcrmation started earlier and the pod number and seed y ie ld  was 

more than control plants. Similar e ffe cts  were a lso  dbserved by Kaul and 

Sekhon (197^) and Gurbaksh Singh (1975).

Succinic Acid :

Ahlawat et al^ (1973) reported that H-55 cu ltivars of chickpea 

showed 20 it increase in  y ie ld  when seeds were tr^ .ted  with 0.2 $ succinic 

acid solution , however, in  subsequent studies no such response could be 

observed with same cu ltivar by Saraf et a l.  (197*0 • Cta the other hand 

Kaul and Sekhon (197U) reported that Boaking gram seedB far 5-6 hours in

0.2 it aqueous solution of succinic acid enhanced the growth and y ie ld  by 

20 it.
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Other chemicals :

Kaul and Sekhon (1974) soaked gram seeds in other chemicals lik e  

KHgPOl*, CuSoi*, K a ,  ZnSo4, MnSoi;, baric acid and molybdic acid . They 

fouM that soaking seeds in 0.5 $ solution of Potassium hydrogen phosphate 

ani 0.C5 copper sulphate solution increased y ie ld  by 4l  % Rest o f the 

chemicals did not show .any p o sitive  re su lt.

2.9  Biochemical studies on chickpea

D ifferent biochemical aspects have been studied extensively on 

chickpea, however, they are mostly confined to  whole seed, germination 

and seedling stages and very l i t t l e  information is  availab le  with respect 

to biochemical changes during reproductive phase. No attempt has been 

made in  the lite ra tu re  to compare the biochemical changes in  fresh and 

abscised plant parts, however, sporadic information exist with respect 

to certain  biochemical aspect which have an in d irect bearing to  shedding. 

This review is  lim ited only to those biochemical changes which are 

associated either with the components of reproductive efficien cy or which 

have a relevance in  the re a lisa tio n  of the same. Moreover, i t  is  confined 

only to  those parameters which have been used in  the present study namely 

proteins, sugars, organic acid s, nucleic acids and pigments.

2 .9 .1  Chemical composition

Very recently Jambunathan and Singh (1980) compared the chemical 

constitution  of a number of desi and Kabuli chickpea cu ltivars and reported
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that the mean percentage values for protein , starch, sugar, f ib r e ,  fa t  

and ash wac«22 . 4 , 49;2 , 6 . 1 , 2 . 7 , 5 .4  and 3 .1  fa r  the Kabuli cu ltivars 

and 22.0, 45. 6 , 5 .3 , 8 . 4 , 4.6  and 3.4  for the desi cu ltivars respectively  

and concluded that the quantitative difference in  seed coat of Kabuli

cu ltivars appeared to he consistent and re a l and can he used to  d istinguish

the two. However, f i r s t  report was given by Lai et a l .  (1963)

Seed protein  content has been estimated by d ifferen t workers. Esh

and De (i960), Chandra and Arora (1968)and Kadwe et a l .  (1974). The seed 

protein  content has been estimated by other workers a lso . The changes in 

protein and amino acid content during seed germination and seedling growth 

had been described by E&modaran et a l .  (1946), Jadhav and Airam (1961) and 

Abu Sakhara e t  a l .  ( l 9?0 ).

Ikdi (1966) reported that the quantity o f RM present was 13 g/lOO g 

and that of DNA was 0,88 g/lOO g of seedi They observed that the nucleic 

acid declined. In the fa r s t  days of germination by 23 However, th is 

decrease was not accompanied with an increasa,nsp ecific  a c t iv it ie s  of the 

respective nucleases.

Saxena and Krishmmurthy (1979) analysed the pods and seeds in  chickpea 

fo r  th eir Nitrogen (n), Phosphorus (P) and Potash (k) contents and tiny 

reported that the seeds contain 4.15 1»> 0. 31 £ and 1.37 % of N, P ani K 

respectively^ While the pod w all contains 0.73 0.06 $ and 2.34 % of

N, P and K resp ectively .

Saxena and Krishnaraurthy (1979) studied the changes during growth
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and development in  chickpea plants. They found that nitrogen content in  

general ccranenced to  decline progressively fran  20 days a fte r  soring both 

in  stem and le a f with time t i l l  flowering and th is decline was more steep 

in  the le a f  than in  the stem. They further observed a sharp f a l l  in the 

le a f nitrogen with pod se t. Similar pattern cf changes was observed for 

P and K.

Pokhriyal and Abrol (1980) studied the extent of n itra te  assim ila­

tion v ia  the en^me n itra te  reductase (KK) in  re la tio n  to  to ta l and 

reduced nitrogen in  chickpea (cv. BG-209) plants a t d iffere n t stages of 

growth. They found that s o i l  derived K accounted for 1 5 .1 ,  8.3 and 7.2 % 

cf the to ta l reduced nitrogen at preflowering ( i ) ,  profuse flowering ( I I ) 

and seed f i l l i n g  ( i l l )  stages resp ectively . Qit of the to ta l  s o i l  derived 

nitrcgen, 10. 1 , 59*3 and 3°»6 was reduced during stages I ,  I I  and I I I  

resp ectively . They observed that before profuse flowering phase ( i l )  there 

was an accumulation of reduced N in  the stem and a sign ifican t r is e  in  KB 

a c t iv ity  p aralleled  by an increase in  HO3 content. They suggested that 

this was associated with the heavy demand of N during th is period. They 

observed that naximm accumulation of reduced nitrogen and dry weight took 

place during th is period. They concluded that a high in cid etce of flower 

and pcd shedding may be related  to the fa c t  that supply may not be able 

to cope with the demand. ,

2 .9 .2  Organic acids :

Studies on the organic acid in chickpea have been made by tenge
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(1965) who observed an increase in  organic acid content in  stem when 

treated with GA.. Ramdas _et a l.  ( l 979, personal commnication) reported 

for the f i r s t  time that chickpea is  probably the f i r s t  f ie ld  crop with 

crassulacean type of behaviour since maleic acid increased during the 

night and decreased during the day4 However, Sinah and ccwarkers (1980), 

from th eir study of diurnal changes of maleic acid fa r  three hours found 

that the accy.ftulation was maximum a t 18.00 hours and i t  stayed as such 

throughout the ttLght and next morning u n til i t  was washed away by dew.

They observed th at organic acid is  exudated by a l l  parts of the plant, 

maleic acid being the main one. They estimated the' maleic acid content 

on the surface of leaves and fr u it  w all of chickpea a t d iffe re n t stages - 

of growth and found -that i t  progressively Increased in the order of vege­

ta tiv e , preflowering, flow ering, pod settin g  and seed development stages 

at 5 > 9» 12, 19 and 15 m.eq. per g resp ectively . In young pod w alls i t  

went as high as 1*8 m. eq./g. They dbserved that the, maleic acid content 

increased 2.5 folds with the increase of temperature from 5 to  30°C. They 

a lso  noted that the amount of maleic acid exudated was much reduced when 

the glands on the surface of leaves were brushed away.

2 . 9.3 Photosynthetic rates and Chlorophyll content 

1/
Kumuri and Sinha (1972) studied the variation  in  ch lcrq p ty ll contents 

in  leaves during flowering and pod development in  21 chickpea cu ltiv a rs . 

They observed a variation  in  chlorophyll a (l.720 - 2.720), ch i b (0.075 - 

1. 81*5 ) and to ta l chlorophyll 2.395 - 4.565 mg per gm of dry weight, during
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flowering ani the r a t io  between ch i a. and b varied fran  1 . 1+6 and 2 . 59*

Durirg pod development they observed a f a l l  in  chlorophyll contents.

Thus the ch i. a content varied from 1.615 to  2 . 170, ch i. b from 0.720 to  

1.300 and to ta l  eh lcrq p iy ll from 2.335-^.155 and the r a t io  narrowed from 

I.65 to  2.1+6. Th^r suggested that th is  reduction in  pigments might be 

related  to  low the photosynthetic rates

Sinha and Coworkers (1980) studied the type of Cog fix a tio n  in  

chickpea ani estimated the RuBP carboxylase and PEPtotboxylase a c t iv ity  

in  normal and brushed leaves (to remove glands) a t d iffere n t stages of 

growth. They observed no sig n ifica n t reduction in  the a c t iv ity  of RuBP 

carboxylase. On the other hand about 80 $ of the a c t iv ity  of PEP carbo­

xylase was rgnoved by brushing the glands and hence they suggested that 

the plant has narnal C3 type of Cog fix a tio n .

2 . 9. 1+ Biochemical changes during seed development :

Vgrma et a l . (1961+) observed that the to ta l U-content went down as 

seed matured. However, Abu Shakara et a l .  ( l970) observed that during seed 

development there was no change in  to ta l  nitrogen content. A detailed 

study of changes in  carbotydradeo, amino acids and proteins in  developing 

seeds of chickpea was carried out by Singh et a l .  (1981). Developing seed 

of chickpea cu ltiv ar v i z . ,  G-I3O, L-550 and 850- 3/27* grown under f ie ld  

conditions, were sampled at d iffe re n t stages of maturity and analysed for 

soluble sugars, starch , soluble nitrogen, protein-nitrqgen and amino acids. 

They observed th at the fresh  weight of seeds of a l l  the three cu ltivars



decreased upto 28 days of flowering^while dry natter continued to increase 

thereafter t i l l  seed maturity. Rapid starch accumulation was observed 

between 14-18 days a fte r  flowering. The amount of starch in  L-550 and 

G-130 decreased between 21-35 days a fte r  flowering but i t  remained cons­

tant in  85O-3/27. Most o f the starch accumulated from 14-28 days a fter  

flowering and this was more pronounced in  850-3/27° Changes in  the amounts 

of the soluble sugars accompanied during the same period,therefore, the 

period between 14-28 days a fter  flowering was found to  be the period of 

intense bio-chemical a c i t iv it y .  Starch as percentage of seed dry weight 

started  to decrease a fte r  28 days, while starch pa: seed increased t i l l  

maturity.

Soluble nitrogen a lso  decreased upto 28 days a fte r  flowering and 

then remained constant t i l l  maturity. Thc-y suggested that during early 

stages of development, soluble K was rapidly u t ilis e d  fa r  synthesis of 

proteins, which consequently increased. The soluble nitrogen when 

expressed as mg/seed increased upto 21 days a fte r  flowering. Percentage 

of protein nitrogen increased slowly throughout the development stages 

in  G-I30 and L-550. Their resu lts  suggested that rapid protein deposi­

tion  occurred during the period between 14 and 28 days. However, protein 

nitrogen per seed to  increased upto 30 days a f t  a: flowering in  a l l  the 

cu ltiv a rs . The electrophcretic pattern revealed that deposition of seed 

storage proteins cr cotyledons occurred 14 days a fter flowering and 

according to  them most of the biochemical a c t iv it ie s  apparently occurred 

within 2.4 and 28 days a fta : flowering. Most of the amino acid increased
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during send &*vc-lqpnKntl however, they observed th at sulphur containing 

atraino acida (taathlonine and cy stin e )  decreased along with v a lin e . Varsa 

and l a l  (1966) reported, th at t o t a l  so lu b le  and inorganic phosphorus fr a c ­

tion s Increased w ith develop se a t o f seeds and i t s  c o tu r ity  and the longer 

decrease in  P-coopcuM was seen in  seed coat (Lal and Versa, 1968).



3. MATERIALS AMP METHODS

Investigations were carried out with Chickpea (Cicer arietinum L . ) 

during rab l season of 1979-80 and I98O-81 a t Indian A gricu ltural Research 

In stitu te , Hew Delhi (28° . 35*H. and 70°.I2 'E ). To meet the major objectives 

of the present in vestigation  experiments were categorised in to  following 

groups :

I  Evaluation cf reproductive e ffic ien cy  of the various genotypes.

I I  Improvement of reproductive e ffic ien cy  by chemical manipulations.

I I I  Biochemical studies on the fresh  and abscised plant p arts.

I .  EVAUJATIOH OF THE REPRODUCTIVE EEFIdEHCI

3«1 Experiment No. 1 . Evaluation cf the reproductive e ffic ien cy  cf

d if fe r  g it  genotypes of chickpea ' .

The experiment was conducted both under f ie ld  and pot culture unier 

natural day lig h t  conditions. The genotypes under study were the types, 

JG-62, C-235 and nine BG lin es v i z . ,  BG-2O3, BG-209, BG-232, BG-215,

BG-216, BG-217, BG-220, BG-226 and BG-227 along with the Kabuli type 

L-550. The seeds were treated with a single stra in  cf Rhizobium culture 

(B-75) before sowing. >

A. Field  t r i a l  :

Tke f ie ld  t r i a l  consisted of ra isin g  of the above genotypes in  a 

simple randomised block design with three rep lication s. A presowing i r r i ­

gation was given in  order to  n&intain optinaim moisture le v e l for germination
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A basal dose of 15 kg nitrogen as urea and 25 kg of 1^0  ̂ as super ph03pbate 

per hectare were applied. A supplementary irr ig a tio n  xffl.s given ju s t before 

flow erlrg . P lat s ize  was 10 x 1.5 meters fa r  each cu ltiv ar with spacing 

of 30 oms between row and 10 cms between plant. As the normal date far 

sowing of chickpea is  arourd the middle of Cbtober, the sowing was done on 

19.10.1979. The respective cu ltivars were harvested as and when they ripened,

B. Pot culture experiment l

Earthen pots of 30 cms diameter were f i l l e d  with a mixture of 10 kg of 

w ell sieved farm s o i l  and w ell decomposed farm yard manure in  the r a t io  of 

3 : 1 . A basal dose of fe r t i l iz e r s  as described earlier was given. In itia lly  

eight seeds ( 2 seed s/h ill ) were sown and a fte r  10 days the seedlings were 

thinned and f in a lly  four plants per pot were retained. A l l  the pots were 

regularly watered to  maintain adequate ^soil moisture.

She sowing date was the same as the f ie ld  v i z . , 19.10.1979.

Sampling :

In f ie ld  and pot culture the f i r s t  sample far each cu ltiv ar was 

taken 30 days a fte r  sowing (XAs), thereafter subsequent samples were taken 

at 30 days in terva l u n til  the time of f in a l  harvest,

3*1 .1  Observations and experimental procedure :

For a l l  the rep licates of each cu ltivar the following data were



recorded :

1. Days to  f i r s t  flower

2. Total number of flowers

3. Days to f i r s t  pod - 

Peak flowering

5. Flower duration.

6. Crqp duration

3 .1.2  Morphological observations :

At the time of each sampling the following morphological observa­

tions were record©! from three plants per rep licatio n  and re su lts  were 

expressed dn pe: plant b asis .

1. Plant height

2. number of branches of primary order

3. Hiniber of branches cf secondary and te rtia ry  order

4. Total mnfcer of branches

5. Total number cf leaves

3. 1.3  Leaf area and dry matter production :

fenples were taken at 30 days in terva l from time of sowing to 

f in a l harvest. Three plants were harvested from f ie ld  from each r e p li­

cate a t  random. These plant parts were dried at 80°C in  an oven and 

weighed subsequently.



Leaves from representative plants were taken and their area was 

recorded on Hitachi automatic le a f  area recorder and then these were 

fin a lly  weighed a fte r  drying. The area of the r e s t  of the plants were

computed on the basis of area to  weight r a t io  of the sanpled leaves at

each harvest per re p lica te  fa r  each genotype. The resu lts  w&ce expressed 

on per plant b a sis .

3. 1.4  Y ield and y ie ld  components a t  f in a l  harvest :

The crop at maturity was harvested from h a lf square meter area from 

two places and pooled for f in a l  y ie ld  data.

Hie follow ing data were recorded :

1 . Total number of pods.

2. Number of normal or f i l le d  pods.

3. Number of abnormal or u n filled  pods.

4 . Total number of seed s.,

5- Pod weight.

6. Seed weight. s , .

7. 100 seed weight.

The resu lts  were expressed on per plant b asis .

3 .1.5  Evaluation of reproductive e ffic ie n cy  :

Parameters determining reproductive e ffic ien cy  were calculated from 

the various conponents (derived from reproductive a ttrib u tes) and expressed 

as percentage. The parameters used fa r  evolution af reproduction e ffic ien cy
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were as follows :

1. loss due to  shedding

2 . Pod set

3. F ille d  pod 

1+. U nfilled pod

5 . E ffective  pod set

She d e ta ils  regarding the basis of calculations cf above parameters 

w il l  be described la te r .

B, Pot culture :

In pot culture a t each harvest f iv e  plants were sampled fo r each 

cu ltivar and the procedure used and data recorded were id e n tica l to  f ie ld  

which has already been described above.

3.2 Experiment Ho.2 Studies on the influence of temperature (based on

d iffe re n t dates cf sowing), on tim^T in ten sity  and 

duration of flowering and reproductive e ffic ie n cy  

in re la tio n  to  growth and development in  selected 

genotypes ( l980-8l ) .

Based on the performance of d iffere n t genotypes during the year 1979­

80, three cu ltiv ars were f in a lly  selected for detailed studies : Ihese

were JG-623 L-550 and BG-209.

BG-209 and L-550 were selected because reproductive e ffic ien cy  was
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found to be highest in BG-209 and lowest in  L-550 amongst the genotypes 

examined and a lso  because they represented the desi and Kabuli types. JG-62 

was selected  since Hie reproductive effic ien cy  was found to be intermediate 

and also  because i t  had a double podded character.

The experiment was designed to r e f le c t  the influence cf temperature 

and hence th is factor was studied by varying the dates of sw in g .

F ie ld  t r i a l  :

The experimental lay out was a randomised block design with f iv e  r e ­

p lication s and four dates of sowing fo r each of the three cu ltiv a rs . Indi­

vidual p lo t s ize  was 8 x 3  meters, with row to  row spacing of 30 cms and 

plant to p lant distance of 10 cms with a population cf 33,000 plants/ha.

A l l  agronomic procedures were same as described ear l i e : .

3 . 2.1  Dates cf sowing :

Four sowings were done a t 15 days in terva l commencing from 4th October, 

1980. The dates of sowing were as follows :

F irs t  sowing 4. 10,1980

Second sowing S2 19. 10.1980

Third sowing S3 3.II.I98O

Fourth sowing S4 lfl.ll.i9 8 O

3*2*2 Time. Intensity and duration of flowering :

Representative plants from each rep lica tio n  were earmarked with the
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help o f an iron peg, lab elled  at appropriate stages. Non destructive 

observations pertaining to  detailed flowering behaviour were recorded at 

5 day in terv a l subsequent to the appearance of f i r s t  flower fc r  each 

cu ltivar and fc r  each date cf sowing.

I t  was impossible to  distinguish fresh  flowers from one or two day

niri retained flow or s unless the flower was vary fresh . Therefore, the 

counts Included both the retained flowers as w ell as the fresh  flowers

farmed as on that day fc r  convenience. They w i l l  be referred  as flowers

retained on that sp e c ific  day. When flowers ,drqp; peduncle ("Scar") is  

retained and therefore the number of abscised flowers have been recorded 

on liie b asis o f 's c a rs ' as shown in  the P ig . .1 .

The following observations were recorded :

1 . Days to  f i r s t  flower .

. 2. Number of retained flowers

3. Number of abscised flower 

1+. Total number of flowers

5. Days to peak flowering 

6i Days to f i r s t  pod '

7 . Number of pods formed .

8. Flower duration

9. Days to  maturity

3.2.3 Morphological attributes :

Iden tical Observations were recorded with respect to  morphological
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attrib u tes as given in  section 3*1*2

The resu lts  were a lso  expressed on per,p lan t b asis .

3. 2 .4  Changes in  le a f  area and dry matter -production :

The le a f  area was measured a t  10 days in terva l in  the same manner 

as explained in  section 3 .1.3

Three plants cf each re p lica te  from each cu ltivar were harvested a t 

10 day in terva l from 30 UA.S to  f in a l harvest. The procedure adopted and 

the observations recorded were same as described ea rlie r  in  section 3. 1 .3 . 

In addition to above, r a te  on dry matter production in  reproductive organs 

was a lso  recorded.

3.2.5  Growth analysis :

The various parameters of growth analysis were calculated from the 

above data only from the f ie ld  t r ia l .  The following equations were used 

to ca lcu late  the d iffere n t growth parameters ( c . f .  Ifetson, 1952$ Friend 

et a l . . 1962$ Redfcrd, 1967).

1. Crop growth ra te  (CGR)

CGR represents dry weight gained by u n it area of crop in  unit time.

' w2 -

. i*e* _______

*2 " *1

2. R elative growth ra te  (RGB)

RGR represents increase in  dry weight in  time t i  and t 2 over the



dry weight a t  time t i  :
Log W2 - log WX

Where Wg ard. Wi represents the dry weight a t  time tj? and t2 respectively 

in  the above parameters.

3* Deaf area index

Leaf area index was measured in  terms of to ta l  le a f  area (cn£) per 

square meter of land surface. '

h. Leaf area duration (IAD) ,

Lgaf area duration was calculated by integrating the le a f  area index 

from 30 B&S to  f in a l  harvest.

3.2.6 Y ield  and y ie ld  components a t  f in a l  harvest :

The crop in  f ie ld  a t  maturity was harvested far each date of sowing 

in  sim ilar manner as described e a r lie r . The resu lts  were expressed per 

plant b asis .

The follow ing observations were recorded :

1 . Total number of pods

2. Number of developed pods

3. Number of underdeveloped pods

4 . to ta l  rnniber of seeds ■

5 . Seed number/pod ,

6. Pod weight
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7. Seed weight

8. 100 seed weight '

B. Pot cu lture

At each harvest 5 plants from each cu ltivar were taken. The procedure 

followed and observation taken were id e n tica l as described for f ie ld .

3. 2.7  Reproductive e ffic ien cy  :

Prom the data on various components o f reproductive e ffic ien cy  obtained 

from d iffere n t reproductive attrib u tes various parameters determining re ­

productive e ffic ie n cy  were calculated fc r  both f ie ld  and pot culture and 

the same were expressed as percentage.

The seed e ffic ien cy  was derived by calcu latin g the to ta l number of 

ovules from the number of ovules from carpel repcrted from the wcsrk of 

ICRISA.T (Annual progress report cf chickpea physiology 1976-77). I t  has
i

been reported from ICRISAT that the ovule number per carpel fc r  JG-62 was 

2 . 14. In L-550 i t  was 2.01 and 2.QU fa r  early and la te  formed pods 

resp ectively . Therefore, an average value cf 2.02 was taken fo r L-550.

Since the value fc r  meat of the cu ltiv ars  examined a t  XCRISA.T verted only 

between 2.0 and 2.5 an average value of 2.2 was taken fcr  BG-209. Calcu­

lation s were made according to  the following : -

1 .  Loss due to  shedding :

\ Total number of flowers and pods shed ,inn
Total number of flowers -
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2 . Pod se t :

Total number of pods 100
Total number of flowers

3. E ffective  -pod set :

Total mimbg of developed nods 1Qq 
Total numb&  of flowers

1+. E ffective  fru itin g  e ffic ien cy  :

Mugjber of developed nods q̂q
T otal number of pods

5 . Ratio of under-developed pod3 to to ta l nods

Humber of under-developed cods x .̂00 
Total number a? pods

6, Seed e ffic ien cy  :

Hunt)er af ovules released as seed x 2.00 
Total number cf pods

7 . E ffective  seed e ffic ien cy  :

Humber of ovules developed in to  seed ^oo 
Total number of ovules found p® x ,
carpel per pod set

3.2.8 Temperature data

Daily minimums, maximum and mean temperatures were record®! frcm 

the M eteorological Station attached to  Water Technology Centre, IA.KE. 

Heat Units and growing degree days were calculated as follow s :

Heat Unit (HU)

Heat -units v&re calculated by the method of d ire ct suisaation Index



of d a lly  maximim tenperature. The basal tenperature of 10°C wag sub- 

stracted  from individual day maximim temperature and h ^ t  unit thus 

obtained only represented a sp e cific  period ( 5 day in terva l ).

Growing degree days (GDD)

Growing degree days have been calculated by the method of d irect 

summation of mean tenperature. Cumulative values cf 5 day In terval are 

given. ,

u .  IMPROVIMEIjT CF REPRODUCTIVE EFFICIENCY HI CHEMIC&L MAKEFULA1ION3 i

3.3  Experiment 3 : Response of chickpea cv. L-550 to  d iffe re n t concentra­

tions o f growth regulators a t  nre-flowering, mid­

flowering and post flowering stages In pot culture 

during 1979-80.

Cultivar L-550 was chosen fc r  th is experiment, since i t  represented 

the Kabuli type, which has b etter cdunerclal value over desi types.

The experiment was carried out under pot cu lture conditions in  

duplicate with 120 pots with uniform plan ts. The crop was sown on 19 .10. 1979.

3 . 3.1  Experimental design ; ■

Hreatments - 5 (including untreated control)

Concentrations - 1+

Stage of application  - 3
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The growth regulators and concentrations used are d etailed  below s

Growth t effliifltnp Cone entration (ppni)

1. Indole -3-acetic Acid (IAA) 1 2 5 10

2. Kinetin (BA) 1 2 5 10

3. Cycccel (CCC) 2000 3000 Uooo 5000

It. Etfcrel - 500 750 1000 1250

The respective concentration o f each growth regulator was applied 

exogenously in  the form of f in e  fo lia r  spray a t pre-flow ering, mid-flew ering 

aid post flowering stages. She f i r s t  spray was given when the plants were 

.38 days o ld . Thereafter^weefcly sprays were continued u n til  the plants 

crossed ov<2r to  the next stage. The nuccber of sprays did not exceed more 

than four a t  any stage.

3, 3.2 Observations

r

1 .  Total flowers

2. Total nuntoer of pods

3. Total mcher of e ffe c t iv e  pods ( f i l le d  pods) 

h. Total seed y ie ld  (g/plant)

She re su lts  were expressed on p&* plant b a sis .
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3.4 Experiment No. 4 * E ffect of stage vs growth regulators Interaction

on y ie ld  attribu tes of chickpea cv. L-550 In 

not culture and f ie ld  during 1980-81.

The re su lts  cf the investigations (Expt,3) carried out during the 

year 1979-80 farmed the basis of the experimental design fc r  the above 

experiment, during I98O-8I. The conclusion from investigations o f the 

previous y ea r 's  were as follow s t

Stage of application :

1 . IAA was foind b e n e fic ia l at a l l  stages v i z . ,  pre-flow ering, mid­

flowering and post-flowering stages.

2 . Cycocel was mere e ffe c t iv e  a t mid-flowering stage.

3. BA was found to  be mare e ffe c tiv e  a t post-flowering stage.

4 . Ethrel gave negative resultB at a l l  stages.

Concentration effects :

Results pertaining to  the e ffe c t  of d iffe re n t concentrations of growth 

regulators used showed :

1. IAA gave best resu lts  a t  lower concentrations. Since the resu lts  with

2 ppm were consistant, hence th is concentration was used fo r further 

studies.

2. Qrcocel was a lso  found to  be more e ffe c tiv e  a t  lower concentration, 

and therefore, lower concentration of 2000 ppm wub selected fo r the 

present in vestigation.
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3*' BA v.’as found to  be equally b e n e fic ia l a t  5 uhd W  ppm, however# 

lew*:r concentration cf 5 ppm was pref ered fa? economical reaaona.

The stages ware in  e a rlie r  euperioent, v i z . ,  pre-flowering# add-
\

flowering and post-flowering# however# coneentrntions were aa described 

above- Etfcrel was delefted  from the present afcudy# since negative resu lts  

were obtained in earlier study.

3.*1*1 Ebnaeriagntal design :

Requirement fa r  IAA could be inferred fc r  a l l  the stages and that fcr  

cycocel end BA a t  mid and post-flowering stages resp ective ly . Therefore# 

fallowing combinations formed the various treatments. Untreated p lan ts ' 

served as control.

Treatment E fe-f lowering Hid-flowering Peat-flowering

1 Control (untreated.) '

2 IAA Qfccoel IAA

3 ZAA . Cycocel IAA + BA

k IAA Cycocel , BA

5 IAA - BA

6 IAA - IAA * BA

7 IAA IAA IAA + BA

8 IAA IAA IAA

9 IAA . IAA -

10 IAA IAA BA
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e^perixaant has conducted both under f ie ld  and pot cu lture condi­

tions. Ten pots per treatment ware maintained under pot culture* F ield  

t r i a l  was conducted in  randomised block design with ten treatments and 

fa ir  rep lica tio n s. She sub p lo t s iz e  was 3 x 2  meters, with into'space 

c f  1 meter between them. Other conditions were a erne as described in  

section 3*1.

3.U.2 Growth regulators were applied as fo lia r  sprays a t the respective

stages. At f in a l  harvest in  pot cu lture experiment, data wore record©!
I

with respect to  fo llo v in g  characters :

1 . Rushes’ of to ta l  pods

2. Bucher o f developed pods

3. Rusher cf under-developed pods

b. 100 grain weight

5 . Seed yie ld

6. Stem weight

7. Sbtal dry weight .

In f i e ld ,  data •usea recorded only for need y ie ld  and to ta l plant 

weight. Frcaa the *bw e data harvest index (Hi) was calculated as follow s :

HI -  -^ ..S ssflJfA ^  x 100
B iologica l y ie ld



I I I .  BI [CA.L STUDIES IH REIATION TO REPRODUCTIVE EFFICIENCY OF CHICKPEA, :

3.5 Experiment No.5 : A comparative stucLv of the 'biochemical changes

In fresh and abscised plant parts :

Studies pertaining to biochemical changes in  fresh  and abscised plant 

parts were carried out with the plant m aterial collected ft-cm respective 

cu ltiv a rs , in  f ie ld .  Fresh weights of the materials wore recorded aid 

then they were dried in  oven for 80 C and subsequently made into powder. 

Proteins and sugars were estimated from the oven dried m aterial. Pigments 

and nucleic acid analysis vas^carried out on fresh  weight b a sis , however, 

for nucleic acid the m aterial was kept in  deep freeze  a t  - 10°C.

3. 5 .1  Total Nitrogen :

The to ta l nitrogen was determined by K^Jeldahl method (Jackson, 1967) 

Reagents :-

1 . Catalyst mixture : Anhydrous and pure CuSol+ were mixed in

10 : 1 r a t io . ~

2 . Bromocresol green mixture indicator (0.5 g cf brcxnocresol + 0.1  g of/n«M

red in  100 ml of 95 $ alcohol)* ,

3. Boric acid solution : kO g of H3BO3 was dissolved in  1  L. of d is­

t i l le d  water. 5 ml cf IM icatcr solution was added to  each l ik e  

of boric acid solution.

k. Sodium, hydroxyde solution : kO $ NaoH-prepared by using N-free NaoH

fleiacs. This solution was allowed to stand for hours so as to

p ricip a te  out NagCog and other im purities.
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The plant m aterial was ground to  fin e  porder and 250 mg of the 

sample was transferred to  a 300 ml Kjeldahl fla sk . 25 nil of Con. HgSo  ̂

was added to  i t  arc. kept overnight. 10 g cf ca ta ly st mixture was added 

and heated gently t i l l  no frothing was there. Then the f la s k  was heated 

b risk ly . Digestion was continued u n til the solution was c le a r . The con­

tents were cooled to room temperature.

The digested m te r ia l  was transfened to  a 1 L d is t i l la t io n  f la s k  by 

carefu lly  washing 5-6 times with d is t i lle d  water. 125 ml of 40 % HaoH 

solution was ca refu lly  added. The f la s k  was connected to  a d is t i l la t io n  

se t. The anmonia evolved was collected  in  25 ml boric acid solution to  

which mixed indicator solution  had already been added.

The ammonia co llected  was titra te d  with standard sulphuric acid t i l l  

i t  reach si fa in t  pink end point.
1 .

Chlculation was done on the basis that 1 ml of IN HgSolj. S  0.014 g 

of nitrogen.

The resu lts were expressed as percentage dry weight. .

3. 5.2  Total proteins 1

F ir s t  the protein  nitrogen was determined by K jeldh elfs method, as 

described earlier and then the value was m ultiplied only the factor 6.25
\

t o ,obtain the values fc r  to ta l proteins. - Results were expressed as percen­

tage dry weight.

j
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3.5 .3  Soluble proteins ;

Soluble protein content were estimated by the method described by

Lowry et a l .  (1951).

Preparation cf reagents :

(A) 2 % Na2<3o3 in  0. I N  Na©H

(B) 5 % CuSoij. in  1  % sodium potassium tar tar ate.

(c) 50 ml cf reagent A and 1 ml cf reagent B were mixed ju s t before use.

(D) F o lin 's  phenol reagent

20 mg cf dried powdereteample was taken in 5 ml of buffer in  a mortar
1

and p e ste l, The homogenate was centrifuged a t  10,000 rpm fo r  20 minutes.

0.5 ml cf protein  sample was then taken in  a te s t  tube and 1  ml of reagent 

C was added. She solution was mixed w ell and allowed to  stand fcr  10 

minutes a t  room tenperatur e. 0.1  ml of reagent D was added v s y  rapidly 

with vigcrous shaking. After 30 minutes the colour was read a t 610 run 

using a Hitachi spectrophotometer.

The standard curve was prepared using Bovine Serum Albumin and the 

amount of soluble protein was calibrated from the same.

The re su lts  were expressed as percentage dry weight.

3.5 .4  Soluble sugars :

Soluble sugars were estimated by the method described by Mcrris 

(19^ ) .



Preparation of ant hr one reagent :

200 mg of anthrone was dissolved in  100 ml of con. HipSol}. to  get 0.2 $ 

enthrone reagent. Fresh reagent was prepared each time fc r  estimation.

20 mg of powered m aterial was taken in  a te s t  tube. To i t  10 ml of 

80 % ethanol waB added and extracted in  hot water bath a t 80°C fo r 30 

minutes. This was then centrifuged a t 6000 x g fc r  10 minutes. The extract 

was coHectedmto a 50 ml volumetric f la s k . 3Sie extraction  of residue was 

repeated th rice . Supernatent extract was pooled and the f in a l  volume was 

made to  50 ml. The extract was then evaporated in  water both at 80°C aid 

residue was taken up in  d is t i l le d  water and the f in a l  volume was made to 

25 ml- 0.2 ml of the extract was taken in  a te s t  tube and to  i t  k ml of 

anthrone reagent was added slfflfly. The solution was then heated in  a 

b o ilin g  water both for s ix  mirutes. The te s t  tubes were cooled in  running 

water and to each tube 0.8  ml of d is t i lle d  water was added. The colour 

developed was measured a t  620 nm with Bauch and Lamb spectr onic-20 colcrim eter.

Results were calculated f*om the standard curve fc r  sugars pr spared 

with analar glucose. The resu lts  were expressed as percentage.

3. 5.5 Nucleic acids :

Nucleic acids were estimated by the method described by Cfeur and 

Rosen (1950) with s lig h t  m odifications.

Plant m aterial was extracted with 80 % boilin g  ethanol fc r  2 minutes 

to prevent enzyme action  and a lso  to remove absorbing m aterials other than
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nucleic acids. I t  was then ground in  mortar and the m aterial was trans­

ferred to  centrifuge tubes. The soluble nitrogen fra ctio n  was removed 

by centrifugation and then to defatting of the tissu e  was carried  oat by­

b oilin g the residues fc r  3 minutes in  ethanol containing ether in  prosper 

ration  cf 3 : 1  (v/v). The residue was further given 2 successive washings 

with acetone, which removed the pigments completely. F in ally  the nucleic 

acids were extracted from the renaining residues by the method of Ogur and 

Rosen ( l 950).

The residue was washed with 0.2 K cold perchlcric acid to  remove 

the soluble nucleotides. This was done very rap id ly, the supernatent was 

rejected . The HM was then extracted from the residue by extracting with 

cold 1 N perchloric acid far 3-4 hours a t  4°C. The remaining residue was 

treated with 0.5 N perchloric acid fo r 20 minutes a t 70°C and centrifuged. 

Most of the DM comes in to  the solution which is  decanted a fte r  cen trifu­

gation and the residue extracted by 2 N HCl. The two fraction s were com­

bined and used for estination of DM,

The BM and DM were then estimated spectrcphotome tr ie  a l ly  a t  260 nm 

using a Hitachi spectr(photometer.

Absorpition spectrum obtained fc r  RM from the tissu e  was compared 

with the pure synthetic HM. The quantitative values were calibrated 

from standard curve prepared from pure synthetic RM and DM (Sigma).
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3.5.6 Pigments :

(a) Chlorophyll

The amount of chlcrophyll present was estimated by the method des­

cribed by Arnon (19I+9). The o p tica l density was recorded a t 663 nm and 

645 nm.

Chlcrophyll a ani chlorophyll b were estimated using the following 

formula :

Chlorophyll a => 0.0127 x D.663 - 0.00269 x D 645

Chlorophyll b = 0.0229 x D 645 - 0.00468 x D 663

Where D represents the op tical desnity a t  respective wave length.

The resu lts  were expressed as/4 -̂ chlcrophyll/g fresh  weight.

t

(b) Carotenolds ■

Carotenolds were estimated from the same 80 % acetone extract

obtained for chlorophyll and the o p tica l density was noted* 452.5 nm. The

amount was calculated using Robblers fa r mi la  (Mahlburg et a l . . 1966).

‘ Carotenolds = 4.75 x D.452.5 - Chl(a + b) x 0.226 ,

Where D represents the o p tica l density.

(c) Anthocvanins :

The plant m aterial was taken up in  ac(die methanol ( l  ml of con.

Hcl added to  100 ml methanol) and the extract was f i l te r e d  through 

Whatman No. 1  f i l t e r  paper. The f in a l  volume was made to  10 ml and the 

op tical density wasrread a t 535 nm in  a Bauch and Lomb spectronic-20 

colorimeter. The resu lts  were compared on the basis of the differences in
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o p tica l density.

3.6 Experiment No. 6 : Changes in organic acids content in  leaves of

chickpea as influenced by temperature 

(d ifferen t dates of sow is a l  : 

leaves were collected from nodes a t specified  positions (l6 -l8 ) on 

the main axis and then pooled and estimated fa r  organic acid content in  

terms of to ta l t itr a b le  acid content as per the procedure of Ting and 

Duggar (1968). Leaf m aterial was homogenfcted with 20 ml of d is t i lle d  water 

and 2 ml of Con. HCl. was added to  the extract. The organic acids were 

extracted in  petroleum ether with the help of separating funnel. Petroleum
t \

ether fractio n  was evaporated on a water-bath and the residue was dissolved 

in 10 ml of d is t i lle d  water and titra te d  against 0.01 N sodium hydroxyde. 

Calculation was based on :

1  ml of 0.1 N NoBHrEi O.OO67 8 meleic acid

23ae content of organic acids were expressed as mg equivalent to 

maleic acid/g. dry weight.
/

3.7  S ta t is t ic a l analysis :

Requisite s t a t is t ic a l  analysis has been carried  out by the technique 

of analysis cf variance as described by Rinae and Sukhatme (1978) aid the 

values of c r i t i c a l  differences and standard error cf mean at 5 % le v e l 

have been given.



4. RESULTS

The re su lts  of d iffere n t experiments are  presented below under 

respective groups. Since the same experiment was conducted simultaneously 

in  f ie ld  and pot cultureytherefcre the resu lts  w il l  he presented c o lle c ­

tiv e ly  fa r  convenience of comparison.

I .  EVALUATION OF REPRODUCTIVE EFFICTEHCY :

4 .1  Evaluation of reproductive e ffic ien cy  in  d ifferen t genotypes of 

chickpea (1979-80) (Experiment No. l )  :

Evaluations of reproductive e ffic ien cy  in  d iffere n t genotype of chick 

pea was based on a number of observations ranging from flowering behaviour, 

morphological and reproductive attributes etc. The re su lts  pertaining to 

above are described in  th is chapter.

4 . 1.1  Time, in ten sity  and duration of flowering in  rPln-Mon to crop 

duration in  d iffere n t genotypes of chickpea :

The days to f i r s t  flow er, days to  f i r s t  pod, peak flowering and 

flower duration and days to  maturity of 12 chickpea cu ltiv ars v i z . ,  JG-62, 

L-550, C-235, BG-203, BG-209, BG-212, BG-215, BG-216, BG-217, BG-220, T 

BG-226 and BG-227 grown both under f ie ld  and pot culture conditions are 

presented in  table 1.

JG-62 was the e a r lie s t  to  flower followed by L-550 ani C-235 both in 

f ie ld  and pot culture. However, the appearance of f i r s t  flower was earlier 

in  pot culture conditions. BG lin es took longer time fc r  days to  f i r s t  

flower. I t  ranged between 76 and 85 days.



Sable 1 . Time, in ten sity and duration of flowering in  re la ticn  to  crop da ration  in  d iffe re n t 
genotypes of chickpea during 1979-80*

F ield________ ;______ -   Pot culture

Genotype
Days to
f i r s t
flower

Days to
f i r s t
pod

Peak
flower­
ing

Flower
dura­
tion

Crop
dura­
tion

Days to
f i r s t
flow er

Days to
f i r s t
pod

Peak
flow er­
ing

Flower
dura­
tio n

Crop
duratd

JG-62 60 90 120 90 163 57 85 115 80 155

Ir550 65 120 125 90 176 60 113 121 82 162

0-235 70 115 120 85 170 66 1IJO 115 83 160

BG-203 80 120 125 80 175 75 U 5 122 7b 165

BG-209 85 125 130 75 178 81 110 118 76 169

BG-212 78 "l20 120 76 172 75 ' 115 118 75 168

BG-215 76 118 123 77 173 75 115 120 75 168

BG-216 76 120 125 ‘ 80 175 72 110 120 7b 165

BG-217 80 120 120 82 177 77 115 122 80 170

BG-220 77 120 125 80 176 7b . 110
/

118 75 166

BG-226 80 120 125 80 176 75 110 120 77 167

BG-227 80 120 122 78 175 75 112 119 76 167
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4. 1.2  Days to f i r s t  pod :

\A m ^
Days to f i r s t  pod a lso  lea st fa r  JG-62 (90 days and 85 days in f ie ld  

and pot culture resp ective ly). Amongst the r e s t  of the genotypes C-235 

was e a r lie s t  to  pod, next only to JG-62 both in  f ie ld  and pot culture. 

However, the days to f i r s t  pod did not d iffe r  much between the re s t  of the 

genotypes in  the f ie ld  with the exception cf BG-209 which took 125 days 

fc r  the appearance of f i r s t  pod as compared to r e s t  between 118-120 days. 

Under pot cu lture condition, as conpared to f ie ld ,  there was no consistency, 

however, i t  ranged between 110 and 115 days between genotypes. In f ie ld ,  

the peak flowering in most af the genotypes was noted between 120 and 125 

days a fter sowing (DAS), however, fo r BG-209 i t  was noticed at 130 DAS.

Under pot culture condition, the peak flowering ranged between 118 and 120 

days amongst majority of cu ltiv a rs .

In f ie ld ,  the flower duration was found to be lcogest fo r JG-62 ani 

L-550 (90 days) followed by C-235 (85 days). For BG lin es i t  varied between 

76 and 82 days. In pot culture the longest duration was found in  case of 

C-235 (83 days) followed by L-550 (82 days) and within the BG lin es i tI
varied between 74 and 80 days.

The crop duration was shortest fcr  JG-62 both in f ie ld  and pot culture 

followed by C-235,  however, i t  varied considerably in  majority of genotypes 

under pot and f ie ld  conditions.
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4 .1.3  Change in  the morphological attributes of 12 genotypes of chickpea 

a t d ifferen t stages of growth and, development during 1979-80 :

Thble 2 and 3 depicts the changes in  the morphological attributes of 

12 cu ltivars of chickpea a t d ifferen t stages cf growth and development in 

f ie ld  and pot culture conditions resp ectively .

Plant height, number of primary, secondary and te rtia ry  branches, 

leaves and le a f  area increased with time both under f ie ld  and pot culture 

conditions, however, higher values were obtained from f ie ld  experiment in  

canparison to  pot cu lture experiment. The plant height ranged from 45 to 

59 cm̂ . and 39 to 46 cm  ̂under f ie ld  and pot cu lture conditions resp ectively . 

The lowest plant height was recod ed  in C-235 and the highest in  BG-227.

The number of primary branches increased with time upto 120 days in  most of 

the cu ltiv a rs , however, appreciable increase was observed t i l l  150 days in  

case of JG-62, BG-209 aid BG-212. Although the number of primary branches 

did not vary nuch amongst the d ifferen t v a rie ties  both under f ie ld  and pot 

culture corditions/y e t the number of secondary branches showed considerable 

d ifferen ce amongst the d iffere n t cu ltiv a rs . firofuae branching was observed 

in  case of JG-62 in  comparison to L-550 or the BG-lines. C-235 a lso  had 

higher number of secondary and te rtia ry  branches next only to  JG-62. The 

leaves p a 1 plant was considerably high under f ie ld  condition than under pot 

culture condition which is  evident from the fa c t  that le a f  number varied 

between 260 and 490 in  f ie ld ,  whereas under pot culture condition the value 

was between 195 and 240. JG-62 recorded the highest nimhcy cf leaves (490

and 240 leaves under f ie ld  and pot culture re sp ective ly ). I t  is  interesting



Table 2 . Morphological a ttrib u tes of d ifferen t genotypes of chickpea a t  d ifferen t stages of growth
and development under f ie ld  condition during 1979-80.

Genotype JG~62 1-550 C-235 BG-203 BG-209 BG-212 BG-215 BG-216 BG-217 BG--220 BG-226 BG-227 SEm + 00(0. 05)

Days
after
sowinst

1 2 h 5 6 7 8 9 IO 11 12 13 .... 14 15

Plant Height (cm)

30
60
90
120
150

17
26
37
42
49

IB 
29 

. 37 
52 
58

17
27
35
42
45

18
31
36
40
50

IB
25
38
46
53

17
31
37
49
54

18
33
39
49
54

IB
23
38
48
55

18
24
41
49
57

17
23
36
47
56

19
23
39
49
58

18
24
41
48
59

2.5
4 .7
4 .1
4.3
5 .1

5.18
9-75
8 .5 0
8 .92

10.58

Nunber of primary branches /plant

o 
o

1.0
2.6
2.9
3.5
3.8

1.0
3.2
3.7
4.0
4.0

1 .0
3.0
3-5
3-8
3.8

1.0
2.9
3-7
4 .0
4.0

1.0
2.5
2.8
3-2
4.0

1.0 
2 .7  
2 .9  
3-5
4.0

1.0
2 .7
2.9
3-5
4.0

1.0
3.0
4.0  
4.2

.4 .2

1.0
3>6
4.2
4.5
4.5

1.0
3 .3
4.0
4.2
4.2

1.0
4.0
4.4
4.5
4.5

1 .0
3.0
3.7
4.2
4.2

0.5
lo9
1.7
2 .1
1.6

1.04
3.90
3.53
4.35
3.32

Number of secondary and tertiary brarc hes /plant * . ■

30
60
90
120
150

3.8 
16 . 0‘
24.0
40.0
45.0

4.0
12.0
16.0
20.0
22.0

4.0
13.0
18.0
37.0
38.0

3.4
6.3

13.0
21.0
23.0

3.8
3-6

32.0
19.0 
26.6

3-6
6.6

11.9
20.1
22.7

3.6
6.6  

11.9 
20.1  
22.7

3.6
7-0

13.6
20.8
23.0

3.2
8.0

15.0 1
23.0
25.0

3.8
9.2

13-9
24.7
24.7

4.2  
9.7  

15.8 
24.5 
26.0 .

3.2
9.0

14.9
24.0
25.3

2.3  
3-1
3.4 
3.7

. 3-9

contd.

4.77
6.43
7.05
9.75
8.09

e 0



1________2 _̂____ h____ §_____6

Ihble 2 contd.. .

30 i*.8 5*0 5.0 l*.l* 1*.8
60 18.6 15.2 16.0 10.2 8.5
90 26.9 19-7 21.5 16.7 li*.8
120 1*3*5 2U.0 1*0.8 25.0 22.2
150 26i0 1*1.8 27.0 30.6

30 2k 36 33 27 27
60 170 130 120 130 135
90 297 197 160 190 175
120 1*90 275 260 260 280
150 90 310 108 300 310

30 . 1*9 .1*0 . 59 27 .3**
60 290 360 320 .155 l!*0
90 600 5l*0 1*70 .210 200
120 1260 770 630 390 360
150 200 91*0 260 **95 1*80

7 8_____ Q 10 11____ 12 13_ H*  15

Total number of branches/plant -

1*̂ 6 1*.6 1*.6 1*.2 1*.8 5.2 1*'.2 2 .1 4.35
9-3 9.3 10.0 11.6 12.5 13.7 12.0 3. 1* 7.05

ll*„8 ll*.8 17.6 19.2 17.9 20.2 18.6 . 3.7 7.67
23.6 23.6 25.0 27.1* 28.9 29.0 28.0 l* .l 8.50
26.7 26.7 27.2 29.5 28.9 30.5 29.5 1**2 8 .7 1

Total munber cf leaves/plant

33 27 29 29 50 50 21* 1*.2 8 .7 1
115 125 130 130 ll*2 131* 125 10.5 21.78
ISO 197 190 195 200 190 175 11.3 23.1*1*
260 268 275 280 270 250 260 16.6 3 *^ 3
320 ^30 3l*0 350 350 295 290 20.1* 1*2.31

Leaf Area / plant (Qm£)

.37 3** 33 3l* 36 -31* • 26 -3.9 8.09
130 11*0 135 11*0 135 130 ll*5 11.7 24.27
190 210 225 230 21*2 250 260 12.8 26.55
330 360 370 1*00 395 1*10 1*36 21.7 1*5.00
1*70 510 500 530 61*0 589 610 19.8 I*ii07
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to note that BG-209 under f ie ld  condition did not record a high<3: le a f 

number as compared to other BG cu ltiv ars. The le a f mmber among the BG 

cu ltivars varied between 310 and 300 per plant under f ie ld  condition and 

same under pot culture condition showed a variatio n  from 195 to  2^0 per 

p lan t. C-235 always recorded the le a st number both under f ie ld  and pot 

cu lture conditions. L-550 had 310 and 2h0 leaves under f ie ld  and pot culture 

conditions resp ectively .

The le a f area in  JG-62 and C-235 increased only upto 120 days in  con-
I

tra st to  other c u ltiv a rs , where the area increased upto 150 days. There was 

a sharp decline in  JG-62 ard C-235 a fte r  120 days. The lowest area was 

a lso  recorded by JG-62 a t 150 DA.S. Bie area between BG lin es did not vary 

s ig n ifica n tly  under f ie ld  and pot culture conditions. Another observation 

is  that cv. L-550, the Kabuli variety had approximately same number of 

l^ v e s  as BG lin e s , y e t the increase in area is  about two fo ld  due to larger 

le a f  s iz e .

Both under f ie ld  and pot cu lture conditions the rapid period of growth 

and development was found to  be between 30 and 60 DAS as the increase was 

many fo£ld during the period with reference to  most of the morphological 

characters. The period between 60 and 90 days was a lso  comparatively an 

active phase of growth, but in  magnitude i t  was of lower carder than that 

observed between 30 and 60 days. Same could be said for the period between 

90 and 120 days. By 120 days, most of the characters attained the maximum 

or showed a decline thereafter.



73

U. 1.4  Changes In dry natter accumulation in  12 chickpea cu ltivars 

during 1979-80.

Changes in  dry weight o f plant parts and to ta l  dry matter a t  various 

growth and development stages of 32 chickpea cu ltiv ars  during 1979-80 under 

f ie ld  and pot culture conditions are given in  table 4 and 5 respectively*

Stem weight : ,

Stem weight increased with time and highest weight was recorded by 

BG-226 under f ie ld  condition (12.370 gm/plant) and by JG-62 under pot culture 

condition (9.0 gm/plant). Almost id e n tica l changes were observed under pot 

and f ie ld  conditions in  case of JG-62 and C-23?, but C-235 showed a greater 

increase a t  150 days. The ra te  of growth of JG-62 and C-23? was id e n tica l 

under f ie ld  and pot culture conditions. The increase was often greater 

between 30-60, 60-90, 90-120 and 120-150 days and i t  was 761 313 200 %

and 145 % for JG-62 and 258 $ , 583 %, 219 £ and 177 £ fo r C-235 resp ectively . 

The increase in  stem weight was cf mare or less  sim ilar carder in other c u lt i ­

vars, but the rapid phase of dry natter production in  stem was f  ourd between 

30 and 60 days in  f ie ld ,  whereas between 60 and 90 days in case of pot 

culture. Uie BG-2O3 and BG-209 showed lesser variation  in  the rates of 

dry matter production under f ie ld  and pot conditions.

Leaf weight :

Leaf weight increased with time both under f ie ld  and pot cu lture con­

d itio n s, except in  case of JG-62, where a sharp decline was observed a t 150 

days. The values obtained fa r  f ie ld  were always of higher order as compared



Ihble 4. Changes In  dry matter production in  d ifferen t p lant parts a t  various stages of growth
and development in  d ifferen t genotypes of chickpea urder f ie ld  condition during 1979-80.

Genotype JG-62 L-550 C-235 BG-203 BG-209 BG-212 BG-215 BG-216 BG-217 BG-220 BG-226 BG-227 SEJm + © (0.05)

Bays a fter  
sowing

Stem weight (g)/plant)

30 ' 0.130 0.H6 0.139 0.117 0.121 0.141 0.105 0.118 0.101 0.107 0.118 0.099 0.01 1.02
60 0.990 0.780 0.360 0.530 0.540 0.500 0.590 0.570 0.580 0.580 0.475 0.430 0.09 0.19
90 3.100,, 2.800 2.100 1.650 1.300 1.760 1.390 1.410 1.510 1.700 1.970 1.890 0.31 0.64

120 6.200 . 5.100 1*.600 5.100 4.600 4.800 4.860 4.570 4.980 5.300 6.240 6.000 1.02 2.12
150 9.000 11.700 8.150 9.00 8.890 11.500 9.800 8.600 12.000 10.700 12.370 11.600 1.15 2.38

Leaf weight (g/plant)

30 0.254 0.185 0.200 0.137 0.167 0.185 O.I69 0.167 0.168 0.180 0.167 0.126 0.03 0.63
60 1.050 1.300 0.700 0.810 0.715 0.880 0.690 0.670 0.715 0.630 0.800 0.810 0.07 0.15
90 1.9^0 1.900 . 0.900 1.000 1.050 0.980 1.000 0.980 0.995 O.98O I.060 1.000 0.25 0.52

120 6.260 3.500 2.600 1.988 2.000 1.950 2.100 2.070 2.100 2.000 2.100 2.130 0.57 1.18
150 0.900 4.960 5.960 2.050 2.100 2.000 2.I3O 2.090 2.135 2.100 2.I60 2.200 0.91 1.89

Total dzy weight (g/plant)

30 0.384 0.331 0.339 0.254 0.288 O.336 0.274 . 0.280 0.269 0.287 0.285 0.225 0.64 0.17
60 2.040 2.080 1.060 1.340 1.255 1.380 1.280 1.240 1.295 1.210 1.275 1.240 1 .10 0.21
90 5 . 01*0 1*,700 2.990 2.650 2.350 4.046 2.390 2.390 2.505 2.680 2.030 2.890 0.75 1.56

120 15.230 9.650 7.560 8.280 9.020 7.810 8.260 7.470 11.440 8.440 10.240 9.300 1 .3 1 2.72
150 14.822 19.000 15.585 16.550 17.620 14.830 16.010 14.260 23.035 18.700 21.180 20.100 2.41 4.99



Ihble 5. Changes in  dry n atter production in  d iffere n t plant parts a t various stages cf growth and 
development in  d iffe re n t genotypes o f chickpea under pot cu lture condition during 1979-80.

Genotype JG-62 L-550 C-235 BG-203 BG-209 BG-212 BG-215 BG-20J& BG-217 BG-220 BG-226 BG-227 SElm + ©(0.05)

Says a fte r  
sowing

30 0.123 0. 11*7 0.11*1 0 .111 0 . U 1 0.122
60 0.966' 0.280 0.360 0.383 0 .1*25 0.191
90 3.100' 1.1*00 2.100 1.100 1.170 0.900

120 6.200' 3.210 i*.6oo 3.^00 3.270 2.700
150 9.000' 6.660 6.1*00 6.270 6.660 7.100

30 0.209 0.136 0.160 0.100 0.159 0.130
60 0.899 1.055 0.582 0.651* 0.560 0.305
90 1.1*00' 1.300 1.050 0.680 0.675 0.600

120 3 .U00 1.900 3.600 0.975 0.980 0.800
150 0.600 3.000

\
5 .1*00 1.110 1.050 1.000

30 0.322 0.283 0.301 0.211 0.270 0.252
60 1.865 1.335 0.91*2 1.037 0.987 0.1*96
90 1*.700 2.700 3 .61*0 1.780 3.085 1.500

120 15.000 5.710 11* .890 1*.975 1**960 l*.0l*0
150 ik ik d 13.960 11*. 900 11.850 12.1*00 02.360

Stem weight (g / p lan t)

0.100 0.102 0.099 0.108 O .llB 0.085 0.02 0.01*
0.306 0.297 0.263 0 . 21*7 0 .21*5 0.192 0.03 0.63
1.600 1.090 1.210 1.160 1.170 1.250 0.21 0.1*1*
3.000 2.970 3.^10 3.1*80 3 A 75 3.51*0 0.52 1.10
6.870 6.020 f . 7.600 7.000 6.910 7.800 1 .3 1 2.72

Leaf weight (g / p lan t)

0 . 11*9 0.050 0 . 07*1*6 0.120 a . i i*7 a.130 0.03 0.13
0.1*61 0.1*22 0 . 1*27 o.Uoi* 0.328 0.2U1 0.03 0.13
0.580 O.63O 0 .61*0 0.660 0.61*0 0.690 0.07 0.15
0.970 0.980 0.970 O.98O 1.000 l. io o o.oi* 0.08
1.200 1.000 1.100 1.0t*0 1.060 1.130 0.03 0.13

Total dry weight (g / p lan t)

0 .21*9 0.262 0 . 2i*5 0.228 0.265 0.215 0.02 O.Ol*
0.767 0.719 0.730 0.651 0.573 0 .1*33 o.oi* 0.08
2.1B0 1.720 1.850 1.81*0 1.810 1 .91*0 0.06 1.32
1*.580 1*.250 5.000 1*.970 5.175 5.530 0.58 1.20

12.615 10.020 02.350 13.370 11.920 16.1*10 3.02 6.1*7



to pot culture. Among the v a rie ties  highest le a f weight was observed In 

case of JG-62(6.260 g/plant) and C-235 (5-^00 g/plant) under f ie ld  and pot 

culture resp ectively . BG lin es showed lower le a f weights as compared to  

other cu ltiv ars. C-235 and. L-550 were the two cu ltivars which showed appre­

ciab le  increase in  le a f weight between 120-150 days, while the BG lin es 

showed very l i t t l e  increase during the sam e.period., The rate  of dry .matt^ 

accumtmlation in  le a f i s  highest between 30 and 60 days and was o f mere cm 

less same order both under f ie ld  and pot cu lture conditions. The reproduc­

t iv e  phase started between 60 and 90 days and during th is period i t  was 

observed that there, was. a decrease in  the. dry matter in  .leaves. Further, 

i t  t#s noted that between 90 and 120 days, the period corresponding to  peak 

flowering cf most o f the c u ltiv a rs , there.was a s lig h t increase in  the ra te  

of dry matter in  leaves. Moreover, a t  150 days, when the peak flowering 

was over, no appreciable increase in  le a f  weight in most of the cu ltivars 

was fcund except in  the case of L-550 arxi C-235.

Total dry weight :

Hie to ta l dry weight Increased with age cf the plant and ra te  cf 

increase was highest between 30 and 60 days in  a l l  the cu ltiv ars under f ie ld  

conditions. However, under pot culture conditions the to ta l  dry matter a lso  

increased appreciably between 60 and 90 days in  case of C-235 and metre or 

less in  equal rates in  many of the BG lin e s . The highest dry weight was 

recorded under f ie ld  conditions in  case of BG-217 (23.035 g/plant) and the 

lowest in  case of BG-216 <1^.260 g/plant). In pot cu ltu re , the highest 

weight was attained by BG-227 (l6.l{60 g/plant) ani lowest by BG-216 (10.120 

g/plant). JG-62 is  the only va rie ty , which showed reduction in  dry matter



a t  150 days and that Is found to be due to reduction in  le a f  weight which 

declines rapidly a t  150 days after sowing. .

^ .1.5 Reproductive behaviour of 22 chickpea cu ltiv ars during 1979-80 :

ihble 6 and 7 summerise the reproduction behaviour on per plant basis 

of 12 cu ltivars of chickpea grown In f ie ld  and pot during 1979-80. Erom 

the same i t  may be observed that in  f ie ld  the highest flower number (2Q5) 

was obtained from the BG lin es and the lowest ( l2l )  was obtained in  C-235. 

JG and L-550 formed 212 and 200 flowers resp ectively . Among the BG lines 

the variation  was 212 to  3O3 flowers per plant. The highest was in  BG-227 

(303) and lowest was in  BG-2O3 (212).

Under pot culture conditions the p ictu re  was d iffe re n t. C-235, which 

recorded lowest under f ie ld  condition, gave appreciably high number of 

flowers (162) under pot culture conditions. JG-62 a lso  recorded a very- 

high flower number (170) as compared to the BG lin e s , which flowered better 

under f ie ld  conditions. In general, the BG lin es had low flower numbers 

as compared to JG-62 and C-235.

The shedding of flowers/pads were very high in L-550 in  comparison 

to the number of flowers produced by i t .  However, the to ta l  number of 

flowers/pods shed were more in  BG lin es which had mare nunber of flowers 

in  f ie ld .  Pod number was high among the BG lin es ard ranged between 50 and 

75 per plant. L-550 had the le a st number of pods. The number of f i l l e d  

pods a lso  were mare amoi  ̂ the BG lin e s , followed by JG-62 , C-235 aid L-550.



Table 6i Reproductive behaviour per plant of d iffe re n t chickpea genotypes in  f ie ld  during 1979-80

Character ____ : .. ' . Humber .________  , Wm ^-h fa-)______ •
 1-------------  Flowers Flowers + Total Normal Abnormal Total Seed/ . Pod Seed 100-seed
Genotype’ Pods shed pods f i l l e d  u n fille d  seed pod .weight ■ yie ld - weight

pods pods

JG-62 212 168 44 38 6 46 1.04 6.622 5.724 8.384

L-550 200 , 1j80 ,20 17 3 25 1.25 3.948 3.295 17.140

c-235 121 91 30 ,26 4 36 1*20 2.775 1.495 10.137

BG-203 212 151 6 l 51 10 79 1.29 3.086 3.060 11.500

BG-209 231 156 75 63 12 90 1.20 9.570 8.240 10.504

BG-212 285 235 50 39 1 1 62 1.24 6.117 4.508 10*147

BG-215 288 225 63 50 13 78 1.23 6.908 5.808 9.082

BG-216 221 171 50 38 12 64 1.28 4.520 3.783 7.687

BG-217 256 1B4 72 57 15 85 1.18 8.103 7.192 8.595

BG-220 261 203 58 45 13 72 1.24 6.989 5.814 10.156

BG-226 272 199 73 63 10 87 1.19 9.473 7.837 10.821

BG-227 303 228 75 60 15 89 1.18 9-728 7.941 10.828

SRm + 6.51 7.41 I.I32 1.081 1.951

CD (0. 05) 13.50 1587 4.420 2.1B0 4.046



Table 7 . Reproductive behaviour per plant c f d iffere n t chickpea genotypes In pot cu lture during 1979-80 -

Character Kuidber Weight (g )
Flowers Flowers + Total NqtehI Abnormal Total Seed/ Pod Seed 100-seed

Genotype Pods shed pods f i l l e d  u n filled  seeds pod weight y ie ld  weight
- _ -pods nods

JG-C2- 170 l 4o 30 20 10 35 1.16 5 .658 4.704 9.112

L-550 146 133 13 ’ 10 3 16 1*23 2.693 2.246 17.145

C-235 162 135 27 21 6 30 1 .1 1 4=179 3*477 10.210

BG-203 167 145 22 26 6 27 1.22 2.671 2.297 10.504

BG-209 120 85 35 23 12 ^3 1.22 6.176 5-479 II.589

BG-202 141 120 21 IB 3 23 1.09 4.486 3.948 10.573

BG-215 105 93 19 12 7 21 1.10 2.332 1.916 11.750

BG-216 149 120 29 13 16 3^ l o l 7 3.165 2.686 9.095

BG-217 143 112 31 19 12 37 1.19 3 . 4&) 2.963 8.253

BG-220 108 81 27 IB 9 31 1.14 3.124 2.718 9.337

BG-226 126 96 30 21 9 35 1 .16 4.765 3.981 10.951

BG-227 174 136 38 23 15 44 1.15 5.316 4.260 IO.969

SEm _+ 3-71 3-58 1.051 0.832 I.030

CD (0. 05) 7-69 7.42 2.180 1.724 2.136
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The number o f u n filled  pods were highest among the BG lin es and lea st in  

case of L-550*

Under pot culture conditions,. the. BG lin es recorded about 50 it less 

pod number in  most of the cases. However, the reduction in  JG-62 was com­

paratively less and there was no variation  in  case of C-235 and the number 

of f i l l e d  and u n filled  pods a lso  showed a sim ilar trend.

The highest seed number under f ie ld  condition was recorded in  gen eril 

by BG lin e s , followed by JG-62, C-235 and L-550. The seed number p &  pod 

seems to  be most p la s t ic  character as i t  showed no variation  among the cu l­

tiva rs  and ranged between 1.04  and 1 . 29* Under pot culture conditions the 

trend was core or less sim ilar.

A sim ilar pattern was observed with respect to  pod and seed y ie ld  in  

f ie ld .  BG lin es gave comparatively higher y ie ld s . C-235 had the le a st seed 

y ie ld  (1.495 g) among a l l  the cu ltiv a rs . As regardiig 100 seed weight, the 

highest was observed in  case cf L-550 (17.140 g ) i The variation  in  BG lin es 

in  th is character was 7.687  g to  11.500 g. C-235 had a higher 100 seed 

weight {IO.I37 g) as eonpared to  JG-62 (8.304  g ) . Under pot culture condi­

tions mare or less same trend was observed.

4. 1.6 Reproductive e ffic ie n cy  :

Thble 8 presents the calculated reproductive e ffic ien cy  in  f ie ld  aM 

pot culture conditions. I t  w il l  be noted from above that a very huge loss 

was incurred in reproductive e ffic ien cy  due to shedding'of flowers/pods.



Table 8. C haracteristics determining reproductive e ffic ien cy  in  d iffe re n t genotypes of chickpea 
under f ie ld  and pot culture conditions during 1979-80.

C haracteristic F ie ld Pot culture

Genotype
Shedding

(*>
Pod se t 

(*)
F ille d
pods
<*)

U nfilled
pods

« )

E ffective  
pods 
se t (£)

Shedding
(*)

Pod se t 
(*)

F ille d
pods
h )

U nfilled
pods

(*)

E ffe c tiv e  
Pod se t 

« )

JG-62 79.2 , 20.8 86.3 13.7 17.9 82.3 17.6 66.7. 33.3 11.8

1-550 90.0 . 10.0 ,85.0 15.0 8.5 91.1 . 8 .9 76.9 - 2 3 .I 6.8

C-235 75.2 24.8 8 6.6 13 .^ 21.5 83.3 16.6 77.8 22.2 12.9

BG-203 71.2 28.8 83.6 16.4 24.0 86.8 13.2 72.8 27.3 9.6

BG-209 67.5 32.5 84 .0 16.0 27.2 70.8 2 9 .I 65.7 3^-3 19.1

BG-222 - 85.2 17.5 78.0 12.0 13.4 8 5.1 14.9 85.7 14.3 12.8

BG-225 . 78.2 21.8 79.3 20.7 17.3 88.6 28.1 6 3 .1 36.8 11.4

BG-216 77.4 22.6 76.0 24.0 17.2 80.5 19.5 44.8 55.2 8 .7  ■

BG-217 ■ 71.8 28.2 79.1 28.9 22.2 78.3 21.7 61.3 36.7 13.3

BG-220 77.8 22.2 77.5 22.5 17.2 75.0 25.0 66.7 33.3 16.6

BG-226 73.1  ' 26.9 86.3 13.7 23.1 76.2 23.8 70.0 30.0 16 .7

BG-227 75.3 24.2 80.0 20.0 28.8 79.5 21.8 60.5 39.5 13.2
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The lose by shedding ranges from 67 to  90 % among the various cu ltiv ars.

The highest 1m s was incurred by L-550 (90 #) and lowest-by BG-209 (67.5 £)•

The reproductive e ffic ie n cy , in terms of pod set from the number of flowers 

produced, was highest in case of BG-209, closely,fo llow ed by BG-2O3, BG-217 

and BG-226, where the pod set was 32.5 %, 28.8 28.2  % and 26.2 % respec­

t iv e ly . L-550 showed the le a st pod set and i t  was of the order cf 10 

The r a t io  o f f i l l e d  pods to  the number cf flowers farmed when expressed as 

percentage, showed that the variation  was not much amongst the various c u l t i ­

vars. Similar resu lts  were found with u n filled  pods. However, BG lines 

showed a higher percentage of u n filled  pods. The reproductive effic ien cy 

in  terms c f e ffe ctiv e  pod set (completely f i l l e d  pods over the to ta l number 

of flowers produced) was higher far most' cf the BG lines', while cv. L-550 

recorded the lowest e ffe ctiv e  pod set (8.5 %), C-235 also  had a comparatively

higher e ffe ctiv e  pod set (21.5 $) over JG-62 (17.9 $)•

Undo: pot culture conditions the magnitude of shedding was greater 

in  most of the cu ltivars and the percentage cf pod se t was also lower, however, 

the broad pattern remained unchanged. There was a great reduction in  the 

percentage of f i l l e d  pods and a s ig n ific a n t increase in  the percentage of 

u n fille d  pods under pot culture conditions in  comparison to  f ie ld .  As a 

re s u lt  of the above situ atio n , the e ffe c tiv e  pcd s e t  a lso  considerably 

reduced mere under pot culture conditions. '
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k.2  EFFECT CF BATES OF BOWIHG IK CHICKPEA

4. 2 .1  E ffect of d iffere n t dates of sowing on time. Intensity and duration 

o f flowering and fru itin g  in  re la tio n  to  crop duration In chickpea 

cu ltivars JG-62, L-550 and BG-209 under f ie ld  ami pot culture coM i- 

tions (Experiment Ho.2) :

Ihble 9 shows the days from sowing to  f i r s t  flower, peak flowering, 

la s t  flow er, f i r s t  pod and f in a l  harvest in 3 chickpea cu ltiv ars  v ia . ,  JG-62, 

L-55O and BG-209 as affected  by d iffere n t dates of sowing during 1980-81.

I t  w il l  be observed from the same tab le  that the time of appearance 

of f i r s t  flower in  general is  Increased with Increase in  sowing dates in  g ii 

the cu ltivars both under f ie ld  and pot cu lture conditions. The days to f i r s t  

flower fa r  JG-62 in  f ie ld  in  SI, Sg, S3 and S]̂  was 55 , 60 , 68 and 75 and in  

P°t 53 i 57 , 70 and 75 days resp ectively . In L-550 Sj_, Sg, S3 and S h i e l d  

was 60, 65, 70 and 75 days, and in  pot 65, 62 , 70 and 75 days resp ectively.

In BG-209 i t  was fa r  S i, 33, Sg and S4 80, 84 , 83 and 95 for f ie ld  and 74, 

78, 83 and 90 fcr pot culture resp ectively . However, the time of peak 

flowering and duration o f flowering decreased with increase in  sowing dates. 

Time fc r  peak flowering in JG-62 in  f ie ld  fc r  S i,  £ ,̂ S3 and S4 was I35,

120, 105 and' 95 days and in  pot 135, HO, 1Q5 and 105 days resp ectively .

For L-550 time for peak flowering in  Sla S3 and Ŝ  in  f ie ld  was I35,

125, 120 and 105 days and in  pot culture 125, 110, 115 ani 105 days respec­

t iv e ly . For BG-209, i t  was fcr  S i ,  Sg, S3 and Sĵ  130, 130, 110 and 110 days 

in f ie ld  and I3O, 115, 110 and 105 days in  pot resp ectively . Duration of



Thble 9 E ffect cf d iffere n t dates cf sowing on time, in ten sity and duration of flowering and fru itin g  
6 9 in  re la fio n  to  c r S  duration in  chickpea cu ltivars JG-62 , l r 550 and BG-209 under f ie ld  and

pot culture conditions during 1980-81.

Cultivars 
Time of 
sowing

JG-62 L-550 BG-209 JG-62 L -550 BG-209

Si sg S3 -Bit 'Si Sg S3 ''a* Si ez S3 84 si Sg s3 aT *! % s3 sk a  % e3 si,

Days to
f i r s t
flower

Days to  
f i r s t  pod

55 60 68 75 60 65 70 75 80 81+ 83 95 5 3 5 7 70 75 65 62 70 75 74 78 83 90

80 90 95 90 125 IX5  105 9S  325 325 110 100 80 90 95 95 125 105 IOO 90 125 H 5 105 103

Days to  
peak
flowering

1 ^  120 105 95 135 125 120 105 130 130 110 110 135 HO 105 105 125 HO 115 105 130 115 HO 105

Flower 
duratlon 110 90 62 45 105 85 65 50 80 74 47 28 107 78 55 **5 90 73 65 1+3 84 67 *+7 35

tom tion 166 168 H.7 137 136 1 7 P 1*7 133 336 Wp 1*7 11,3 173 355 1*5 131 170 156 1*5 132 173 356 1*5 132
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flowering decreased with delayed sowing. The duration in  JG-62 in  f ie ld  

fa r  Si, Sg, 63 and Si* was 110, 90, 62 and k5 days and in pot culture 107, 

78, 55 a nd 5̂ days resp ectively . For L-550 in  f ie ld  fc r  S i, Sg, S3 and

Si* i t  was 105, 85, 65 and 50 days and in  pot cu lture 90, 73, 65 and U3 days

resp ective ly . Far BG-209, i t  was fo r S is Sg, S3 and Si* 80 , 7k , k7 ani 28 

days dnd in  pot culture 8̂ -, 67, V7 and 35 days resp ectively . Sim ilarly 

days to  maturity a lso  decreased with increase in  sowing dates. For JG-62 

i t  was 186, 168, 11+7 and 137 days In f ie ld  and 173, 155, 1 5̂ an! 131 days 

in  pot fa r  Sj_, S2, S3 and Si* resp ectively . For L-550 i t  was in  f ie ld  fcr

SL, 82, S3 and Si* 186, 170, l l+7 and 133 days and in  pot culture 170, I56,

1H5 and 132 days resp ectively . For BG-209 the days to  maturity in  f ie ld  

fc r  &l, S3 and Sj* was 186, 172, 1U7 and 133 days while in  pot i t  was 

173» 156, 1*15 and I32 days resp ectively .

Bays to f i r s t  pod formation were increased with increase In sowing 

dates upto S3 in  case of JG-62, both under f ie ld  and pot cu lture conditions. 

Fa: Sj_, 82, S3 and Sj* in  f ie ld  i t  was 80, 90, 95 and 90 days ani in  pot 

culture i t  was 80 , 90, 95 and 95 days resp ectively . Both under f ie ld  ani 

pot culture conditions L-55O and BG-209 took same time for appearance cf 

f i r s t  pci (125 days) far Sx while far S2, S3 ani Sj* i t  showed a decrease 

with increase in sowing date.

Under pot culture conditions both these cu ltivars Showed a decrease 

in  the nunber of days required fcr  the appearance of f i r s t  pcd with an 

increase In sowing time. The number of days taken fo r both the cu ltivars 

were same fc r  the f i r s t  sowing (125 days) but from % onwards, the L-550
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took lesser days in comparison to  BG-209 far the appearance o f f i r s t  pod.

In case of L-550 fc r  S2, 83 and Sij i t  was 105, 100 and 90 days, while fcr  

BG-209 I t  was 115, 1(^ and IO3 days respectively .

4. 2.2  Influence of d l f f  erent dates of sowing on the morphological 

attributes of chickpea cu ltivars :

The data on the e ffe c t  of d iffe re n t dates of sowing on the morpholo­

g ic a l attributes of chickpea cu ltivars v i z . ,  JG-62, L-550 and BG-209 grown 

in  f ie ld  and pot cu lture *re given In table 10, 11 and 12 resp ectively .

These are expressed o n p a: p lan t basis.

She morphological a ttrib u tes lik e  height, branch number and le a f  

number increase with time upto a certain  stage in  a l l  the cu ltiv ars and in  

a l l  the sowings. These parameters showed low values when grown in  pot ir r e ­

spective of sowing dates or cu ltiv ars.

JG-62

Plant height :

Plant height increased with age in  a l l  the sowings both under f ie ld  

and pot culture conditions. The height was comparatively mere under f ie ld  

condition. There was a general decrease in  height a t  a l l  the stages with 

an increase in sowing time both under f ie ld  and pot culture conditions.

The only exception was in  case of 2nd sowing a t 90 and 120 days in  pot 

cu ltu re, where a s lig h t increase was observed. Maximum height i s  realised  

a t  f i r s t  sowing (83.6 and 59.2 cm£ resp ectively  in  f ie ld  and pot cu lture) 

ami difference between 83̂  and Sg was not nuch marked. The decrease in



Table / .  E ffect of d iffe ren t dates of sowing on the morpholcgical a ttrib u tes of
chickpea cv. JG-62 grown in  f ie ld  and pot cu lture.

Days a fte r  
sowing

Field Pot culture
30 60 90 120 150 30 60 90 120 150

Time of sowing 
1 2 I. er—2____ O L

Plant height

8

(cm)

9 10 11

S i 23.0 39.8 51.2 68.4 83.6 19.0 29.6 35.6 42.2 59.2
S2 17.2 27.0 42.4 61.0 66.0 15.6 27.2 42.8 49.6 X
S3 14.2 23.8 39.2 48.6 X 12.8 23.2 38.6 39.4  ' X
Sh 13.8 25.6 42.0 43.8 X H.O 20.6 36.4 38.0 X

SEm + 2.07 0.76 1.8 1 3.17 - 0.60 1.14 I.36 1.49 -

CD(o.Q5 ) 4.51 1.65 3.94 6.91 - 1.31 2.47 2.97 3.25 a_r

Number of primary br anc hes /plant

S1 1.6 4.8 5 .1 5.2 5.2 1.0 2.8 2.8 3.2 3.2

% 1.0 3.4 3.8 4.2 4.2 1.0 2.6 2.6 3 .0 X

s3 1.0 2.6 2.6 2.8 X 1.0 2.8 2.8 2.8 X
84 1.0 2.2 2.4 2.6 X 1.0 2.4 2.6 2.6 X

SSn + 0.17 0.46 0.82 0.35 - - 0.33 0.47 0.50

cd(o. 05) 0.37 0.99 0.78 0.76 _

con td .



3&ble 10 contd.. . .

1 2 3 l* 5 6 7 8 9 1 0 1 1

S i 5 .0 31.0 36.0
Humber af secondary and te r tia r y  branches/plant

16.6 65.2 2.8 6.1* l£.2 32.6 38.8

82 i*.o 8 . 6 32.0 61+.8 67 . 1* 3-2 l l * . 8 2l*.l* X

S3 3.8 6 . 0 17.2 23.0 X 3 -b 5.6 19.0 19.0 x;

al*. 2.0 3.8 JJB.i* IB .8 X 2.0 l*.i* 13.8 13.8 X

SEm + 0. 1*3 1 . 2 1 1.72 2.21* 0.26 1.19 3 .H i*.i*o
cd(o7o5 ) 0. 91* 2.6U 3.75 1+ .8 8 - 0.57 2.76 6.79 7.76 -

81 6 . 6 35.8 1 * 1 . 1

Total
53.8

number
70. 1*

af branches / Plant 
3.8 9.2 19.0 35.8 1 * 2 .0

82 5.0 12.0 35.8 69.O 71.6 1 * .2 7 . 1* 17. b 27.1* X

S3 1+.8 8 . 6 19.8 25.8 X 1 * .0 8 .1 * 2 1 . 8 21.8 X

si* 3.0 6.0 2 0 . 8 2 1 . 1 * X 3.0 6 . 8 1 6 . 1 * 16.1* X

SEm 0.52 0.62 2 .1 1 * - 1.95 0.32 0.91 2 . 1 2 2 . 6 2
-

CD(o.05) 1.17 1.35 l * , 6 6 4.23 - 0 . 7 0 1.98 l*.62 5.71 “ *

Si 38. 1* 237.1* 29I* .8
Total

1*95.0
nunber

388.6
of leaves / plant

. 28.8 60.6 11*5.3 21*5.2 298.1

££ 26.0 6 8 .1 * 20l*.o 63I.O 369.0 2 2 . 6 1*6.6 1 5 2 . 6 227.8 X

S3 2 2 . 8 7** .8 160.1* lB l.8 X 1 6 . 0 1*5.8 130.8 165.6 X

si* 1U.6 1*0 .1* 11+5.2 ll*9 . X 1 0 . 8 1 * 6 .2 I38.6 8 6 . 1 * X
SEJn + ' 1.90 17.56 26.99 86.81 - 1.70 9.70 16.71* 3^.93
cd(o7o5 ) l*.ll* 38.27 1*7.80 1 8 9 . 2 6 3.72 2 1 . 1 2 * 76.07 —
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heights Is o f nuch greater magnitude fo r 3rd and 4th sowing In comparison 

to  2nd sawing.

Hhnfogr of primary branches :

The number of primary branches attained the maximum In a l l  dates of 

sowing^ under f ie ld  condition by 120 DAS while in  pot cu ltu re condition

the same was attained earlier a t  $0 DAS in  case of and

Under pot cu lture conditions there was no s ig n ifica n t difference in  

the number of primary branches with reference to sowing date at a particular 

stage. But Sl tended to  have a higher number of primary branches. However, 

under f ie ld  conditions there were comparatively lesser number o f primary 

branches a t  any one particular stage from 60 DAS. In both f ie ld  aid pot 

culture Si recorded the maximum number cf primary branches (5.2 and 3.2 

resp ective ly).

Number of secondary and te rtia ry  branches :

Number of secondary and te rtia ry  branches a lso  increased with age of

plant in  a l l  dates of sowing. The maximum number of secondary branches

were observed in  Sg. (67. 4) under f ie ld  condition, while under pot culture 

condition th is was observed in case of Si (38.8). Least number of branches 

w «a fcund in  case of ^  both under f ie ld  and pot cu lture conditions. At 

a iy  particu lar stage cf growth upto 90 DAS the number c f secondary and 

te rtiary  branches decreased with an increase in  sowing date in  the f ie ld . 

However, the same trend was not seen, under pot cu lture condition.
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The trend which was observed fcr the number of secondary and te rtia ry  

branches was again re flected  in to ta l  mmber of branches.

Number of leaves :

She number o f leaves/plant increased with age upto 120 DAS under 

f ie ld  condition, while under pot culture they increased upto 150 DAS in S ,̂ 

upto 120 DAS in  case of S2 and S3 and only upto 90 DAS in  case of 

Between the sewing dates a general trend of decrease with an increase in  

sowing date was observed under f ie ld  condition. However, under pot culture 

the trend was less  clear.

L-550

Plant height :

Between the sowing dates at any particu lar stage there was a decrease 

in  plant height with an increase in  sowing date upto 3rd sowing. Under 

f ie ld  condition there was not much difference between and S4 with respect 

to height. .

Under pot culture condition, the decrease in  height with increase in  

sawing date was observed only upto 30 days. Thereafter no reduction in  

height was noticeable with an increase in  sowing date.

Number o f primary branches :

Maximum number of primary branches found was 5.8 under f ie ld  c end i t  ion 

and 3.2 under pot culture condition observed in case of f i r s t  sowing.



Table / 1 E ffect of d ifferen t dates, of sowing on the morphological a ttrib u tes of
chickpea Cv. L-550 grown in  f ie ld  and pot culture*

Days a fte r  F ie ld  Pot cu lture
sowing 35 £>0 <?0 320 150 30 60 90 020 150

Time of sowing  ' '

Plant height (cm)
Si 22.0 37.8 48.0 68.2 87.6 19.0 27.8 39-6 „ 47.0 47.8

2S.0 28.6 4o.o 60.4 66.0 17.4 23.2 40.0 51.0 55.4

S3 15.4 24.6 38.8 49.0 X 13.6 23.6 38.0 49.6 X

S k 13*0 24.2 42.2 49.8 X 11.8 20.2 37.0 40.0 X

SEia + 0.47 0.74 1.84 2.42 0.60 0.86 2,34 0.91
CD(0. 05) 1.03 1.60 4.00 6.88 - 1.32 1.88 - 1.99 -

Number o f  p r i m a i y  b r a n c h e s

Si 2.8 5.8 5.8 5.8 5 .8 1.0 2.2 2.8 3*? 3.2

S2 2.0 4.2 4.2 4.2 4.2 1.0 2 .4 3.0 3.2 3.2

S3 2 .0 3.0 4.0 4.0 X 1.0 3.2 3.3 3.4 X

Si* 1 .0 2.0 3.0 3.0 X 1.0 2.8 2.8 3*0 X

SEei + 0.26 0.55 0.29 0.45 0.30 0.33 0.24 _

CD (o705 ) 0.58 1.19 0.64 0.99 - - 0.66 - -

con td ..



Tfcble U 

1

contd.. 

2 3 4 5 6 7 8 .9 10 11
Number o f  secondary and te rtia ry  branches / plant

S i 7.8 21.2 38.8 40.0 60.2 3-4 4.0 1B .4 23.0 34.4

sz 4 .1 7.2 . 28.0 24.8 25.0 4.0 4.6 17.2 . 19.0 26.6

S3 4 .0 4.8 21.0 21.0 X 4.0 8.8 11.8 13.6 X

S4 3.0 8.0 14.4 17.0 X 3.0 3.8  . 12.4 14.2 X

SEJqi + O.58 2.82 4.02 5.60 — - 1.17 1.42 2.42 3.56 _

cdCoTqs) 1.26 6.14 8.77 9.99 - 0.37 3.09 5.28 6.99 -
Total number of branches / plant

S i 10.6 27.0 44.6 45.8 66.0 4 .4 6.2 21.2 26.2 37.6

S2 6 .1 11.4 22.2 29.0 29.2 5 .0 7 .0 20.2 22.0 29.8

s3 6.0 7.8 25.0 25.0 X 5 .0 12.0 15.1 17.0 X

S4 4.0 10.0 17.4 20.0 X 4.0 6.6 15.2 17.2 X

S%  +. O.56 0.69 2.22 6.30 - 0.93 0.63 2.17 0.71 -
CD (0 . 05) 1.22 1.50 4 . 4s 13.17 2.03 1.37 4.73 1.55

Number cf. leaves / plant
S i 54.2 206.0 297.8 411.6 395.6 31.2 69.6 154.0 254.2 195.2

Bz 28. 4 68.2 148.0 223.O 256.0 30.0 52.0 176.0 242.8 168.2

S3
t

28.4 57.0 158.0 172.0 X 23.0 53.0 126.4 143.3 X

S4 17.8 66.2 140.2 145.0 X 15.0 47.6 118.8 132.2 X

SEb* 8.33 49.85 35.69 31.49 - 1.45 7.07 15.55 24.82 -

cd To. 05) 13.79 108.62 77.77 ‘ 68.63 3.17 15.40 33.87 54.08 *



Under f ie ld  condition the mere number of primary branches were 

present. The maximum number was achieved by 60 IAS in  case of Sp and S2 

while by 90 SA.S in  case of S3 and S .̂ In general, with an increase in  

sowing date there was a decrease in number of primary branch under pot 

cu lture condition. The maximum nunber is  attained in  a l l  the sowings by 

120 MS. The f in a l  number of primary branches did not vary s ig n ifica n tly  

between the sowing dates.

Humber of secondary and te rtia ry  branches :

These increased with increase in age both under f ie ld  and pot culture 

in  a l l  dates of sowing. Tie maximum number o f branches were found in  case 

of Si i . e . ,  60.2 and 34.6 under f ie ld  and pot culture resp ective ly . Least 

number cf branches were found in case of Si* under f ie ld  co a litio n  ani in  

case of S3 under pot cu lture condition. By and la rg e , there was a decrease 

in  the number cf these branches with an increase in  sowing dates a t  a given 

stage.

Under pot culture condition the decrease in  number of branches with

increase in  sowing date could not be observed before 90 MS with the
\

exception of S3 where the values are not s ig n ific a n tly  d iffe re n t from Si* 

from 90 days onwards.

Total number of hrannhon •

The to ta l  number of branches vegre highest in  Sĵ  both under f ie ld  ani 

pot culture conditions i . e . ,  66 and 37.6 resp ectively . A sign ifican t
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reduction in  the number of branches was found, in r e s t  of the sewings.

The variation  between the sowings was not much marked a t any particular 

stage under f ie ld  condition.

Under pot cu lture condition the differences between and other dates

of scwingtfEre not that great as found far f ie ld  condition. Only the d i f f ­

erences become sharp a t 150 days.

Number of leaves ;

The increase in number of leaves was noticed upto 120 M S both under 

f ie ld  and pot culture conditions fa r  a l l  the sowings, with the exception 

of Sg under f ie ld  condition. There was not nuch variation  among the le a f  

number in  case of Sg, S3 and under f ie ld  condition upto 90 days. However, 

a general decline was noticed with increase in sowing dates a t  120 IAS In 

f ie ld ,  the same was noticed from 90 IAS onwards in  case of pot cu lture.

The highest number of leaves, 411 and 254 weŝ j noticed in  case of S i and 

le a st in  case of Si* ( l45 and I32) both under f ie ld  and pot cu ltu re conditions.

BG-209

Plant height :

There was an Increase in  p lant height, number of primary branches, 

to ta l  number c f branches with increase in  time. The f in a l  plant height was 

sig n ifica n tly  very high under f ie ld  condition in  case o f Si as conpared to 

re s t  of the sowings v i z . ,  72.6 cm# against 53.6 cmd, 4 l.6  cms, 37.6 cm3 in  

S2, S3 and S4 resp ectively . However, under pot culture condition the



Eable n I f f e c t  o f d ifferen t dates of sowing on the morphological a ttrib u tes of
chickpea fiv. EG-209 grown in  f ie ld  and pot cu lture.

Dâ 8 Q fter    Field____________   Pot culture
sowing 30 60 90 120 150 30 60 90 120 150

e of eowing ■

S i 20.0 34.0 35.6 65.4
Plant height (cm) 

72.6 15.5 25.0 31.4 36.4 42.6

% 28.4 24.6 35.4 51.4 53.6 17.4 20.4 37.0 42.0 42.8
14.2 23.4 37.8 41.6 X 12.2 20.0 31.6 37.0 X

3k 11.4 21.8 34.0 37.6 X 12.8 16.0 29.6 31.0 X

SEm +
CD (0.05)

o.Ul
0.90

1.03
2.23

1.73
3.77

1.13
2.77 -

0.74
I.60

3.14
6.84

2.07
4.52

6.8
3.19

Kucher of primary branches/plant

8l 2.6 4.8 5 .1 5.2 5.2 1.6 3 .0 3.0 3.0 3.0
S2 1.0 3.0 3.6 4.0 4 .0 1.0 2.2 2.8 2.8 2.8

S3 1.0 3 .0 3.0 3.0 X 1.0 3.0 3.0 3 .0 X

Sk 1.0 2.0 2.8 2.8 X 1.0 2.6 2.6 3.0 X

SEfo +
CD (0 . 05)

0.28
0.62

0.39
O.85

0.97 1.47
0 

0 0.19 0.20 0.14 -

contd..



Table I % co n td ...

1___________ 2_____ 3_____ 4_____ §_______ 6__________ 2______ 8______ 2_______ 10_______ 11

S i 7.0 19.0
Number of secondary branches / plant

32.4 44.4  94.2 2.2 3.6 14„8 25.8 46.2

32 4.0 5 .4 22.4 33.2 44.8 3.2 4.0 18.0 27.8 35.0

S3 3.8 7.2 24.8 32.8 X 3.4 6.8 13.8 32.6 X

34 2 .4 8.0 28.0 30.8 ' X 2.2 4.0 19.2 32.0 X

SEm 4- 0.66 1.95 4.02 6.87 o .4i 0.94 3.16 4.70
CD (0.05) 1.45 4.26 8.76 — - - 0.90 2.05 6.90 7.24 - .

Si ' 9.6 23.8 37.5
Total number of branches 

49.6 99.4
/ plant 

3.8 6.2 17.8 28.8 49.2

32 5.0 8 .4 i26.0 37.2 48.8 4.2 6.8 20.8 30.6 37.8
S 3 4.8 10.2 27.8 35.8 X 4.4 9.8 16.8 35.6 X

S4 3.4 10.0 30.8 33-6 X 3.2 6.6 21.8 35.0 X

SEm + 1.73 2.21 3.98 7.21 0.63 0.51 1.71 2.81
CD (0 . 05) 3.76 4.32 ' 8.67 15.76 1.37 1.55 3.73 5.03

S i 35.0 155.0 225.8
Leaf number / plant 

436.4 600.4 24.2 45.2 108.6 225.6 268.8

32 33.4 5414 115.4 201.6 245.0 19.6 39.6 102.0 232.4 168.0

s3 - 20.2 57-4 115.2 152.0 X 15.6 57.4 101.0 149.4 X

S4 12.0 53.4 177.2 175.0 X 15.0 32.6 118.8 190.6 X

SEin + 3.36 11.16 17.52 39.49 1.22 5.55 20.43 31.28
CD (0 . 05) 7.32 24.32 38.18 86.05 2.65 12.10 44.52 61.25 —
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height did not vary considerably between the d ifferen t sowing dates except 

in  case of S .̂ A reduction in  plant height was observed with increase in  

sowing date a t  30 IAS. However, at 60 IAS the reduction was only in com­

parison to S]_. At 90 DAS there was no variation  between the sowing dates. 

A t 120 days there was a gradual decrease In height with an Increase in  

sowing date.

Under pot cu lture condition these variations were not observed.

Values observed fo r Si* were comparatively lowes# almost a t  a l l  stages.

Number cf -primary branches :
• \

2he maximum number (5.2) of primary branches wcf.fi seen in  case of 

Si followed by Sg, and under f ie ld  condition. The maximum number 

was attained at 90 IAS in  case of Sj_, by 120 days In case cf Sg and 60 and 

90 IAS in  case of S3 and Si* resp ectively . . '

Under pot cu ltu re, the differences were not such marked between the 

d iffere n t sowing dates except in  case of S i, which had comparatively higher 

number a t 30th day.

Number of secondary and te rtia ry  branches :
i

These increased with time both under f ie ld  and pot cu ltu re, the order 

of increase being S  ̂> S2 > Ŝ  >8^. > I t  w i l l  be Observed that under pot 

culture condition, the plants were harvested between 120 and 1?0 days, 

while and % they continued growth a fte r  150 IAS. Although the to ta l 

number of branches found mare ar less  same under pot cu ltu re at 120 days
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In Si and % in  comparison to and S^, yet the f in a l  number a t 150 days 

was much higher. This may be due to  the fa ct that the plants were tor vested 

between 120 and 150 days, while in  and Sg they were harvested beyond 

150 DAS.

The sim ilar pattern described fc r  the number of secordary and te rtia ry  

branches was noticed with respect to  to ta l  mmber of brarches.

Humber of leaves :

Leaf number increased with time in  almost a l l  stages both under f ie ld  

and pot cu lture conditions, with exception of Eg, where i t  registered  a 

decline a t 150 days. The maximim number was a g iin  noticed in case of Si.

The or d a 1 *»s Ŝ  /* %  > S  ̂ > S  ̂ both under f ie ld  and pot culture conditions. 

At a iy  given stage the .differences ware more marked with respect to  

under f ie ld  condition, which had a higher number of leaves in  comparison 

to  the re s t  of the sowings, however, these were less narked in  pot culture.

4. 2.3  The influence of d iffe re n t dates cf sowing on le a f  area and drv 

matter •production in  chickpea cu ltivars :

The influence of d iffere n t dates of sowing on lo a f area aid dry matter 

production of chickpea cu ltivars JG-62, L-550 aid BG-209 grown under f ie ld  

and pot culture conditions is  presented in  fig u re  2, 3 aid 4 aid in  table 

13 to 18 resp ective ly . The figu res represent the changes from the s ta r t  of 

flowering t i l l  f in a l  harvest a t  an in terva l cf ten days, far each date of 

sewing. For convenience of representation the flower weight has been 

included in  the stem weight.
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F irs t  sowing :

I t  w il l  be seen from the figure 2 fa r  the f i r s t  sowing, under f ie ld  

condition (Table 13) le a f  area increased with time t i l l  120 IAS and there­

a fte r  showed a gradual decline t i l l  the time of harvest. 3he maximum le a f 

area (1969 cm2/plant) was attained 10 days before peak flowering. The 

to ta l dry matter production followed "typical sigmoid curve. There was a 

slow increase upto 90 IAS and thereafter the increase was greater. The 

maximum dry weight (1+6-250 g/plant) was attained at 170 IAS. Stem weight 

a lso  followed a ty p ica l sigmoid curve and the maxinum stem weight was 

attained at 150 DAS (28.012 g/plant), afterwards there was a slow decline 

in  stem weight t i l l  the time of harvest. The highest dry weight of le a f 

(7.^38 g/plant) coincided with the attainment of maximum le a f  area. The 

pods did not show nuch variation  in  weight u n t il  120 DAS, howevey from I30 

DAS onward there was a lin ear and sharp increase in  dry weight u n til 170 

DAS. Thereafter i t  maintained a constant le v e l. ,

Under pot culture conditions (Table lU ), also^the le a f  area increased

lin ea rly  upto 120 IAS. A fter that the ra te  of increase was slowed down

t i l l  150 IAS and then showed a very sharp decline u n til  harvest. Although

the in c r^ se  a t  120 DAS was more <r less  sim ilar to  that ctoserved uMer

fie ld  condition, y e t , the increase was extended t i l l  150 DAS and the

maximum area (598 cm2/plarrt) was observed a t th is stage and a sharp decline

was seen a fte r  150 DAS. The pattern of dry matter production in  pot culture

t condition was sim ilar to  that of f ie ld ,  however, since the maturity of

plants was attained e a r lie r , the maximum dry matter and pod weight were 

attained a t 160 DAS.

87

JG-62



88

2nd sowing :

During the second sowing the le a f area showed a sharp increase from 

60 MS. I t  attained i t s  maximum area ( lfll3 cm2/plant) a t  120 MS. There­

a fter  i t  showed a gradual decline u n til  150 MS and from thereon registered 

a sharp decline. The to t a l  dry weight showed a ty p ica l sigmoid pattern.

A slow Increase upto 90 MS and sharp increases thereafter t i l l  150 days 

were noted and at 150 MS i t  attained the highest dry matter (37.205 g/ 

p lan t). The stem weight in the second sawing increased a t a slower ra te  

u n til 90 MS, and thereafter i t  increased sharply t i l l  120 MS and then 

went up stead ily  a t  a slower rate u n til 160 MS where the highest (l6 g/ 

plant) was recorded, afterwards i t  declined gradually t i l l  harvest. The 

increase in  le a f weight was gradual t i l l  90 M S, from thereon the increase 

was linear t i l l  120 DAS to a tta in  the maximum (8.201  g/plant) and from 120 

DAS t i l l  the time of f in a l  harvest there was a gradual decline u n til  harvest. 

The increase in dry weight in  pod was registered  from 120 MS and followed 

a ty p ica l sigmoid curve.

Under pot culture condition the le a f area increased lin ea rly  to  

a tta in  the maximum (I183 cn?/plant) upto $0 DAS aid more or less  the same 

le v e l was maintained t i l l  120 MS and then i t  declined gradually t i l l  

harvest. The to ta l  dry matter increased upto 150 MS and attained the 

maximim (17.125 g/plant) by th is stage. The increase between 120 and 150 

days was appreciably greater than the.Increase between 90 an! 120 MS.

The stem weight a lso  showed a p a r a lle l trend upto 1^0 M S and afterwards
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a slow decline was seen t i l l  the time of f in a l  harvest. The le a f  dry 

weight increased t i l l  120 DAS. I t  attained i t s  highest (2.595 g/plant) a t th is 

stage and thereafter i t  declined gradually t i l l  harvest. A lin ear increase 

in  pod weight was noticeable upto I30 DAS a t a slower ra te  and at a higher 

ra te  from I30 to 150 days.

3rd sowing t

In the 3rd sowing in  f ie ld  the le a f  area increased lin ea rly  t i l l  90 

days H-neariy and thereafter upto 120 DAS at a slower ra te  ard attained by 

th is time i t s  highest area (400 cm^/plant) and from thereon a linear decline 

was observed. The to ta l  dry matter produced was ccmparatlvely less in  S3. 

Significan t Increase occurred in  dry matter between 110 and 120 DA.S. The 

highest dry natter accunulation {12.775 g/plant) was noted a t 140 DAS. Stem 

weight a lso  showed a sim ilar trend t i l l  120 DA,S. There was no appreciable 

increase in stem dry weight from 120 MS onwards and i t  attained i t s  highest 

(6.500 g/plant) a t  140 DAS. Leaf weight gradually increased upto 120 DAS 

and then i t  declined. Pod weight increased lin ea rly  t i l l  140 days.

Under pot culture condition the le a f  area increased lin ea rly  upto 

120 DAS and a lso  declined lin ea rly  thereafter. The highest a r ea of 299 cm2/ 

plant was recorded at 120 DAS. The to ta l dry n e tt9  followed a ty p ica l 

sigmoid curve. I t  inertiaed  upto 90 DAS a t a slower ra te  ard a t rapid 

ra te  upto 120 DAS. The highest dry matter was recorded at 140 MS (14.375 

g/plant). The same trend was observed in case of stem and i t  reached i t s  

highest weight a t  120 DAS (7 .555 g/plant). She le a f  weight and pod weight



showed the same trend as observed under f ie ld  conditions. However, the 

highest dry weight was observed for le a f  and pod a t  120 and 140 DAS 

respectively. -

. 4th  sowing :

In case of 4th sowing in  f ie ld ,  the le a f  area increased lin early  

from 60 to  80 MS. There was no further change t i l l  120 DAS, i t  declined 

th ereafter. The highest le a f  area was found a t 120 MS (354 cn^/plant).

The dry natter production upto 90 MS was slew and from 90 to 120 MS i t  

was rapid and attained the highest at I30 M S ( l4.350 g/plant). Same trend 

was observed in  case of stem, however, the increase was noted only upto 

120 DAS, when i t  attained the highest dry weight (7.0  g/plant). Leaf 

weight increased slowly t i l l  90 DAS, further i t  remained constant t i l l  110 

MS. The highest le a f  weight recorded was 1.750 g/plant a t 110 MS. The
• t

pod weight increased lin ea rly  from 100 days onwards t i l l  i t  sta b ilise d  a t 

130 DAS.

Under pot culture conditions by and large the p icture remained the 

same, except t la t  the lin ear incr® se was observed between 60 ard 90 MS.

L-550

1 s t  sowing ;

I t  w il l  be noted from fig u re  3 and tab le 15 that the le a f  area under 

f ie ld  condition increased upto 150 MS and thereafter showed a sharp 

decrease. The highest area recorded was 2300 cm2/plant was a t 150 MS.

The to ta l  dry matter production followed a ty p ic a l sigmoid curve. The dry

90
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matter production was slow t i l l  90 DAS, then I t  increased upto 120 days 

and afterwards showed a sharp increase t i l l  160 MS and then attained the 

highest weight (6k g/plant) aid declined stead ily  t i l l  harvest. The stem 

dry weight followed the same trend. Leaf weight a lso  showed a sim ilar 

pattern t i l l  150 IAS, however, i t  declined sharply th ereafter. The 

increase in  pod weight was slow upto lhO IAS and increased rapidly between

ll*0 and 170 days. . .
’ / ■ '

Under pot culture condition (table 16) the le a f area registered a 

sim ilar trend t i l l  120 IAS. Between 120 and 150 DAS i t  remained almost 

constant ani then declined rapidly. The pattern with respect to  to ta l dry 

weight wwd stem weight was sim ilar as observed under f ie ld  condition. Leaf 

weight, however, showed a sim ilar pattern only upto 120 IAS. Between 120 

and 150 IAS no appreciable increase in  lea f weight was observed and i t  

declined th ereafter. Pod weight increased lin e a rly  with time u n t il  i t  

stab ilised  a t 170 DAS. ■

2nd sowing :

The le a f area during the second sowing in  the f ie ld  increased lin early  

t i l l  150 DAS and then declined sharply. The to ta l dry matter showed a 

ty p ica l sigmoid curve. The highest weight was attained at 160 IAS (1*3.500 

g/plant). The stem dry weight increased slowly u n til  150 IAS and from 

thereon Increased rapidly u n t il  150 IAS, and i t  recorded ihe highest, 

weight of 18.750 g/plant at this stage. The le a f dry weight increased 

t i l l  100 DAS and declined sharply. Pod dry weight increased in a ty p ica l
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sigmoid fashion in  p a r a lle l to stem weight.

Under pot culture condition the l® f area increased upto 120 IAS, 

then declined gradually t i l l  150 M S and very sharply a fte r  150 days.

The to ta l  dry weight followed a ty p ica l sigmoid curve and the highest 

weight of 2 1 .k62 g/plant was noted a t 150 days. The le a f dry weight incre­

ased stead ily  t i l l  120 days and no further increase was noted a fte r  that, 

however, a sharp decline was only noticed ju s t "before a t  the time of 

harvest. Pod weight paralleled  the stem weight and followed a sigmoid 

curve.

~3rd sowing :

Ihe le a f area under f ie ld  condition increased lin ea rly  upto 90 days 

and slowly between 90 and 120 days and then decreased lin e a rly . The to ta l  

dry weight increase was more pronounced between 90 and 120 days, the highest 

being recorded a t 130 days (ll*.225 g/plant). Stem dry weight closely  

paralleled  the to ta l dry weight. However, i t  declined from 130 days onwards 

Leaf dry weight increased upto 120 DA.S. Pod weight Increased with time 

u n til  harvest. Increase in  pod weight was slow upto 120 days but the same 

increased rapidly between 120 and I30 days.
I

Under pot cu lture conditions the p icture wa» more or less  remained 

s imila r  except the highest to ta l dry weight (11.825 g/plant) was found a t 

lUO days and the stem maintained a constant le v e l in  i t  weight from 120 

days onwards.
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Uth sowing ! ■

The resuli& af fourth sowing Bhaw that the le a f  area incr eas ed upto 

120 days and thereafter declined sharply. The to ta l  dry matter increased 

lin early  t i l l  110 days and rapidly between 110 and 120 days. The highest 

dry weight (13.225 g/plant) was seen a t 120 DAS, Stem and le a f dry weight 

increased t i l l  120 days, however, the decline in  le a f weight was more 

sharp in  comparison to  stem. The pod dry weight paralleled  the stem,dry 

weight. I t  a lso  showed a rapid increase between 110 and 120 days, a fter  

which increase in  weight was o f low order. Similar trend was observed 

under pot culture.

BG-209

1 s t  sowing :

I t  w il l  be seen from the f ig .  4 that the le a f  area increased rapidly 

from 90 DAS t i l l  150 BAS and thereafter declined very sharply under f ie ld  

conditions (ihble 17). The highest area recorded (2292 cm2/plant) was on 

150 DAS. The to ta l dry weight increased with time a t 150 DAS and declined 

gradually. The increase between 120 and 150 days was greatest as compared 

between 90 and 120 days. I t  attained i t s  highest a t  170 days (1(6.250  g/ 

p lan t). Almost sim ilar pattern was observed with stem dry weight. The 

le a f  dry weight increased upto 150 days to record its  highest weight of 

12.573 g/plant and then declined lin ea rly  t i l l  harvest.

Under pot culture condition (ihble IB) changes in  le a f  area and le a f
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weight, were cf same order as obtained in  f ie ld , however, the increase was 

of lower magnitude. The to ta l  dry weight increased lin e a rly  u n til  lltO days, 

rapidly between 140 aid 150 days. Highest dry weight was attained a t 150 

days ( l6 .1  g/plant). Stem dry weight c lo sely  paralle led  the pattern of 

to ta l dry weight. The pod weight incr&.sed with time, however, thare was 

a s ig n ifica n t in crgise between 140 and 150 days.

2nd sowing : -

The le a f area generally increased u n til 130 DAS sharply to record 

the highest of 600 cm2/plant and declined thereafter; The to ta l  dry weight

Increased with time, but the increase was mare marked between I3O aid 160

days. The highest weight (37.202 g/plant) was recorded a t harvest. Stem 

weight paralleled  the change in  to ta l dry weight upto 150 days only. %■ 

and large, the le a f weight remained constant a fter  reg isterin g  the increase 

from flower in it ia t io n  to  110 days, but decreased s ig n ifica n tly  a t  harvest.

Under pot culture condition, le a f  area increased t i l l  120 days, then 

slowly decreased upto 150 days. Total dry weight increased upto 150 days, 

larger increases were observed between 120 aid 150 days. Stem dry weight
I

clo sely  paralleled  the to ta l  dry weight changes upto I3O. days aid thereafter 

the weights tended to  s ta b ilis e , however, the highest weight was obtained

(6 . 44-0 g/plant) a t lUO DAS. The le a f  dry weight remained almost constant

between 90 and 150 days. .



In the third sowing the le a f area increased sharply between 80 and 

90 days and remained constant t i l l  120 days when i t  attained Its highest 

area (268 cm^/plant). Then i t  declined slowly. The to t a l  dry weight 

increased with time, howwver, i t  showed a rapid increase between 110 and 

120 days. The stem dry weight a lso  increased with time t i l l  I30 days.

Uxe le a f dry weight by and large renained constant between 90 a°d 130 days 

and then declined sharply.

Under pot cu lture condition an in i t i a l  increase in  le a f area between 

80 and 90 days was noted. From th<3*eon there was l i t t l e  decrease in  le a f 

area upto 120 days, thereafter i t  declined sharply. The changes in  to ta l 

dry weight and stem weight were cf sim ilar nature as in f ie ld .  In contrast 

to  the changes in f ie ld ,  the le a f  weight increased and decreased lin e a rly , 

attaining i t s  maxi cum at 120 days. The change in  pod dry weights were 

more or less  of sim ilar order.

Uth sowing :

During fourth sowing, by and large, le a f  area renained constant 

t i l l  120 days, however, the highest le a f  area (372 ce?/plant) was observed 

a t 90 days. The to ta l dry weight increased t i l l  I3O days (8.5  g/plant) 

and then slowly declined. By and large, the le a f  area, le a f  dry weight 

and stem dry weight remained constant between 90 and 120 days. An increase 

was noted between 80 and 90 days and a declin e from 120 days to  harvest 

with exception of stem weight. Ihe pod weight increased with time, but
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•3rd sowing :



mare rapidly between 120 and 130 DAS;

Under pot cu lture conditions sim ilar trend was observed with respect 

to  le a f  area, le a f  weight and to ta l  dry weight, however, the stem dry 

weight showed an in cr& se  with time upto 120 days.

4. 2 .4  E ffect of d ifferen t dates of sowing on the -percentage dry matter 

d istrib u tion  in  various plant -parts in  chickpea :

The data pertaining to  the e ffe c t of sowing dates on the percentage 

dry natter d istrib u tion  in  various plant parts of chickpea cu ltivars JG-62 , 

L-550 and BG-209 a t  various stages of growth in  f ie ld  and pot culture are 

given in table 19» 20 and 21 resp ective ly , from 30 days a fte r  sowing u n til 

f in a l  harvest a t 10 days in terva l.

Since a very sn a il percentage of to ta l  dry matter was present in  

flow ers, no separate data was given fcr  flowers and their weights were 

included in  the stem far convenience. One common observation was that the 

percentage of dry weight in  pod increased with time in  a l l  the cu ltivars 

both under f ie ld  and pot cu ltu re and therefore these are not described 

in dividu ally.

JG-62

Bata for JG-62 under f i e l d  and pot culture conditions are presented 

in  tab le 19. Erom the same i t  w il l  be noted that in f ie ld  during the f i r s t  

sowing (fil) a t  30 days the le a f  had 66 % dry matter of to ta l  dry m tts*  as 

conjiared to 34 # in  stem. The percentage dry matter in le a f  decreased with
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time. However, i t  was noticed that there was marked redaction in  le a f  

at two d iffe re n t periods during the crop duration. The f i r s t  was betwen 

30 and 1*0 HAS and the second was between 120 and I3O M S, while the f i r s t  

decrease was accompanied by an increase cf comparable order of stem. The 

same was not between 120 and I30 days. Moreover, i t  w il l  be noticed that, 

by and large, the reduction in percentage cf le a f dry matter was of compa­

ra b le  degree in  re la tio n  to  increase in  percentage dry matter present in  

stem a t any given stage.

The ctenges during second and third sawings were found to  be of sim ilar 

nature. One interesting point was that I n .a l l  the sowings the, stem gains 

weight by 70-80 MS. . .

The picture in  case of %  was d iffere n t when almost equal percentage 

of dry matter was present between le a f  and stem'and no marked reduction in  

le a f  dry weight percentage in  re s t  o f the sowings between 30 and kO days 

could, be dbserved. However, with increase of time, the stem b^ajifn to 

gain and percentage dry natter iner®sed t i l l  90 MS.

Under pot cu lture condition, a sim ilar trend, was observed as found 

in  f ie ld ,  however, the narked reduction was observed between kO and 50 MS
1

in  Si and between 50 and 60 days in S2 and 30. and 40 days in S3.

L-550

‘ In f ie ld ,  L-550 a lso  showed the same behaviour as observed fo r  JO-62 

with respect to S2 and S3, however, percentage of dry matter present in



le a f  a t 30 IAS was comparatively less  (61.8  $)„ In case cf S)*, although, 

hy ard large, the pattern vss the same, y e t , the percentage of stem dry 

weight was mere as compared to  JG-62. .

Under pot culture condition, a sim ilar trend was seen with respect 

to S^, S2 and Sg. Only in  case of S i the period of maxima reduction was 

noticeable a t  a la ter time in terva l. A Barked d ifferen ce was noted in  

case of Si* in  comparison to f ie ld /  The trend in  Si* was more lik e  the S3 

of pot culture and the dbserved percentage d istrib u tio n  a t 30 IAS was also 

of comparable carder.

BG-209

- In f ie ld  a t  30 IAS the percentage dry natter in  le a f was 8^.6 ami in  stem 

i t  was 15. 1* in  Si. At th is  stage amongst the cu ltivars BG;-209 recorded the 

highest percentage of dry matter of le a f . A sharp reduction occurred between 

30 and 40 IAS and sim ilar increase could be noted in stem. Unlike other 

cu ltiv a rs , by and large the d istribu tion  between stem and le a f  was more or 

less equal upto 110 IAS. Appreciable increase in  percentage dry matter in  

stem was noted from thereon u n til  I3O DAS and declined gradually thereafter.

The above trend was seen maintained by Sj2, however, the marked decrease in 

percentage dry weight in  le a f  was observed between 40 anl 50 IAS. Another 

difference from was the fact' that the stem weight was comparatively 

always very high a t  any given stage.

In case of S3 a t 30 UAS the percentage dry weight present in  le a f



and stem was 62 and 38 resp ective ly , hence the percentage dry matter in 

stem was greater a t this stage in  comparison to  and Eg. Moreover, the 

decline in percentage dry weight in  le a f was gradual with time* The per­

centage dry weight in  stem also  increased gradually t i l l  110 days and 

thereafter decreased slowly. By and large, the trend in cas,e of was 

seen sim ilar, except that the percentage dry weight in  leaves, although 

in i t ia l ly  lower, was otherwise, comparatively higher a t a given time.

The pattern under pot culture condition was found d iffere n t from 

the f ie ld .  The sharp reductions observed in the case of f ie ld  a t sp ecific  

time period were not observed under pot culture condition. Stem weight 

a lso  was comparatively higher a t  in i t ia l  stages. Otherwise, by and large, 

the p icture remained the same with respect to  8̂  and Sg.

Another observation was that in  Sg the percentage of le a f dry matter 

fluctuated considerably upto 60 IAS.

The pattern shown by Sg in  f ie ld  more or less remained unchanged 

under pot culture conditions, however, in. the S^, although the general 

trend was sim ilar y e t the quantitative value u n t il  90 EAS a t given time 

were higher for le a f  and lower fo r stem resp ectively .

4. 2 .5 E ffect of d ifferen t dates of sowing on the r e la t iv e  growth ra te  

(RGR)^crop growth ra te  (CGR) and le a f  area Index ( iA l)  ;

The data pertaining to the RGB, CGR and LAI for the chickpea cu ltivars 

v i z . ,  JG-62, L-550 and BG-2O9, as. affected  by d iffe re n t sowing dates are 

presented in  tab le 22, 23 and 2k resp ectively . The data are given for 

f ie ld  only.
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JG-62

Relative growth ra te  (RGR) : .

The RGR values are  presented from 30 BAS upto maturity fo r four dates 

of sowing. Between 30 and 40 DAS the RGR decreased as the dates of sowing 

increased. Thereafter, i t  fluctuated both within the growing periods and 

between the sowing dates. However, during Sj_ an increase in  RGR value was 

observed from 60 to 100 DAS. I t  declined between 100 and 110 days, but 

again increased to  mare ar less constant value upto 100 days, thereafter 

i t  fluctuated and sharply declined between 150 and l£0  days.

Far 82 the RGR fluctuated and no d e fin ite  pattern could be seen.

Far S3 the RGR declined sharply t i l l  70 DAS and thereafter sharp inclines 

and declines were noted between regular in tervals of 10 days. During Si*, 

the RGR, although in i t ia l ly  low, increased considerably between UO and 50 

days and thereafter declined with time.

Crop growth ra te  (OGR)

CGR varied greatly  within the sowing dates and between the sowing.

CGR increased with time upto 50 IAS in  f i r s t  sowing and i t  declined there­

a fte r  in  the next time in terva l of 50 to 60 days. Between the sowing dates, 

durirg th is period the values for Sj_ were always found to  be highest and 

th is was markedly d iffe re n t from other sowings. In case of f i r s t  sowing 

the CGR values increased with time u n til  150 days and decline! sterply 

thereafter. Highest CGR value was found between ll*0 arri 150 DAS (36.6 g/d£), 

The CGR value in  the second sowing increased in  a more or less sim ilar
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manner upto 100 days and thereafter remained almost constant and then 

again Increased between 130 and ll+O days, daring which highest CGR (28.38 

g/m2) was recorded. Far 3^, the increase In CGR values was re s tr ic te d  

between the time In terval from 90 to  120 days and the highest CGR value 

was recorded a t  120 IAS (12,21+ g/m£). In 8j*, the increase In CGR values 

were from 70 to  120 days.

Leaf Area Index (lA l)

The le a f  area index in  general was highest fear a iy  given time in te rva l 

fa r  S i from 30 IAS onwards. I t  increased t i l l  I30 IAS and declined gradually 

thereafter. Eq although showed a sim ilar trend as shown by y e t , certain  

important features can be observed. I n it ia l ly  the values in  comparison to  

01 were very lew. However, as the time in terv a l increased these differences 

were narrowed, so that by the time the maximum values were attained, there 

was no appreciable d ifferen ce between Si and In case of S3 and a* the 

le a f  area decreased with time u n t il  I30 IAS and declined furth er. I t  is  

interesting to note that the values for S3 and Si* fa r  any given time In terval 

between 30 and 60 DA. 3 were always greater than 83 and in  the following 

In terval the differences in values were almost n i l .  Thereafter 83 values 

were always higher than S3 and S .̂ However, the differences were not very 

great. .

Leaf Area Duration (LAD) . ■

Leaf area duration was reduced with delayed sowings and the order was 

S1  > 82 > S3 > Sj* and the values fa r  S1( S^, S3 and 8̂  were 50.30, 1+0.35,

9. 1+5 and 7 . 1+6 resp ectively .



L-550

R elative growth ra te  (RGR) :

RGR values fo r  Sj_ and ^  to  a certain  extent ware comparable upto 

1U0 DAS. The values Incr^sed upto 60 DAS In Sg* then declined and 

remained low u n t il  90 DAS and from there onwards i t  flu ctu ated , however, 

between 100 and 140 DAS the values far the S  ̂ and Sg were mere or less of 

the same magnitude* In S3 and 81* considerable fluctuations were observed 

in  RGR values.

Crop Growth Rate (CGR) : ,

No sp e cific  trend In CGR was noticed either within the sowing dates 

or between the sowing dates. However, by and large the values before 90 

DAS were comparatively lower and higher a fte r  90 DAS.

Leaf Area Index (iA l) :

The le a f  area index increased in  a l l  the sowings upto a certa in  time 

and declined th ereafter. The maxiioim LAI noticed was 7.56, I.98 , 0,85 and 

1.22  between 150-160, 120- 130, 110-120 and 90-100 DAS in  case of S1# Eg,

S3 and Si* resp ective ly . Between the sewing dates fo r any given time in te rv a l 

upto 80 DAS the values for were highest.

Leaf Area Duration (LAD)

The le a f area duration decreased sig n ifica n tly  with delayed sowings, 

however, there were no marked differences between S3 and Si*. The values 

for IAD were 51 . 47, 14.29 , 5.93  and 4.10  fo r  SXj 82, S3 and Si* resp ective ly . 

The order was Sj. > Sg > S3 >  Si*.
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BG-209

R elative Growth Rate (RGR) I

RGR varied considerably v itb in  the sowing date. However, i t  could, be

observed that between the sowings, the RGR values were more or less of the 

earns order a t  ce rta in  time in te rva ls , fa r  e .g .( between 40 and 50 M s » b et­

ween 90-and 100 days and between 100 and 110 days, with the exception of 

4th sowing between 90 and 100 days. The values fa r  ® were off conparable 

order with S3 between 40 aid 70 days and a lso  between 110 and 120 days but 

boroni 120 days only with S .̂

Cron Growth Rate (CGR) :

During f i r s t  sowing CGR was seen fluctuatin g considerably t i l l  90 DAS 

and increased thereafter. The values from 150 and 180 days were low. In  

the second sowing i t  increased upto 60 DAS and s lig h tly  declined t i l l  80 

days and then increased with time upto 160 DAS. Both S3 and 9 * showed 

increases upto 110 days and declined th ereafter, however, the decline in  

S3 was comparatively slower.

Leaf Area Index (iA l)

The IAI increased upto a sp ecific  time in  a l l  the sowings aid declined 

thereafter. The maximum IAI of 7 . 58 , 1 .9 8 , 0.88 and 1.22  were found on 

150, 130, 120 and 90 days a fte r  sowing for Sj., fijg, S3 and Si* resp ectively . 

A t any given time between the sowings the values for Sj_ were always higher 

hut did not vary much from the re s t  o f the sowings u n til  60 days, whereupon
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the values fo r SI4. were found to he higher upto 100 days ard from 100 days 

onwards In case of S2.

Leaf Area Duration (IAP) :

The values of IAD can he conpared with that of L-550 for a l l  Hie 

sowings, as thqy are more cr less of same ard®, as a 3̂ 6 £ increase was 

seen in  compared to  S2 in  both the cu ltiv a rs . However, the variation  

in IAD between S3 and S4 was not so marked. The values far iAD'are 51.^1* 

1^.82, 5.96 aid 7.09 fa r  S i,  82, S3 and S]* resp ectively  and the order was

S1  >  %  > %  7  s3*

U.2.6  Influence of d iff® en t dates of sowing on the reproductive 

behaviour cf chickpea :

The influence of d iffere n t sowing dates on the reproductive behaviour 

both under f ie ld  and pot culture conditions in  cv. JG-62, L-550 and BG-209 

is  graphically represented in  fig^ . 5 * 6  and 7 resp ectively .

In order to have a comparative evaluation of reproductive behaviour 

under d iffe re n t sowing dites same scale  has been used a l l  cu ltiv a rs , however, 

d iffe re n t scales have been used for f ie ld  and pot cu ltu re in  ard® to  high­

lig h t  the patterns und® these conditions. The resu lts  are  presented 

separately for each cu ltiv a r .

JG-62

From figu re  5 ,i t  w il l  be evident that the time, in ten sity and duration



FIG. 5

e f f e c t  o f  d i f f e r e n t  d a te s  o f  sow ing  o n  t h e  r e p r o d u c t iv e  b e h w io u r
OF CHICKPEA cv. JG- 6 2
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of flowering is  greatly  altered under the influence of d iffe re n t dates o f 

sowing. With delayed sowing, the appearance of f i r s t  flower is  a lso  

delayed. The in ten sity  o f flowering was generally reduced with delayed 

sowing. The duration of flowering was a lso  considerably reduced with 

increase in  sowing dates.

Similar pattern was observed under pot cu lture conditions. In general, 

the flowering occurred earlier with an increase in sowing dates.

1 s t  sowing :

Flowering started a t 55 IAS in  Sx and continued upto 165 daya. Hence 

the to ta l  duration of flowering observed was 110 in  the case of f i r s t  sowing. 

The peak flowering was observed a t 135 IAS. She to ta l number of flowers 

increased in  a sigmoid fashion t i l l  135 IAS. There was an i n i t i a l  rapid 

r is e  in  the number of retained flowers upto 100 days. Further rapid increase 

is  noted from 115 to  I30 days. Thereafter the number of retained flowers 

declined sharply. The abscission also  increased with time upto 100 days 

but thereafter i t  increased rap id ly . 252 flowers had abscised a t  the time 

of peak flow ering. The pod formation was in itia te d  a t 80 days. The numb® 

of pods formed did not Increase appreciably u n til  I30 days. Th®e was a 

marked and s ig n ifica n t increase in  the numb® of pods found between I35 ard 

145 DAS. Thereafter the increase was consld®ably less and no forth®  

increase in  pod nunber was recorded aft®  160 days. A to ta l of 170 pods 

were farmed.
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Mare or less  a s i mila r  trend was observed under pot cu lture co a litio n
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a lso  except fc r  an early in it ia t io n  and peak afterwards. The magnitude 

of flowering was considerably le s s . As cccpared with 475 flowers undar 

f ie ld  condition, th ^ e  was only 260 flowers under pot cu lture co a litio n s.

2nd sowing :

In  the second sowing the flowering, in itia te d  from 60 IAS and to ta l 

duration was 90 days. The peak flowering occurred a t  120 days. The number 

of retained flowers increased stead ily  and thereafter declined sharply un til 

I35 days and gradually t i l l  150 days. Out of a to ta l  of 240 flow ers, 117 

pods were formed. The pod formation started  a t  90 HAS, but the rapid 

increase in  pod number started  from 110 days to  140 days. The pod number 

stab ilised  by 145 IAS, By the time of attainment of peak flowering 76 

flowers had been abscised.

Under pot cu lture flowering started from 97 IAS onwards and continued 

t i l l  135 IAS. Hence the to ta l  duration of flowering was 78 days. The 

to ta l number of retained flowers increased u n t il  100 days and mare ar less 

same muber of flowers were retained t i l l  110 days. Thereafter, i t  declined 

sharply. 46 flowers bad been abscised a t  the time of peak flowering. Pod 

in it ia t io n  was noted a t  90 IAS. I t  increased a t a very slow pace upto 100 

days and thereon increased rapidly u n til  i t  attained a constant number by 

135 days. Although by ana large, the same general trend is  maintained under 

pot culture condition, y e t ,  the flowering peak was not Bharply demarcated 

and i t  extended ova: a larger number of days. A to ta l  of 117 flowers were 

formed out of which 40 pods developed.



In 3rd sowing days to f i r s t  flow® were 68 and the flowering ceased 

by I3O days. A shorter duration of 62 days was obtained und® f ie ld  in  . 

comparison to  S]_ and S2. The peak flowering was recorded between 100 and 

105 days. The decline in  flowering was gradual. By peak flowering 42 

flow®s had abscised. Pod fc r  nation was in itia te d  95 DAS and there were 

very few pods t i l l  105 days, from th®eon the pod nunber increased stead ily  

upto I3O days and then tended to  s ta b ilis e . A to ta l  nunb® of 96 flow® 8 

w®e farmed and f in a l  retained pods were 40.

Under pot culture condition the flow®ing was In itia ted  a t  70 DAs and 

ended by 325 days. Duration of flowering was 55 days. A sharp peak of 

flow®ing was observed a t 105 DUS. 49 flowers were seen abscised by th is 

time. The pods in itia te d  by 95 DAS and pod formation sta b ilise d  by 125 DAS. 

The increase between th is p®lod was rapid. She to ta l  numb® of flowers 

farmed w®e 324 and to ta l  pods rea lised  w®e 43.

4th sowing :

75 days w®e taken during the 4th sowing for the appearance of 1st 

flow® . Ihe flowering lasted upto 120 DAS. Sbtal duration was 45 days.

The peak flowering occurred at 105 DAS. Ey the time 26 flowers bad abscised, 

ih e f i r s t  pod was seen on 95 DAS. The pod formation increased rapidly 

upto 120 DAS and the f in a l  numb® was achieved by 110 days. In to ta l  106 

flowers were farmed af which 50 turned out as pods.

Und® pot cu ltu re conditions the p icture was sim ilar with respect to
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time and duration of flower irg  and peak flowering. A fter peak flcw sring 

there was a rapid f a l l  in  the msSbar o f retained flew era u n til  115 D&S.

33 flow arc had abscised by the time of peak flowering. She to ta l  nuefeer 

of flowers ana pods formed were 95 and 47 resp ectively .

L-550

1s t  sowing s '

Under f ie ld  conditions flowering started  a t 60 IAS and lasted t i l l  

165 days. Duration of flowering was 105 days. She to ta l  number of flowers 

produced per plant was 59U and to ta l number of pods forned v « 6  138- 

peak flowering occurred between 130 and 135 and during 100-130 IAS there 

was a rapid Increase in  nurber of retained flow ers. 389 flowers had absci­

sed by the time of peak flowering. The pod formation started  a t  125 IAS but 

no appreciable increase in  number o f pods took place u n t il  140 IAS. Between 

140 atd 160 IAS there was a sharp Increase in  the nucber of pods formed 

with time.

Under pot culture condition although the trend was s imi l ar ,  the to ta l  

number of flowers were reduced to  1/3. Chly 193 flowers were formed and 

fre e  th is  29 pods were Obtained, lime o f pod in itia t io n  and peak flowering 

was found to  be e a rlie r . The cumulative abscission a t the time of peak
, 1

flowering was found as 145. ?od formation started  a t 135 IAS and increased 

stead ily  t i l l  155 days.

2nd sewing :

The f i r s t  flower appeared a t 65 days and flavoring continued t i l l  15O
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IAS, The to ta l  duration was c f 8? days. She peak flowering occurred 

a t  12$ CAS, By th is  tin e  99 flowers had fa lle n . Of the to ta l of 118 

flowers fcrsed and the f in a l  pod re a lisa tio n  fron  these waa 62. Pod 

for cation started  a t u p  IAS, but the zaufcdr increased rapidly only bet­

ween 135 and 150 BAS,

Under pot cu lture condition, by and large a sim ilar p ictu re was 

obtained, however, flowering was ea rlie r  (62 DAS) and the la s t  flever 

appeared a t  133 BA8, hence flower duration was 73 days. She peak flowering 

reached a t 110 BAS. A t harvest 3  ̂ pods were picked although the to ta l 

number of flowers was 1 2̂ . F irs t  pod appeared a t  100 BAS. Pod fo r a t io n  

rapidly increased from 103 to I30 days and no further increase waa noticed 

th ereafter. She nuiber of flowers abscised a t peak flowering was 78*
f .

?rd sowing :

Under f ie ld  condition i t  took 70 days for the appearance of f i r s t  

flow er. The to ta l duration o f flowering was 63 days. Peak flowering 

occurred 120 days and the cumulative abscission a t  th is  tin e  was 38. Pod 

fcr r a t i  on started by 103 BAS anfl increased t i l l  I30 BAS, 35 pods formed 

out o f a to ta l  of 118 flow ers.

Under pot cu ltu re condition although the time in ten sity  and duration 

and to ta l numbs: of flowers and pod wsre found almost the same, y e t the 

peak flowering and pod form tion  were e a rlie r  by 3 days.
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Ath sowingt

The flowering started 75 DAS and ended by 125 DAS, Duration of 

flowering was 50 days. There was no sharp peak of flowering and a broad 

ft peak period of flowering between 100 and HO days was seen with the 

n&ximim a t  105 DA.8. The number o f flowers abscised by the tin e  of peak 

flowering was 23. The pod farn&tion started  a t  95 EA® and sta b ilise d  by 

120 DAS. The to ta l  raraber of flowers were 90 and f in a l  pod number was 28.

Under pot cu lture condition the pattern  was id en tica l, except that 

duration of flavorin g was shorter.

!
BG-209 

1 s t  sowing *

In the f i r s t  sowing flowering started a t 80 DAS and lasted  t i l l  160 

DA-S. The to ta l  duration was 80 days. The peak of flowering cane a t I30 

DAS. By th is tin e  115 flowers had abscised. The pods started a t  125 DAS.

A steady Increase in  pod fo r nation was seen t i l l  160 DAS aid then i t  became 

stab le . The to ta l number cf flowers formed were 23O from which 97 pods 

were formed.

Under pot cu lture condition, the flowering started 5 days s ir  l ia r  than 

f ie ld  and duration w e  less by 4 days. The peak flowering was attained on 

the same day as in f ie ld .  A to ta l  number o f 77 flowers had fa l le n  by th is 

time. The f i r s t  pod appeared a t 125 DAS and pod formation continued t i l l  

160 DAB. A to ta l  of litO flowers were found of which 50 pods were harvested.
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I l l

The f i r s t  flower appeared by 84 DAB under f ie ld  conditions. Flowering 

lasted  for 158 days and hence duration was 74 days. The peak flowering 

was a t I3O DAB. The to ta l  number cf flowers abscised by th is time was 98.

The pod in it ia t io n  took place by 125 DAS and s t ^ d ily  increased upto 160 

DAS. From a to ta l  of 204 flowers only, 100 pods were rea lised  a t harvest.

Under pot cu lture condition, flowering started 78 DAs and lasted  fcr  

67 days. The peak flowering was a t 135 DAS. By th is time 47 flowers had 

fa lle n  down. The pods started  on 115 DAS. The pod formation continued 

t i l l  145 DAS a fte r  which i t  became stab le . Out of 1Q5 flowers produced, 

only 50 developed in to  pods a t harvest.

3rd sowing :

Flowering started a t 83 DAS and continued t i l l  I30 DAS, hence flowering 

duration was 47 days under f ie ld  condition. The peak flowering was noted 

at 110 DAS and cumulative abscission during th is time was l£ . The pod 

in itia t io n  was noted a t 110 DAs and continued t i l l  125 DAS and thereafter 

i t  s ta b ilise d . The to ta l flowers formed was 56 out of which 28 turned into 

pods.

Under pot cu ltu re condition f i r s t  flower was seen a t  83 DAS, hence

f iv e  days earlier than f ie ld .  The to ta l  flowering duration cf 47 days
*

and the p ^ k  flowering was attained on the same day as observed in  the f ie ld . 

%■ th is period 21 flowers had abscised. F irs t  flow a? appeared 5 days e a r lie r .

2nd sowing :



than in  f ie ld .  Pod fo rm a tio n  lasted t i l l  123 days and then became stable.

27 pods were farmed out of a to ta l  of 5  ̂ flowers.

hth sowing :

In f ie ld  the f i r s t  flow s: appeared a t 95 BAS and flowering lasted

t i l l  123 BAS. The peak of flowering was a t 110 BAS. 14 flowers had abscised

by that time. The f i r s t  pod appeared at 100 days and pod. formation ceased 

by 120 BAS. Total flowers farmed were 1)8 out af which 2k turned into  pods.

In pot cu lture flowering started 3 days earlier and lasted  t i l l  123

BAS, the flowering duration being 33 days. Peak flowering was a lso  earlier 

by 3 days. A to ta l  of 13 flowers had fa lle n  down by that time. 30 pods 

were harvested from a to ta l of 60 flowers farmed. Pod formation started 

a t 103 BAS and increased rapidly t i l l  120 BAS. The pattern was sim ilar to  

that of f ie ld .

U.2 .7  Influence of d iffere n t dates of sowing on the reten tion , and 

abscission of flowers and nods

Data on the e ffe c t  of d iffe re n t sowing dates on the percentage o f . 

retention of flowers and pods both under f ie ld  and pot culture conditions 

in  cu ltivars JG-62, L-550 and BG-209 are given in  tab le 25, 26 ami 27 

resp ectively . ,
t ■

JG-62

•A* Flowers retained during a sp ecific  period as a nercentaae of to ta l 

flowers

In a l l  the four dates of sowing the ra te  of flower retention, as
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percentage of to ta l  flow er, Increased with time t i l l  peak flowering and 

thereafter declined. 38.7  i t  W .l  i t  52.0 i  and 62.7  i  wsfgthe respective 

nwyf imm retention in, S i, Sg, S3 and Sî , re sp e ctiv e ly .

In ^ t e  sowing the percentage cf retention increased sharply in com­

parison to e a rlie r  sowings. A decline in percentage of retention was 

noticed in  a l l  the sowings a fte r  peak flowering. This decline in  the 2nd 

sowing was the highest as compared to the other sowings. Although a very 

high percentage of flowers were retained in  la te  sowings, the deration of 

such retention was comparatively very short in  contrast to  S i and Sg.

Under pot culture condition almost sim ilar trend was found and the 

peak retention did not very much with the exception cf Uth sowing. The 

important d ifference i s  that during the second sowing percentage of reten­

tio n  exceeds about 2-3 fo ld  under pot culture during a sp e c ific  period even 

a fter giving due discount to 5 day early flowering. Another feature was 

that in  case cf la te  sowing, when a given sp ecific  period was compared 

upto 95 IAS under f ie ld  and pot culture, the percentage retention was always 

lower under pot culture condition.

B. Pods retained during a sp e c ific  period as percentage of to t a l  nods 

a t  harvest

In a l l  the sawings the pods retained as'percentage of to ta l  pods a t 

harvest increased with time in  f ie ld .  100 i  of t o t a l  harvest werfl realiBed 

in  Sl f  82, S3 and Sĵ  between 155- 160, l 40- l l£ ,  I3O-I35 and 105-110 M S



resp ectively . A ctive realisation, of haxvea ta b le  pods coaid be observed 

between 135-145 days in  where 23 to 57 ^ pods were retained. In the 

second sowing the retention  of pods was increased by 20 $ a t every f iv e  days 

in terva l between 115-135 IAS and by about 15 % a t every 5 day in terval b et­

ween 105 and 130 days. In case of 4th sowing about 20 # increase in  reten-
HO'S.Stan c3f

tion  the very s ta rt of the pod re a lisa tio n  which increased with time.

Under pot culture conditions mere or less  sim ilar p ictu re  was obtained 

fa r S i only. The retention  af pods was noticed in  £%, S3 and Si* simultane­

ously between 90 and 95 days. Her,:ever, 100  ̂ pods vsr&  re a lise d  a t d if fe ­

ren t periods. I t  was ehartes in  case of Si* and longest in  case o f Sq, The 

ra te  of re a lisa tio n  was not regular as found in  f ie ld .  However, the increase 

in  retention percentage is  greater in  case of §* compared to  S3. In Sg the 

20 % increase in  retention as found in  f ie ld  is  notictable but between 110 

and 115 DAS. Table 28 shows the shedding behaviour in  JG-62 under f ie ld  

and pot cu lture co a litio n s. In general, the low retention cf pods a t the 

early stage of pod formation ecu Id be attributed to  the shedding behaviour 

which can be visualised from f i g .5.

In S i, there was greater shedding by 115 DAS in  comparison to  number 

of flowers retained during that period. In the case of Sg the ra te  of absci­

ssion was in i t ia l ly  high upto 80 DAS and then there was an appreciable 

decrease in  shedding, however, retention of flowers increased u n til  peak 

flowering, which could be the cause o f increased pod number a t  la ter stages. 

In the 3rd sowing abscission was low or equal to retention excqpt between
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90 and 95 IAS. In Sij, abscission was always a t  a much lower ra te  as 

compared to  retention.

By ami large, the p icture in  pot culture was more or less  sim ilar.

L-550

A. Flowers retained during a sp ecific  period as -percentage cf to ta l flowers

Flowers retained during a sp ecific  period as a' percentage of to ta l  

flowers increased u n t il  peak flowering and thereafter declined (Table 26). 

The maximun percentage retained a t peak flowering was 33. 7 * 32.2 and

60 fo r 31, Sg, S3 and resp ectively . The difference between 3^, S2, 3  ̂

and 3L{. wore comparatively less  marked. Maximim percentage varied-from 32 

to  The retention was seen spread over a longer period in  f i r s t  sowing 

and comparatively reduced with increase in  sowing dates. 2he increase in 

flower retention between increasing periods was most gradual ani decline in 

retention was a lso  gradual.

Under pot culture condition a sim ilar p ictu re  was obtained, however, 

the maximum percentage rea lised  between f i r s t  and fourth sowing was compara­

tiv e ly  less  than found in  the f ie ld .  The %  comparatively had a greater 

retention  percentage, when compared a t a given sp e c ific  period from 85 IAS 

to peak flowering, both under f ie ld  and pot cu lture conditions.

Bods retained during a sp ecific  period as percentage of to ta l  nods 

a t  harvest

The data pertaining to th is  indicate that the values increase with



time in  a l l  sowings both under f ie ld  and pot cu lture. She in it ia t io n  of pod 

retention was very la te  in th is cu ltivar in  the case of 8̂  and 82 i . e ^  b et­

ween 125 and I30 days. However, fa r  S3 and %  i t  was cocparat ive ly  early

and was between 100 and 105 days and 90 and 95 IAS resp ective ly . The cent

per cent retention  of the f in a l  pod number was achieved by l£5, 150, I35

and 135 days a fte r  sowing in  S^, £ f̂ Sg aoi S  ̂resp ective ly . Very a ctiv e

pod retention was between ll*5 and 150 days in  Si-'and between 135 and 140 

days in  Eg, while fc r  the percentage of retention  increased more with 

increasing period of time. In case of S]; there was a sharp increase between 

95 and 100 DA.8, thereafter i t  was 15 $ increase with increasing period of 5 

days. ,

Under pot culture condition the picture was not the same, however, 

the magnitude of percentage increases were of comparable crder. Since pod 

formation in  pot culture in  the second sowing was nuah enhanced with time, 

i t  has rea lised  almost i t s  naxiioita, by the time the pod retention  in  f ie ld  

had commenced. 3h S3 and 84, however, sim ilar pattern as that of f ie ld  

was seen. But in  Si* a greater percentage was rea lised  a t id e n tica l periods.

I t  w il l  be evident from the tab le  29 that the number of retained 

flower was comparatively much less compared to  those abscised in  a given 

period u n til 1Q5 IAS, thereafter equal nuinber cf flowers retained or abscised 

t i l l  115 HAS. From thereon the number of retained flowers was always higher 

as compared to  abscised t i l l  near peak flowering. In the S2 more or less

sim ilar p icture was obtained u n t il  1(5 DAS. In addition to  i t  abscission}

was more t i l l  110 MS^from 115 IAS onwards the retention  was mare, as compared

116
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to abscission. In third  sowing the ra te  of retention was always less  than 

ra te  of abscission upto 100 IAS. Thereafter the retention  was increased 

and abscission was reduced markedly. Injthe i n i t i a l  ten-days of Ŝ  the absci­

ssion was greater and thereafter the retention exceeded the abscission and 

almost the abscission was n i l  in  the la ter phase o f p ^ k  flowering.

Under pot cu lture condition the abscission was always higher at a 

given period and only at the time of peak flowering equal number of flowers 

were retained or abscised. I t  i s  in terestin g to  note that the peak flower­

ing was in  the same tin s as the case of f ie ld  between 90 and 100 Dft.3 and 

that was a lso  .the period of highest shedding fc r  JG-62 fc r  £q_. In case of 

£t> a sim ilar p ictu re  emerged upto 95 in  f ie ld  and pot cu lture conditions, 

thereafter the retention under pot culture condition was greater as compared 

to  f ie ld .  In S3 more or less  equal number cf flowers were retained over 

an increasing Interval cf time u n t il  ju st p rlcr to peak flowering. The 

number of flowers abscised was always more than the retained except 10 days 

befcre peak flowering period. During the SI*, the abscission was by and 

la rg e , le s s .

BG-209

A. Flew a 1 retained during a sp ecific  •pariod i  percentage of to ta l flowers

the najdnum Increase was noticed a t peak flowering, where 1+9.9 

1+6 .0  67.O and 1+5.8  it In S i, S2, Sg and resp ectively  were noticed

(ihble 27). The order was Sg > >  Sg ^  S^. The decline was gradual
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in  S i ard Sg, however, i t  was sharp In case of S^. The 3rd sowing registered 

a sharp decline between U5 &nd 120 DAS i . e . ,  ju st a fte r  peak flowering*

There was not much variation  between maximum percentage of retained flowers 

between Sj_, Sg and sowings. At any given period the percentage of flower 

retained was greater fo r 3^  sowing upto 115 DAS. I t  vus interesting to  

note that in case of fourth sowing although the maximum percentage was almost 

same fcr  Si ard Sg, y e t the percentage retained from 95 days onwards was 

comparatively very high (about 3 "to If fo ld ) and i t  was only next to S3 

during that period.

In pot cu lture condition a lso  same trend was observed where maximum 

percentage of retention  was a t peak flowering except fc r  £ ,̂ where maximum 

value was obtained 5 days in  advance to peak flowering, however, the values 

fa r  maximum percentage were found to  be d iffere n t from f ie ld ,  fa r  respective 

sowing dates. In comparison to  f ie ld  the maximum percentage values were 

comparatively less fc r  &i Oil.lt $) and more fo r Sg (55*2 it) and the same 

was greatly  reduced or increased in  case cf S3 and by 16 $ and 25.8 it 

resp ectively , 3he values fc r  S i increased and decreased gen erally , but 

in  case of Sg, although the values increased by 10 $ from 95 IAS t i l l  peak 

flow ering, y e t ,  the decrease was only by h it a fte r  peak flowering u n t il  

125 days and a sharp decline was noticed thereafter. In case of S3 there 

was a rapid increase In percentage u n til  peak flowering and decline was 

a lso  comparatively of same magnitude. However, in  S4 there was a rapid 

increase t i l l  105 DAS and thereafter i t  declined a lso  with the same ra te .
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B. Pods retained during a sp e cific  period as percentage of to ta l  jpods 

a t harvest :

Both under f ie ld  and pot culture conditions the values incrsised.

■with time. The f i r s t  signlretention  was evident between 120 and. 125 I&S 

fa r  S-j_ and 82. For Sg and S4 i t  was between 105 aid 110 and 100 and 105 

DA.S resp ective ly . The 100 i» re a lisa tio n  of f in a l  pods took place in  case of 

8  ̂ and Sg a t  the same time between period of 155-160 aid. for S3 and 8  ̂ b et­

ween 120-125 and 115-120 IAS resp ectively .

At Si retention  of pods was greater a t the ra te  of 20 % increase 

over a period of 5 days in terva l from 135 days onwards. In 85, the same 

trend aid magnitude as found in  8̂  could be noticed. In case of 83, about 

70 it of pods were retained between a very short span sin ce the values 

found between 110 and U5 DAS were 2 1 .H % and that found between 115 and 

120 BAS were 92.8 In SI*, in i t ia l  percentage j&is 25 and i t  increases in 

same ra te  u n t il  f in a l  re a lisa tio n .

Under pot culture condition s im ila r itie s  were only in  case cf 81.

In the second sowing, the retention was e a rlie r  than in  f ie ld ,  but there 

was a sudden increase between 125-130 BAs. During th is period an increase 

of lK) $ is  noted over the ea rlie r  period. In case of Sg the sudden 

increase during the short span was not noticed and the increase in  percen­

tage was a t mare or less by about 25 $ during each time in te rv a l. In 8^, 

a great increase was noticed from an in i t ia l  value of 6.6 it to  h3.3 % and

86.6 % in  the follow ing time In tervals.
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I t  w i l l  be noted from ta b le  30 th at the nunber of flow ers abscised  

was always greater during a given  period u n t i l  115 DAS. Thereupon the  

re te n tio n  was naich above than the number of abscised f lw o r s  upto 125 DftS. 

However j a t  peak flow ering period th e a b scissio n  was greater than r  etention. 

During the rete n ticn  in  general was mere over a b scissio n  and u n t i l  115  

DAS ard th ereafter equal lumber of flew  era were retained or abscised during 

th e next 10  days. During the peak flowering period (125-130 BAS) numb a: a? 

flowers abscised were mare than th e number retain ed. In  Sg, th e ab scissio n  

was s t i l l  le ss  as compared to  82 t i l l  peak flow erin g. 84 a ls o  showed a 

sim ilar trend except th at ab scissio n  was higher between the period 105 and 

110 DAS.

The p ictu re  under p o t cu ltu re  condition was d iffe r e n t fc r  S i only, 

sin ce under f i e l d  condition more flow ers were retained p rior to  peak flow er­

in g . While in  case cf pot cu ltu re ab scissio n  was always equal or greater  

a t  a l l  periods w ith exception between 105 &ud HO DAS, and a t  i n i t i a l  s t a r t .  

Rest of the sawings showed sim ilar trend under p o t cu ltu re condition.

If.2.8 E ffe c ts  of d iffe r e n t dates cf Bowing on the reproductive a ttr ib u te s  

in d iffe r e n t chickpea c u ltiv a r s  under f i e l d  and •pot conditions

E ffe c t  of d iffe r e n t sowii^ dates on th e reproductive a ttr ib u te s  in  

d iffe re n t chiclspea c u ltiv a r s  under f i e l d  and p o t cu ltu re  conditions is  

shown in  Table 3 1 . '

The flower number is  highest both under f ie ld  and pot cu ltu re condi­

tion s in  a l l  the c u lt iv a r s . The order was 8^ >  82 ^  S3 ^  Rest cf the
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reproductive a ttrib u tes a lso , in  general, m intained the sane trend between 

the sowings, as far th eir number was concerned, but th is trend was not 

always maintained under pot culture conditions with respect to  a l l  the 

a ttr ib u te s , however, sowing values, by and large, were highest and bet­

ween S3 and the differences were narrowed down.

A closer examination of the table w i l l  revea l that i t  was the lim ita­

tion  o f the flower number in  S3 and S  ̂ th at lim ited the number of otter 

reproductive a ttr ib u te s, which f e l l  in  sequence. 5he reduction in  reproduc­

t iv e  attrib utes in  case of S3 and Sî  as compared to  Sj_ were of comparable 

order in  a l l  the cu ltivars with the exception of the developed pod numbs* 

in  case of JG-62 at The above observations ware more projected uni a?

f ie ld  condition, since the pod number rea lised  under pot culture condition 

did not d iffe r  much between the sowings.

When % was compared with & l ,  i t  was noted that a l l  the three cu ltivars 

behaved d iffe re n tly . JG-62 a t S£ showed marked reduction in  a l l  the repro­

ductive attribu tes both in  f ie ld  and pot cu ltu re , while L-550 showed appre­

c ia b le  increases in  maiy of the attribu tes in  pot cu ltu re. BG-209, on the 

other hand showed th is trend in f ie ld . Although, I»-550 showed heavy reduc­

tion  in a l l  the attributes a t  Sg under f ie ld  conditions, y e t  reductions 

could be noticed in  pot culture only with respect to  number of flowers formed 

and shed. An opposite picture emerged with BG-209, however the increases 

recorded over Si in  f ie ld  were of low order. The shedding was highest in 

L-550, and therefore, the pod nuntoer rea lised  fa r  L-550 were a lso  le ss . The 

reductions in  developed pod number in  L-550 and JG-62 were 35 $ anl 20 %



resp ective ly , however, BG-209 instead recorded an increase of 11  ̂ with 

respect to  developed pod nunb&\ The reduction of underdeveloped pods 

was seen highest in  L-550 followed by JG-62 and BG-209 and the differences 

between the v a rie tie s  were s ig n ifica n t. I t  w il l  a lso  be noted that a lso  

the reduction in  pod numb ft a t ££ was very high in  case of JG-62 and BG-209, 

y e t , the reduction in  seed number was conparatively very less and were 31.6 

and 15.6 % resp ectively . In L-550, the reduction in  seed number did not 

d iffe r  s ig n ifica n tly  from pod number. Seed number per pod rem ined un­

affected  by sowing dates.

As fa r  as the weight c f the reproductive a ttrib u tes was concerned, 

the pod weight was always highest fc r  Sg both under f ie ld  and pot cu lture 

conditions followed by S i ,  ££ and Ŝ » Bais observation was irresp ective  

of variety  cr growing condition. Sim ilarly seed weight tsas a lso  highest 

for Sg. However, 100 seed weight did not always follow  the same trend ani 

in  most of the cases the 100 seed weight was highest fc r  the f i r s t  sowing.

When conjpared to  S ,̂ the reductions in  pod weight and seed weight 

of S3 and S* were highly sig n ifica n t and 63-69 %, 75-80 it ani 49-67 it 

reductions in  these attrib u tes were noticed in  JG-62, L-550 and BG-209 

resp ective ly , however, these reductions were cf low magnitude under pot 

culture condition, where these ranged between 15 to 50 it only in  case cf 

JG-62 and BG-209. L-550, on the contrary a t S3 registered  an increase c£

23 £ over S i with respect to  these parameters. However, in  case of S4 these 

remained unchanged. As conpared to  Si marked increases in  pod weight and 

seed weight were noticed a t  Sg. The increases in  JG-62, L-550 ani BG-209
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were about 6-0 it, 16-17 % and 61-67 % respectively. I t  will be noticed 

that while the increase a t  Sg 0Ver remained same both undar field and 

pot culture, but i t  was altered in case cf L-550 and BG-209. While the 

Increase under pot culture condition was higher in L-550, the opposite 

was seen with BG-209, which recorded higher incraises in the field.

Reproductive efficiency:

Reproductive efficiency is determined sequentially frcrn the numb a* 

of flowers produced to  number of pod set and then the number of pods fUlly 

developed and the seed number therein and finally the weight gained by the 

seed. In other wards, in itia l s ta rt is  ft’om flower number and final expre­

ssion is  economic yield. The various parameters determining reproductive 

efficiency have been calculated frcm the data given in table 31 and the 

same have been expressed as percentage. They are presented in table 32.

Loss due to shedding (it)

loss due to shedding varied considerably between the cultivars, however, 

for a cultivar i t  was of comparable degree both under field ard pot culture 

condition and the shedding values were higher for 'pot culture. The highest 

was noticeable in L-550, followed by JG-62 and then by BG-209. Within the 

sowing date, the shedding percentage did not vary much. Irrespective of 

the cultivar or growing condition, the percentage of shedding was always 

highest in Sp For JG-62 the shedding percentage varied within 13 ^ amongst 

the different sowing dates under field  conditions and about 28 it in pot 

culture. If  Sj_ vas not taken into account, then, the shedding percentage

323



Table 32. E ffe c t  af d iffe re n t saving dates on the various parameters determining reproductive
e ffic ie n c y  of chiclqpea in  f i e l d  and p o t culture*

Cultivar
Dates

of
sowing

Shedding 
loss 

' (*)

Pod set 
<*)

Effective 
pod set 

(*)
Effective
fruiting
efficiency.

nods
Total pods 

(*)

Under
developed
node
Total pods

(96)

Seed
efficiency 
Ho. of 
.seeds 
Total ’ .
No. of 
ovules

W)

Effective
seed
efficiency 
Ho. of seeds 
Ovules of 
to ta l pods

'<*) .

1 2 3 4 5 6 7 8 9

Field

JG-62 ■ SI 64.2 35.8 20*4 57.0 43.0 05.4 51.4

% 51.2 ua.7 32*5 66.6 33.^ 25*0 51.1

s3 58.3 41.7 28*1 67.5 32.5 21.4 50.8

8k 52.8 47*1 39.6 84.0 16*0 25.2 51.4

Pot culture

Si 73-8 26.1 15.4 58.8 40.2 13wl 50.2

. 65.8 3^.2 25.6 75.0 25.0 17.1 51.4

S3 65.3 34.7 1 23.9 67.4 32.6 17.7 51.0

84 50*5 49.4 31.0 68.4 31;6 25.1 50.7

1

contd.. .



Table 32 contd..

— i ________ g______ 3_______ 4________I

Si 76.8 23.2 12.6

% 65.5 3^.2 27.2

. S3. 70.3 29.6 21.2

S4 68.9 31.1 23.3

Si 84.9 15.0 8 .3
76.0 24.0 12.6

s3 69.1 31.0 23.6
S4 68.9 31.1 . 17.7

BG-209

Si 57.8 42.1 .27.4

% 51.0 49.0 ■ 3^.2
S3 50.0 50.0 41.0
S4 50.0 50.0 43.7

Si 64.1 35.7 22.8

£2 52.4 47.6 33.3

S3 50/-0 50.0 42.6

S4 ■ 50.0 50.0 25.0



6 7 8 9
Field
54.3 45.7 13.7 51.2

79.0 21.0 20.3 59.1
71.4 28.6 17.7 59.8

75.0 25.0 3B.1 58.3
Pot Culture

55.1 44.9 9 .0 59.9
52.4 47.6 14.3 59.7
76.4 23.6 38.0 58.2
51.1 48.9 18.1 58.5

Field
64.9 35.1 25.3 60.0

70.0 30.0 29.0 59.1
82.1 17.9 29.2 58.4
87.5 12.5 24.3 58.7

Pot culture
64.0 36.0 2 1.1 59.1

70.0 30.0 27.0 58.2

85.2 14.8 28.6 57.2
50.0 50.0 28.8 57.6



was narrowed down to  7  ̂ and 15 1» under f ie ld  and pot culture conditions 

r e s p e c t iv e l y .  In  L-550, the variation  in sheddng percentage between the 

sowing dates was abort 11  £ in  f ie ld  and 16 # under pot cu ltu re. I t  is  

interesting to  note that* the percentage shedding fc r  S3 and remained 

unchanged both under f ie ld  and pot culture conditions, but that of and 

Sg increased about 10 % under pot culture. BG-209 registered  the least 

loss o f reproductive effic ien cy  by shedding'among the cu ltiv a rs . The 

shedding behaviour remained more or less the same both under f ie ld  and pot 

culture conditions. In case of Sg, S3 and Ŝ  the shedding percentage recorded 

was 50-52 % both under f ie ld  and pot cu lture. In case of. &l, I t  was 51 .8 % 

and 6h,Z % in  f ie ld  and pot culture resp ectively .

Pod se t d )

Since shedding loss is  the negative expression o f pod se t, therefore 

percentage pod se t showed an opposite and p o sitive  expression. Highest 

pod se t was Observed in  BG-209 in  a l l  the sowings, followed by JG-62 and 

L-550. Hi thin the sowing a lso  a sim ilar trend was observed. In a l l  sowings 

Si gave the le a s t values, followed by &2.t S3 and Sjj, gave, more cr le s s , 

sim ilar values.

E ffective  nod set (^)

E ffective  pod se t cr fru itin g  effic ien cy  is  the r a t io  of fu l ly  deve­

loped pods a t f in a l  harvest to  the to ta l  number cf flowers expressed as 

percentage. This varied greatly  within the cu ltivars and between the sowing

12k
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dates. The effective pod Bet -was seen considerably reduced fcr f i r s t  

sowing in congariBon to the re s t  of the sowings both under field  and pot 

culture conditions. Highest was generally recorded by the fcr a l l  the 

cultivars under field condition with the exception of at £fe. Under

pot culture cordition i t  was generally S3 which showed the highest effective 

pod set with the exception cf JG-62 where S]| showed the naxinum effective 

pod set.

Far JG-62 the effective pod set both under field and pot culture 

conditions was least far Si and maximim for Sĵ . However, i t  decreased by 

a narrow pa-centage (5-8 i») under the pot culture condition a t respective 

sewing dates. In general the order was £4 B&* S3 ?  Si-

E ffective  pod s e t  was of very lower crder in  L-550  ib  comparison to 

JG-62 fo r field#  the value fc r  S^, Sg, Sg and Sj| were 12.6 , 27.2 , 21.1  and

23.3 respectively  and that fc r  pot cu lture His 8 .3 , 12 .6 , 23.6 and 17 .7  

resp ective ly . The variation  under f ie ld  and pot culture between the sowing 

dates was 2 to 8 '

BG-209 had the highest e ffe ctiv e  pod set amongst the cu ltiv a rs , 

within the cu ltivars and between the sowings in  f ie ld  and pot culture con­

d itio n s. The e ffe c t iv e  pod se t percentage was seen as 27.it, 3^.2, ltl.0  and 

43.7 in  f ie ld  and 22.8, 33.3, I42.6 and 25.0 In pot cu lture in  S i, ££, S3 aid 

S4 resp ectively .

By and large, i t  could be inferred that there is a gradation in  

effective pod se t, which is low in early sowing, medium in  normal sawing aid 

higher In late  sawing. '
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Effective fruiting efficiency :

E ffective  fru itin g  efficien cy i s  the ra t io  of fu lly  developed pod 

to  the f in a l  pod nusber (Humber of normal pods/total number of pods).

I t  w ill  be Been that this parameter increased with increase in  sowing 

dates in  JG-62 and BG-209 under f ie ld  condition. In L-550, i t  increased 

considerably a t  82, S3 and ^  In comparison to  Ŝ s however, between Eg and 

there was no narked d ifferen ce.

Under pot culture condition, by and largo, higher Increases were 

observed in  th is parameter a t  Sg Qni S3 ae cospared t o  with the exception 

of £ ,̂ In case c f L-550 and BG-209, where they showed a carparatlve decrease.

Underdeveloped pods to  to ta l  nods r a t io  :

Since the above Is the ra t io  of underdeveloped pcd8 to to ta l pods 

the resu lts  were negative cr opposite in  nature to  those obtained fc r  the 

e ffe c t iv e  fru itin g  e ffic ien cy .

Beed efficiency

I t  is  the r a t io  c f  the number o f ovules nisYtT- rea lised  as seed ov^ 

the to ta l  number of ovules found in  the to ta l  nmrbcr of flowers formed.

3he percentage of ovules developed in to  seeds was highest in  BG-209 followed 

by JG-62 and then L-550 aid the same increased considerably with delayed 

sowing. However, i t  varied very l i t t l e  between s3 %  except in  

case cf 84 in  L-550.
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Effective seed efficiency

This Is the ratio  of the Hinder of ovules developed Into seed to the 

number of ovules found per carpel per pod set.

The percentage of ovules which developed into seed from to ta l number 

of ovules present in final pods was highest in case of BG-209, where i t  was 

of the order of 60 ^ followed by JG-62 and L-550 (51 !&)• Between the sowing 

dates no significant change was observed with respect to JG-62 and BG-209 

either in field or pot culture. However, in case of L-550 a considerable 

increase was noticed under pot culture condition a t Between rest of the 

sowings no difference was seen either in pot or in field . .

4.2.9  Temperature regimes during the different dates of sowing of chickpea

cultivars during 1980-81.

Temperature record from 4th October, 1930 to 6th April, I 98I  are 

graphically presented in fig . 8 and the same is given a t 5 day interval in 

the temperature chart. I t  will he evident that n&ximum tenperature was high 

from f i r s t  week of October to f i r s t  week of November. Thereafter, i t  declined 

by about 2- 3°C until middle of December. %  3rd week of December the temper­

ature remained more cr less constant between l8- 19°C with a sporadic increase '

between 2nd to 6th January. From, middle of January to approximately middle 

cf February the temperature remained, by and large, constant between 20-21°C 

with only one sporadic decrease and r is e  during February. The temperature 

rose sharply thereafter and remained mare ar less constant throughout March.

The maximum tenperature rase to 3l - 32°C in April. ‘
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Minimum temperature was high during October, but i t  decreased as 

the days progressed u n til  middle of January, thereon flu ctu ated , however, 

by aid large, the temperature remained between 7-8°C from 17th January to  

10th February. Temperature was on constant increase from middle of March 

to  A p ril During the middle of March the ml njmim temperature was between 

11-12 °C.

3he mean temperature remained mere or le ss  constant upto the end of 

October and thereafter i t  declined and remained mare ar less  constant u n til 

the end of November. Daring December to  middle of January the mean temper­

ature remained between 13-15^C. A lower temperature was noticed between 

7th January and l5 th January (11-12 °C). From the. middle of January the mean 

tenperature increased to  around l 4-15°C u n t il  10th February, flrom U th  

F&ruary onwards the mean temperature increased gradually u n t il  A p ril.

Heat units : , '

The heat unit declined stead ily  u n t il  middle of November, from thereon 

remained constant u n t il  the end of November. There is  sharp decline in  heat 

unit from December to  middle of January with occasional drcp cr increase, 

between 2nd and 3rd week of January the heat units increased appreciably and 

again decreased upto f i r s t  week of February, thereafter increased g reatly , 

but, by and la rg e , i t  remained constant u n t il  middle of March. Etom middle 

of March to  A p ril t h e r e a p p r e c i a b l e  increase in  heat u n its.

Qrowtng Degree Davs (GDD)

From the chart i t  w il l  be seen that growing degree days renaini more
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or less constant t i l l  the end cf (fctober, then declined steeply t i l l  middle 

,o f .December. GDD increased appreciably from le t  Decenber to the end of 

Dec eib a* and thereafter declined sharply, u n til  middle of January. GDD 

rose sharply from to 24.0  and then 33*2 , then declined to U3.5 by 10th 

February, From there upon marked increase was noted between 1 1 -15th February  ̂

then there was gradual Increase in  GDD u n til 6th A p ril. Sporadic decrease 

lie noticed between 26th January and 2nd March.

I I  IMPROVEMENT OF REPRODUCTIVE EFFICIENCY1 BY CHEMICAL MAMHPIACTONS

4.3  Response cf chickpea cv. L-550 to  d iffirent concentrations o f growth 

regulators a t  preflowering, mid-flowering and poat-flowering 

stages ( l 979-80) (Experiment Ho.

Data regarding the response cf chickpea cv. L-550 d iffere n t con­

centrations of growth regulators a t  pre-flow ering, mid-flowering and post 

flowering stages are presented in  table 33.

Indole 3 a ctive  Acid (IAA)

I t  w il l  be seen from the data that IAA had b e n e fic ia l e ffects a t  a l l  

stages and increased the pod number aid seed y ie ld  s ig n ifica n tly  over control. 

However, the flower number was decreased considerably. Lower concentrations 

(l-2  ppm) were more e ffe c tiv e  in  conparison to  higher concentrations.

Bengyl amlnopurine (BA)

BA yas found to  be most e ffe c tiv e  a t  post flowering stage with 5-10 ppm



with respective to the 'e ffective  pod nunber and seed y ie ld .

Qycocel (CCC)

Cycocel had the most b e n e fic ia l e ffe c t during the mid-flows’Ing 

phase with respect to  seed y ie ld . Only lower concentrations of 2000-3000 

ppm were found to have b e n e fic ia l e ffe ct a t  mid-flowering stage,

Bthrel

A l l  concentration of Ethrel reduced the seed y ie ld  considerably, 

although i t  did not appreciably decrease the e ffe c tiv e  pod number from 

those of the control. I t  was detrimental fc r  y ie ld .

E ffects of stage vs growth regulators interaction.on y ie ld  attribu tes 

in  chickpea _cultivar L-550 in  pot culture ani f ie ld  (Expt. Mo.lt)

The data on the e ffe cts  on the application  of 3 growth regulatcrs 

on the in teraction  on y ie ld  attrib u tes in  chickpea cu ltivar L-550 under 

pot cu lture condition are presented in  ta b le -34.

A l l  the parameters Increased under the influence of respective treat­

ments in  conparlson to untreated control p lan ts. However, the 

increase was noticed with reference to  seed y ie ld  in  case cf treatment No. 4 

(6.0I13 g/plant). The order is  4 > 9 >10 > 3 > 6  ̂ 8 > 7 >  2'; 5 ^  l .

The percentage d ifferen ce from control varied from 51 to  I37. Maximum y ie ld  

was found to  be associated with naximun pod number, however, in case of 

Tr.9 and 10, v&ich followed Xr. 4 , the higher y ie ld  was not due to  the
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In cr& se in  to ta l  number cf pods but due to an increase in  to ta l  number of 

developed pods and lower number of underdeveloped pods.

The harvest index (H .l) was found to  be mxlnum far Tr 4 (35.3 ) 

followed by treatment 9 7 l 0;>3 7-6 >7 7-2 >^1 t>5 » One interesting

>■ o b se rv a tio n ^ , whenever the seed y ie ld  had increased considerably, the 

stem weight a lso  showed a p a r a lle l Increase.

Under f ie ld  condition the seed y ie ld  was found to  be comparable ee- 

to  pot cu lture (ihble 3^)* In f ie ld  a lso  Tr. 4 recorded the najdtHim grain 

y ie ld , but the percentage increase over control was found to  be much below 

(55.5 ,$) than that obtained for pot cu lture. The order of increase of seedl

y ie ld  was 4 ^ 9  ^10  7*3 7*6 ^2 7 8  7 7  7 I 7 '  5 . Althcwgh, the changes in 

harvest index were cf comparable order, y e t ,  the percentage was much higher 

in  f ie ld  than pot. The to ta l  dry natter a lso  c lo se ly  paralleled  the seed 

y ie ld .

I I I .  BIOCHEMICAL STUDIES IN REIATEOB TO REPRODUCTIVE EFFICIENCY OF CHICKPEA.

^.5 A compara tive  study of the bloghpnrtc a l change in  fresh  aid abscised 

plant parts (Expt. N0.5)

Hesults of the comparative study of the bioehemlcal changes in  fresh  

and abscised plant parts are described under the respective biochemical 

parameters, '
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1*.5 .1  Amount aS to ta l nitrogen, to ta l proteins. soluble proteins and

soluble sugars in  narrva.1 and abscised f l e e r s  aid pods cf chickpea.

Table Bo.35 presents the amount of d ifferen ces '^ o ta l nitrogen, to ta l 

protein, soluble proteins and soluble sugars expressed as percent dry weight 

In n o r a l  and abscised flowers and pads in  chickpea cu ltiv ars  v i z . ,  JG-62 , 

L-550 and BG-209 grown unde1 f ie ld  condition.

Table 35. Change in  to ta l  nitrogen, to ta l  proteins, soluble proteins and

soluble sugars in  normal and abscised flowers and pods cf chickpea.

Cultivar Reproductive organ F&rcent dry weight >
Total Total Goluble Soluble
nitrogen protein proteins sugars

JG-62 fto’i a l  flower 2 .9 18.5 1.3 5.2

Abscised f lo a&c 2.7 17.3 1.6 2.8

Normal pod (0 . 1* x 0.9  so) 3.0 19.0 1 .1 5 . 1*

Abscised pod (o.l* x 0 .9  n») 3.3 20.7 1.1* 7 .9

L-550 Nornal flower 3*3 20.7 1.6 7.3

Abscised flower 2 .1 13-3 1.1* 5 .7

Hot s a l  pcd(0 . 1* x 0 .9  css) 2.8 17.9 2 .9 8 .7

Abscised pcd(0. 1* x 0.9 eu) 3.5 21.9 3.2 9 .8

BG-209 Ncrnal flower 3.3  ‘ 21.0 1 .1 10.3

Abscised flowsar 2 .9 a s . i 1.0 7 .1

Bernal pod (o.l* x 0.9 no) 2 .7 17.1 2.2 3.6

Abscised pod (o.l* x  0.9  sci) 3.0 18.8 1 .1 5 .0
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I t  w il l  be noticed that irresp ective  of the c u lt iv a r , the abscised 

flowers and pods always had a lesser and higher contents of above mentioned 

parameters, as compared to  normal flowers and pods resp ectively .

There was not much difference in  the various parameters within the 

cu ltiv ars, however, the percentage of nitrogen was highest in  case of BG-209 

and hence protein content was a ls o  highest amongst the cu ltiv a rs . The 

soluble protein  content was higher fo r flavors in  JG-62 but fa r  pods i t  was 

higher in  case of L-550. The soluble sugars was found to be highest in  case 

of L-550.

U.5.2  Changes in  nucleic acid content in  normal and abscised flowers and 

f l c r a l  -parts in  chickpea cu ltivars

Table 36 presents the changes in  nucleic acid contact in  normal and 

abscised flowers and f lo r a l  parts in  chickpea cu ltiv ars v i a . ,  JG-62, L-550 

and BG-209 grown under f ie ld  condition.

I t  w il l  be seen from the table 36 that as compared to  normal flowers 

the HI& content as A  g/g fresh weight decreased s ig n ific a n tly . The DNA. 

content asy£< g/g remained unchanged in  the normal and abscised flowers of 

a l l  the cu ltiv a rs . The nucleic acid contents among the cu ltiv ars showed 

the following order

L-550 >  BG-209 >  JG-62

The s i t e  of the decreased amount of RM content could be traced to



(J*g/g fresh  weight)__________________________

Cultivar JG-62 L-550 BG-209

F lo ra l part Nor s a l  Abscised Normal Abscia ed Ncgsal Abscised
bh a  - p m  rna p m  rna p m  Etm d n a  rkv p m  r n a  p n a

Table 36. Nucleic acid  content In  nom al and abscised  flow ers and f l o r a l  p arts o f chickpea

Peduncle 188 3 186 5 64 16 5k 15 50 11 36 13

Pedicel 148 12 87 10 26 18 1*1* 10 1*3 . 17 54 10

Calyx 81* 4 1 46 4 21 5 69 14 48 12 73 16

Corolla ' 156 17 222 13 62 12 69 12 66 IB 70 20

Androecium and 
Gynoecium 15 91* 239 1259 2U3 2675 590 2087 591 2193 204 1752 203

Whole flower 2150 275 1900 275 281*8 61*1 2323 642 2400 262 1985 262



narked reduction In the reproductive structures v i z . ,  androecium and 

gynoscium. I t  is  in terestin g to  note the degree of reduction in  RJ& 

content in  reproductive structures is  almost of same order in  a l l  the 

cu ltiv a rs .

Among the f lo r a l  parts calyx recorded appreciable increase in  RRA 

content in  abscised flowers.

4.5.3 Figment content in  nareal and abscised flowers and f lo r a l parts. 

of chickpea

The data on variation  in  pigment content in  normal and abscising 

flowers and flower parts in  chickpea cu ltiv a rs , JG-62, L-550 BG-209

grown under f ie ld  condition are given in  Table 37*

Chlorophyll
1

The, to ta l  chlorophyll content was reduced markedly in  abscised flowers 

in  a l l  the cu ltiv a rs . The reduction was 24 38 and 31 % in  JO-62,

L-550 arri. BG-209 resp ective ly . Reduction was observed both in  chlorophyll 

a and b , however, the reduction was marked in  ch i. b as compared to  ch i. a .

The charges in  d iffe re n t flower parts showed the pigment content was 

markedly reduced in  case of calyx and reproductive parts.

I t  was noted that L-550 had a higher ch i. b content as compared to  

ch i. a. The r a t io  o f ch i. a/b was found to be same in  case of normal and 

abscised flowers, except fcr JG-62 where th is was higher fc r  abscised 

flowers. ,

13^
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Carotenold

The carotenold content Increased In the abscised flowers cf the 

cu ltiv ars, but did so more in  cv. L-550 and in  f lo r a l  parts i t  fluctuated 

considerably.

Anthocyanin

The data on changes In the anthocyanin content^ in  normal and abscised 

flowers of chiclq>ea cu ltiv ars v ia .,  JG 62 , L-550 and BG-209 grown uider f ie ld  

condition are given in Table 38.

Table 38. Anthocyanin content in  normal/abscised flowers ani f l c r a l  

parts of chickpea

Cultivar JG-62____   L-550 BG-209______
Normal Abscised Normal Abscised Normal Abscised 

 ____________<—  — OPTICAL  DENSITY-------------------- ->

Peduncle 0.35 0.22 0.02 0.02 0.14 0.12

Pedic e l 0.61 0 .U5 0 .11 0.09 0.29 0.16

Calyx 0.08 0.09 0.03 0.02 0.17 0.17

Corolla 0.3h 0.25 0.02 0.02 0.27 O.lfi

Andr oecium
and 0.08 0.08 0.03 0.03 0.25 0.20

gynoeeium

From the observed o p tica l density values in  L-550, i t  can be seen 

that i t  had low anthocyanin content, which did not a lte r  mtch during absci­

ssion, however, in  JG-62 and BG-209 anthocyanin content decreased s ig n ifica n tly



in  the abscised flow ers. The decrease was more narked in  p ed ice l, corolla  

and peduncle cf JG-62 and only in  pedicel and coro lla  of BG-209.

4.6  Chances In organic contents of leaves under th e ,influence cf

tegmerature (d ifferen t dates of sowing) in chickpea (Expt. Ko.jQ

Changes in  organic acid contents cf leaves under the influence cf
/

temperature (d ifferen t dates of sowing) in  chickpea cu ltiv ars JG-62 , L-550 

ami BG-209, grown under f ie ld  condition are given in  Table 39*
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Sable 39. Changes,in organic acid content in  leaves cf chickpea as 

influenced by tecperature (d ifferen t dates of sowing)

Time Time in hours
Cultivar of

sowing
08.00

(Fore-noon)
12.00

(Noon)
16.00

(After-noon)
20.00

(Night)

mg. eqv. maleic acid/g dry weight

JG-62 Si 0.63 3.07 6.62 t 1.84

% 2.01 2.65 4.89 3.20

L-550 S1 1.2 1 3.38 4.40 2.142

S2 . 1.90 3.^3 k.5k 3.30

BG-209 Si 0.62 2.26 3.69 2.63

S2 . 3.51 3 . 9U 5 .k8 4.06

The most strik in g  feature was that in  a l l  the cu ltiv ars the acid 

content in  leaves Increased during the night during 20.00 hours and declined



during the day time, thus showing a rhythendc changes in  crganic acid with 

time of the day aid night. Temperature altered th is rhythemic pattern 

considerably by narrowing down the differences in  le v e l cf organic acids at 

the time of peak accumulation during night and disappearance during day 

times, in  a l l  the cu ltiv a rs .



5 . DISCUSSION

Inf or nation on the major lim itation  to  the reproductive e ffic ien cy  in  

chickpea is  meagre. An Integrated approach regarding the Influence of 

temperature (based on d iffere n t date o f sowing) on time, in ten sity  and 

duration of flowering and reproductive e ffic ien cy  in  re la tio n  to  growth and 

development of chickpea i s  completely lacking. In the present in v e s ti^ tio n , 

e ffo rts  were, therefore, made to  in vestigate and understand the same. In 

addition to the above, biochemical studies in  re la tio n  to reproductive 

effic ien cy were a lso  carried  out mainly to  understand the biochemical basis 

of flower shedding. Experiments were designed to meet the above objectives 

and discussion below w ill  be an e ffo r t  to  pro ject the various points emerg­

ing out from the re su lts  obtained. Experiments were conducted both in  

f ie ld  and pot culture and i t  was noticed th at althaigh quantitative values 

under pot culture conditions d iffered  considerably from f ie ld  conditions, 

y e t q u a lita tive  pattern  remained e s s s it ia lly  the same. The quantitative 

d ifference in  pot culture may be largely  due to  variation  in  s o i l  moisture. 

Since the q u alita tive  pattern  obtained under f ie ld  condition remained by 

and large sim ilar under pot cu lture condition, hence no e ffo r t  is  made to 

discuss the resu lts  of pot cu lture experiments separately and the resu lts 

obtained are discussed c o lle c t iv e ly .

5 .1  Evaluation o f reproductive efficien cy '

Two experiments were conducted in  order to  evaluate the reproductive 

e ffic ien cy  and the re su lts  c f the respective experiment w il l  be discussed 

individu ally.
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The study to  the genetic v a r ia b ility  and d iv e rsity  with reference to  

flowering behaviour and shedding c f  flowers during reproductive stage was 

carried out in  order to evaluate peak period of flow ering, shedding percen­

tage and reproductive behaviour. In f ie ld  the peak flowering in most o f the 

genotypes was noted between 120 and 125 days, however, fa r  BG-209 i t  was a t 

130 days a fte r  sowing (D&s). Under pot cu ltu re , the peak flowering ranged 

between 118-120 days amongst n n jcrity  of the cu ltiv a rs . It.w as evident that 

the peak flowering period did not a lte r  within the cu ltiv a r s . The shedding 

percentage was found to  be very high and- i t  ranged from 67-90 The le a s t 

was found in  BG-209 and highest in  L-550. From the re s u lt  obtained in  th is  

experiment, amongst the 12 genotypes examined i t  was found that BG-209 had 

the highest reproductive e ffic ien cy  in  terms o f number of pods, f i l l e d  pods, 

to ta l seed numb a : ,  pod weight and seed y ie ld . Ibis was clo se ly  followed by 

BG-226. The lowest reproductive e ffic ien cy  was observed in  case of L-550, 

in  terms of lower number of pod se t ,  normal f i l l e d  pods and to ta l  seed number 

however, the 100 seed weight -was found to be highest for the cu ltiv a r . By 

and la rg e , the BG lin es had better number of to ta l  pod s e t ,  as w ell as n trm l 

f i l l e d  pods and seed number, but th^*e was ccnsiderable variation  between 

genotypes with respect to  pod weights ami seed y ie ld s , as conparei to  their 

number. I f  we examine c lo se ly  the ch aracteristics which a ffe c ts  the repro­

ductive effic ien cy  e .g , shedding percentage, i t  w ill  be noted tb it  the geno­

types having the highest r(productive e ffic ien cy  la s  the le a s t  shedding

5 . 1 .1  Evaluation of the reproductive e ffic ie n c y  in  d iffe r e n t  genotypes

of chickpea
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percentage and vice-versa. The cause of lo w  reproductive e ffic ien cy  of 

L-550 can be largely  attributed  to  high percentage of shedding. I t  would 

be noted that although seed nunber was comparatively higher than JG-62,

L-550 aid C-235, y e t , some of the BG-Unes (BG-203, BG-212 and BG-216) 

recorded lower weights in  pod aid seed, so that f in a l  reproductive e f f i ­

ciency in  terras of y ie ld  was lower for these in  comparison to JG-62 or 

L-550. Since the seed number per pod, by and la rg e , did not vary nuch 

between d ifferen t genotypes, i t  could be v isu a lis e ! that the seed abortion 

might be the major cause of lew reproductive effic ien cy  in  those BG-lines which 

recorded higher number of pods than JG-62, but had lower seed y ie ld s . How­

ever, by aid larg e , i t  can he concluded that higher r  productive e ffic ien cy  

can be attributed  to  low shedding percentage, higher seed y ie ld  and higher 

e ffe ctiv e  pod se t. '

5 . 1.2  The Influence of temperature (based on d iffe re n t dates of sowing)

on time, in te n sity , duration o f flowering and reproductive e ffic ien cy  

in  re la tio n  to  growth and development o f chickpea.

In  order to  understand the influence of temperature on flow ering, 

reproductive e ffic ie n c y , growth and development, important reproductive 

stages in  addition to  pre-flowering vegetative phase have been id e n tifie d  

and these are  examined. These are summarised below :

Time, Intensity and duration of flowering

Time, in ten sity and duration o f flowering is  greatly  altered  under



Table Important events and stages id en tified  during the crop duration.

Cultivars
JG-62

r.

fA L-550 BG-209
Stage Tims of sowing S i % s3 • s4 S i s2 S3 S i S2 S3 s4

1  2 3 4 5 6 7 8 9 10 11 12 13 14

1 , Days to f i r s t  flower 55 60 68 75 60 65 70 75 80 84 83 95

2. Days to f i r s t  pod 80 90 95 90 325 115 105 95 125 125 110 100

3. In itia tio n  of active  
pod 130 115 105 90 140 130 105 95 130 125 110 100

4 . S tab ilization  of pod 
number . 160 145 135 110 165 150 130 120 160 155 125 220

5* Ifervest 186 168 147 137 386 170 147 133 186 170 147 3-33

1 .  Vegetative (preflowering) 55 60 68 75 60 65 70 75 80 84 83 95

2. Pod in it ia t io n  (F irst 
flower to f i r s t  pod 2 - l) 25 30 37 15 65 50 35 20 5̂ 41 27 5

3, lag phase of pod forma­
tion  (F irst pod to  
a ctiv e  pod formation 
^-2) 50 25 10 0 15 15 0 0 5 0 0 0

co n td ..



1  2 _________

3hble ccsitd

4. Active pod formation 
(4- 3 )

5. S tab ilization  o f f in a l  
pod nunba: (5-4 )

Other Important stages and 
■their duration.

Peak flowering

■Pod duration

Total reproductive 
.duration

7 8 9 10 11 32 n 14

25 2 0 25 25 30 30 15

21 20 17 13 26 15 22 13

135 125 120 105 130 130 110 110

40 35 -25 25 35 30 15 20

126 105 77 58 106 86 64 38



the influence of d iffere n t dates of sowing, while the days to  f i r s t  flower 

increased; the in ten sity  and duration of flowering was markedly reduced with 

an increase in  sowing date from S i to  S4. The f in a l  crop duration wis a lso  

markedly reduced with the consequence that the pre-flowering or vegetative 

period was longest in  la te  sawing. These findings are in  agreement with 

the ea rlie r  re su lts  of Eshel (1967), who a lso  observed a redaction in  grow­

ing period, flower production and reproductive a c t iv ity  by delayed sowings.

In the present study the order of formation of flowers was Si>  Efe >  S3 7S1J, 

irresp ective of the c u ltiv a r , however, the reduction in the number of flowers 

formed during Eg as compared to  S i to  he vary l i t t l e  in  case of BG-209 ( l l  %) 

as compared to  49-69 $ in  JG-62 and L-550. Highest number of flowers (except 

in  and Sij,} were found in  L-550* followed by JG-62 and le a st in  BG-209.

I t  w il l  be evident from the temp®ature chart that no re la tio n  with tempera­

ture could be found either fc r  appearance fa r  f i r s t  flow® or f i r s t  pod. 

However, i t  can be noticed from the temperature indices summarised in  tab le 

presented, a t  peak flowering the mean temperature was within the range same 

fa r  JG-62 and L-550 fo r all-.th e sowings (Mean temperature l8-20°C), but fo r 

BG-209, i t  was comparatively low® and a lso  fluctuated considerably. The 

maximum temp®atur e did not vary for JG-62 cr L-550 a t  th is  stage and i t  was 

id e n tica l far both. Between the sowings, the temp®ature varied s lig h tly  in  

case of JG-62, but i t  remained constant fo r L-550. The miniraun temp®ature 

v®e a lso  id e n tica l or sim ilar fo r JG-62 and L-550 in  a l l  the sowings (10.5 - 

12.2°C). However, the same varied considerably fc r  BG-209* i t  can be con­

cluded that the mean temperature of 20°C and a minimum temperature c f 10-12°C
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seems to  favour flow a: In itia tio n . Since in  the case c f  BG-209, the 

ndniiaim temperature 'was considerably low and fluctuated, i t  could be thfe " 

possible cause for lows: flower number. Such a re la tio n  was also  noticed 

by van der Maesen (1972) and th is  a lso  support the contention of Sunmerfield 

et a l .  (1981) that warmer night temperature fa  voir flowering in  chickpea.

The temperature, a t  f i r s t  pod formation, was not indicating of any 

pattern. dhe rasimim temperature declined with sowing dates upto S3 in 

case cf JG-62 and rose a t  Sî , Par L-550 &nd BG-209, between the sowing^rise 

in  temperature was found to  be associated with the appearance of ^ifet pod.

The minimum temperature fluctuated considerably between the sowings a t 

and S2 in  case of JG-62 and L-550, otherwise, the mlninum temperature remained 

almost stab le  between 10.4  - 12. 2°C. At the time of a ctiv e  pod formation, 

mean temperature rennined 16.3 - 21 .6°C except for Si and S2 of JG-62 and 

of BG-209. The minimum temperature a lso  remained around 12.2 - l 4°C, 

but for the above mentioned exceptions. We can conclude that a m ,̂n tem­

perature of IB - 21°C and a minimum of 12 - 14°G are  conducive fo r a ctive  

pod f  creation. Although optimal temperature fa r  flower far nation and dry 

natter production has been reported by van der Maesen (1972) axxi confirmed 

by Sumnerf i  eld et a l .  (1980), y e t no such infer nation is  availab le  with 

respect top ed  for cat ion.

At the time of sta b iliza tio n  cf the f in a l  pod number, the mean tem­

perature remained unchanged between 16.3 - 19. 4°C fo r a l l  the sowings, how­

ever, both the mxiraim (25*28°C) and minimum (12- 13°.C) did not vary mich
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with the exceptions already mentioned above fo r a ctiv e  pod formation*

In the end, we can conclude that the mean optimal temperature toe  flower 

formation is  about 20°C and mini mm about 12 °C, however, a higher maximum 

temperature cf about 22°C is  more conducive fc r  flower formation. Irres­

pective  of cu ltivar or date of sowing a mean, maximum and minimum temperature 

of 19°C, 25.5°C and 12.5°C resp ective ly , nay be optimal temperature for 

active pod formation. From sta b iliza tio n  to  harvest the mean temperature 

remained, by and large, same around 22-2i*°C, the maximum temperature around 

30-32°C and the minimm temperature remained between l 4- 150C fc r  JG-62 and 

L-550 but were considerably higher fc r  BG-209. She respective duration of 

important stage indicated that in JG-62 the days from f i r s t  flower to  f i r s t  

pad (stage 2 -  pod in itia tio n ) increased upto S3 in  case cf JG-62 only, but 

the same decreased in  L-550 and BG-209, with an increase in  sowing date. The 

increase in JG-62 was by 5-7  days and the decrease in L-550 was by 15 days 

at each consecutive sowing date. However, in BG-209, the decrease was only 

5 days between Si and §2, l 1* days between S2 and and 23 days between S3 

and S .̂ I t  w il l  be observed that in JG-62 the active  pod formation commenced 

very la te  than other cu ltivars and there was a lag (stage 3 : lag pirnse of 

pod formation) of 50 and 25 days a t  S  ̂ and S£ resp ectiv e ly , but the same 

commenced_early a t  S3 and a t S ,̂ when the active  pod formation started with 

the formation of f i r s t  pod i t s e l f .  In L-550 both Si and Bq took 15 days fo r 

commencement of a ctive  pod formation and in  BG-209, th is period was further 

reduced to  f iv e  days. Thus, the lag to  a ctiv e  pod formation a t  Si and 83 

was greatest in  case of JG-62 and le a st oh absent in  case of BG-209. At S3
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and Sij (except of JG-62), there was no time gap between pod In itia tio n  

and a ctiv e  pcd formation and the active  pcd formation commenced with the 

in it ia t io n  cf f i r s t  pod i t s e l f .  I t  is  worthwhile to note that irresp ective  

of the date of sowing or cu ltiv a r , the duration o f a ctiv e  pod formation 

(stage 4 ) remains largely  constant (2O-3O days) with the exception cf Eg 

o f BG-209.

Duration between stab lisatio n  cf f in a l  pod mini)<3* to  harvest (Stage 5 i 

sta b liza tio n ), by and large, remained same fc r  d iffe re n t dates of sowing, 

but varied within cu ltiv a rs . Far JG-62 , it was longest between 23-27 days 

(exception S3 -  12 days), between 13-21 days in  L-550 and between 13-26 in 

BG-209. The duration between respective stages has been wcrked out as per­

centage of either to ta l crop duration or the 'reproductive duration '. 

Although during post flowering period both vegetative and reproductive 

phases overlap, y e t .predominantly most cf the reproductive a c t iv it ie s  takes 

place during the period. Hence the reproductive duration w i l l  be referred 

to  the duration between f i r s t  flow® and s ta b iliza tio n  of f in a l  pod number. 

Reproductive duration is  used fcr  convenience only in  crder to  deaarkate 

i t  from pre-flowering vegetative period. From now on these phases w i l l  be 

referred  in  the te x t as vegetative and reproductive, however, the farm® 

is  the pre-flowering vegetative phase.

I t  was cfcserved that the duration cf following stages increased 

with an increase in  sowing dates.

1. Ere-flowering duration in  re la tio n  to  post-flowering duration.



2 . Vegetative.duration in re la tio n  to  to ta l  crop duration.

3. Days to peak flowering in  re la tio n  to  reproductive duration, 

h. Days to firs t,p o d  in  re la tio n  to  reproductive duration (except

. Sij. of L-550)*

5. Pod duration in  re la tio n  to  reproductive duration.

I t  m s a lso  noticed that the follow ing remains almost unchaged with 

the increase in sowing dates.

1 . peak flowering in  re la tio n  to  crop duration

2. pod duration in  re la t io n  to  reproductive duration (by and large)

3. a ctive  pod duration in  re la tio n  to  reproductive duration (except 

L-550)

Ij-. a c tiv e  pod duration in  re la tio n  to crop duration ,

5 . pod duration in  re la tio n  to crop duration (except JG-62 , which can 

a lso  be broadly catqgcried with the exception of Sî )

The a ctiv e  pod duration in  re la tio n  to to ta l pod duration was a lso

increased in  JG-62 with increase in  sewing.date. In L-550, the a ctive  pod 

duration in  re la tio n  to  to ta l pod duration was s h o rte r  a t $i and as 

compared to  and B]| where the to ta l pod duration is  i t s e l f  the period of 

active ped duration. In case of BG-209 the active pod formation was the 

to ta l pod duration a t Sg, Sg and Slj. and even a t 6  ̂ i t  was conprised of

86 I t  can be concluded that the duration of stage which remains more

or less stab le  with d iffe re n t dates of sowing are those which are le a st 

affected by temperature and we can term as temperature in ien sitive  stages.

ll*5



However, those which are a ltered  greatly  under d iffe re n t sewing dates 

can he termed as temperature sen sitive  stages. The temperature sen sitive  

stages were found to  he the vegetative and the a c tiv e  pod formation stages. 

In case of la t te r , i t  is  the percentage of the pericd counted towards active  

pod formation in re la tio n  to  to ta l  pod duration which n atters. We can 

further conclude that a cu ltivar c la s s ifie d  as early flowering e .g . ,  JG-62̂  

is  not necessarily destined to  nature early or to  enjey only a short repro­

ductive pericd. Conversely, cu ltivar taking much longer time to  come into 

flower e.g.^BG 209 can have shorter reproductive period and so can come 

to  naturity  in mare cr less  same time depending upon the environmental 

cord i t  ions. Such a suggestion was nade e a rlie r  by Sunms'fleld et al .  (1980).

The flower f  creation in JG-62 and L-550 took place at S i when tem­

peratures were decreasing, however, peak flowering was recorded with an 

increase in  temperature. In contrast, peak flowering only occurred when 

ttt̂ miTn temperature increased appreciably from U»8°C to  H .8°C, therefore, 

higher mininum. temperature seem to  be mere conducive fo r flower formation.

During a ctive  pod formation the temperature remained more cr less 

the same, the mean between 17-19°S, the maxlmim between 2b-27°C and the 

minlmiTB between 10- 12°C in  a l l  the cu ltiv ars. This might be the possible 

reason to  almost sim ilar duration in  a l l  cu ltiv a rs . During earlier sow­

in gs, in  JG-62 the active  pod formation took place a t  lower temperatures 

and i t  is  tempting to  suggest th is i s  one c f  the possible reasons for 

more number of* under-developed pods.

. lU6
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In an e ffo rt to  compare the temperature indices with the stages^ 

the heat units (HU), growing degree days (GDD) ard cumulative minimum 

temperature (CMT) values have been calculated (Refer Appendix). The resu lts 

w il l  be discussed in  the lig h t of the same.

Durim vegetative phase :

The HU, GDD and GMT showed sim ilar order as 3  ̂ > S2 > s3 >  ^

aid amongst the cu ltivars fc r  a l l  the sowings follow ing order BG<£^>L-550> 

JG-62.

During reproductive phase :

i )  HU values declined with increase in  sewing dates. The order was 

SX > ^ S3 > 84, and between cu ltivar the order was L-550'> JG 62 >

BG 209. The differen ce between 1^550 and JG-62 were not large, however, in  

case cf BG 209, there was a narked reduction in  HU between sowings aid the 

order was S;j_ = Eg > S3 > V  ■

i i )  The GDD decreased with increase in sowing dates ani however, for each 

sowing, i t  varied with the cu ltiv a r .

Sl L-550 y  JG-62 y BG 209

gg L-550 y  BG-209 > jg  62

S3 JG 62 > L-550 ^  BG-209

SIf. L-550  ̂ JG 62 j7 BG-209
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Almost sim ilar values of GDD were observed fc r  a l l  the cu ltiv ars a t  Sp.

i l l )  She CMT had, by and large, the following trend.

S1 y  s2 ?  s3 “ %  and among the c iiltiva r i t  was BG-209 > L-550 ^  

JG-62 a t  a l l  the sowing dates.

Relative values in  vegetative and reproductive stages between the 

sewings are  given below : -

F ir s t  sowing :

Heat Unit : Vegetative <. Reproductive in  JG-62 and L-550

Cumulative ainimun temperatures : V egetative■<£ reproductive in  JG-62 and

L-550

Vegetative >  reproductive in BG-209

2nd Sowing

Heat Unit : V^jetative = reproductive in  JG-62 and L-550

Vegetative ^ Reproductive in  BG-209
1

Growing Degree Days : Vegetative y *Reproductive in  JG-62 , L-550 and BG-209

GDD :

Vegetative reproductive in  BG-209

Vegetative reproductive in  a l l  the cu ltivars

CMT : Vegetative reproductive in  JG-62 and L-550

Vegetative > reproductive in  BG-209

3rd and Hh sowings :

HU : Vegetative > reproductive in  a l l  the cu ltivars 

Vegetative ^reproductive in  a l l  the cu ltivarsGDD :



Vqajetative reproductive phaBe fa r  BG-209

The GOD decreased with the Increase in  sawing dates in  a l l  the 

c u ltiv a rs .

The cumulative minimus values ware higher during reproductive phase 

ard the values a t  vegetative and reproductive phase were found to be sim ilar 

fa r  JG-62 and L-550. On the other hand, BG-209 had comparatively lower 

values during the reproductive phase as compared to  vegetative phase.

At Slj., the reproductive values rem ined the same far JG-62 and L-55O, 

however, there was a short deduction in reproductive phase in  CMT in  com­

parison to £3. A s lig h t increase in CMT was observed a t Si* and BG-209.

From the above, i t  can be concluded that BG-209 in  comparison to 

others accunulate more HU, GDD and CMT during vegetative phase. However, 

during reproductive phase these values are le a s t  for th is va rie ty . The 

other conclusion is  that JG-62 and L-550 accumulate mare heat unit during 

reproductive phase a t S i and Sg but equal car less during ard 84. The 

GDD, however, are lower during reproductive phase. The CMT, however, are 

higher during reproductive phase a t  S i aid ££ in  these cu ltivars and lower 

a t S3 and S .̂

The proportion percentage in  re la tio n  to  the temperature indices 

during the to ta l  crop duration already indicated that each cu ltivar had a 

fixed  percentage of to ta l crop duration proportioned a t preflowering vege­

ta tiv e  stage phase and th is remained largely  unaffected by temperatures,

U 9

CMT : V egetative^ reproductive fa r  L-550 and JG-62
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however, In case of reproductive phase marginal variations were observed 

at extremes of temperature (e .g .; S^). Amongst the c u ltiv a rs , during the 

vegetative phase the order of proportion percentage is  BG-209 > 1=5 5 0 JG-62.

I t  appears that since flower in it ia t io n  always follow  a period of 

v ^ e ta tiv e  growth and events may be viewed as a tran sition  of the ap ica l 

meristems from le a f  products to  the sequential formation of f lo r a l  p arts.

The balance between v ^ e ta tiv e  and flowering is  thus between the factors 

tending to  d ire ct appendicular structures in to  pathway leading to  various 

parts of flow ers. Therefore, transition  to flowering is  a part of a rath®  

in fle x ib le  developmental programme, governed in  i t s  essen tia l by autonomous 

control. What is  the nature of the endogenous control of gene expression 

on development ? Events seem to  be directed according to  predetermined 

programme and plants seem to  time i t  in  accordance with the changing envir­

onments. In other words, whether a plant accumulates mere or less of 

temperature indices the proportion percentage cf duration between vegetative 

and reproductive phase remain the same, however, the degree cf accumulation 

does e ffe ct i t s  capacity to produce biomass and i t s  partition in g.

5 . 1.3 Morphological attributes :

The morphological and growth attributes decreased with an increase 

in  sowing dates, S-l >  S2 > >  S^. The most strik in g  feature of the

effects  of d ifferen t dates of sowing on growth and development cf chickpea 

was the marked reduction observed in  and as compared to  S .̂ Ifce 

average reduction in  plant height and number of branches was found to  be
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b5 and 65 per cent resp ectively . Similar reduction with la te  sowing were 

reported by Sen e t a l .  (196*1), Eshel (1967) and Sjarma et a l .  (1967). The 

average reduction in le a f  number, le a f  area, le a f  area duration and le a f  

weight was 69 $, 80 $, 86 % and 79 $> resp ectively . The average reduction 

in  stem weight showsi 81 $ and that in  to ta l  dry n a t te r  75 %>.

At in a l l  the cu ltivars a major proportion cf morphological 

characters were gained during the vegetative phase and the r e s t  of the 

growth a ttr ib u te s , by and large, were gained either during pcd in itia t io n  

(L-550 and BG-209) or during the lag phase of pod formation (JG-62).

In JG-62 , p lant height, branch number and le a f  number were gained 

mare during vegetative, pod in itia tio n  and lag  phase resp ectively . However, 

with respect to  other a ttr ib u te s, the pattern was sim ilar with that found 

for S^. In L-550, both at and £>2, the le a f area, le a f  weight, stem 

weight and to ta l dry weight were gained more during the pod in it ia t io n  stage. 

In BG-209 the pattern was sim ilar to I»550, except that at Sg 93 $ o f the 

le a f  weight was found during the vegetative phase*

I t  w i l l  be cibssrved that in  a l l  the cu ltivars a t  Sg and SJ+ the pattern 

remained same with respect to morphological a ttrib u tes, le a f  area and le a f 

weight and their major proportion was gained during the vegetative p lase ,

which rare ly  deviated a t  Sg, where occasionally the major proportion was
a w l

realised  during the combined vegetative^pod in it ia t io n  stage. Howmvar, 

larger proportion of stem weight and plant weight were gained very la te  

during the a ctive  pod formation with the exception of BG-209 a t S4, where 

i t  was during the vegetative phase.
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The time of f a l l  In le a f area varied with the cu ltiv a rs . In JG-62 

a t the same was noticed during the lag phase, a t  Sp at beginning of 

a ctiv e  pod formation and in  S3 and during and aft®  the a ctiv e  pod forma­

tion . In L-550* a t S i and S3 i t  was noticed a t beginning o f a ctive  pod 

formation which in S3 and S!| i t  was almost in  the end of a c tiv e  pod forma­

tion . The le a f area duration decreased as the dates of sowing increased.

The decraises were high® fcr  L-550 and BG-209, about 72 % a t Sg and 86-92 # 

in  S3 and Si* as compared to  Sj_. In case cf JG-62, lik e  BG-209 ard L-550 

the reduction in  Ŝ  and Sty was great®  (82-86 %) but a t  Sg 25  ̂ reduction 

was noticed. Erom the above cbs®vation, It can be concluded that the vege­

ta tiv e  phase is  v®y important with respect to  morphological charact®s in  

a l l  the cu ltiv a rs . Although a t S3 and Sty far a l l  the cu ltivars the vegeta­

tiv e  phase was f  cund to  be most important with respect to  the proportion 

p®centage of majority c f  a ttrib u te s, y e t the fa c t remains that the biomass 

production was restricted  s ig n ific a n tly . The reduction in  biomass production 

in  comparison to Si was found to be 75 - 80 The re s tr ic t io n  on biomass 

production i t s e l f  a t  la t®  sowing nay be due to low® accumulation of heat 

units and low® values of growing degree days as a re su lt of which the 

en®gy transductions are a ffected  aid low® energy is  a va ila b le  to  he con- 

v®ted Into biomass that may he the possible reason f®  high® biomass pro­

duction at S]_. In addition to  th is ,  the morpholpgical a ttrib u tes w®e a lso  

re stricte d  In number aid length sig n ifica n tly  because of low® biomass 

production.

The other important point is  that the stem weight was gained during a
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la ter  phase as compared to  S  ̂ or Sg. The to ta l  dry weight Increased a t 

stage U, were largely  due to  pod for cation. Thus in  S3 and $2+ ra j or growth 

a c t iv it ie s  of plant were confined either during vegetative or at a ctive  

pod fo r nation. This was largely  due to  the fa c t  that a lag phase was not 

present a t S3 and Sĵ . with the exception of JG-62 a t S3. The lag phase was 

found to  be important in  case of Sj_ and S£ of JG-62 and L-550* during which 

period the stem gained major percentage of i t s  weight. However, in  BG-209 

we. find that the lag phase is  absent (except S i where i t  is  only 5 days) in  

a l l  the sowings and hence the major gain in  le a f or stem weights is  either 

a t  vegetative cr pod in itia t io n . Hence in S3 and 84 as w ell as in S i and Sg 

of BG-209 the a ctiv e  pod formation or pod in it ia t io n  are not separable, 

while JG-62 and L-550 at S i and Sg are separated by a lag phase. Since the 

number of flowers formed were very high for JG-62 and L-550 a t  S i and as 

compared to  BG-209, i t  is  suggested that increase in  stem weight during the 

flowering period may be an important factor in  re a lisa tio n  of more number 

of flowers and th is may be one of the major lim itation  of reproductive e f f i ­

ciency, because a t  Ŝ  and Slj. the lim itation  to the reproductive effic ien cy  

is  the flower number i t s e l f  and not the la tte r  sequence.

The le a f  area duration does not seem to  be important factor since at 

Sg with lower IAD, higher y ie ld s are obtained, however, the presence of 

certain  $ of le a f  area during a ctive  pod formation stages seem to be very 

important. In la te  sowing although le a f area is  lower y e t i t  remains stable 

for a very long time, th is might be important factor for better pod se t.

R® ard CGR fInactuations are explained in  view of the f a c t  that varied
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proportion (%) are directed a t d iffere n t stages and d i f f &  with both 

cu ltivars and between sowings. ■

5 . 1.4  Reproductive attributes

Flower number, in  general, decreased with an increase in  sowing date 

in  a l l  the cu ltiv a rs . In other wards, the flowering was delayed with la te  

sowings. Similar resu lts  were reported by Sen et a l .  (1964) , Eshel (1967) 

and with those obtained by van der Maesen (^ ^ ^ u n d er controlled environ­

ment whore he observed that a t  low temperature range flowering was delayed 

by few days^who f in a lly  concluded that both flower in it ia t io n  and development 

can be influenced by temperature. However, the present findings in dicate 

that the major e ffe c t  o f temperature is  on flow <3: formation rather than an 

in it ia t io n  of flow erii^ , which seems to  be governed largely  by in tern al 

fa cto rs . I t  w il l  be noticed tlmt the la rg e st number of flowers are formed 

in  S i, while the reduction ranged between 49 arxi 69 # in  JG-62 ard L-550 

resp ectively . I t  was only 11 # in  BG-209 under the Influence of sim ilar 

temperature a t 52. Further a t  S3 and S4 the reduction in  flower number 

was to the extent of 80-85 Therefore, the lim itation  in  flower number 

i t s e l f  is  the major cause of low e ffic ien cy  at la te  sawings. Eshel (1967) 

attributed reduction in  number of flowers by delayed sowings as a re su lt 

of shorter flow s'in g period. Similar relationship  between temperature and 

flowering period is  a lso  noticed in the present study, however, i t  is  stressed 

that shorter flowering period nay not be the only reason fc r  the reduction 

in  flower number, because the flowering duration of in  BG-209 Is only

38 days as cospared to  64 days a t  S3, y e t the flower number 1b almost sim ilar. 

The same is  true fcr  JG-62 a lso .
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The lowest flower number a t  S]_ is  recorded by BG-209* where the 

rmrrihgr is  approxinately reduced to  h a lf of JG-62 and more than h alf of 

L-550. The re s tr ic t io n  in  BG-209 could possibly be attributed to  the 

fluctuatin g temperature during the flower formation as the f i r s t  flower 

was in itia te d  in  th is variety  a t 80 HAS, as compared to  55 to 60 M S, in 

other cu ltiv a rs .

Bae major cause of low reproductive e ffic ien cy  is  shedding of flowers 

and fr u its .  This was very high in  a l l  the cu ltiv a rs . Greater number of 

flowers were shed a t and the order cf shedding behaviour between sowings, 

by and la rg e , was Eft. >  8q > S3 >  S .̂ Although higher umber of flowers 

were formed a t Si* the same were a lso  shed in greater numbers. Bie advan­

tage of highest number of flowers a t  was therefore, o ffs e t  to  a larger 

extent by shedding.

The resu lts  obtained with respect to  abscission ra te  a t  ary given 

time in te rv a l of 5 days from sta rt of flowering is  of follow ing order : 

s l >  % >  ^  magnitude of abscission within the cu ltivar was

L-550 JG-62 ^  BG-209* The nunber of abscised flower over retained flo w s’e

was comparatively vary low a t and to  a lesser extent a t  S3. Although 

the mnber of flowers formed were considerably low, yet those retained were 

comparatively higher. The shedding was found to  be higher between 90-125 

days, where the temperature fluctuated considerably, however, maximum temp<2:- 

ature fluctuated between 17-21°C, mean between 13-16°C and the mininum 

between U-11°C. The cause of shedding is  generally attributed to high
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temperatures nnri long photoperlods, but in  present study during the periri. 

of a ctiv e  shedding of flo v ers  the tenperature regimes were found to be 

lower but the minlmun tenperature fluctuated considerably. The number of 

flowers retained during a sp ecific  period as percentage cf to ta l flowers 

a lso  supports that the shedding is  greater a t  because, retention ia 

lowest a t  Sx and highest a t  Si* or 83, and for Sg i t  is  usually greater
s

-than 8l.

, I
Since the duration of flowering is  long a t  S i and shortest a t Si* 

plant might be having i t s  own mechanism to re ta in  mere flowers in shorter 

duration cr dse shedding might be a necessity during longer reproductive 

duration because i f  a l l  the ovules formed are  developed Into seeds, the 

plant cannot afford to  support them, hence i t  might be allowing shedding 

t i l l  favourable temperature fcr  pod formation p re v a il. The maxLnum reten­

tion  in  JG-62 i s  31 % a t  S i aid 50_63 % in  re s t  of the sowings. S im ilarly, 

in  L-550 a t  S i maximm retention was 31 % at Si and 60 % a t  SI*. In case cf 

BG-209 about 50 % was retained a t EEL, B2 and SI* and 67 $ a t S3. I t  is  

evident that in  BG-209 the percentage of retention of flower was greater 

and less variable between the stages. Hence, the to ta l  number cf flowers 

formed was cccparatively low. In a l l  the cu ltivars the decline in percentage 

of flower retention was noticed after peak flowering from where active  pod 

for nation commenced. Although, very high percentage cf flowers were retained 

in  la te  sowings, the duration of such retention was comparatively very short 

in  contrast to  Si and S2.
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Ohe number of pods retained during a sp ecific  period as percentage 

of to ta l  pods indicated that, although, the duration of retention was 

decreased with an increase in  sowing date, y e t the larger percentage of 

pod&were retained at S3 and S^. I t  can be concluded from the above that 

the abscission is  lowest a t  la te  sewings because larger nuntoer of flowers 

are a ctiv e ly  turned in to  pods during sh o rts ’ duration. The duration of 

retention is  longest in  JG-62 ,  because the f i r s t  pod appeared early a t  

80 days. Yet the pods are not retained a ctiv e ly  and there is  a lag phase 

before active  pod formation.

The present study gives the f i r s t  information regarding retention of 

flowers and pods, which was not so far availab le  for chickpea. A sim ilar 

study, however, has been made in  soybean (Biomas and Rafer, 1976). In 

chickpea, the pod w all grows to a larger extent before seed development 

proceeds. lag period la sts  about 15 days a fts*  the anthesis and thereafter 

i t  i s  followed by a linear period of increase in  growth, during which seed 

accumulates a vast proportion of dry matter (Saxena and Shaldrake, 1980).

In the present study regarding pod retention, no d istin ctio n  was made 

between f i l l e d  and u n fille d  pods, however, since the percentage of u n filled  

pods was found highest a t  S i and lowest a t &U in  a l l  the cu ltiv ars  under 

f ie ld  condition, i t  can be concluded that seed development was hampered 

more at S i in  comparison to  Si*. Future studies should be carried out in  

order to  find out the stage a t which those pods f a i l  to  f i l l  and a ls o  the 

cause of the fa ilu r e  should a lso  be id e n tifie d . '
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Seed number /pod remained largely  unaltered by d iffere n t dates of 

sowing and was comparatively higher for BG-209* The to ta l  seed number 

was highest for SL and SS. and lowest at S3 and S1+. The values are largely  

the re flectio n s of to ta l  pod number, however, i f  due discount is  given for 

u n filled  pods, the seed rnnfoer per pod is  high. In JG-62 a t  Sl4 i t  is  2.0  

mvi a t Sg and i t  is  1. 6 , while S4 gives the l® s t  i . e . ,  1.6  seeds/pod.

In I»-550, I t  is  2.2  a t  1 .3  a t % and 1.6  to  1.7  in S3 and S^. In case 

of BG-209, i t  is  1.9  to  2 fo r S i and Sg, 1.6  fo r S3 and 1 .3  fc r  S .̂ We can 

conclude in d irectly  that higher seed number is  realised  camparatively a t  &l 

In the f i l l e d  pads of the cu ltiv a rs , which generally decreases with Increase 

in  sowitg dates. In other words seed settin g is  higher a t  S i and the pods 

which remained u n filled  before or la te r  to  seed se ttin g , perhaps, may be 

due to  abortion of ovules. So fa r  the seed rainier/pod has been In directly  

taken as number of to ta l  seeds formed with respect to  to ta l  number of pods, 

however, no consideration of u n filled  pods have been taken into account, 

which is  essen tial in  order to  know the extent of seed settin g .

Azeez _et a l .  (i960) concluded that high a ir  humidity and low temperature 

adversely affected  seed settin g . The causes o f low seed settin g  lis te d  by 

van der Maesen (1972) were s e lf  inconpatability, fa ilu re  of ovule to  develop 

and cleistogany.

In the present study, pollen v ia b i l ity  was not the cause of low seed 

settin g , as a r t i f i c i a l  p ollin ation  resulted in  normal f i l l e d  podB. Since, 

there is  a lag phase of 15 days before the seed development, I t  can be
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stage ard one of the possible reasons of b etter seed number /pod a fte r  due 

discount of u n fille d  pod at S^, my be due to  a stab le temperature, with 

a mean about l8-19°C.

Increase in  pod or seed weight was highest in  Sg followed by S i ,  Sg 

and St*. Biere was a s ig n ifica n t reduction to  the extent cf 80 $ a t Sg 

ana Sheldrake and Saxena (1979) noted that pod f i l l i n g  was lim ited by 

supply of assim ilate or nutrients in  case of la te  formed p ais; They obser­

ved that 25-30 days was the time to  reach physiological maturity by in d iv i­

dual p a is.

According to  Sunmerfleld and Wein (1979)* chickpea is  unique among 

legumes as i t  can sequester assim ilates e ffe c tiv e ly  from a branch (whether 

reproductive or vegetative Ujode) and pods a t  nodes with leaves, no preferen tia l 

advantages to  those a t nodes without leaves. Whether the increase in  stem 

dry weight is  c lo se ly  associates with th is phenomenon needs further in v e sti­

gation.

5 .J .5 Various -parameters determining reproductive e ffic ien cy

Qhe reproductive e ffic ien cy  in  pulses is  determined sequentially 

from number cf flowers formed to  number c f pods s e t , the number of e ffectiveJ
pods or completely f i l l e d  pods re a lise d , and the seed number therein and 

f in a lly  the seed weight. The various components have been stud le i  sequen­

t i a l l y  in  few crqp plants l ik e  scybean and cotton (van Schaik and Erobst,

1958; Thomas and Rafer, 1976). No such study has been reported fo r chickpea, 

however, pod set/shedding have been reported as percentages, although can
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can be taken as an index of reproductive effic ien cy , y e t , neither they 

project sequential determination, nor the lim itations to  reproductive 

e ffic ie n cy . There is  no report except that cf Eshel (196?)* where the 

e ffe c t  of environmental factor on reproductive e ffic ien cy  in re la tio n  to 

growth rtitI development has been determined sequentially. Other sporadic 

attempts are f i r s t  reports of pod set on shedding. The work of Eshel (1967) 

is  the only d etailed  study carried out under f ie ld  condition, where the 

e ffe c t c f temperature based on d iffe re n t sewing dates has been seen with 

respect to  flower number, pod number, seed number and seed weight. However, 

he has not tried  to  explain the e ffects  in  re la tio n  to  temperature indices 

nnd has taken no account of the ovule number. Neither he has made an integ­

rated approach with respect to  flowering behaviour, growth and development 

a t sp ecific  shorter in tervals in  re la tio n  to  temperature.

The present study is  the f i r s t  with respect to  following :

1 . The flowering behaviour has been -traced from the very f i r s t  flower to 

the la s t  flower p erio d ica lly  a t  a ehortsr in te rv a l of 5 days and simul­

taneously correlated with concurrent growth and development changes 

ocuurring at sp e cific  time intervals in a sequential and integrated 

manner.

2 . The temperature indices have been calculated for chickp® in  order to 

have a better understanding of the influence of temperature on growth 

and development In re la tio n  to  reproductive e ffic ien cy .

3. The number cf ovules ( th e o r lt ic a lly ) have been incorporated, far the 

sequential deter miration of reproductive e ffic ien cy  in  chickpea.
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Although the number cf flcw ^ s formed were highest a t  Si but the 

shedding was a lso  grA ttest at S i. Therefore the percentage of the pod se t 

was lowest far S i in  comparison to  re s t  of the sowings.

The number of, flowers formed are reduced to  a marked extent a t  S3 ami 

S (̂ but the shedding percentage is  cf same order as noted a t S2t therefore, 

by and large, the pod set is  not greatly  a ltered  bbtween the sowingsby 

temperature. However, within the cu ltiv a rs , the shedding is  le a s t for BG- 

209 aid. highest for Ii-550, while JG-62 is  Intermediate. Therefore, i t  

becomes imperative to consider that flower shedding is  gen etical ana external 

fectars influence i t  le a s t aid only in lim its of extremes the/ I nfluence i t  

to  a certain  extent. This is  contrary to the general b e lie f  that higher 

temperatures are responsible for higher shedding, van Shaik and FT cost, 

as early as 1958 reported the inheritance of inflorescence type, peduncle 

length, flower per node aid percentage of flower shedding in  soybean. They 

provided evidence that percentage cf flower shedding in soybean was inheri­

ted gen etica lly  with dominance and complementary gene e ffe ct towards long 

peduncle, high flower number and high shedding-TEhey a lso  concluded from 

the studies that shedding of r  ̂ productive organs i s  generally considered to 

be affected  largely  by environment but there are strong indications that 

considerable genetic control is  present. They found that a relationship 

existed between flower number and shedding even in  the progenies of these 

crosses and these were a l l  p o s itiv e  and highly s ig n ifica n t. Heritably 

estimates fo r peduncle length were found to be r e la t iv e ly  high. They 

suggested polygenic control of shedding in scybean. A sim ilar strik in g
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p a r a lle l is  observed with chickpea; the nature cf shedding seema to be 

gen etlcal arxl I f  I t  Is inherited q u a n t i t a t iv e ly  Id le  soybean with dominance, 

then perhaps the conclusions cf van Ectoik and Probst can be extended to 

chickpea; where they pointed out highly s ig n ifica n t p o sitiv e  correlation  and 

regression co e ffic ie n ts  between flower number and shedding^ indicated a . 

d if f ic u lty  of incarp era ting high production capacity and low shedding per­

centages in to  one stra in .

The average pod se t was 49 44 $ ani 29 $> in  BG-209j JG-62 and

L-550 resp ectively . Sinha and Co-warksrs ■ (1980) suggested that the cause cf 

low pod settin g during winter in  Delhi is  largely  due to  pocr pollen germi­

nation, however, the present findings do not lend support to  the above conr 

tention in view of th£ fa c t  that the pod set was not greatly  altered between 

the sowings. Moreover, van der Jfe.esen (1972) tod ruled out the p o ss ib ility  

of pollen v ia b i l ity  as a cause of low fe rtiliza tio n ^ sin ce  he observed that 

20 garminated pollen  grains were mere than su ffic ie n t fc r  adequate f e r t i ­

liza tio n ;

The number of e ffe ctiv e  pods cr f i l l e d  pods was always lowest fa r  Sj_ 

and highest fa r  and vice -versa.

The seed effic ien cy or number of seeds developed as percentage of 

to ta l number of ovules present, in  flower formed was lowest at Si andyby and 

la rg e ^ id  not vary in  r e s t  of the sowings.

However, the e ffe c t iv e  seed efficien cy i . e . ,  the number of seeds 

developed from the number of ovules present in  f in a l  pod number did not
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■vary between the sowings (except S i of L-550 -  51 $) and the same was abort

51 $ in  JG-62, 58 % in  L-550 and BG-209.

I f  the e ffe ctiv e  seed effic ien cy is  calculated by giving due discount 

fc r  u n fille d  pods, i t  w il l  be observed that i t  varies with the cu ltivar 

and f  cr JG-62 i t  is  greatest a t  Si (90 £ ), ard lowest a t S-4  (6l $). For

52 ard S3 i t  is  76 and 78 $ resp ectively . In L-550 i t  is  again highest a t 

Si and id en tica l a t % and S4 (78 #) and a t  S3 84 %  For BG-209 a lso  the

highest is  a t  S i (93 followed by S2 (84 $) and the same far S3 and Si*, is

59 So i t  can be concluded that the re s tr ic t io n  on seed settin g or c u rta il­

ment of seed development resu lts  in  loss of 40 $>t 49 $ and 33 $ a t S i, 25

19 $ ani 25 % a t  27 24 $ and 1  £ a t S3 and 10 20 $ and 0 % a t  Si*

fo r JG-62, L-550 and BG-209 resp ectively . I t  can a lso  be inferred that BG-

209 has the highest e ffe c tiv e  seed e ffic ien cy  while L-55O has the lowest.

In^addition, the seed effic ien cy of BG-209 is  less a ffected  by temperature 

variations.

5.2 Improvement cf reproductive e ffic ien cy  by chemical manipulations

5 .2 .1  Stage vs concentration :

In an e ffo r t  to improve the reproductive e ffic ie n cy  of chickpea by 

chemical manipulatiaas, response of chickpea to d iffe re n t concentrations of 

growth regulators was investigated. Further an attempt was made to study 

the stage vs concentration e ffe c ts  of the growth regulators.



From the resu lts  obtained, i t  was evident that auxin (IAA) was e ffe c­

t iv e  a t  a l l  the stages a t  lower concentrations. This suggest that auxin 

is  normally present in  organ lik e  flower and is  an important factor in  . 

inhibiting the abscission and thus increasing the pod set and therefore a 

decrease in  the auxin le v e l proceeds or accompanies abscission. Such a 

relationship has been c le a r ly  demonsixated with respect to  le a f  abscission. 

However, no such a t t e s t  has been made with respect to  f lo r a l  abscission.

As early as 1951, Shoji e t a l .  had suggested that in  leaves there exists an 

auxin gradient in  the abscission zone, while the le a f is  a ctiv e . The same 

gradient is  lo s t  preceeding abscission and therefore, auxin gradient, rather 

t.hnn the absolute amounts of auxin, controlled abscission. The p o ssib ility  

of an auxin gradient across the flower ped icel, which determines whether a 

flower remains attached car is  shed remains to be investigated fc r  chickpea. 

There is  another p o s s ib ility  that abscission of flower is  related  with an 

accum lation of some auxin antagonist as found in  case of cotton (Lad, 1976). 

I t  is  quite possible that the biosynthesis of auxin i t s e l f  is  involved as 

found by Lund (1956) fa r  tobacco. I f  so, then stim ulation of auxin forma­

tion  from precurstj^ present in  a s ty le  tissu e (by the enzymes) occurring 

in  the descending pollen tubes may a lso  support the early development cf 

a pod. I f  subsequently, the pods are abscised because of deficiency of 

further auxin production during seed development. Further research is  

required to in vestigate  the ro le  of growth hormones in  flower and pod shed­

ding of chiclqpea, as w ell as on f r u it  development.

161*

5 .2 .2  Auxin
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5 .2*3 gycocel

Cycocel was fcurd to  be mere e ffe c t iv e  a t a lower concentration 

during the mid-flowering stage. I t  w il l  be seen from the e ffe c ts  of sowing 

dates on morphological a ttrib u tes that,about 1+1-U6 $ of plant height was 

achieved during vegetative phase and further Increases are  , by and large, 

recorded during the mid-flowering phase. I t  Is quite l ik e ly  that the plant 

height i s  retarded by cycocel, I f  applied a t  mid-flowering stage, when 

increase in  stem is  taking p lace. A reduction in  height nay therefore, not 

only lead to  Inhibition of ap ica l dominance, hence an increase of moire 

number of la te r a l branches a t la ter stage, but would a lso  reduce the compe­

t it io n  between vegetative phase and reproductive phase and thus thereby pro­

moting reproductive growth and better pod se t.

5 .2 .U Bengyal amino •purine

BA was found to  be more e ffe c tiv e  a t  lower concentration a t post 

flowering stage. Like other cytokinins BA (synthetic) might be acting by 

delaying the senescence of the leaves a t  this stage, thereby maintaining 

the in te g rity  of chlaroplast membranes and thus photosynthetic apparatus 

of the leaves, due to which the reduction caused in  the supply of assim i­

lates due to  advancing senescence is  checked and as a re su lt b etter pod 

set is  achieved.

5.2 .5  Ethrel

The a ctiv e  p rin cip le , which is  ethylene was found to have a d e le te ri­

ous e ffe cts  a t  a l l  the concentrations a t each stage. Ethylene, In minute 

quantities can cause dramatic changes in  ph ysiological a c t iv it ie s  of plants.
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I t  could, not be ascertained whether the concentrations used in  present 

investigation  were too high and hence in ju riou s, ctr etbylene has a negative 

ro le  in  pod se t. However, ethylene is  a powerful Inhibitor of bud growth*

From the present study, i t  was obvious, that a sp e cific  growth 

r^ju la ter lad a sp e cific  e ffe c t , either a t  sp e cific  stage or stages and, 

by and large, the lower concentration were more e ffe c t iv e  as compared to  

higher concentrations.

5*2.6 Stage vs growth regulator in teraction

Stage vs growth regulator interaction was studied in  the lig h t of the 

re su lts  obtained from the above. The response of chickpea in  re la tio n  to 

d ifferen t growth regulators c le a r ly , in  fa c t ,  indicated that there was a 

stage vs growth regulator in teraction . In support of the contention, an 

elebcrate f ie ld  as w ell pot culture t r i a l  was organised in  order to sub­

stan tiate  further evidence in  th is regard. From the resu lts  obtained from 

the stage vs growth regulator in teraction , where various concentrations cf 

IAA, cycocel and BA were made with respect to  th is  influence on particular 

stage, fo r  e .g . ,  cycocel a t  mid-flowering, BA at post-flowering ard IAA a t 

a l l  stages. I t  was evident from ■die re su lts  that the highest yield  was 

obtained where IAA was given a t pre-flowering and combined with cycocel a t  

mid-flowering and BA a t post-flowering stages and th is  was followed by those 

concentrations, which had IAA a t pre and mid-flowering stages or in  addition 

to  th is BA a t post-flowering stage. In the lig h t of the re su lts  obtained, 

the contention is  further strengthened tbat more organised stage vs growth
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regulator Interaction should he further Investigated in order to make 

recommendation to the farmer, so that consistent resu lt could he achieved 

fcr improvement of reproductive efficiency.

The other important point which emerged from the above study was that 

the to ta l plant weight was increased considerably and this increase was 

also associated with an increase in stem weight, I t  Is likely that an 

interaction of the various hormones under study a t different stages contri­

buted to an overall better biomass production and also to  the better parti­

tioning of the same to  the economic parts as evident by the harvest index 

data, whs*e an increase of 2-10 % was found both under field  and pot condi­

tions. Since these findings could he substantiated and supported by field  

t r ia l ,  i t  can he adopted fcr improving reproductive efficiency of chickpea.

5 .3  Biochemical studies in  re la tio n  to  reproductive efficien cy

Che of the major causes of low reproductive efficiency is  the flower 

and pod shedding. Comparative study of the different biochemical parameters 

wtfEd done with a view to  find cut the relative difference between fresh and 

abscised flower and pod.

5 . 3 . X  Total nitrogen,^soluble nroteiraanfl soluble sugars in  norma. 1 and 

abscised flowers /nods

The relative amount of to tal nitrogen, to ta l protein and soluble 

proteins were found to he lower in case of abscised flowers in comparison 

to fresh normal flowers. Since, there is no literature available as such



168

a comparison has never been made* we are l e f t  to  speculate with a few 

reports ava ilab le  on the changes in  nitrogen content during growth and 

develqpiient or the n itra te  assim ilation during the various stages. Saxena 

and Krishnamurthy (1979) observed that nitrogen contents in  general comm­

enced to  decline progressively for 20 days a fte r  sowing both in  stem and 

le a f  t i l l  the time of flow o'lng and th is decline was mere steep in  le a f  

than in  the stem. I t  is  quite lik e ly  that the supply of nitrogen becomes 

lim iting and resu lts  In abscision of flow ers. Pokhrdyal and Abrol (1980) 

working with cv . BG-209 found that s o i l  derived nitrogen accounted fa r  15 %, 

83 % and 72 $ of to ta l  reduced nitrogen a t preflowering ( l ) ,  profuse flower­

ing ( H ) and seed f i l l i n g  stages ( H i)  resp ective ly . Out of the to ta l s o i l  

derived nitrogen 10 .1 59-3 % and 3O.6 % was reduced during the stages I ,

II  anri II I  resp ective ly . They observe! that maxicum accumulation of reduced 

nitrogen took place during stage I I .  They concluded that a high incidence 

of flower and pod shedding may be related  to  the fa c t that the supply ray 

not be able to cepe with the demand. This can be one of the possible reasons 

of low nitrogen percentage in  case of abscised flow ers. The abscised pods, 

on the other hand, had higher amounts of to ta l  nitrogen, to ta l protein ami 

soluble sugars than the narnal developed pods. In view of the findings of 

Pokhriyal and Abrol (1980) that Clcer plants a t  f in a l  harvest contained 

88281 + 10228 mols reduced fi&trcgen, mich of which was present in  the 

seed. I t  can, therefore, ten tatively  be suggested that the plant has some 

kind cf mechanism to  draw from various organs during unfavourable times in



169

favour of most essen tia l developing organ ~per se and i t  m s due to  such 

likelihood that mare of these compounds were sequestered into the seeds af 

the abscised pod. before the f in a l abscission.

The re la t iv e  amount cf soluble sugars was less in  case cf abscised 

flowers as comparel to  normal fresh  flower. Singh .et a l .  (1901) have shown 

on L-550 that the soluble sugars as percentage of dry weight considerably 

decreased up to  28 days a fte r  anthesis and then retained unchanged t i l l  the 

grain matured. However, changes in lsv e ls  af starch, expressed as percentage 

of seed dry weight, show rapid increase during th is period and further that 

Intense biochemical a c t iv ity  took place during th is period. The low le v e l 

af soluble sugars in  flow or s could either be because cf lower synthesis of 

these cor due to increase conversion of these in to  starch during this period. 

The abscised pods on the contrary, showed an Incrsised le v e l of soluble 

sugars. The values are a lso  much higher in  comparison to the normal pods, 

therefore, i t  could be infered that the conversion of starch is  because of
A

th is abscised pods have a higher le v e l of soluble sugars, in  comparison to 

normal pod. -

5 *3*2 Nucleic Acids contents in  normal and abscised flower and f l c r a l  parts

Relative amount cf nucleic acids jsresent in  fresh and abscised 

flowers indicates that the to tal REA. content in flower decreased. However, 

DKA. content per flower remined unchanged. Therefore, the changes in the 

nucleic acids are due to  the change in REA. content that could be traced to



narked reduction in  their reproductive structures v i z . ,  androecium and 

gynocium. Besides .these,, there are two other inpartant observations' e .g . , 

increase of amount of RBA. in  pedicel and calyx in  comparison to nonml 

flow er. I t  i s  known that the abscission takes place a t  the junction of 

pedicel and peduncle. The p o s s ib ility  of a mcfelic acid gradient across 

the flower pedicel, which determines whether a flower remains attached cr 

shed, could not be ru led out. There are indications which tempts to suggest 

of such a p o ssib ility*  In the normal flow er, the peduncle has a higher 

content of HNk as compared to  the pedicel, which has comparatively lower 

amount of RNA. In the abscised flowers pedicel recorded higher nucleic 

acid as Caspared to the amount noted in  the normal flow er, with the excep­

tion of JG-62. However, i t  should be borne in  mind that JG-62 has a double 

podded character and that there is  every p o s s ib ility  that th is character 

which arises a t the same junction, may be the factor responsible fo r the 

differences deserved in  case cf JG-62. The p o s s ib ility  of the existence 

of a gradient is  highlighted by the decreased amount of RHA. in  the repro­

ductive structure and an increased amount o f the ca lyx . The ro le  of calyx 

a lso  needs to be evaluated in  future studies because of i t s  close connect­

ing lin k  between the reproductive structures and pedicel and a lso  because 

of i t s  larger expanded green surface among the f l c r a l  parts.

I t  was shown by Lund (1956) that in  tobacco the stim iiBtion of auxin 

formation from precursors present in  the s ty le  tissues by the en^me occurr­

ing in  the descending pollen  tubes was responsible fa :  the increased growth 

o f ovary, which a lso  supports the early development t>f pods. Whether the
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much of the auxin formation is  involved in  normal flower which influence 

growth a c t iv it ie s  requiring increased amounts of nucleic acids far protein 

synthesis in  normal flowers ? Whether fa ilu re  of the same i s  re lated  with 

the decrease and thereby decrease in  nucleic acid is  a natter of conjecture 

ani i t  remains to  be investigated in  chickpea.

5 , 3 . 3  Pigment content in  normal and abscised flowers a nd f lo r a l  •parts

The pigment, chlcrqphyll, has so fa r  been analysed in  leaves cr pods, 

but no reference pertains to  flcx*al parts of the flow® sta lk . A l l  the 

f lo r a l  parts contain pigments (ehlcrophyll/anthocyamin/carotenoid) and 

therefore, a comparative study was made in  order to  have an idea about the 

re la t iv e  contents of these in  the d ifferen t f lo r a l  p a rts. The to ta l 

chlorophyll content of abscised flow® was reduced considerably to the 

extent of 24-38 $. Reduction was dbs®ved both in  amounts of ch i. a and 

ch i. b , howev®, th®e was comparatively more reduction in ch i. b . But 

the r a t io  c f  ch i. a to ch i. b p® flow® was found to  be same in  fresh  and 

abscised flow®s in  L-550 and BG-209 and i t  was high® fo r abscised flcw® s 

of JG-62. Bie anDunt of chlorqphyll present in  flower part was greatly  

reduced in  the abscised flow ® s, since peduncle, pedicel and calyx are 

important structures, besides the basal part o f the gynoecium, which is  

a lso  green. I t  is  l ik e ly  that these nay be accounting with certa in  lim its 

to  the photosynthesis cf the developing pods in  order to  achieve'indepen­

dence to  a certain  extent of the developing pods from the assim ilate supply 

from the leaves. Whether the fa ilu re  to become independent photosynthetically
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is  associated with the abscission of develc^ing pods ? The amount of ch. b . 

is  reduced comparatively in  re la tio n  to  ch i. a . Althcugh i t  has not been 

conclusively proved, most investigators b e liev e  that ch i. b is  prevalent over 

ch i. a (Bourdvan, 1966) ani there exists convincing evidence that lim ediate 

precursor of ch i. a is  chlorophylllde a . I t  is  quite lik e ly 1 that the b io­

synthesis of ch lcro p ty ll is  affected  during abscission of flow ers. The 

r a t io  of ch i. a/b renain unaltered In L-550 and BG-209. Biis indicates that 

ra te  of photqphospharilation is  not altered  in  these cu ltiv a rs .

Carotenolds

The to ta l  carotenolds content per flower Increased considerably in  the 

abscised flow er, in  comparison to  the normal flow er. Carotenolds lik e  

chlorophyll axe located in  the ch lcrcp last and on the chrcmatqphcre (Veir 

anl Stocking, 1952) occurring there as water insoluble protein complexes. 

Goodwin (i960) suggested that chlorophyll and carotenolds may be attached 

to  seme protein, forming a complex known as photosynthin. I t  is  thought 

by many investigators that the sp ecific  orien tlation  of carotenolds in  

re la tio n  to  chlorophyll within the lamellar system of ch lorcplast is  an 

important aspect of photosynthetic process. Besides th is , two d is tin c t  ro le  

of carotenolds in  photosynthesis have been established; i )  thqy protect 

against the photo-oxidation of chlorophyll i i )  thgy abscsrb and transfer 

lig h t energy to  ch i. a . Whether the carotenolds are increased to  o ffse t 

the reduction in  ch i. b . or to  protect chlorophyll from oxidation. In 

elthar way thqy seem to be imparting a protective mechanism to o ffse t the



Since the values fluctuated in  the d iffere n t f lo r a l  parts and also  the 

values of ch i. b . fluctuated with the f lo r a l  p arts, i t  i s  suggested that 

carotenoids nay a lso  be acting by transfering energy to  ch i. a . in  event 

cf reduction in  ch i. b.

Authocyanln

The authocyanln contents in abscised flew® in  gen®al decreased in  

a l l  the f lo r a l  parts examined. In L-550, the quantity th is pigment is  v®y 

low and the pedicel only carries a l i t t l e  amount. The r o le  of authocyanlns 

i s  not fu l ly  und®stood. A decrease in th is pigment was noticed by Abbas 

(p®sonal canm nication) which m s acconjpanied by a p a r a lle l decrease in  

peroxidase a c t iv ity .  In event cf such a re lation sh ip , the lnpcrtance of 

pigment become enhanced, s in c e ;in  genera^the perodixace a c t iv ity  is  related 

not only to  a c t iv it ie s  of c® tain  important, enzymes lik e  IAA oxidase, but 

a lso  in  re la tio n  to  phenol content. Similar association was a lso  observed 

by Srivastava and laloraya (1976). Within the lim ited scope cf the present 

study, i t  is  not possible to  assign aiy sp ecific  reason for i t s  decrease and 

th is needs furth®  in vestigation.

5 *3*4 Changes in  the organic acid contents In the leaves cf chickpea 

as Influenced by d iff® en t dates of sowing

The rhythmic pattern cr organic acid accumulation during night arri d is ­

appearance during day was obs®ved In leaves of %  in  a l l  the cu ltiv a rs , but
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reduction in  photosynthesis due to  a reduction in  chlorophyll pigment.



the same was gr<^.tly a ltered  In the leaves co llected  from Sg In a l l  the. 

cu ltiv a rs . In other wards, the temperature altered  the rate  of accunula- 

tion  of malelc acid according to the rhythemie pattern in  leaves during 

S i. Bandas (1979, personal conmunication) had reported that chickpea is  

the only f ie ld  crop with the crassul&cean type cf metabolism, however, Sinha 

and co-workers (3.980) reported that chickpea is  a C3 plan t. They further 

found that the maleic acid present on the surface cf le a f  and f r u it  walls 

cf chickpea progressively increased in  the crder of vegetative, pre-flow ering, 

pod se ttlrg  and seed development stages. They further found that maleic 

acid Increases by 2.5 fold with an increase of tenperature from 5 to  30°C. 

Since tiie leaves were washed w ell before analysing for the organic acid , 

there is  no p o s s ib ility  that the Increase in  nalelc acid was due to  it s

presence in  the glands on the surface cf the 1  gives. Moreover, the leaves

a t  S i showed clear rhythmic pattern and recorded the d iu rm l fluctuation 

in  organic acids (la ter id en tified  as 80 $ maleic acid) and the same rhythmic 

pattern was not observed a t  Eg, therefore, i t  is  too tempting to  suggest 

that depending upon the texzperatur e that the chickpea plant nay behave 

either as a crassulacean type as reported by Ramdas or as a Cg type as found

by Einba and'Co-workers. The tenperature a t  S  ̂ was comparatively higher

and i t  is  l ik e ly  that the plant has a mechanism to switch to  a better a lte r ­

native pathway in  re la tio n  to  i t s  environment. However, such a suggestion 

a t th is  stage is  merely speculative. Further research in  th is d irection , 

however, is  d esirab le. ,



Erom the foregoing discussion, i t  is  evident that the BG-209 had 

the highest reproductive e ffic ie n cy , largely  due to  high® growth ra te  

during vegetative phase, low shedding, high® seed numb® per pod and 

bett®  pod Bet. L-550, on the oth® hand, had the lowest reproductive 

e ffic ie n cy , since i t  had low ra te  cf growth during vegetative phase, low® 

pod se t and high® shedding, however, i t s  y ie ld  is  high as i t  had more 

seed weight. JG-62 was found to  be intermediate with respect to  ra te  of 

growth during vegetative phase  ̂medium pod s e t , medium shedding and more 

seed weight per pod. .

The components on the seed y ie ld  and reproductive effic ien cy  are 

given in  the scheme presented.

The scheme is  a modification of the o rig in a l scheme of Summ®field 

et a l .  (198O) fc r  legumes. The modifications g ive  inpartance to  the 

following :
!

i )  Biomass production and i t s  accumulation in to  stem as a pre­

req u isite  for flow® formation, 

l i )  Importance to  seed numb® p® f i l l e d  pod. •

i l l )  Influence of cusulative temp®ature on crop duration, 

iv )  The percentage proportion of cusulative temperature accunailated 

during pre-flowering phase.

The lim itations to  reproductive e ffic ie n cy  in the present study was 

largely  found to  be due to  :

1 . flow® formation which is  ch ie fly  under the influence of temp®ature.
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A modified scheme c f  the components cm need y ie ld  and reproductive e ffic ien cy  In  chickpea

1 . Vegetative growth ra te  x duration c f  preflowering period

2 . Biomass production and i t s  accumulation in  the sten

3. of nodes that bee ace reproductive

A l  x  2 x 3 Vegetative p o ten tia l

k .  HuEbo: of flowers p a 1 reproductive mode (?)

5 . % c f  F th at se ts  pods

6. % o f P that ore retained

7 . it of P that are f i l l e d

8. Himber o f seeds s e t  per pod

9. Bunber of seeds per pod

Humber of

pods per rp ro d u ctiv e  

node (p )

Euxber of seeds per 
developed pod (s)

B. x 8 x  9 ■ Reproductive 
e ffic ien cy

10. i> of seed that a tta in  maturity (Carbon supply nitrogen supply)

11. Mean seed weight = Mean seed growth ra te  x duration of pod f i l l e d  

C. 10 x 11 =» Y ield  culmination.
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2. the production of bionass which is  determined both by gen etical

and phenolcgical p o ten tia ls.

3. R estriction  in  the biomass accumulation in  the stem b efcre  or 

during lag phase of pod formation.

4 . High® shedding of flow®/pods.

5 . Development of pod and seed.

6. Failure of pod to become photosynthetically independent.

The biochemical d i f f  ererees in  fresh  and abscised flcw ® s indicate 

that the flow® abscission is  largely  due to  deficiency of nitrogen 

compounds, sugar and nucleic acids and pigments.

However, the low reproductive effic ien cy  can be largely  improved 

by chemical manipulations, using growth regulators.
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SUMMARY

The average y ie ld  of chickpea in  India is  as low as 700 lig/ha. One 

of the majcr causes far th is low y ie ld  can be attributed to  the low repro­

ductive e ffic ien cy . The cause far low reproductive effic ien cy  is  mainly 

due to  heavy Shedding of reproductive structures. The present investiga­

tions were, therefore, in itia te d  with the following objectives :

i )  To study the genetic v a r ia b ility  and d iv ersity  with reference to

the flowering behaviour and shedding of flowers during the reproductive 

stage in  order to evaluate the peak periods cf flow ering, shedding 

percentage and reproductive e ffic ie n cy , 

i l )  To study the influence of temperature (based on d iffe re n t dates of

sowing) on time, in ten sity and .duration of flowering and reproductive 

e ffic ien cy in  re la tio n  to  growth and development of chickpea.

i i i )  To study the possibility of improving the reproductive efficiency 

by chemical manipulations using growth regulators.

iv) To investigate the biochemical changes associated with abscission of 

flcwers and fru its .

To meet the major cbjectlves of present Investigation, experiments 

were categorised in three groups v iz . ,  l )  evaluation o f reproductive 

efficien cy of va ria is  genotypes, 2) improvement of reproductive e ffic ien cy  

by chemical manipulations and 3) biochemical studies in  re la tio n  to  

reproductive e ffic ien cy .

2he experiments were conducted both in  f ie ld  and pot cu lture under 

natural day lig h t conditions during 1979-80 and I98O-8I, in  order to have
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a comparative idea of reproductive e ffic ien cy  under these conditions. I t  

was observed, although, plants grown in  pot culture gave quantitatively 

low values fc r  a l l  the a ttr ib u te s, y e t clo sely  paralleled  the general .

pattern observed in  f ie ld  with reference to flow ering, growth and y ie ld  

behaviour.

Evaluation of reproductive e ffic ien cy  in twelve genotypes were carried 

out during 1979-80 In order to  se le ct su itab le  genotypes fo r  detailed  study 

during the subsequent year. The genotypes were, JG-62, C-235, nine BG- 

lin es and the Kabuli cv . L-55O. In the f ie ld  the experimental lay cut 

was randomised block design with three rep lica tio n s. The crop was sown in  

f ie ld  and pot cu lture on 19-10.1979-

I t  was observed that peak flowering period in  these genotypes was 

between 120-130 days. The shedding percentage was found to be very high 

and i t  ranged fr  can 67-90 The lea st was found in  BG-209 highest in  

L-550. Amongst the 12 genotypes examined, i t  was found that BG-209 bad 

the highest reproductive efficien cy in  terms of nuiribsr of pods, f i l l e d  pod, 

to ta l seed number, pod weight and seed y ie ld . The lowest reproductive 

e ffic ien cy  was observed in  L-550. The cause fc r  higher reproductive e f f i ­

ciency in  BG-209 was attributed to  low shedding $ , higher pod. se t aid 

higher e ffe c tiv e  pod se t.

Based on the performance of d ifferen t genotypes, three cu ltivars 

v i z . ,  JG-62, L-550 and BG-209 were selected far detailed  studies during 

1980-81. BG-209 aod L-55O were selected because of th eir contrasting
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behaviour In flower shedding. JG-62 was found to  be intermediate and a lso  

i t  bad a double podded character.

Studies on the influence of temperature (based on d iffe re n t dates of 

sowing) on time, in ten sity and duration, of flowering and reproductive 

e ffic ien cy  in  re la tio n  to growth and development were made with the above 

three genotypes. Four sowings (S i, S2, S3 and S^) were done a t  15 days 

in terval commencing from kth October, 198O.

Time, in ten sity  and duration of flowering were greately altered under 

the Influence of d iffe re n t dates of sowing. While the days far f i r s t  flower 

Increased, the in ten sity and duration o f flowering was markedly reduced 

with increase in  sowing dates from Si to  In general, the days to f i r s t  

pod a lso  followed the same trend. The f in a l  crop duration a lso  markedly 

reduced with the consequence that the pre-flowering or vegetative period 

was lowest in  la te  sowings. The temperature records indicated th at, in  

general, the mean optimal temperature of about 20°G, a mini mini about 12°C 

and a maxi mm about 20°C were conducive for flower formation. Irrespective 

of cu ltivar or date of sowing, a mean maximum and HvtTHrmm temperature of 

19°C, 25-5°C and 12.5 °C respectively  was observed to be optimum fa r a ctive  

pod formation. I t  was a lso  observed that a higher mean, maximum and mean 

temperature was required fa r  pod sta b iliza tio n  and f i l l i n g .

The important stages during crop period were identifed and the duration 

to a tta in  these stages were worked out. I t  was observed that the vegetative 

duration (stage l )  increased with delayed sowings in  a l l  the cu ltiv a rs ,
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while the days to f i r s t  pod (stage 2 - pod In itia tio n ) fluctuated among 

the cu ltivars and with dates of sowing. In JG-62 and L-550  a lag phase 

of pod formation (stage 3) was seen in  e a rlie r  sowings, more "being in  JG-62 

and L-550* while in BG-209 i t  was almost absent. The duration o f a ctiv e  

£od fc r  nation (stage 4) renained more or less  constant (20- 30 days), ir re s ­

pective of dates of sowing or cu ltiv a r . LUration between s ta b ilisa tio n  of 

pod number to  harvest (stage 5)» toy and la rg e , remained the same far d i f f e ­

rent dates <tf sowing, but varied amongst cu ltiv a rs . I t  was longer in  JG-62 

(23-27 days) and shorter in  L-550 (13-21 days).

The computation o f percentage proportion of 'various durations in  

re la tio n  to to ta l crqp and reproductive durations lead to  categorise these 

stages as tenperature se n sitive  or in sen sitiv e . Compared to  other stages 

vegetative stage was most sen sitive  to  temperature. I t  was seen that 

cu ltivars c la s s ifie d  as early flowering e .g . , JG-62 and cu ltiv ar taking 

much longer time to  come in to  flower e .g .,  BG-209, mere or less had the 

same crop duration depending upon the environment by way of an adjustment 

of duration in  th eir reproductive period.

The various temperature in dices, heat unit (HU), growing degree days 

(GDD), and cumulative minirrum temperature (CMT), accumulated a t d i f f  ffen t 

growth stages t i l l  harvest were calculated from the tenperature records 

and th is was extended to  chickpea. I t  was seen that BG-209, in  cocparison 

to others, cexwumed mere HU, GDD and CMT during vegetative phase over 

reproductive phase in  a l l  the our sowings. I t  was a lso  observed that
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JO-12 and L-550 accumulated sore HU durirg reproductive phase a t sod 

S^but equal or less  in  S3 end S^. The GDD, however, were found higher 

during vegetative phase a t  early sowings and Iowa* a t  delayed sowings in  

these cu ltiv a rs . The proportion percentage in  re la tio n  to  temperature 

indices during to ta l  crop duration indicated that each cu ltiv a r  had a fixed  

p aren tage of to ta l crop duration proportioned a t  pre-flowering or vegeta­

tiv e  phase and th is remained largely  unaffected by tesgarature, however, in  

case of reproductive phase marginal variations were observed a t  extremes 

of temperature ( e .g .,  % ) .  Amongst the cu ltiv a rs , during the vegetative 

phase the order of prep art ion percentage was BG-209 >  L-550 >  JG-62. It 

was a lso  observed that whether a p lant accusnilated mare, or le ss  of tcsp- 

erature in d ices, the proportion percentage of duration between the vegeta­

t iv e  phase and reproductive phase remained the sane, however, the d ^ re e  

of accumilation did a f fe c t  i t s  capacity to proiuce blonass and p a r tit io n ­

in g. Thus, i t  was observed that the temperature had influence in  to ta l 

crop duration, which was dependent on cumulative temperature u n its.

The Borpholqglcal and growth attrib u tes decreased with an increase 

in sowing dates in the order Si > %  > S3 > S^. 5he reductions were 

much narked in  63 and %  as compared to  S j. The average height, nuaba* 

of branches, le a f  rumba*, le a f  area and le a f  area duration was %t 69 

80 $ and 86 % resp ective ly . The average reduction in  le a f  weight, stem 

weight and to ta l dry ca t tar «as foind to  be 79 81 $ aid 75 t  resp ectively .

In a l l  the cu ltiv ars a t  S i, the major proportion of morphological characters 

were gained during vegetative phase and r e s t  of the growth a ttr ib u te s , by
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and large, during pod In itia tio n  as in  L-55Q and BG-209 cr during the lag 

phase of pod fcr  nation as in  JG-62. In delayed sowings, major proportion 

of above attributes were gained during vegetative phase. The time of f a l l  

of le a f area varied with cu ltivars and sowing dates from lag phase to 

beginning of pad formation. The biomass production was markedly restricted  

in  la te  sowings as compared to  early sowings. This reduction in  biomass 

production, especially  accumulation of dry matter In stem during the flower­

ing period might have hampered the re a lisa tio n  o f mere number of flow are, 

since in  S3 and Sjj, the lim itation  in reproductive e ffic ien cy  could be seen 

as flower number i t s e l f  and not the la tte r  sequence.

A quantitative reduction in  reproductive attrib u tes v i z . ,  flower 

number, pod nunber, to ta l seed number and seed weight was observed in  a l l  

the cu ltiv a rs , when sowings were delayed. The major cause c f low repro­

ductive e ffic ien cy  was found to be due to  heavy shedding of flower anl 

f r u it .  This was noticed vary high in  a l l  -the cu ltivars and,by and la rg e , 

the order was S! > ^  >  63 The abscission rate  a t  aqy given in ter­

v a l by f iv e  days from sta rt  of flowering was seen of following order 

®1 ^ ^  El** magnitude of abscission within the cu ltivar

was the order L-550 > JG 62 > BG 209. The number of flowers retained 

during a sp ecific  period as percentage of to ta l flowers showed t t e t  shed­

ding was greater in  S1# because retention  was lowest on Sx aid highest a t 

^  cr S3 and fc r  S2 i t  was greater than S1# This was true in  the case of 

pods a lso . The abscission o f pods was found to  lowest a t la te  sowings, 

because larger nunber cf flower formed were a ctiv e ly  turned in to  pods during 

a shorter duration.
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The seed number/pod remained unaffected by d iffe re n t dates of sewing. 

But the to ta l  seed number was highest fo r and le a st fo r  S^. Increase 

In pod and seed weight was highest in  Sg, followed by £>i, S3 and 84. A 

sign ifican t reduction in  these over Sg to  the extent cf 80 # a t 8g and 

was seen.

The parameters determining the reproductive e ffic ien cy  was worked out

in  d e ta il.  I t  was seen that average pod set was 1*9 Ml $, and 29 $ in
of

BG-209, JG-62 and L-550 resp ectively . The uunber/effective pods or f i l l e d  

pods was always lowest fa r  S  ̂ and highest fc r  S^.

3he seed e ffic ien cy  or cumber cf seeds developed as percentage of 

to ta l  number of ovules present, in  flower formed was lowest in  Si and, by 

and la rg e , did not vary in  r e s t  of the sowings.

However, the e ffectiv e  seed effic ien cy  (l.e.,number of seeds developed 

frcm the number of ovules present in  pod ninber) did not vary between the 

sewings. When e ffe ctiv e  seed effic ien cy was calculated by giving due 

discount fc r  u n filled  pods, i t  was observed that i t  varied with cu ltiv a r .

I t  was greatest a t and le a st a t  Sjj. for a l l  cu ltiv a rs , ranging from 90 % 

to  54 %. Hence, the re s tr ic t io n  in  seed settin g  cr curtailment of seed 

development resulted in  loss of UO 39 %, and 33 % a t  S u  25 19 $

and 25 it a t  27 2k £ and 1 % a t  S3; 10 20 % and 0 % a t  S4 for JG-

62, L-550 and BG-209 resp ective ly . Hence i t  was inferred that BG-209 had 

the highest e ffe c tiv e  seed e ffic ie n cy , w hile L-550 had the le a s t .
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In an e ffo rt to  improve the reproductive effic ien cy  of chickpea 

by chemical manipulations, d iffe re n t concentration of growth regulators 

a t  d iffere n t stages of crqp growth w ereapplied to cv . L-550 grown 

under pot cu lture condition during 1979-80 . I t  was observed that a t 

lower concentrations the growth substances i . e .  IAA @ 2 ppm a t a l l  stages, 

cycocel a t  2000 ppm a t mid-flowering and BA. a t  5 ppm a t  post-flowering 

stages, were seen e ffe ctiv e . B it gthrel in  a l l  cases gave negative 

re s u lt.

In the lig h t of above fin d in gs, an experiment to  in vestigate  the

e ffe c t of stage vs concentration was conducted in  randomised block design

with four rep lication s in  f ie ld  and simulation in  pet cu ltu re. I t  was

observed that IAA a t  pre-flowering, combined with cycocel a t  mid-flowering 
, * ' 

and BA a t post-flowering stages enhanced the reproductive e ffic ie n cy

through higher seed y ie ld .

Biochemical changes associated with reproductive e ffic ien cy  were 

investigated. The re la t iv e  amount cf to ta l  nltrqgen, to ta l  proteins and 

soluble proteins were found to  be low in  case cf abscised flowers in  

comparison to fresh normal flow er. The above fird in g  was true fc r  soluble 

sugars a lso . Tfae abscised pads on the contrary showed an increased le v e l 

in  a l l  the above parameters.

R elative amount of RKA in  abscised flowers were low, but DBA content 

remained unchanged. An increase in  RKA content in  pedicel and calyx  in  

abscised flower was observed.
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• The pigments v i z . ,  chlorophyll and anthocyanin in  abscised flowers 

ani parts showed a narked reduction, while the amount o f carotenoid in  

abscised flowers showed an increase.

A rhythmic pattern of accumulation <£ organic acid during night and 

disappearance during day was observed in  the leaves cf &j_ in  a l l  the 

cu ltiv ars, but the same was greatly altered  in 62, which was found to  be 

due to  the influence of temperature during S .̂

Dae present investigations revealed that BG-209 had the highest r e ­

productive e ffic ien cy , largely  due to higher growth ra te  during vegetative 

phase, lower shedding /£> higher seed number per pod and better pod se t. 

L-550 had the lea st reproductive efficien cy and JG-62 was found to  be 

intermediate* Dae reproductive e ffic ien cy  was influenced by variation  

in  temperature and in biochemical parameters. I t  was a lso  seen that 

reproductive e ffic ie n cy  can be improved by chemical manipulations, using 

growth regulators.
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Appendix yjU Percentage d istrib u tion  of HHA and DBA in  f l c r a l  parts in  chickpea

Cultivar JG-62 L-550 . BG-209 -

Earaal Abscised Ncrmal Abscised Rarmal Abscised
F lc ra l part REA DHA REA DKA im DEA REA DEA REA DEA REA EflA

Peduncle 8.7 1 .1 7.8 1.8 2.2 2.5 2 .3 2.3 2 .1 4.2 1.8 5 .0

Pedicel 6 .9 4.4 4.6 3 .6 0.9 2.8 1.9 1.5 1.8 6 .4 2 .7 3-8

Calyx 3.9 1 .4 7 .7 1.4 0.7 0.8 3-0 2.2 2.0 4 .6 3-7 6 .1

Corolla 7.3 6.2 11.7 4.7 2.2 1 .9 3 .0 1.9 2.7 6 .9 3-5 7 .6

Androecium
and

Gynoecium
73.4 86.9 66.3 88.4 93-9 92.0 89.8 92.0 91.4 77-9 88.3 77.4



Appendix.xiv Nucleic acid content in  normal and abscised flowers,

pod, pod wall and seed In cbickp®. cv. L-550.

. mg/g Fresh weight
Size Jhrt

Normal Abscised
RNA DNft. Rm DNA

Flower 2.848 0.641 2.323 0.642

1 Pod '
(0.4  mm x 0.9 nun) 4.583 0.656 18.560 0.256

2 Pod
(l.O  mm x 1.9  nan) 11.643 0.671 18.00 0.250

3 Pod
(2.4  mm x 1.4  mm) 17.850 0.903 2.503 0.248

Pod w all (3) 11.322 0.446 19.000 0.180

Seed (3) 6.528 0.457 6.030 0.068



Appendix . X.v Iky weight of f lo r a l  parts of chickpea

Cultivar 

F lo ra l -parts

Dry weight in  mg

JG-62 L-550 BG-209

Peduncle

Pedic e l

Calyx

Corolla

Andr occ ium 
and 

Gynoocium

Whole flower

1.4

1.0

2.6

7.3

3.0

15.3

1.6

1.4

2.5 

9.4

3.9 

IB .8

1.4

1 .0

2.6

7.3

2 .0

14.3


