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1. INTRODUCTION

Chickpea (Cicer arientimim L,) is the leading pulse erop of India.
It contributes 51 % of the total pulse production amd occupies 4l % of
the cropped area of the country. India is the premier chickpea growing
country ani the bulk of the werld's chickpea produetion is derived from
this sub-continent , which occupies 80 % of the world's area urnder chickpea
cultivation. Out of the warld's total proiuction of 7.4 million metrie
tonnes, dotained from an area of 10, 36 million hectares, India contributes

5.83 million metric tonnes of grain from 7.87 million hectares (F.A.O,

1979).

There is a need to increase the pulse production in Indla every
year progressively by an average of 2.2 % in order to maintain the
mnimm requirement of 50 gram protein intake of dally dlet against the

WHO/FAOQ nutritional standards of 104 gram per capita per day. -

The lack of basic information of improved production practices
and availability of high ylelding varieties with resistance to adverse
conditions, together with poar transfer of existing improved technologies
are recgnised as some Of the major constraints to increased pulse
production, Smartt (1976) pointed out " it is impartant to know the
extent to which the physiology of a crop can be modulated to fit a
- par ticular set of énvironmantal condition or production practices and
conversely to the extent %o which technigques need to be modified or

accormodate uralterable physiological processes'.



The average yield of chickpea is only 700 kg/ha and varied greatly
with both sites and seasons from about 190-1600 kg/ha. One of the major
causes for low yield in chickpes, among others, can be attributel to low
reproductive efficiency which can be as 1ow as 5 $. The seed yield is
b;sically determined by the mmber of flowers that a plant can produce

and the percentage of thos ét’g‘&ulﬂ develop into mature seeds of proper size.

Flower and fruilt drop of chickpea 1s a common feature resulting in
excessive losses of Seed yield to the extent o 50-95 %. No systematic
study has been so far undertaken to understand the physiologicel basis of
flower -and frult drop in chickpea, which occupies the most significant

position in pulse cultivation in Indie.

The cause of low reproductive efficilency.is mainly due to heavy
shedding of reproductive structures.. This problem is further aggrevated
by the fact that chickpea is an indeterminate type, where vegetat.ive gr owth
continues far a long period amd overlaps with the reproductive growth, It
appears that thé.re is a lag phase and only when sufficient photosynthates
are available can these young fruits begin to develop. Besides the
deficiency of assimilates far the developing fruits, other ceuses have
been suggested which inclnde nitrogen supply, harmonal factors, gaseops
exchange, mineral nutrilent supply, soil molsture, humidity and temperature.
One or mére of these prime causes permit eventual regulation of fruit set
and yleld. Factors affecting abscission of flowers and fruit influence

the yleld and therefare warrant further study. Hence pod aml seed setting



becomes the critical atages requiring improvement far inereasing the
yield. An understanding of physiological and biochemical aspects of
flower and fruit_development and thelr shedding i8 essential and the
knowledge thus acquired can be gainfully applied far attaining higher

seed yleld.

Neverthelesé, attempts have been made using growth regulstars to
reduce flower and fruit drop in arder to incresse pod set. Different
growth regulatars have been used by various workers : IAA (frivastava and
Tomer, 1973), TIBA (Sinha ani Ghildiyal, 1973), Cycocel (Albawat et al.,
197k; Saraf et al., 1974; and Sekhon and Kaul, 1974), Alar ard GA (Khan
et 8l., 1976) are the growth regulators which have been tried on chickpea.
Despite these effarts no recommendation could be made to the farmers for |
want of consistant results. One of the possible reasons could be that
the concentration and stage of application had been arbitrarily chosen.
Hence the need for determinipg the appropriate stage of application amd
concentration of respective growth regulstars ani fo this an interaction

of stage vs concentration study is desirable.

. Although information ie available on the extent of pod set (Kadam
&t al., 1938; Fal and Rao, 1940 and Agrikar, 1957), yet, very little is
known of either how cn:-lat what stag.e during development variation in
yield components arises under varied environmental cordition., Ijterature
is lacking with respect to an integrated approach regarding time,

intensity and duration of flowering and the sequential determination of



the reproductive efficilency of chickpea. Obviously detailed studies on
the effect of climte on flower and pod setting in chickpea andl the
mechanism involved are required, before the mjor limitations to I epro-

ductive efficacy, ami their major effects on yield can be alleviated,

The seed yleld in chickpea, like other grain legumes, depends upon
the Vegetative and reproductive components, which are markedly affected
by environmental factars (Summerfield and Minchin, 1976). Summerfield
et a1, (1980) considered the growth and development of an anmal legume
plant resulting in & number of consecutive phases; vegetative (including
Juvenility), mture (ripeness of flowers), reproductive (Plowering ana
setting of: fruits) end senescent (which includes maturation of fruits).
This quantitative perfoarmance of plants throughout each stage of develop-
ment is often determined or Iimited by those envirommental factars which
21so initiates phase changes., Accarding to them the traditional ¢ amponents
of yleld analysis equates legume seced ¥ields to the product of three compo-
nents only i.e. the murber of pods that reach maturity, the average number
of seeds in them amd the mean welght of irdividual seeds. They argued
that these aggregated data alone are of limited values in furthering over
comprehensions of the physiological limitations to legume seed production.
We cannot use them to ldentify with confidence, the main effect and inter-
action of climmtic factors on the more responsive components that contri-
dute significantly to variations in Yield until these relations have been
studied more carefully‘.

Ag 1t 18 true of other species, the mmber of pods that reach maturity



have a major effect on the seed yield in chickpea (Sandhu amd Singh, 1972).
Iittle 1s known also for chickpea of the effects of envirommental factars
on the rate or duration of seed fill; at which loel within fruits and at
what age abartion is mare prevalent ar the consequences of maturation

enviromment on the blochemical composition of seeds.

Various causes hagve been assigned to low pod and seed setting in
chlckpea, Iarlier warkers emphasised the importance of relative humidity
(S8en and Mukherjee, 1961) for higher pod set, which was later ruled out
by van der Miesen (1972). Several warkers have stressed the importance
of photo periods (van der Maesen, 1972; Swartt, 1976; and Summerfield et al.
1981), light intensity (Sandhu and Hodges, 1971; van der Maesen, 1972 and
Bummerfield et al., 1979). Among these factars teamperature has received
the highest attention and many attempte have been made to evaluate the
performance of chickpea as affected by different dates of sowing (Sur et al.
19665 Eshel, 1967; Sharma et pl., 1967; Keul et al., 1976 am Ageeb, 1977).
Temperature has also been emphasised as s factar affecting shedding in
chickpea (8axens and Sheldrake, 1980 and Summerfield et al., 1981).

Smmerfield et al. (1980) rightly questioned how environmental
variations in time, affect physiological and morphological processes 1.e.
growth, development and yield.

Keeping the above considerations in view an attempt has been mde

to study the reproductive efficiency in chickpea. The major objectives



of the present investigationsare @

1.

3.

To study the genetic variability and diversity with respect to
the flowering behaviour and shedding of flowers during the
reproductive stege in order to evaluate the pesk periads of

flowering, shedding percentage and reproductive efficiency. _'

To study the influence of temperature (based on different dates
of sowing), on time, intensity and duretion of flowering and
reproductive efficiency in relation to growth and development

of chickpea, .

To study the possibility of improving reproductive efficiency

by chemica; menimilations using growth regulatars.

To investigate the blochemical changes associated with abscission

of flowers and fruilis.



2, REVIEW OF LITERATURE

Although wealth of literature is available on different agpects
of'ehickpea physiology, biochemistry and agrmany, yet literature per-
taining to the reproductive efficiency is restricted to pod set only amd

in specific terms of the sequence of its components is completely lacking.

Reproductive efficiency is the capacity of the plant to produce
reproductive structures ani its conversion to economic products. The
seed yield per plant is determined in a component series by the muber of
flowers formed per plant to percentage fruit set and mumber of seeds per
plant and seed size (van Schaik and Probst, 1958). The importance of
shedding of reproductive part is evident since the seed yield is deter-
mined basically by the mumber of flowers a plant can prcaduce amd the
percentage of those that can develop into mature seeds and seed size
(Thomas and Rafer, 1976). Sumerfield et al. (1980) emphasised that the
qﬁantitative perfarmance of plant thraughout each stage of development
is often determined or limited by those envirommentel factars which also
initiate phace changes and suggested the following sequemnce of components
of seed yield in determinate legumes.

1. Number o nales/plant (N,) Vegetative growth rate x Duration
of preflovering period.

2, % of Ny that becomes reproductive
(1 x 2) = Paecnological potential

3. Number of flowers per reproductive node (F) ; Nurber of pods per

reproductive node (P)
4. % of F that set pods



5. % of P that are retained

6. Mumber of seeds per pod (8)

(3 x4 x5 x 6) = Reproductive efficacy Carbon supply
Nitrogen supply
7. % of S that attain maturity

8. Mean seed welight = Mean seed growth rate x duration of pod~-fill
(7 x 8) = Yield culmination

neld/mant=(1x2)x(3xuxsx6) x (7 x8)

Considerable work has been done on the reproductdive efficiency of
™~
cotton, where bud and ball shedding is of great economic impartance
(Balls, 1912; Herlami, 1917; Ewing, 1918; and Ilyoid, 1920). Reproductive

ePficiency has been estimated in Arachis hypogea (Smith Ben, 1954), white

pea bean (Davis, 1945), Idma bean (Cordnex, 1933; Iambeth, 1950) and
soybean (SWen, 1933; van Schaik and Probst, 1958; Hardman, 1970; Thomas

and.Rafer, 1976 and Mc Blain and Hume, 1981).

Indirectly reproductive efficiency can be evaluated far the pulse
crop from the reported percentage of pol set in literature., However,
these estimtes are mpproximate, because they do not take into account
of the mmber o immature pods fallen a the umdeveloped pads, which do
not express the full seed size. Moreover information regerding the

flowering behaviour is also not complete.

Shedding has been reported to be 40-97 % in soybean (Swen, 1933)
for Kberif pulses Koul et al., (1976) reported 40-50 %, 32-46 % and 47-
61 % for urd, ming bean and cowpez respectively. In case of chickpea

earlier reparty pertain only to percentage of pod set., However, recently



Varms ani Promila Kumari (1980) reparted far G-130 and Kabuli cultiver
L-14} that the flower shedding ranges between 18.5 and 19 % amd pod
shedding between 26 and 43,1 . Abbas (1979) (Persoral commnicatim)
found that flower shedding occurs to the extent of 41-88 % ard pod shedding

2-14 % in the study of 12 cultivars of chickpea.

Percent fruit set has been reported far sqybean as 13 % to 22 %
(van Schaik eni Brobst, 1958), mung bean and cowpea as 11-31 % and 17-21 %
respectively (Binkh, 1977). For chickpea pod set has been repcz't;ed to
vary between 22.2 and 36.8 % (Pal amd Rao, 1940), and 14-4h4 % in 4 cultivars
Chaffa, Gigus, N. 30 and Harachana by Agrikeray (1957). Ab:bas (1979) in
12 chickpea cultivars cbserved that pod set varied between 11-65 % and

fruit set 10-55 %.

From the above 1t is clear that infarmration on reproductive efficliency
of chickpea 1= almost lacking and there is not a single reference in
i terature where the different components of reproductive efficiency have
been studied in a sequence., Flaral blology on the other hand has been
studlied in detail and flower farmation has been recelved considerable
attention. In view of the above this review will be canfined to the
flaral biology, factors affecﬁing flower anmd frult farmation am physic-
logy of growth apd yleld of chickpea. |

2.1 Flaral Biology

Flaral biolagy in chickpea has been extensively studied. The time

of active bloaming has been reported to vary between 9 A M, and 10 A M,
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(Ayyar end Balasubremnian, 1935), 9 - 10.30 A.M, (Agriker, 1957) ani
between 6.15 A.M, and 4,50 P.M. (Oreon et al., 1977). Average time taken
for complete blooming of corolla varies from 1,30 to L4, 45 hours. Flower

started to close after 2 P.M, and by 10.25 P.M. they completely closed.

Average muber of flowers oOpening was 5 I;er plant and the maximum
b:aing 12 per plant .(K‘adam et al., 1938)., The duration of opening varies
between 7 to 15 hours ami 1 to 17 hours depending upon the variety and
on en average 1t usually varied from 2.6 to 5,23 hours (Agrikar, 1957).
The process \of closing was found to be more gradual from that of opening
amd the total pericd in which a flower remained open was less in the
second day of opening (Ayyer and Balasubramanian, 1935). The interval
between the first closing and the atert of the second opening of flower
varied from 11-13 hours and from the start of the ef.'ond opening to the
full opening was 1.46 hours. The period between the second full opening
and secomd closing was found to be of similsr arder, however, pericdicity
of these phases varied with different cultivers (Agrikar, 1957). Further,
the buds open when they attain a size of 9 mm x 5 mm. Moreover 4 to 29 %

of the buds do not open at all.

Agriker in his above study also noted that the mode of flowering
of the 4 cultivers viz., lChaffa, Gigus, N. 30 and Herachama was distinctly
different although there was a 'gene.ra‘l ascending or descending order of
xﬁnnber of flowers that opened progressively. The quration of flowering

was also found to differ which was found to be 18 days far cv. Chaffa
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against 14 days in case of N. 30 and Harachana, while this was narrowed
Cto 11 days in case of Gigus. Ayyar and Balasubramanien (1935 ) founi that
the anther dehiscence and pollimtion occured one day before the opening
of flower anml there was hardly any eross pollimtion, although all thg
pollen grains present at the time of flower Ope;ning were visble. Agrikar
(1957) found that on the whole 69 % of the total buds bad the anther
dehiscence between T.AM, and 8 A.M, The cptimm time for anthesis or
pollination was foumd by Eshel (1968), between 12-29 hours befare the
flower was fully cpened and the cbserved that at this stage the polien
germinated in vitro at a higher degree and the pollen tubes grew faster
than in a fully opened flower. £Sinha and Cowarkers (1980) studled the
garmination of pollen and pollen tube length in cv. JG-62 and M-450 under
varying temperature amd they observed that both germination and growth of
pollen tube is marked by low temperature. Qreon et al., (1977) from their
cbservation on 12 cultivers reported that the dehliscence of anther took
place between 9 A, M. and 2,50 P,M., one dey pricr to cpening of flowers.
Pollen grains were oblong when ripe amd became sphericel under wet condi-
tion. Pollens were viable for eight and a half hours at 27°C and 95 %
relative humidity amd for 9 days at low temperature of 7.22 and zero rela-
tive humidity. Stigma became receptive 24 hours befare flower opening
and it remained so until 12 hours after the opening of flowers. Thus the
total pericd of reeptivity was 36 hours., In general there is full agree-

ment that there 1s no cyoss pollination in chickpea. It is self pollinated.



2,2 Flower and Pod Development

In chickpea flower is typical of leguminas¢ae family consisting
of 8 five leaf calyx and a carolla which includes a stamlard, wings am
a keel, 10 stamens and one carpel gyncecium. Nine of the 10 filements
are fused and the ovary is s'upericr with placenta at vental suture.
Eshel (1968) studied the stage of flower development in chickpea from
bud. In early stages the style elongates simltanecusly with the petal.
The stigma is at the edge ofl the keel, while the stamens remain at the
base of the bud with the anthegin a:rranged alternativély in 2 levels when
the petals protru‘de from the calyx, the filements stert to elongate one
gradually reach the pistil height and the anthers surrounding the stigma.

Dechiscence takes place at this stage.

Saxern and Sheldrake (1976) studied the patterns of reproductive
growth and fourd that flowerlng, as measured by the }::eight of flowers per
plant, 1ncrease& gnd then declined as seed development took place most
rapldly.. They compared the ovale mmber in early and late formed flowers
in Ksbuli and desi cultivars ami cbserved no variation in ovules in early
@ late farmed flowers. Summerfield et al. (1980) summerised the major
events during embryogenesis in various legumes and generalised that final
cell mmber in the enmbryo i1s attained carly in its ontogeny, the éubsequent
increase in etbryo welght being the result of cell expansion a;rd the con-
comitant synthesis and deposition of starch and thereafter storage proteins.

The seeds derive a large proportion in their. carbon from photosyxithesis of
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foliar organs at the parent node (Dure, 1975).

In chickpea the fruit wall grows to a large extent befare seed
development procesds. A lag period that lasts about 15 days after
anthesis is followed by a linear perilod of growth of aboaut 20 days dura-
tion, during which the individuel seed accumlate the vast propartion
of thelr dry mtter (Sxena amd Sheldrake (1980). Saxena (1979) nad
earlier noted that pod £illing was limlited by the supply of assimilate
ar mutrients in case of late formed pods. 8Singh et gl. (1981) also
observed the same trend., There was a rapld additics of dry matter in
the seeds starting about the time the growth of pod-wall had ceased. In
the exrly cultivars whioh studici’the peminsular India the addition of
dry matter in the seed contimed upto 35-40 days, whereas cultivars of
longer duration which were subjected to farced miurity dry mitter addi-
tion ceased after 25-30 days. This pericd may be considered as the time
e{g‘ reach physiological maturity of individual pods. They reparted that
cultivars differed in rate of pod development at the time of maximum dry
matter accumlation. Pods of smaller seeded cultlvars tended to reach
physiological mturity earlier.. Sinmha (1977) reported that grain grm;rth
in legume is mare fast as compared to cereals. Indeed the maximim seed

growth rates far chickpea sre among the fastest recarded fa;,grain legumes
(Burmerfield amd Wein, 1979).

Chickpen plant have some ability to0 compensate far the loss of

potential sinks. Saxens and Sheldreke (1980) from thelr studies on the
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effect of flower removal Pouni that the compensation tock place in 3 ways
i.e. I) by the extension of the growing period in response to flawer
removal. Contimied growth reproductive period caused addition of flower-
ing nodes, hence more pods II) by way of inerease in seeds per pod which
was in the range of 24-26 % of plants in which flowers were removed. III)
inorease of seed welght anl this compensation usually occurred in small
seeded cultivars and was relatively smell, ranging from 8-20 %. In bold

seeded cultivars the seed weight declined :!.n response to flower removal,

Sinha and cowwk&s‘ (1980) found that the rat;a of photosynthesis
declines after the commencement of pod settiné. Therefore, it was sugg-
ested that the photosynihetic ability could be limiting grain ylelds in
grom. They tested the above two suggestions in two different ways by
shading to different degrees after flowering and by culturing a shoot
bearing flower and young frui‘hs in a medium of glucose cr glutamine.. They
obgerved that shading cleerly resulted in decreased fruit setting aml
yield. In culture medium they could culture the frults upto six days and
they found that the rate of development of fruit wes more than those of
camparable fruits in the field. However, they observed this only in young
fruits as the older fruits did not show any significant difference in
culture medium and in the field and thus they concluded thet the photo-
synthetie availability could be & Mimiting factor to grain yield in
chickpea by its inflnence on pod farmation and its growth., And in chickpea

he fourd the average gain of 3.28 mg of dry weight per day per pod,
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faxens and Sheldrake (1976) and Sinha and Cowarkers (1980) observed
o £all in ROR at the time of pod development. Kuamari and Sinha (1972)
found thet in 22 chickpea cultivers showed that almost in all of them
the rates of photosynthesis dropped sharply alatfter flowering. They observed
o variation in fruitwall photosynthesis in chickpes, however, they made
no assessment of 1ts contribution to seed y;eld , but cbserved that it was

more than the contribution of leaf near the pod.

2,3 Factors affecting flower and pcd development :

2.3.1 Belative lmmidity :

Sen et al. (1964) observed that high relative tumidity affects the
poad set, even though it does not affect the flower farmation, Earlier
Sen amd Mukherjee (1961) had observed defective pod farmation and seed -
setting in plants flowered by the end of Deceumber. They saw that the
percentage of pod farmation increased in all gram cultivars from the emd
of Feébruary. They attributed this phenomenon to atmospheric mmidity,
which .was high 1;1 December /Janvary. This interfedred with the pollina-
tion by preventing the anther sac to burst, They ocbserved that pollins-
tion occurs best at minimm atmospheric humidity, which were high in
December /January. They observed .that the pollinmation occurred best at
a minimm etmospheric humlidity, the suggested optimm belng from 20-40 %,
which increased pal set. Sen et al. (1964) fourd that ped set goes as
high as 60 % when the crop is sown in 2nd week of January.- Sahat (1955)

also had cbserved the same earller., However, van der Maesen (1972j ruled
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ont the possibility of atmospheric humidity havirg a controlling effect

on pod set.

2.3.2 Vernnlisption and photo pericd @

It has been reparted by Pal and Murthy (lth), S8ingh (1958) and
Moursi et al. (1963) that chickpea is a quantitative long day plant, hence
day length bad an impartant role in 1ts early flowering. Nanda and Chinoy
(1960 a) studied the effect of photoperial in vermalised and unvermlised
plants. They transplanted unvernalised anmd vernalised seedlings to earthen
pots to day length of 6, 11, 18 and 24 hours. The effect of the treatments
on 2 vegetative periods :I..e,'numher of deys from transplanting to bud
initiation and flower opening were studied. The vegetative period was
rciuced by vernalisation and photoperiol treatment. The difference between
vernalised and unvernalised plants became mare prbnounced as dey length
decreased. Bud initiation and flowering vere markedly hasteﬁéd w:i.th lang
day conditions in unvernalised plants eml earliness increased with length
of daily photoperiod. The effects of photoperic;dic treatments were less
pronounced In case of vermalised plants. The flower bud imitiation is
controlled by a thermophase and different photoperiocd to which the plants
were exposed subsequently did not aeffect the period of bud initiation,

They found that the pericd between the bud initiation and flower opening
was mainly determined by the photoperiocd amd was reduced by long days.
There was an inverse correlation between the photoquantum end thermoquantum

upto the stage of bud irdtiation in unvernalised plents. They suggested
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the concept of photophasic development of a plant in spite of the fact
that the energy required far the campletion of a given phase may be

supplied in the form of heat ar light.

Sandhw and Hodges (1971) in thelr growth chamber experiment with 8
cultivars of chickpea with various combinations of 8-12 h. o 16 h. photo-
peﬂod chserved that flowering was earliest and seed yleld highest with
16 hour photoperiod. van der Maesen (1972) cbserved that chickpea was a
quantitative lomg day plant, flowering was advanced 20-35 days by 16 hour

photopericd in comparison to 9 hour photoperidl.

Pandey ﬁ al. (1977) in Mthér study at Pantnagar with 15 gram geno-
types of different origin, grown under natural day, long day of 24.h and
short day of B.h i:eriod fourd that all genotypes were photosensitive.

Shart day coniitions'dela,yed flowering, produced less assimilation products
which reduced the mwber of pods per plant, however, Summerfiecld (1981)
observed that shorter days delayed flowering -onJ,v by 3 days, in 10 of the
15 cultivars examineéi. Recent studles under controlled enviromments by
Roberts et al. (C.f. Summerfield et al., 1981) suggest flowering in chickpea
is mediate by mean diurnal temperature rather than night temperature per 8¢

although the latter might be important in determining critical photoperiod.

2.3.3 Idght 1n'ﬁensi§x :

Flowering 1s also influenced by light intensity level (Salisburry,
1963). Tt has been also reparted that fruit setting is indirectly affected

by low light intensity. Sanihu and Hodges (1971) cbserved that high light
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intensity of 28063 lux favaured flowering ard frult setting, which was

later confirmed by van der Maesen (1972).

2.3.4 Temperature @

Variation of atmospheric temperature had been reparted to have
profound effect in flowering in gram, Nanda and Chinoy (1960 b) noted
that the process leading to bud initiation was mainly governed by tempera-

‘ture as there was a specific thermophase ferr bud initiation.

Sen gt al., (1964) by sowing gram at 15 deys interval from the end of
October to middle of January, observed a reduction in flower mmber when
sowing was delaye.d beyori mid-Fovember. They observed that the gradual
rise in atmospheric tamperature from the beginning of February was not
conducive for formation of flowers amd therefore the mumber of flowers
decreased gradually from 496 in October sown erop to 103 in January sown
erop. Eshel (1967) from 1;1& experiments with 2 gram cultivars viz., Cali-
forma amd Bulgaria sown in field at 3 weeks interval from 3rd Cetober to
2md w'eek of May obsérvei a reduction in growing perioi, flower production
ard reproductive ébilit;;r by delayed sowlngs. He cbzerved that the length
of the flowering period was positively carrelated with the mumber of grow-
ing days prior to flowering aml negatively carrelated with the temperature
during the flowering pericd. An increase in the average delly temperature
during flowering from 14-26°C was associated with the restriction in
flowering period and consequently with restricted flower proiuction. A

growth stimlation due to temperature incrcase did not compensate far the
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reduction in the mmber of flowers which resulted from a shorter flowering
pericd. Similar relationship bttween témperamre and flowering were
reparted by Bosewel (1962) and van Dobben (1963) in pea and by Kovac

(1963) in soybean.

van der Maesen (1972) reparted in chickpes optimim tewperature for
better flower farmation was betveen 21 - 299 for ev. Vilrimarin and for
C-237, equally favaured between 15 - 23°C, 18 - 26°C and 21 - 29°C,
Recently, Summerfield et al.(1981) in their studies with 15 cultivers of
gram under controlled conditions fourd that appearance of £irst flower
was hastened by werm nights and longer days. They observed that all the
cultivars showed some response t0 a reduction in mean diurmal temperature
consequent upon a 8°C dccresse in night temperature. They found that a
double poded character was mare expressed in environments were cool (10°C)
nights were in associatdon with warm hot days. They observed that plants
which produced fewer pods anl smaller yields matured socmer amd had slightly
sharter reproductive pericds than which produced mich larger ylelds in
cooler environments, Longer days, warmer nights and hot days all contri-

buted to rapid maturity.

Gram when sown 1n October gives maximim grain yleld through maximum
pod formation. Sen et al. (1964) cbserved that pods mmber decreased
from 213 to 62 when sowing was delayed, as in case of flower. They observed
pad setting percentage stendlly increased in late sown plants. The setting
percentage increased from 34, in Octdber sown to 60 in Jamigry sown crop

and this confirmed the results of Sahai (1955) who had earlier observed
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that sunshine and atmospheric temperature played an impartant part in poad

setting, as high percentage of pal set was seen in late part of growing

8eas0n,

Eshel (1967) showed that reproduction ability of plants decreased
with the reduction of growing period. The mmber of pods decreased much
more steadily than the number of flowers in plants of delayed sowing. He
further cbserved that longer pre-flowering periods resulted in mare number
of flowers and pods. Kaul and Sekhon (1976) from the data of their two
year acpez_'iment with four dates of sowing at two weeks interval from first
Octdber to 15th November, with cultivars G-130, I-550 and L-345 noted that
padding potential showed decline as sowing is delayed. They attributed
this to temperature. The results were in confirmity with the finiings of
Mathur ard Tomer (1966). Binha and Cowarkers (1980) pointed out that Ist
formed flowers of December/Jamary did not set fruit in Delhi, however,
flowers cpening in early Februery did set fruits. From experiments conducted
at Delhi, Indore and Hyderabed with cultivaers JG-62, L.550 aml C-304, they
observed that except at Delhi the first formed flowers set fruits ranging
from 83 % at Imdare to 62 % at Hyderabed, At Indore the maximum and minimm
temperatures were 25°C and 15% during the period of opening of flowers.
They opinioned that low temerature was the cause of failure of fruit set
in Delhi. Again Sinha aml Cowarkers (1980), observed a genetic variably
in sensitivity to low temperature, as some mutants set fruits in low tem-
perature, whil¢: the perents did not set fruit. By subjecting the shoots of

parents JG-62 and mtant M-450 to temperatures 15°C, 20°C and 25°C befare
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opening of flowers, they studied the germination of pollen grains amd
pollen tube growth. They fourd that the parent had 24 and 32 pertent ger-
mimation where as the mitant mad 42 and 46 per cent germimation at 15°C
and 20°C respectively and at 259C there was no significant difference in
germination between the two, At 15°C and 209C prebloom temperature the

pollen tube growth was also found to be mare in mitant than the parents.

Saxena and Sheldrake (1980) et Hyderabad cbserved that pad set
commenced with the onset of flowering, but at Hissar, the flowers of early
cultivars and late sown cultivars did not bear fruits while temper:ature
was low. They fourd that the pod set commenced in ell cultivars at the
same time when the temperature were high enough, irrespective of time of
flower initiation. Herlier, Sheldrake and Saxena (1979) observed that as
compared to plents grown in optimum soil !_noisture, the moisture stressged
plants showed an earliness in flowering, padding aml maturity and theyr

atiributed this to high evaparative demanis in relation to air temperature.

Ejrfet (1977) » concluded!that’:ln general, early maturing genotypes are
lezst susceptible to envirommental influence. Summerfield et sl. (1980),
also arrived at a similar conclusion with their studies on the long duration
cultivars and short duration cultivars. They found that the long duration
G~130 yields best when day temperature is maintained at 30°C tb@Mut
the growth, but it is po&ly adapted to hot days during the reprciuctive
period. The shart duration cultivar Annagiri hags a similar response, but
by maturing most of its pods befare the days became really hot, it produced

larger than averasge yields by escaping the potentially adverse conditioms.
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Cultivars L-550, Rabat and RS-11 showed very similar responses to G-130,

whereas, cvs. 850-3/27 amd P-222-1 were very similar to Annigiri.

2.4 Factars affecting growth and development of chickpea

2.4.1 Vernalisation and photoperiocd :

Day length bas an important role in the growth and development of
chickpea. Nanda and Chinoy (1960 b) studied the effect of vermalisation
and photoperiod on the growth, mumber of branches and leaves per plant,

The effect of photoperiod on the stem growth was more marked in unvernalised
than in vermalised plants. The initial rate of stem elongation was greater
under long day conditian trestments than with normal end short days, but
maximm plant height was reached umier 18 hour day treatment. Vernalisa-
tlon hastened stem elongation, so that stem length was reached somer in
vermlised than in unvernalised plant under the same phOtOpatﬂ'Cﬂ tr eatment,
The effect of vernalisation was marked in plants exposed 0 shorter day
length than those unier longer day length., There was highly significant
positive carrelation between the vegetative phase and the pericd of attain-
ment of moxirum height, indicating that the effect of vernslisation and
photoperiaisn stem grovth 1s provebly due to their effects on flowering.
Branch production unier short day wes found to be less than under normal
day and they suggested that possibly this is because of reduced carbon
assimilation. Vernalisation also reduced branching Irrespective of photo-
Perlcdie treatments. Similar treunds were observed by them in the munber

of leaves per plant under different trestments.
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fandhn and Hodges (1971) in their growth chamber experiment with
elght chickpea cultivars with various combinations of 8 to 12 h, @ 16 h
photopericd light intensity of 136 ar 28063 lux cbserved growth amd yield
highest with 16 hour photopericd. +van der Maecsen (1972) reparted yield of
ciry matter was higher in long dsys amd inereasing photopericd was more
favourable far this than decreasing photoperiods. Fandey et al. (1977)
. on the other hand in their smdies‘ with 15 chickpea cultivars cbeserved
that long day comiitions decreased the mumber of primery braxiches am
total dry matter, while the nmatural day comiition produced mare brariches

and dry matter.

2.4.2 Idght intensity :

It was reported by Bandhu and Hodges (1971) that law light intensity
favour vegetative growth and it influences fruilt set indirectly. They
further dbserved that growth and yieldjwas greatest in higher light inten-
sities, which was confirmed by van der Maesen (1972), who found that all
the parameters of growth anl yield was enhanced significantly. Idght inten-
sity has been indireetly studied by investigating the effect of shading on
growth and yie.'i.d. When horizontal shade was given to a canopy during re-
productive pericd of growth at Hyderabad to reduce the photosynthetically
active radiation (PAR) to 50 %, sencsceme was delayed and yleld significantly
increased upto 15 % and this was escribed to the fact that shading reduced
to stress which was accelerating sencscence process, Mareover, it vwas

thought that light intensity would be near saturation even by reducing the
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PAR to 50 %. Further reduction in light intensity delayed senescence,
even further, but reduced the yield, The same trend was seen by Sinha

apd Cowarkers (1980),

Bexena and Sheldrake (1980) in the shading experiment with different
light transmission pez;'cent at Hissar with four chickpea cul't';iva;'e from
pod stage observed that yleld was progressively reduced in all cultivars
with the increase in thickness of shade or with decrease in light transmi-
ssion percentage. i’here was significant reduction in yield in all the
cultivars even with the shade intercepting only 25 % of the sun light.
Drastic reiuction in total dry matter, harvest index and pods/me and seeds/
pod occurred at 8% % light interception t1.e. 16 % transmission. They
concluded that at Hissar light became the limiting factor to dry nﬁtter
production and yield, even at levels anly 15 % below full sun light. Due
to high leaf area value (5.0) at Hissar with mtual shading 1ight penc-
tration with the canopy is hix;dered, causing light a limiting factar, A%

Hyderabed L.A,1 is low (2) and lgnt transmission ratio was about 50 %.

2.4.3 Temperature

The effect of temperature on growth development and yleld of
chickpea has beei"i*‘l%’jf‘"way of steggered sowlrngs and the optimim time of
soving far gram has been fourd to be from mid-October to end of October.
Earller ar later sowings other than that period resulted in poor growth

and low yield in most of the cultivars (Baxena and Yadav, 1975).
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' Ben amd Mukherjee (1961) from the:lr fartnightly sowing studies
from Octobe:; to mid-June observed that the yield of gram was eleven
mounds when sowi in Octcber end and it reiuced to four mounds when sown
in January. This was due to poar growth anmi resulted in poor pod forma-
tion when sown late. Agein Sen et al. (1964) from a detailed six fort-
nightly sowing trial camencing on 28th October through 1957-60 observed
plant height, munber of branches and pods per plant prqgress:lvely decreased
with delay in solwing dates. Sharma et ai, (1967) in a two year trial in
Ferozpur with tweive desi and elght Kabuli types of chickpea sown at
three folrtnightly intervals from 21lst October observed that mid early
sowing (2lst October) resulted in higher growth, thereby leading to higher
yields, Later scwings resulted in lower yield in all the cultivars.
These findings were confirmed by Sur et al. (1966) from their six fart-
nightly sowing studies commencing from 13th Qetober amd by Mathur and
Tomer (1966) from their results of three year trial sown on three Idates_
from Ist week of October, Iuthra amd G111 (1974) in Punjeb umier irrigated
trials with cv. Po-7 with periaiical gowings £rom 10th October foumd

that yields declined by delayed sowings.

Eshel (1967) in Isracl in field trials with two cultivars of chickpea
Califarnia ard Bulggaria sown at 3 weeks interval from 28th October to 16th
May observed that delayed sowings shortened thel growing period am caused
a great reduction in plant size, mmber of majn and sub-branches amt pl@t
total dry weélght , THe reproduction ability was also greatl'.ly reduced with

delayed sowing resulted in poor yield. van der Meesen (1972) found that
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plants produced mare dry matter and grain when sown early. Kaul and

Bekhon (1976) in their fortnightly sowing trials from Ist Octcber to 15th
November with three varieties i.e. G-130, L-335 and L-550 during 1973-Th
observed a significant reduction in plant height, mmber of branches, pods/
plant and yield with delayed sowings and they attributed this to the fall
in air temperature when sowing was delayed. The podding potential also

showed a sharp reduction due to delayed sowing.

A detailed study by Ageeb and Ayoub (1976) in Sudan in different
types of solls with fartnightly sowings from Ist October to 21st January
revealed that plant survival, mmber of pods and seeds per plant, total
dry weight®plant at vegetative reproductive and at harvest decline T OgT e-
ssively from sowlngs of 2md week of November. This was true far the crop

growth rate far gll the sowings from one month befare flowering.

Summerfield et al. (1979) reparted promoting effedts of warmer nights
and longer days on vegetative growth, early flowering, raplid leaf senescence
and pod maturation. Recent studies of Summerfield et al. (1981) on 15
chickpea genotypes of various maturity period revealed that the appearance
of perfect flowers was hastencd by longer deys and warmer nights » reduced
the vegetative pericd amd reduced seed yield frem b4 to 15 par cent. They
found that hot day not only had a great effect on pod anl seed mumbers per
plant, but they also decreased the mean seed dry welght slightly (4 %). on
the other hand warm nights had the opposite effect which tended to effect

the detrimental effect of hot days. They further observed that in cooler
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environments plants which had slightly sharter reproductive periods
ard which produced fewer pods and smaller sezds matured sooner than
those which had longer reproductive pericds amd larger ylelds, Longer
hot deys and warmer nights, also contributed to rapid maturity. Varia-
tion in vegetative growth contributed more to changes in crop duration

in camparison to reproductive growth.
2.4b. 4 Water stress :

Lven though chickpea is grown as an unirrigated crop in mapny parts
of India, it has been seen, irrigation of chickpeas during repraductive
Phase generally leads to incressed growth aml yields. Sheldrake and
Saxera (1979) observed a ten fold inerease in yield and dry matter pro-
duction with irrigation, while they saw that a moisture stress results in
earlier senescence and maturation in Plants, resulting in low dry matter

praduction and yield.

2.5 Correlation studies in chickpen

Idterature pertaining to carrelation studies in chickpen are

summerised below.

Carrelation studies between No. of Corr-

culti- ela- Workers
Character vs character(s) vars tion
1 2 3 +‘{- 5
Seed yield Plant height 9 + Baluch amd Socurp (1968)
y " 45 - Xatiyar et al. (1977)

"

Leaf ares 0 - Bingh (1968)
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1 2 3 4 5
Seed yield No. of branches 9 + Baluch and Socomro (1968)
" n 10 + Bingh (1968)
" " 15 +  Bharma et al. (1969)
" n 60 +  Bhardwaj and Singh {1972)
" n 20 % Joshi (1972)
" " 20 +  Choudhry and Khan (1974)
0 n 81 +  Patel and Pokle (1974)
" ' " o1 +  Bahl et al. (1976)
o n 10 + Oraon et al. (1977)
" " 75 + Bingh et al. (1977)
no n 45 + Katiyar et al. (1977)
"o " 50  +  Gupta am Sohanlal (1981)
' e vay 5 - Ketiyar (1979)
n Pods /plant &
Seeds /plant 15 +  Katiyar (1979)

. 100 seed wt. 15 +  Bharma et gl. (1969)
" " 15 + Phadnis et gl. (1969)
n .u 60 + Bhardwaj and Singh (1972)
" " 8i + Patel amd Pokle (1974)
" n 21 Bahl et al. (1976)
. Biological yleld 1k + Lal (1976)

and harvest index 16 +  Banl and Jain (1977)

" n

50 + Gupte and Schanlal (1981)

contd...



29

1 2 3 p)
Seed yield No. of flowers 15 Sherma et al. (1969)
Effective Total plant
pod rumber welght 30 Dahya et al. (1976)
100 seed wt, Seed No./pod 20 Choudhry and Khan (1974)
" " 21 Bahl et al. (1976)
" Seeds /plant %o Choudhry and Khan (1974)
" Pod number 10 Oraon et al. (1577)
" Days to
meturity 10 Craon et al. 1977)
Days to Flowering Y
flowering period 10
" Seed muber/ |
plant 10
" Days to |
ma tur Lty 10
" Plant height 10 "
" No. of leaf 10 "
" Total No. of .
pads. 10
" 100-seed wt, 10 "

From the above table it is clear that among the vegetative attributes

the nmumber of branches per plant was the most impartant component which

alweys had positive carrelation with yield. However s the plant height slso

showed pasitive correlation with yield,

The reproductive attributes which

showed positive carelation with yield were number of pods per plant, seeds

Per plent and 100 seed whight . Although days to flower were positively
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related with flowering period it was found that both these characters
had negative carrelation with days to maturiﬁy s plant height, mmber of

leaf per plant, total muber of pods per plant anmd 100 seed welght.

Ed

2.6 Leaf Area aml Dry matter production

The pattern of dry matter accumulation in shart and long duration
chickpea cultivars cv, JG-62 and T-3 respectively grown at Hyderabad -
(Peninsular India) and at Hissar (North India) was studied by Saxena and
Krishnamrthy (1979). They observed th;t at Hyderabad leaf area contimed
to increase along with stem welght half way through reproductive phase.
However, in cv, T-3 there was better net gain in weight in vegetative
structure after flowering. The leef area began to decline only during the
late reproductive phase. In both cultivars there was no net gain in pod
mmber per plant af ter LAl started to decline rapidly due t0 senescence
and abscission of leaves. This decline in leaf area began earlier in late
cultivars than in early cultivars, though in both cases IAl fall at the
start of reproductive phase, BSaxena and Sheldrake (1980) described the
pattern of sccumilaticn of‘d.ry matters in cultivar grcwn at Hissar.
Iizcrease in leaf area and addition of dry matter contimed even befare
flowering in both the cultivars, Si,n'r;e chickpea is 1nde’qerminate/addition
of dry matter in vegetative structure, contimes even after the on set of

T eproductive growth, which is more vigaraus in early cultivars like JG-62,

Padl nunb er 1mgeased hand in hand with the increase in dry matter

and leaf area, but once the leaf area started declining there was no
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increase in pod mumber. The accumlsation of dry matter continued for a
protracted perfod owing to longer growth duration. Saxena and Sheldrake
(1980) concluled that scurce is not a Serimm‘constraint to total dry
matter production, but yleld was relatively more sensitive than totel dry
matter production. Since the capacity of flowering amd fruiting potential
of this crop is not limiting, the achievement of greater dry metter pro-
duction based on improved photosynthétic rates per se @ scme related
attribute such as RuDP carbdhylase activity or chg¢larophyll content could
be positive on approach to get higher yields (Kumari and Sinha, 1972;
Sinha, 1977). However, Summerfield _e_t_ 2l. (1980) did not agree with the
above suggestion because in their opinicn selecticn far photosynthetic

rate presents very great problem with very little surety of return.

2.7 Source sink relationship in chickpea

The two impartant factors that determine the yield are photoassimilate
supply (source activity amd the starage capacity e.g. number am size of
pods and seeds (sink size). Saxena ani Sheldrake (1980) tried to evaluate

whether source ar sink is limiting the yield of chickpea.

Baxena and Sheldrake (1980) studied the effect of defoliation at
different stages of growth and the effect of Aifferent degrees of defolia-
tion throughout the repraductive phese. Different degrees of defoliption
carried cut at the time of flowering and contimed throughout the repro-
ductive phase showed that the removal of 25 %, 33 % or 50 % of the Leaves

hed little o no effect on yield. They found that removal of half of the
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leaves at the time of flowering resulted only slight reduction in yield
amdl camplete defoliation at the time of flowering lead to yield reduction
of 30-40 %. Yield was reduced with higher degrees of defoliation largely

a consequence of reduction in pod numbers per plant.

Evaluation of the source was also done by observing the effects of
sheding on yield and yield component by placing cloth shade over plant
throughout the reproductive period. Shading involved 75 and 80 % reduction
of light intensity had not significant effect on yield; Under thinner
ghades (50 % light reduction) the yigld was significantly increased over

controls.

Further evalnation of sairce effect was done by flower removal and
i1ts effects were observed on yield and yleld components. Flower removal
lead to the reduction in yield as a result of reduetion in pod mumbers,

The total dry matter production of deflowered plants was also reduced.

It was concluded from the above studies that the size of the photo-
synthetic source did not seem to be the main factar limiting yield, They
suggested that leaf area is not a primary factor in limiting yield., However,
the remaining leaves might be able to compensate for the removal of leaves
by an increased photosynthetic rate. They ruled out the possibilities of
such treatments modifying the wdter balance, slince the vater potential of
defaliated and non-defoliated plants did not differ, Gomparison of results
at Hyderabed and Hissar suggested that leaf area iz not a serious constraint

for total dry matter production, but yield was relatively more sensitive
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than was total dry matter yroduction, but yleld was relatively mare

sensltive than was total dry matter production to defoliatiocn.

The effect of altered sink size was evident on partltioning of dry
metter. The prevention of pod set by different flower removal resulted in
both roots and nodules and delayed senescemce in plants: Removal of the
flowers on same branches and not on others of the same plant resulted in
delay;ad Senescence on which pod set was prevented. They suggested that
the stimlus of signal that initiate senescence was related to pod set and
was localised within the plant, as observed and repcn'téd far soybean by
Lindoo ard Nooden (1977). They finally coneluded that chickpea plants have

sane ability to~co§:npensate far the losg of potential sink.

2.8 Effect of chemieals ircluding growth resulators on chiclpes

Most of the investigations on the effect of growth regulatars in
chickpea has been of a pure physioclogical mature in which the chickpea
happen tolbe chc;aen as & test plant, however, there are mmerous reparts
where thé response of chickper to these have been studied in order to
improve yields,

2.8.1 Gibberellins

Studies pertaining to Gibberelling have been exclusively done with
Gibberellic acid.(GA3). The earlier researches by Hugon (1960, 1961, 1962)
and Mange (1962, 1969) showed that GA at 50 ppm caused the release of

apical dominance and thus influencedbranching and stem gI'Owﬁh.
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8ix weekly foliar sprays in the early stege of seedling growth were

' investigated in pot by Uprety (1968), who found that GA3 (100 ppm) increased
plant height and leaf maxbers both in the dweTrf NP 58 and tall NP 28,
However, in comparison to tall it had greater effect on dwerf variety.
Further, it reduced flwering,\niiz'ogen percentage and both and total yleld
in both cultivars. On the ’cont.ra.ry KM%iB trials

et Llyalpur found that Gh at concentrations of 50, 100 and 150 ppm when

applied as folier spray in seedling Btage, They chserved & significantly

increased flower mmber, pod setting, seed yleld at all conbinations and

e p— p——

50 ppm being the best. Mange (1968) showed that gpplication of 100 ppm

@A to young seedlings resulted in an inerease in total sugar content ami

amino acid content in the stem and had an opposite effect on the total

nitrogen content. He reported' an increase in organmic acid content in the

-— —

leaf and a deerease in the stem. Mange (1969) studied the effect of GA
in light and dark on chickpea seedlings and he foaund that GA accelerated

the irerease in internoie length with increase in sugar content, while in

——

light GA incressed the total dry matter, total N-content, respiration of

e ——

—— e

the above ground parts and decreased considerably the carbohydrates, neckle
and citric acids in roots. In seedlings of gram Mange (1972) found that
GA at 100 ppm increased synthesis of soluble sugar from aspartic acid and
Ulhc glutamic acid. In darkness decarbocylation was increased and opposite
effect was seen in light, Swaraj and Garg (1969) showed under pot culture
conditions that gram inoculated with rhizcbium strain 110 amd treated with

20 and_' 100 mg of GA or ascarbic acid alone or in ‘ecmbination to the apices
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of planta 60 days after sowing accelerated noduletion, gtimleted H-fixation,
‘4roreesed mnber and welght of nolules and N-content in these plants.
Svara) amd Gerg (1970) cbmerved that GA did not increase pod weight and

¥ o
seed welght, mareover, it delayed pod formation. Menta ot at. (1974)

fonnd that GA reversed the inhibition of seedling growth and activities of
lpase and catalzee in embryo axis of gram, caused by wphccun. Hehte

et ad. (1975) found that GA incroaged the activity of asyluases in chickpea,

208.2 Qtokinim

As carly as 1960-61 Hugon showed the importance of cytokinin in
release of spical domimance with 5-10 ppm of kinetin, Hugon (1969) founi
that the treatment with 5 fluarocdeoxy uwridine elerinated branching induced
by cytckinin epplication. Further Hugon (1970) reparted that the applica-
tion of cytokinins promoted the wigration o P32 along the rain exis to the
terminal buds anl its incarporation into amino acids aml the «ffect of
cyjt;okinin could be nullified by cooling the atem or nodes of the seedling.
Uscilati et al. (197L a) cbservel the inhibition of the sxillary buds of
eight doy old chickpea seedlings was averccme by the application of benzyl
adinine (BA), Treatment of decapitated axiliary buds by BA showed that
the eltngations was indeperdent of tho presence <o the bud. The resuls
showed that the process of olemination of initiation o&’ axillery but deve-
lopment began at the base of the buds, Uscilati et ad. (1974 b) cbmerved
that the application of BA to bud caused stimletion of lipogenisis by
six hours after treatment anl telly apid contents of the activated buds
was tirece times that of control.,
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2.8.3 Auxins

Fewer reports are available on the effect of auxins on chickpea,
however, in literature both synthetic and natural sauxins had been used.
Rodriguz Lopez (1953) reparted that.2, 4-D depressed seed germination
when the seeds were soakel far U4 hours in a 2-20 ppm aduous solution.
Similar treatments with 2-5 ppm « -napthyl acetic acid and o 5 -papthyl
acetamide stimulated shoot growth. Only the eultivar 'Augulcso blanco'
groun for 30 days in the field after germimtion 'i"or, 11 days showed 1lncre-

ased welght especially after treatment with ]3 -indole acetiec acid.

Srivastava and Tamer (1973) in trial with chickpea mitent, very
suscgptible to bl‘ld drop, cbserved that by spraying Indole-3-acetic acid
(IAA) 10 ppm or 50 ppm fifteen days after germinatlion reduced bud shedding,
Treatment of chickpen seedlings in vitro with IAA stimilated tryptophan
activity by 300 % (Srivastava et gl., 1973). Mukherjee et gl. (1969)
used foliar sprays of 10 pp:ﬁ IAA on 18 day old gram seedlings and cbserved
an lncrease in shoot growth and 1t also indueed adventltious root foarma-
tion. Khan W) observed that spraying with Alar (diami-
nozide) at 500 a 1500 ppﬁl or with Plano-fix whose.active Ingrgdilent 1is

\/ﬁapthyl acetic acid (WAA), at 10 ar 30 ppm significantly increases £lower

mrber per plant, roved seed setting and gave higher yield over un-

treated plants,

2.8.4 TIBA (2,4,5-trilodobenzol acid)

Sinhe and Ghildyal (1973) reparted that trestibg gram plants with
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500 ppm TIBA at the start of flowering increased grain yleld and 100 seed
weigl.mt. Tikoo et al. (1974) found that foliar epplication of 75 ppm TIBA
at seedling stage inerecased plant dry matter by 5 %, reduced helght by

29 %, inoreased branch height by 57 %, pod mumber and seed yield by 78 %
in ev, BG-7. Response of different chickpea varieties to foliar spray of
TIBA (Saxena and Yadav, 1975) was studied at different agroclimatic centers
with and without spray of 2 % urea solution a2t pod f£illing stage, Both
TIBA and urea spray increased yleld. At Pantnagasr, even lowest concentra-
tion of TIBA (5 ppm) showed regulantary reffects on temparary soreading of
the crop canopy. Studlies at Indhiana revealed that the response to TIBA
wag dependent on the status of soll molsture supply in relatiom to crop

growth,

2,8.5 Growth retardants -

Cycocel (2, chlcromethyl trimethyl ammonium chloride ar CCC).

Response to chickpea to folier spray of cycocel at flower initiation
was studied at New Delhi (Ahlawat et al., 1973 and Saraf et al., 1974) amd
at Ludhiana (Kaul and Sekhon 1974) using H-355 ami G-130 varieties. Though
the results at both the centres were inconsitgnt, 0.2 % cycocel inecreased

effective pod nunber.

B,9%5 (N—gr_neth,[l amino suceinic acid)

Uprety (1968) applied 500 ppm of B 995 as foliar spray fa 6 weeks

at weekly intervals to 7 days old seedlings of tell NP 28 and dwerf NP 58
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gram cultivars grown under pot culture conditions., He cbserved that B 9%
significantly increased the nurber of flowers, fruits and seeds amd yleld
per plant. A marked reduction was seen in plant height in both cultivars,

which was more merked especially in tall NP 28.

2.8.6 Miscellaneous chemicals

Ascorbic Acid

Svaraj and Garg (1969) cbeerved timt chickpea seeds grown in samd
culture supplied with solutions containing 20 or 100 mg ascarbic acid/litre
increased nodule formation, nodule mumber and its fresh and dry weights.
The nitrogen content of ascarbic acid treated plants was 2.5 times mare.
The pod farpation started earlier and the pod number and seed yleld was
more than control plants., Similer effects were also observed by Kaul am

Sekhon (1974) and Gurbaksh Singh (1975).

Succinic Acid @

Ahlavat et al. (1973) reparted that H-55 cultivars of chickpea
showed 20 % incresse in yield when seeds were treated with 0.2 9 succinic
acid solution, however, in subsequent studies no such response could be
cbserved with seme cultiver by Saraf et al.(1974). On the other hand
Kaul and Sekhon (1974) reparted that soaking gram seeds far 5-6 hours in
0'2.% aqueocus solution of succinic acid enhanced the growth am yield by

20 %.
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Other chemcals :

Kaul and Sekhon (1974) sosked gram seeds in other chemicals like
KHQPQu; Cusoh, K€L, ZnSo), MaSol, beric acid and molybdic acid. They
found that scaking seeds in 0.5 % solution of Potassium hydrogen phosphate
and 0,05 % copper sulphate solution increased vi eld by b4l %, Rest of the

chemicals did not show any positive result,

2,9 Biochemical studies on chickpea

Different bioche_m_ieal aspects have been studled extensively on
chickpea, however, they are mostly confined to whole seed, germination
and seedling stages and very little information is availzble with respect
to biochemical changes during reproductive phase. No attempt has been
msde in the literature to caupare the biochemical changes in fresh am
abscised plant perts, however, sparadic infarmation exist with respect

. to certain biochemical aspect which have an indirect bearing to shedding.
This review is limited only to those biochemical changes which are
associated either with the components of reproductive efficiency or which
have a relevance in the realisation of the same, Moreover, it 1s confined
only to those parameters which‘ have been used in the present study namely

proteins, sugars, arganic acids, mclelc aclide and pigments,

2.9.1 Chemical composition

Very recently Jambunathan and Singh (1980) compered the chemical

constitution of a mumber of desi and Kabull chickpea cultivars and reported
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that the mean percentage values for protein, starch, sugar, fibre, fat

and ash wige 22.4, 49.2, 6.1, 2.7, 5.4 and 3.1 far the Kebuli cultivars

and 22.0, 45,6, 5.3, 8.4, 4.6 and 3,4 far the desi eultivars respectively
and concluded that the quantitative difference in seed caat of Kabuli
cultivars appeared to be consistant and real and can be used to distinguish

the two. However, first repart was given by Lal st al, (1963)

Seed protein content has been estimated by different workers., Esh
and De (1960), Chandra am Arora (1968)amnd Kadwe et al. (1974). The seed
protein content has been estimated by other warkers also. The changes in
protein and amino ac:l.d content during seed germination and Seedling growth
had been deseribed by lhmodaran et al, (1946), Jadhav and Airam (1961) and

Abu Sakhara et al. (1970).

Hadi (1966) reparted that the quantity of RMA present was 13 g/100 g
and that of DNA was 0,88 g/100 g &€ seed. They obgerved that the nucleic
acid declined. In the farst days of germination by 23 %. However, this
decrease was not accompanied with an increase’specific activities of the

respectivwe mucleases.

Sayena and Krishnamwthy (1979) amalysed the pods and seedsin chickpea
for their Nitrogen (N), Pnosphorus (P) and Potash (K) contentsand they
reported that the seeds contain 4,15 %,' 0.31 % and 1.37 % of N, Pam K
respectively, While the pad wall comteins 0.73 %, 0.06 % and 2.3% % of
N, P and K respectively.

Saxena and Krishnamurthy (1979) studied the changes during growth
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and develcpment in chickpea plants., They found that nitrogen content in
general commenced to decline progressively fram 20 days after sowing both
in stem and leaf with time +1ll flowering and this decline was more steep
in the leaf than in the stem. They further cbserved a sharp fall in the
leaf nitrogen with pod set, Similar pattern of changes was observed far

Pam K,

Pokhriyel and Abrol (1980) studied the extent of nitrate assimila-
tion via the enzyme nitrate reductase (FR) in relation to total and
reduced nitrogen in chickpea (ev. BG-209) plants at different stages of
growth, They fourd that soil derived N accounted for 15,1, 8.3 and 7.2 %
of the total reduced nitrogen at preflowering (I), profuse flowering (II)
and seed f£illing (III) stages respectively. Out of the total soil derived
nitrogen, 10.1, 59.3 and 30.6 % was reduced during stages I, II and IIT
respectively. They observed that befare profuse flowering phase (II) there
was an accumilation of reduced N in the stem and a significant rise in NR
activity paralleled by an inerease in NOy content. They suggested that
this was associated with the heavy demand of N during this period. They
observed that maximum acculmla;tion of reduced nitrogen and dry welght took
place during this period. They concluded that & high incidemce of flower
and pad shedding mey be related to the fact that supply may not be able

to cope with the demand.

2.9.2 Qrganic acida :

Studies on the arganic acid in chickpen have been made by Mange
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(1965) who observed an increase in arganic acid content in stem when .
treated with GA, Remdas et al. (1979, persomal commnication) reparted
for the first time that chickpea is prcbably the first field crop with
crassulacean type of behaviour since maleic acid increased during the
night and decreased during the day: However, Sindh ami cowarkers (1980),
from their study of diurnal changes of maleic acid far three hours found
that the accysulation was maximum at 18.00 hours and it stayed as such
throughout the night and next morning until it was washed away by dew.
They observed that organic acid is exudated by all parts of the plant,
maleic acid being the main one. They estimated the maleic acid content
on the surface of leaves and fruit wall of chickpea at different stages -
of growth and faind that it progressive.'ly' 1ncre§sed in the order of vege-
tative, preflowering, flowering, pod setting aml seed development stages
at 5, 9,' 12, 19 a;1ci 15 m.eq. per g respectively., In young pod walls it
went as high as 48 m,eq./g. They doserved that the maleic acid content
fnor eased 2.5 folds with the increase of temperature from 5 to 30°C., They
also noted that the amount of malelc acid exudated was much reduced when

the giands on the surface of leaves were brushed away.

2.9.3 Fhotosynthetlic rates anmd Chlarophyll content

4

Kumari and Sinta (1972) studied the variation in chlarophyll contents

in leaves during flovering and ped development in 21 chickpea cultivars.
They observed a variation in chlarophyll a (1.720 - 2.720), chl b (0.075 -

1.845) and total chlarophyll 2.395 - 4.565 mg per gm of dry welght, during
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flowering anl the ratio between chl a.and b varied fram 1.4 and 2.59.
During pod develcpment they chserved & fall in chlorophyll contents.
Thus the chl., a content varied from 1.615 to 2.170, chl., b fram 0.720 to
1.300 and total chlarophyll from 2.335-4.155 and the ratio narrowed from
1.65 to 2.46. They suggested that this reduction in pigments might be

releted to low the photosynthetic rates.)

Sinhe amd Cowarkers (1980) studied the type of Cop fixation in
chickpea and estirmted the'RuBP carboxylase and PEP {(exdoxylese activity
in normal and brushed leaves (to remove glands) at different stages of
growth, They observed no significent reduction in the activity of RuBP
carboxylase. On the other hand about 80 % of the activity of PEP carbo-
xylase was removed by brushing the glands aml hence they suggested that

the plant hes narml C3 type of Co, fixation,

2.9.4 Biochemical changes during seed development :

Verma et al. (1954) cbserved that the total N-content went down as
seed matured., However, Abu Shakera et al. (1970) obmerved that during seed
development there was no change in total nitrogen content, A detailed
study of changes in carbohydrades, amino acids ani proteins in developing
seeds of chickpea wae carried out by Singh et al. (1981). Developing seed
of chickpea cultivar viz., G-130, L-550 and 850-3/27, grown under field
corditions, were sampled at different stages of maturity and analysed far
soluble sugars, starch, soluble nitrogen, protein-nitrogen and amino acﬁs.

They observed that the fresh welght of seeds of all the three cultivars
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d=ereased upto 28 days of flov:ering,while dry mtter contimed to increase
thereafter till seed maturity. Repid starch accumulation was cbserved
between 14-18 days after flowering. The amount of starch in L-550 and
G-130 decreased between 21-35 days after flowering but it remained cons-
tant in 850-3/27., Most of the starch sccumlated from 14-28 days after
flowering end this was more proncunced in 850-3/27. Changes in the amounts
of the soluble sugars accompanied during the same period, therefare, the
period between 14-28 days after flovering was found to be the period of
intense bio-chemical acitivity. Starch as percentagé of seed dry weight
started to decrease after 28 days, while starch per seed increased till

raturity.

Soluble nitrogen also decreased upto 28 deys after flowering ani
then remained constant till maturity. They suggested that during early
stages of development, soluble N was rapidly utilised for synthesis of
proteins, which consequently increased. The solubie nitrogen when
expressed as mg/Beed increased upto 21 days after flowering., Percentage
of protein nitrogen increasled slowly throughout the developnment stages
in G-130 apd L-550, Their results suggested that rapid protein deposi-
tion occurred during the period between 14 amd 28 days, However, protein
nitrogen per seed to increased upto 30 days after flowering in all the
cultivars. The electrophoretic pattern revealed that deposition of seed
storage proteins ar cotyledons occurred 14 deys after flowering and
pccarding to them most of the biochemiceal activities apparently oceurred

within 24 and 28 days after flowering., Most of the amino acid increased
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during ssad devclopment, however, they odaerved that sulphur containing

arino scids (methionine and cystins) Qecressed almg with valine. Varxe
ard Ial (2956) reportsd that total soluble and incrganié phosphorus frace-
tiops increane] with development of sezds and its paturity and the lager

decrease in P-compouni was secn in seced coat (lal anmd Verma, 1968),



3. MATERIALS AND METHODS

Investigations were carried out with Chickpea (Glcer arietimm L. )
during rebi season of 1979-80 and 1930-81 at Inmdien Agricultural Research
Institute, New Delhd (28°,35'N, ani 70°.12'E). To meet the major objectives

of the present investigation expariments were categorised into following

groups 3

I Eveluation of reproductive efficiency of the various genotypes.
II Improvement of repraductive efficiency by chemical manipulstions.

IIT Biochemical studies on the fresh and abscised plant parts.

I. EVALUATION CF THE REPRODUCIIVE FFFICIENCY

3.1 Experiment No.l. Evaluation of the reproductive efficiency of
different genotypes of chickpea -

. The experiment was coniucted both under field and pot culture under
natural dey light conditions. The genotypes under study were the types,
JG-62, C-235 and nine BG lines viz., BG-203, BG-209, BG-212, BG-215,
BG-216, BG-217, BG-220, BG-226 and BG-227 almg with the Kabuli type
L-550. The seeds were treated with a single strain of Fhizobium culture

(B-75) before sowing.

A, Field trial :

The field trial consisted of raising of the above genotypes in a
simple randomised bleck design with three replications., A presowing irri-

gation was given in order to meintain optimmm moisture level for germination
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of seeds and normal agronomic practices were followed from sowlng onwards,
A basel dose of 15 kg nitrogen as urea end 25 kg of PoO5 as super phosphate
per hectare were applied. A suppl¥mentery irrigation was given just before
flowering. Plot size was 10 x 1.5 meters far each cultivar with spacing

of 30 ems between row and 10 cms between plant, As the normal date far
sowing of chickpea is arourd the middle of Cetober, the sowing was done on

19.10.1979. The respective cultivars were harvested as and when they ripened,

B, Pot culture experiment :

Earthen pots of 30 cms diameter were filled with a mixture of 10 kg of
well sieved farm soil and well decomposed farm yard mamire In the ratlo of
3: 1. A basal dose of fertilizers as described earlier wes given., Initially
elght seeds (2 seeds/hill ) were sown and after 10 days the seedlings were
thinned and finally four plants i)er pot were reteined. All the pots were

regularly watered to malntain adequate soll molsture.
The sowing date was the same as the field viz,, 19.10.1979.
Bampling :

In field ani pot culture the first sample far each cultivar was
taken 30 days after sowing (DAS), thereafter subsequent samples were taken

at 30 days interval until the time of £inal harvest.

3.1,1 Obgervations and experimentel procedure :

For all the replicates of each cultivar the following data were



recorded :

1, Days to first flower

2. Total mumber of flowers
3. Days to first pod

4, Peak flowering

5. Flower duration

6. Crop duration

3.1.2 Mcrphological cbservations @

At the time of each sampling the following morphological coserva-
tions were recorded from three plants per replication and results were

expressed @n per plant basis.

l. FPlant height

2. Fumber of branches of primry acder

3. Mumber of branches of secondary and tertiery order
L, Total mmber of branches

5. Total nuxber of lesves
3.1.3 Leaf area anmi matter oduction :

Bamples were taken at 30 days interval from time of sowing to
final hervest. Three planffs were harvested from field from each repli-
cate at random. These plant parts were dried at 80°C in an oven and

.Welghed subsegquently,
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TLeaves from representative plants were teaken and their area was
recorded on Hitachi automatic leaf area recarder amd then these were
finally weighed after drying. The area of the rest of the plants were
computed on the basis of area to weight ratio of tl;e sampled leaves at
each harvest per replicate far each genctype. The results were expressed

on per plant basls,

3.1.4 Yield and yield components at final hervest

The crop at maturity was harvested from half square meter -area from
two places and pooled for final yleld dats,

The following data were recorded ¢

1, Total muber o pods.

2; Mumber of narmal or filled pods.

5;. Rurber of abnmrmal ar_unfilled pads.

4, Total mmber of seeds,

5. Pod weight,

6. Beed weight. Y

T. 100 seed weight.,
The results were expressed on per plant basis,

3.1.5 Evaluation of reproductive efficiency :

Parameters determining reproductive efficiency were calculated from
the various components (derived from reproductive attributes) and expressed

as percentage. The parameters used for evplution of repi-oduction efficiency
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were as follows :
1. Loss due to shedding
2. Pod set
3, Filled pad
L, Unfilled pod

5. Effective pod set

The detalls regarding the basis of calculations of above parameters

will be described later.

B, Pot culture :

In pot culture at each harvest five plants were sampled far each
cultivar and the procedure used and data recorded were identical to £ield

which has already been described above,

3.2 Experiment No.2 Studies on the influence of temperature (based on
diffecrent dates of sow:l.gg), on time, intensity and

duration of flowering and reproductive efficiency

in relotion to growth anmi development in selected
enotypes (1980-81).

Based on the performance of different genotypes during the year 1979-
80, three cultivars were finally seclected for detailed studies : ‘These
were J@-62, L-550 and BG-209,

BG-209 and L-550 were selected because reproductive efficiency was
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fowd to be highest in BG-209 and lowest in L-550 amongst the genotypes
examined and a2lso because they represented the desi and Kabuli types. JG-62
was selected since the reproductive efficliency was found to be intermediate

and slso because 1t had a double podded character.

The experiment was designed to reflect the influence of temperature

and hence this factor was studied by varying the dates of sowing.
Fleld trial :

The experimental lay aut was a randomised block design with five re-
plicetions and four dates of sowing for each of the three cultivers. Indi-
vidual plot size was 8 x 3 meters, with row to row spacing of 30 ems and
plant to plant distance of 10 cms with a population of 33,000 plants/ha.

All agronomic procedures were same as described earlier.

3.2,1 Dates of sowing :

Four sowings were done at 15 days interval commencing from Lth October,

1980. The dates of sowing were as follows @

First sowing 81 4.10,1980
Second sowing 82 19.10.1930
Third sowing 83 3.11.1980
Fourth sowing 8y 18.11.1980

3.2.2 Time, intensity and duration of flowering :

Representdtive plants from each replication were earmaried with the
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help of an iron peg, labelled at appropriete stages. Non destructive
doservations pertaining to detailed flowering behaviour were recarded a8t
5 day intervel subsequent to the appearance of first flower far each

cultivar and fa cach date of sowing,

"It was impossible to distinguish fresh flowers from one ar two day
old retained flowers unless the flower was veJ;-y fresh, Therefare, the
counts ineluded both the retained flowers as well as the fresh flowers
formed as on that day far convenience. They Wi.il be referred as flowers
retained on that specific day. When flowers drop peduncle ("Scar") is
retained and therefare the mumber of ebscised flowers have been recorded

on the basis of ‘scars' as shown in the Fig. l.

The following obeervaticns were reccarded @
1, Days to first flower

2. Number of retained flowers

3. Nurber of absclsed flower

4, Total mumber of flowers

5. Days to peak flowering

.6. Days to first pod

7. Bumber of pods farmed

8. Flower duration

9, Days to maturity

3.2.3 Morphological atiributes 3

Identical doservations were reccrded with respect to morphological
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attributes as given in section 3.1.2

The results were also expressed on per, plant basis.

3.2..1+ Changes in leaf area end dry matter production :

The leaf area was measured at 10 days interval in {the same manner

as explained in section 3.1.3

-

Three plants of each replicé.te from each cultivar were harvested at
10 day interval from 30 DAS to final harvest., The procedure adopted and
the chservations recarded were same as described earlier in seetion 3.1.3.
In addition to above, rate on dry matter production in reproductive organs

was also recarded.

3.2.5 Crowth analysis @

The various parameters of growth analysis were calculatel from the
above data only from the field trial. The following equations were used
to calculate the different growth parameters (c.f. Watson, 1952; Friend
et al., 1962; Reifard, 1967).

1. Crop growth rate SCGIQ

CGR represents dry weight gmined by unit area of crop in unit time.

! WE. - Wl
il.e.
to - ,tl

2. Relative growth rate (RGR)

RGR reprgsents increase in dry welght in time t) and t2 over the
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dry weight at time t3 :
Log Wa - ch Wl

ta - 11

i.e.

Where Wy and W1 represents the dry welght et time t2 amd tp respectively

in the above parameters.

3. Leaf arez index (IAI)

Leef sren index was measured in terms of total leaf area (en?) per

square meter of land surface.

4, Leaf area duration (IAD)

Leaf area duration vas calculated by integrating the lenf area index

from 30 DAS to final harvest.

3.2,6 Yield and yield components 8t final harvest @

The crop in field at maturity was harvested far each date of sowing
in similar mamer as described earller. The results were expressed per

plant basis.

The fonm}ing:observationa were reccrded
1. Total number of pais
- 2. Number of developed pods
3. Number of underdeveloped pods
4, totel mmber of seeds
5. Eeed mumber /pod

6. Fod weight
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7. Seed weight

8. 100 seed welght
B, Pot culfture

At each harvest 5 plants from each cultiver were taken. The proc&iure

followed apd cbservation taken were identical as described for fleid.,

3.2.7 Repraiuctive efficiency :

From the data on various components of reproductive efficiency obtained
from different reproductive aettributes various parameters determining re-
productive efficlency were calculated far both field and pot culture and

the same were expressed as percentage,

o The seed effielency was derived by caleulsting the total muber of
ovules from the muber of ovules from carpel reparted from the work of
ICRIGAT (Amual progress report of chici:pea physiology 1976-77). It has
been replcrted from ICRISAT that the ovule number per carpel foar JG-62 was
2,14, In L-550 1t was 2.01 apd 2,04 for early amd lete farmed pads
respectively. Therefare, an average value of 2.02 was taken far L-550,
Since the value far most of the eultivars'examined at ICGRISAT varfied only
between 2,0 and 2.5 an average value of 2.2 was taken for BG-209. Calcu-

lations were made accarding to the following :-

1. Loss due to shedding

Total nunber of flowers and pods shed x 200
Total mimber of flowers
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2, Pod set @

Total number of flowers

3. Effective pod set :

Total muber of developed pads x 100
Total number of flowers

4, Effective fruiting efficiency :
Rumber of developed pods x 100
Total nunber of peds

5. Batio of under-dev'el%d pods to total pods

Murber of under-developed pads x 100
Total mumber of pods

6. Sced efficiency :

Number of ovules released as seed x 100
Total nunber of pods

7. Effective seed efficiency :

Murber of owules developed into seed
Total mumber of ovules fourd per
carpel per pod set

100

3.2,8 Temperature data

Daily minimum, mximim and mean temperatures were recoarded from
the Metearclogical Station atteched to Water Technology Centr e, IARI,

Heat Units and growing degree days were calecuwlated as follows :

Heat Unit (HU)

Hent units were calculated by the method of direct summation index
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of deily maximim temperature. The basal temperature of 10°C was sub-
siracted from individual day maximm temperature and heat unlt thus

obtained only represented a specific pericd ( 5 day imtervel ).
Growlng degree days (GDD

Growing degree deys have been caleulated by the method of direct
summation of mean temperature, Cumulative valnes of 5 day interval are

glven.

II. IMPROVEMENT (F REPRODUCTIVE EFFICIENCY BY CHEMICAL MANIPULATIONS :

3.3 Experiment 3 : Response of chickpea cv. I-590 to different concentra-

tions of growth remilatars at pre-flowering, mid-

flovering and post flowering stages in pot culture
durinz 1979-80

Cultivar L-550 was chosen far this experiment, since it represented

the Kabuli type, which has better commercial value over desl types.

The experiment was carried out under pot culture conditions in

duplicate with 120 pots with unifozjm plants. The erop was sown on 19,10.1979.

3.3.1 Experimental design @
Treatments - 5 (including untreated control)
Concentrations -~ L

Stage of application - 3
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The growth regulatars anmi concentrations used are detalled below @

Growth regulatar Concentration (ppm)
1. Indole -3-acetic Acid (IAA) 1 2 5 10
2, Kinetin (m) 1 2 5 10
" 3, Cycocel (cce) 2000 3000 KOO0 5000
4., Btiwel ' - 500 750 1000 1250

" The respective concentration of cach growth regulatar was applied
éxogenmsly in the form of fine folier gpray at pre-flowering, mld-flowering
and post flowering stages. The first spray was given when the plants were
.38 deya old. Thareafter,weekly spray’rs were continued until the plants
cronsed over 0 the next stage. The number of sprays did not exceed more

than fan at any stage.

3.3.2 uoervations

-

1, Total flowera

2. Totsl numba o pods

3, Total muber of effective pals (£illed pals)
4, Total seed yicld (g/plant)

The resulis were expressed on per plant bhasis,.



29

3.4 Experiment No,4 ¢ Effect of stage vs growth regulatars interaction
on yield attributes of chickpes cv, L-550 in
pot culture and field during 1080.81,

The results o the investigations (Ex;gt.3) carrled out during the
year 1979-80 farmed the basis of the experimental deslgn far the above
experiment, during 1980-81. The conclusion from investigations of the

previons year's were as follows ¢

Btege of application @
1. IAA was found beneficiel at a8ll stages viz., pre-flcuering; mid-

flowering end post-flowering stages,
2. Cycocel was mare effective at mid-flovering stage.
3. BA was fourd to be mare effective at post-flowering stage.

L, Ethrel gave negatlve results at all stages.
Concentration effects ¢

Results pertalning to the effect of different camcentrations of growth

regulatas used showed ¢

1. IAA gave best results at lower concentrations. Since the results with
2 ppm were consistanf, hence this concentration was used far further
studies, .

2. Cycocel was also found to b;a more effective at lower concentration,
and therefore, lower concentration of 2000 ppm was selected for the

Present Investigation.
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3e BA vas found to be ecually bencficial at 5 end 10 ppm, however,

lowre concentration of 5 ppm wae refered £ .cconanical reasous,

. :
The stages werar" in earlicr experivent, viz., pre-flowering, mid-

flovering amd poat-flowering, however; concentrations were as described

above. Ethtrel was deledted from the present study, since negatlve results

were cotainad in carlisr atudy.
Sebed nerimental desien ¢

Reguirenment for IAA conld be infoared for 2ll the stages and that for
eycocel end BA at mid and post-flowering stages respeotively. Therefore,
folloving coxbinations farmed the varicus treatments, Untroated piants -

scrvad an control.

Tremtwent Fre-flowering Hld-flweriné Poat-flowering
Conty ol (untreated)

2 IAA Crecoel IAA

3 A . Cyeccel TAA + BA

b IAR Cycotel . BA

5 A - BA

6 IAA - . IAL ¢ BA

7 IaA IAA IAA + BA

8 IAA I InA

9 IAA IAA -
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The experiment was conducted both under ficld and pot culture condi-
tions, Ten pots per treatment were maintained under pot culture. Field
trial vas conducted in randcmised block dasign with ten treatments amd
for replications. The sub plot size wea 3 x 2 meters, with interspace
of 1 mater between them. Other coniitions were same as described in

scetion 3.1,

3.4,2 Growth regulatars were epplied as foliar sprays at the respective
stoges, Ot £inal harvest in pot culture experiment, data weare recorded

|
with respect to following characters 3

1, Fupber of total pads

2, Rurber of developed pods

3 Namber of unicer-developed pods
4, 100 grain woight

Se Seed yicld

"6, Btem weight

T Total dry walght

In field, data were recorded only for sezd yleld and total plant

welght. Fram the tbove data barvest index (HI) was caloulated as follows ¢

- Bced yield - 1
i Bliological yield x 190
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ITI. BIOCHEMICAL STUDIES IN REIATION TO REPRODUCTIVE EFFICIENCY OF CHICKPEA :

3.5 Eyperiment No.5 : A comparative study of the biochemical changes
in fresh and sbscised plant parts 3

Studles pertaining to biochemical clanges in fresh and sbscised plant
parts were carried out with the plant material collected from respective
cultivars, in-field, Fresh welghts of the meterials were recorded ani
then they were dried in oven f%hr 80°C ard subsequently made into powder.
Protelns and sugars were estimated from the oven dried material. Pigments
ani mcleic acid analysis was¢carried ocut on fresh weight basis, however,

for nucleic scid the material was kept in deep freeze at -109C,

3.5.1 Total Nitrogen :

The total nitrogen was determined by Kjeldahl method (Jackson, 1967)

Reagents :-

1. Catalyst mixture : Anhydrous NepSoy and pure CuSol were mixed in
10_: 1l ratio. -

2,  Bromocresol green mxture indicatar (0.5 g of bromocresol + 0.1 g of meli/
red in 100 ml of 95 % alechol).

3.  Boric acid solutfon : 40 g of H3BOg was dissolved in 1 L. of dis-
tilled water. 5 ml of indicator sclution was added to each like
of baric acid solution.

.  Sodium hydroxyde solution : 40 % NaoH prepared by using N-free NacH
flai‘lks This solution was allowed to stand for 24-48 hours so as to

pricipate out NapCo3 and other impurities.
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The plant material was ground to fine povder am 250 mg of the
sample was transferred to a 300 ml Kjeldahl flask. 25 ml of Con. HESOH
was added to it axﬂ'kept overnight., 10 g of catalyst mixture was added
anl heated gently till no frothing.was there. Then the flask was heated
briskly, . Digestion was continued until the solution was elear. The con-

tents were cooled to room temperature.

The digested material was transfered to a 1 L distillation flask by
carefully vashing 5-6 times with distilled water. 125 ml of 40 % NacH
solution was cerefully added. The flask was connected to a distillation
set, The ammonia evolved was collected in 25 ml baric acid solution to

which mixed Indicator solution had already been added.

The ammonias collected was titratel with standerd sulphuric acid till

it reached faint vink end point.

Calculation vas done on the basis that 1 ml of IN HySoy = O0.0lh g

of nitrogen.

The results were expressed as percentage dry weight.

3.5.2 Totel proteins :

First the protein nitrogen was determined by Kjeldhel's method, as
deseribed sarlier and then the value was multiplied only the factor 6.25
to- obtain the values far total protelns. - Results were expressed as percen-

’

tage dry weight.
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3.5.3 Boluble yroteins 3

Soluble protein content were eatimated by the method described by

Lowry et ai. (1951).

Pr gparation of reagents

(A) 2 % NagCoz in O, 1 N NaoH

(B) 5 % Cufoy in 1 % sodium potassium tartarate,

(C) 50 ml of reagent A and 1 ml of reagent B were mixed just before use.

(D) Folin's phenol resgent

20 mg o driel powderesample was taken in 5 ml of buffer in a mortar
and pestel. The homogemate was centrifuged at 10,000 rpm for 20 minntes,
0,5 ml of protein sample was then taken in a test tube and 1 ml of reagent
C was added. The solution vas mixed well and allowed t0 stand far 10
mimtes at room temperature, O;l ml of reagent D was added very rapidly
with vigarous shaking, After 30 minutes the colour wes read at 610 mm

using a Hitachi spectrophotameter.

The standerd curve was prepared using Bovine Serum Albumin and the

amount of scluble protein was calibrated from the same.

The results were exmressed as percentage dry welght.

3.5.4 Boluble sugars :

8oluble sugars were estimated by the method deseribed by Marris
(1918)..
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Preparation of anthrone reagent @
200 mg of anthrone was dissolved in 100 ml of con. HpBoy to get 0.2 %

enthrone reagent. Fresh resgent was prepared each time far estimation.

20 mg of powered material was taken in a test tube, To it 10 ml of
80 % ethanol wes added and extracted in hot water bath at 80°C for 30
minutes. This was then centrifuged at 6000 x g for 10 minutes. The extract
was collecteditoa 50 ml vohnneﬁ‘ic flask, The extraction of residue was
repeated thrice, Supernatent extract was pooled ani the final volume was
made to 50 ml. The extract was then evaparated in water both at 80°C and
residue was taken up in distilled water and the final volume was made to
25 ml. 0.2 ml of the extract was taken in a test tube and to it h ml of
anthrone reagent was added slowly. The solution was then heated in a
boiling water both for six mimtes. The test tubes were cooled in running
water and to each tube 0.8 ml of distilled water vas added. The colour-

developed vas measured at 620 nm with Bauch and Lomb spectronic-20 colarimeter.

Results were calculated from the standarad curve for sugars prepared

with analer glucose. The results were expressed as percentage.

3.5.5 Nueleic acids :

Nucleic acids were estimated by the method deseribed by Ogur and
Rogen (1950) with slight modifications.

Plant material was extracted with 80 % boiling ethanol for 2 mimutes

to prevent enzyme action and also to remove abscarbing materials other than
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/

micleic acids, It was then ground in mortar and the material was trans-
ferred to centrifuge tubes.' The soluble nitrogen fraction was removed

by centrifugation and then to defatting of the tissue was carried ocut by
boiling the residues fa 3 minutes in ethanol containing ether in prepor-
ration of 35 1 (v/v). The residue was further given 2 successive washings
with acetone, which removed the pigments completely. Finelly the micleic
acids were extracted from the remmining residues by the method of Cgur and

Rosen (1950).

The residue was washed with 0.2 N cold perchlaric acid to remove
the soluble micleotides. This was done very rapidly, the supernatent was
rejected. The RMA was then extracted frcn'n the residue by extracting with
cold 1 N perchlaric acid for 3-4 hours at 4°C. The remaining residue was
treated with 0.5 N perchlaric acid for 20 mimtes at 70°C amd centrifuged.
Most of the .DNA comes into the solutlon which is decanted afier centrifu-
' gation and the residue extracted by 2 N HEL. The two fractions were com-

bined am used for estimtion of DNA,

The RRA and DNA were then estimated spectrophotometrically at 260 mm

using a Hitachi spectrophotometer,

Abscrpition spectrum cbtained for RNA from the tissue was compared
with the pure synthetiec RNA, The quantitative values were calibrated

from standard curve prepared from pure synthetic RWA and DNA (Bigma).
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3.5.6 Figments :

(a) Chiorophyll
Tne amount of echlarophyll present was estimated by the method des-

crived by Arnon (1949). The optical density was recarded at 663 nm and

645 nm,

Chlarophyll a and chlorophyll b were estimated using the following

farmla ¢

Chlarophyll & = 0.0127 x D.663 - 0,00269 x D 645
Chlarophyll b = 0.0229 x D 645 - 0,00468 x D 663
Where D represents the optical desnity at respective wave length.

The results were expressed as /ﬁj‘- ehlarophyll/g fresh weight.

/

(b) Carotenoids
Carotenoids were estimated from the same 80 % acetone extract
obtained for chlarophyli and the optical density was notedmhsa.s nm. The

amount ves calculated using Robbler's farmila (Mahlburg et gl., 1966).

Carotenoids = 4.75 x D.452.5 - Chlfa +b) x 0.226

Where D regresents the optical density.

(c) Anthocyanins :

The plant meterial was taken up in acidic methanol (1 ml of con.
Hel added to 100 ml methanol) and the extract was filtered through
Whatman No. 1 filter paper. The final volume was mede to 10 mi and the
optical density was read at 535 nm in a Bouch amd Lomb spectronic-20

colarimeter. The results were compared on the basis of the differemces in
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optical density.

3.6 Experiment No.6 : Changes in organic acids content in leaves of

chickpea as influenced by t erature

(different dates of BowLngl :

Leaves were collected from nodes at specified positions (16-18) on
the mein axis ani then poolel aml estimted far arganic acid content in
terms of total titrable acid content as per the procedure of Ting and
Duggar (1968). Leaf mterial was homogenfted with 20 ml of distilled water
and 2 ml of Con. HCl, was added to the extract. The organic acids were
'e:rbl'a.cted 'in p\etroleum ether with the help of separating funnel. Petroleum
ether fraction wvas evaparated on a water-bath and the residue was dissolved
in 10 ml of distllled water and titrated against 0.0l N sodium hydroxyde.

CGalculation was based on :
1 ml of 0.1 N NoBBH= 0.0067 g melelc acid

The content of organic acids were expressed as mg equivalent to
maleic acld/g. dry weight.

3.7 Statistical analysis :

Requisite statistical analysis s been carried out by the technique
of analysis of varience as described by Panse and Sukhatme (1978) and the
values of critical differences and standard errar of mean at 5 % level

have been given.



4, RESULTS

The results of different experiments are presented below under
respective groups. ©Oince the same experiment was conducted similtaneously
in field ani pot culture,therefcre the results will be presented collec-

tively for convenlence of comparison.

I. EVALUATION OF REPRODUCTIVE EFFICILENCY :

4,1 Evalnetion of reproductive efficiency in different genotypes of

chickpea (1 80) (Experiment No, 1) :

Evaluations of reproductive efficiency in different genotype of chick-
pea was based on a mmber of cbservations ranging from flowering behaviour,
marphological and repraductive attributes ete. The results pertaining to

above are described in this chapter.

L.1.1 Time, intensity end duration of flowering in relation to crop

duration in different genotypes of chickpea :

The days to first flower, days to first pod, peak flowering and
flower duration amd days to maturity of 12 chickpea cultivars viz., JG-62,
L-550, C-235, BG-203, BG-209, BG-212, BG-215, BG-216, BG-217, BG-220,
BG-226 and BG-227 grown both under field and pot culture conditions are

presented in table 1,

JG-62 was the earliest to flower followed by L-550 and C-235 both in
field and pot culture. However, the appearance of first flower was carlier
in pot culture conditions. BG lines took loanger time far days to first

flower. It ranged between 76 and 85 days.



Toble 1, Time, intensity and duration of flowering in relatim to erop duration in different
genotypes of chickpea during 1979-80. )

- Field — : Pot_culture

Days to Days to Peak Flower Crop Days to Days to Peak Flower Crop
Genotype first first flower- dure- dura- first first flower- dqura- duration

flower pad ing tion tion flcwer pod ing tion
JG-62 60 90 120 90 163 57 85 115 80 155
1~550 65 120 125 o0 176 60 113 121 82 162
C-235 70 115 120 85 170 66 110 115 83 160
BG-203 80 120 125 80 175 75 15 122 Th 165
BG-209 85 125 130 75 178 81 10 us 76 169
BG-212 78 120 120 76 172 75 115 118 75 168
BG-2)15 76 118 123 77 173 75 15 120 75 168
BG-216 76 120 125 - 80 175 72 110 120 Th 165
BG-217 80 120 120 82 177 7 115 122 8o 170
BG--220 7 120 125 80 176 h . 110 18 75 166
BG-226 80 120 125 80 176 75 110 120 7 167
BG-227 8o 120 122 78 175 75 112 119 76 167
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4,1,2 Days to Pirst pod :

Days to £irst pod‘also least far JG-62 (90 days and 85 days in fiecld
and pot culture respectively). Amongst the rest <I)f the genotypes C-235
was earliest to ped, next only to JG-62 both in field ard pot culture.
However, the days to first pod did not differ much between the rest of the
genotypes in the fileld with the exception of BG-209 which took 125 days
far the appearance of first pod as compared to rest between 11B-120 days,
Under pot culture conmdition, as compared to field, there was no consistency,
however, it rangéd between 110 and 115 days between genotypes. In field,
the peak flowering in most of the genotypes was noted between 120 and 125
days after sowing (DAS), however, fa BG-209 it was noticed at 130 DAS,
Under pot culture condition, the peak flowering ranged between 118 ar;d 120

days amongst majarity of cultivars.

In field, the flower dquraticn was found to be longest for JG-62 and
L-550 (90 days) followed by C-235 (85 days). For BG lines it 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 lines it

varied between 7h and 80 days.

-

The erop duration vas shortest far JG-62 both in field and pot culture
followed by C-235, however, it varied considerably in majarity of genotypes

under pot amd f'ield conditions.
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4.1.3 Change in the morpholoazical attributes of 12 genotypes of chiclkpea

at different stages of growth and development during 1979-80 :

Table 2 anl 3 depicts the changes in the marphological attributes of
12 cultivars of chickpea at different stages of growth amd development in

field aml pot culture comiitlons respectively.

Plant height, mumber of primary, secmmdar:;r and tertlary branches,
leaves and leaf area increased with time both under field and pot culture
conditions, however, higher values were cbtained from field experiment in
camparison to pot culture experiment. The plant height rasnged from L5 to
59 cmd. and 39 to 46 cng- under field amd pot culture eoniitions respectively,
The lowest plant height was recarded in C-235 and the highest in BG-227,
The mumber of primary branches increased with time upto 120 days in most of
the cultivars, however, appreciable imcrease was observed till 150 days in
case of JG-62, BG-209 and BG-212, | Although the mumber of primary branches
did not vary mich amongst the different varieties both under field aml pot
culture conditions ,¥et the mumber of secondary branches showed considerable
difference amongst the different cultivars. Profuse branching was observed
in case of JG-62 in comparison to .L-550 ar the BG-lines., C-235 also had
higher number of secondary and tertiary branches next oanly to JG-62. The
leaves per plant was considérably high urder field condition than under pot
culture condition which is evident from the fact that leaf mimber varied
between 260 and 490 in field, whereas unler pot culture cordition the value
was between 195 and 240, ~JG-62 recarded the highest mumber of leaves (490

ard 240 leaves under field and pot culture respectively). It 4s interesting



Table 2. Morphological attributes of different genotypes af chickper at different stages of growth
and development under £ield condition dquring 1979-80. '

Genotype JG-62 L-550 C-235 BG-203 BG-209 BG-p12 BG~215 BG-216 BG-217 BG-220 BG-226 BG-227 SEm * ¢p(0.05)

Days
after
sowi_gg —
—L 2 3 b p 6 1 . 2 10 il 12 13 1h i3
Flant Height (cm)
30 17 18 17 18 18 17 18 18 18 17 19 18 2.5 5.18
60 26 29 o7 31 25 31 33 23 2k 23 23 2k h,7 9.75
90 37 .37 35 36 38 k(4 39 38 41 36 39 41 b1 8.50
120 L2 52 L2 Lo 46 L9 kg 48 49 W7 49 L8 4.3 8.92
150 L9 58 45 50 53 54 5h 55 57 56 58 59 5.1 10,58
Nurber of primary branches /plant
30 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0k
60 2.6 3.2 3.0 2.9 2.5 2.7 2.7 3.0 36 3.3 4.0 3.0 1.9 3.90
90 2.9 3.7 3.5 3.7 2.8 2.9 2.9 L,o k.2 4.0 L.b 3.7 1.7 3:53
120 3:5 l-‘00 3-8 LI-.O 3.2 3.5 305 ,'1'02 h'os ’4.2 1".5 LI-.2 2.1 l"‘.35
150 3.8 4,0 3.8 4.0 4,0 4,0 4,0 b2 k.5 L.2 4.5 k.2 1.6 3.32
. Bumber of secondary and tertiary branches/plant . .
30 3.8 4.0 4,0 3.5 ¢ 3.8 3.6 3.6 3.6 3.2 3.8 .2 3.2 2.3 4.77
60 16.0 i2.0 13.0 6.3 3.6 6.6 6.6 7.0 8.0 9.2 Q.7 9.0 3.1 6.043
90 24,0 16.0 18,0 13.0 12.0 11.9 11,9 - 13.6 15.0 ' 13.9 15.8 1h.9 3.4 7.05
120 40,0 20.0 37.0 21,0 19.0 20.1 20.1 20.8 . 23.0 24,7 24,5 24,0 3.7 9.75
150 5.0 22.0 3B.0 23.0 26.6 22.7 22.7 23,0 25.0 2.7 26.0 . 25,3 3.9 8.09

coniGaco



Teble 2 contd...
1 2 3 b 5 6 7 8 9 10 1 12 13 14 15
Total number of branches/plant

30 %8 5.0 5.0 hb 4B k6 L6 4.6 b2 4.8 5.2 e 2.1  Lb.35
60 18,6 15.2 6.0 10.2 8.5 9.3 9.3 10,0 -11.6 12.5 13.7 12.0 3.4 7.05
a0 26.9 19.7 215 16.7 14.8 4.8 14.8 7.6 19.2 17.9 20.2 18.6 3.7 7.67
120 43:5 24,0 4.8 25.0 22.2 23.6 23.6 25,0 27.h 28.9 29.0 28.0 4,1 8.50
150 k8.8  26:0 41.8 27.0 30.6 26.7 26.7 27.2 29.5 28.9 30.5- 29.5 4,2 8.71
' Total mumber of leaves/plant

30 24 36 33 27 27 33 27 29 29 50 50 24 4.2 8.7L
60 170 130 120 130 135 15 125 130 130 142 13k 125 10.5 21.78
90 297 197 160 290 175 180 107 190 155 200 190 175 11.3 23.1h
120 490 275 260 260 280 260 268 275 280 270 250 260 16.6 343
150 90 310 108 300 310 320 380 340 350 350 295 290 20.4 h2.31

' _ Leaf Area / plant (Cz2)

30 k49 R To 1 B - { 34 .37 34 33 .34 .36 .34 .26 -3.9 8.09
60 290 0 . 3RO 155 140 130 1o 135 10 135 130 145 1.7 2k 27
90 600 540 k70 210 200 150 210 225 230 242 250 260 12.8 26.55
120 1260 T70 630 390 360 330 360 370 400 395 410 k36 21.7 45,00
150 200 940 260 495 480 470 510 500 530 640 589 610 19.8 41,07
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to note that BG-209 umier field condition did not record & higher leaf

number as compared to other BG cultivars. The leaf mumber among the BG
cultivars varied between 310 and 380 per plant under field condition and

same under pot culture condition showed a varilation f'rou; 195 to 2L0 per
plant. C-235 always recarded the lemest mumber both under field and pot
culture conditions, L-550 had 310 and 240 leaves under field and pot culture

conditions respectively.

The leaf area in JG-62 and C-235 increased only upto 120 deys in con-
trast to other cultivars, wher'e the area increased upto 150 days. There was
a sharp decline in JG-62 and C-235 after 120 days. The lowest ares vas
also recarded by JG-62 at 150 DAS, The area between BG lines did not vary
significantly under field and pot culture comitions. Another observation
is that cv, L-550, the Kabuli variety had approximately same nunber of
leaves as BG lines, yet the increase in area is about two fold due to larger

leaf size.

Both under field and pot culture conditions the rapid pericd of growth
and development was found to be between 30 and 60 DAS as the increase was
many foglq during the period with reference to most of the morphological
characters. The period between 60 and 90 days was also camparatively an
active phase of growth, but in magnitude it was of lower order than that
observed bei:waen 30 and 60 days. Same could be said for the pericd between

90 and 120 days. By 120 days, most of the characters attained the maximam

ar showed a decline thereafter,
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4.1.4 Chegnges in dry matter accummlation in 12 chickpea cultivars

Changes in dry weight of plant parts ami total dry matter at various
grosth and develppment stages of 12 chickpea cultivars during 1979-80 under

field am pot culture conmiitions are given in table 4 aml 5 respectively.

Stem welght
Stem weight increased with time and highest weight was recarded by

BG-226 under field condition (12.370 gm/plant) and by JG-62 umder pot culture
conmiition (9.0 gm/plant). Almost identical changes were observed umer pot
and fleld corditions in cese of JG-62 and C-235, but C-235 showed a greater
increase at 150 days. The rate of growth of JG-62 aml C-235 was identical
urder field and pot culture conditions. The increase was often greater
between 30-60, 60-90, 90-120 and 120-150 days and it was 761 %, 313 %, 200 %
and 145 % far JG-62 and 258 %, 583 %, 219 % and 177 % for C-235 respectively.
The increase in stem weight was of mare or less similar order in other culti-
vars, but the rapld phase of dry matter prciuction in stem was found between
30 and 60 days in field, whereas between 60 and 90 days in case of pot
culture. The BG-203 and BG-209 showed lesser variation in the rates of

dry matter projuction under field and pot conditions.

Leaf welght :
Leaf welght increased with time both umder field and pot culture con-

ditions, except in case of JG-62, where a sharp decline was observed at 150

days. The values cbtained foar field were always of higher order &s campared



Table 4. Changes in dry matter production in different plant parts at various stages of growth
and development in different genotypes of chickpea under field condition during 1979-80.

Genotype JG-62 L-550 C-235 BG-203 BG-209 BG-212 BG-215 BG-216 BG-217 BG220 BG-226 BG-227 SEm + CD(0.05)

Days after
sowing

Stem weight (g)/plant)

30 © 0.130 0,14 0.139 0,117 0.121 ©0.141 0,105 0.118 0.101 0,197 0.118 0,099

. 0.01 1.02
€0 0.990 0.780 0.360 0,530 ©0.5480 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 1l.760 1.3%0 1l.410 1.510 1l.700 1.970 1.890 0.31 0.64
120 6.200, 5.100 4.600 5.100 4,600 4.800 4.860 -4.570 4,980 65.300 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 0.25: 0.185 0.200 0.137 0.167 0.185 0.169 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 1l.940 1,900 . 0,900 1,000 1.050 0.980 1,000 0.980 0.995 0.980 1.060 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 2.130 2.090 2.135 2.100 2,160 2,200 0.91 1.89
Total dry welght (g/plant) |
30 0.384 0,331 0.339' 0.254 0,288 0.336 0.274 . 0,280 0.269 0.287 0.285 0.225 0.04 0.17
60 2.040 2.080 1l.060 1l.340 1.255 1.380 1.280 1.240 1l.295 1.210 1.275 1.240 1.10 o0.21
90 5.040 4,700 2.990 2,650 2.350 L,046 2,390 2.390 2.505 2.680 2.030 - 2.890 0.75 1l.56
120 15.230 9.650 7.560 8.280 9.020 7.810 8.260 7470 11.440 8,440 10.240 9.300 1.31 2.72

150 14.812 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




Bble 5. Changes in dry matter production in different plant parts at various stages of growth and
_ development in different genotypes of chickpea umier pot culture condition during 1979-80.

Genotype JG62 L-550 C-235 BG-203 BG-209 BG-212 BG-215 BG216 BG217 BG-220 BG-226 BG-227 SEm *+ (0.05)

Days after
gowing

o Stem weight (g / plant)
30 0.123 0,147

_ 0,141 0,111 0.111 0.122 0,100 0.112 0,099 0.108 0,118 0,085 0.02 0,04
60 0,966 0,280 0.360 0.33 o0.425 0.191 0.306 0,297 0.263 0.2k7 0.245 0.192 0.03 0.63
90 3,100 1,400 2.100 1,100 1,170 0.900 1,600 1,09 1.200 1.160 1.170 1..250 0,21 0.k
120 6.200 3.210 L4.600 3.400 3,270 2.700 3.000 2.970 3.410 3,480 3475 3.540 0.52 1.10
150 9.000 6.660 6,400 6.270 6.660 7.100 6,870 6.120 . 7.600 7.000 6.910 -7.800 1.31 2,72
Leaf weight (g / plant)
30 0.209 0.136 0.160 0.100 0.159 0.130 0.1k 0.150 Q.Lk6 0.120 @.147 @.130 0.03  0.13
60 0.899 1.055 0.582 0.654 0.560 0.305 O0.461 0.%22 0.427 - o.bok 0.328 o0.2h1 0.03  0.13
90 1400 1,300 1.050 0,680 0.675 0.600 0.580 0.630 0.640 0.660 0.640 0,690 0.07  0.15
120 3.400 1,900 3.600 0.975 0,980 0,800 0.970 0,980 0.970 - 0.980 1,000 1.100 0.0  0.08
150 0.600° 3,000 5.400 1.110 1.050 1,000 1.200 1.000 1.100 1,040 1.060 1.130 0.03 0.13
N .

Total dry weight (g / plant)
30 0.322 0,283 0,301 0.211 0.270 0,252 0.249 0.262 0,245 0.228 0.265 0.215  0.02 0.04
- 60 1.865 1.335 0.942 1.037 0.987 0,496 0.767 0.719 0.730 0.651 0.573 0.h33 0.04 0.08
90 © 4,700 2,700 3.640 1.780 3.185 1,500 2,180 1,720 1.850 1.840 1.810 1.9%0 0.06  1.32
120 15,000 5.710 14.890 4,975 L4.960 4.040 4,580 L4.250 5,100 Lk.970 5.175 5.530 0.58 :6L.io
12 AT

150 AW740  13.960 14,900 11.850 12.400 12,360 12.615 10.120 12,350 13.37C 11.920 16.410 3.
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to pot culture. Among the varieties highest leaf welght was cbserved in
case of JG-62(6.260 g/plant) and C-235 (5.400 g/plant) under field and pot
culture respectively. BG lines showed lower leaf welghts as compared to
other cultivars., ©C-235 and L-550 were the two cultiva}'s which showed appre-
clable increase in leaf welght between 120-150 days,; while the BG lines
showed very little increase during the semeé perilod., The rate of dry matter
accummlation in leaf is highest between 30 and 60 days and was of mare or
) less same crder both under field and pot culture conditions, The reprcduc-
tive phase started between 60 and 90 days and during this period 1t vas
observed that there was & decrease in the dry matter in leaves. Further,
1t vas noted that between 90 amd 120 days, the period carresponding to peak
flowering of most of the cultivars, there was a slight increase in the rate
of dry matter in leaves. Mareover, at 150 days, when the peak flowering
was over, no gppreciable lncrease in leaf weight in most of the cultivars

was found except In the case of L-550 amd C-235.

Total dry welght :

The total dry weight increased with age of the Plant and rate of
increase was highest between 30 and 60 c'iajs-in all thé cultivars under field
conditions. However, under pot culture conditions the total dry matter also
increased apprec:labiylbetween 60 anﬁ 90vdé;,rs In casé ch‘ 0-23-5 end more or
less in equal rates in many of the BG lines. The highest dry weight was
recarded under fielci conditiona in case-of ﬁG-El? (2.3.‘035 g/‘plant) and the
lovest in case of BG-216 (14.260 g/plant). In pot culture, the highest
welght was attained by BG-227 (16,460 g/plant) and lowest by BG-216 (10.120

g/plant). JG-62 1is the only variety, which showed reduction in dry matter
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at 150 days and that is found to be due to reduction in leaf weight which

declines rapidly at 150 days after sowing.

4.1.5 Reproductive behaviour of 12 chickpea cultivars during 1979-80 :

Thble 6 and 7 summerise the reproduction behaviocur on per plant basis
of 12 cultivars of chickpea grown in field and pot during 1979-80. From
the same it mRY be observed that in field the highest flower mmber (285)
was obtained from the BG lines ami the lowest (121) was obtained in C-235.
JG and L-550 farmed 212 and 200 flowers respectively, Among the BG lines
the variation was 212 to 303 flowers per plant. The highest was in BG-227

(303) and lowest was in BG-203 (212).

Under pot culture conditions the pleture was different. C-235, which
recorded lowest under field condition, gave appreciably high mmber of
flowers (162) under pot culture conditions. JG-62 also recarded a very
high flover mumber (170) as compered to the BG lines, which flowered better
under field conditions. In general, the BG lines had low flower mumbers

as compared to JG-62 and C-235.

The shedding of flowers/pcds were very hiéh in L-550 in comparison
to the number of flowers produced by 1t. However, the total mumber of
flovers/pais shed were more in BG lines vhich had mare number of flowers
in field. Pod nunber was high among the BG lines ard ranged between 50 and
75 per plant, L-550 had the least number of poils. The mumber of filled

pods also were mare among the BG lines, followed by JG-62 » C-235 and L-550,



Table 6. Reproductive behaviour per plant of different chickpea genotypes in field during 1979-80.

Weight Jg")

Character ___ | . . Nurber . _ A :
‘ Flowers Flowers + Total  HNormal Abnormal Total Seed/ . Pod Seed 100-seed
Genotype " Pods' shed pods £illed unfilled seed pod -weight . yield- welght
‘pods pods
JG-62 212 168 hh 38 6 L6 1.04 “6.822 5.724 8.384
L-550 200 180 .20 17 3 25 - 125 '3.9u8 3.295  17.140
c-235 121 91 30 .26 4 36 120  2.775 ° 1.M495  10.137
BG~203 212 151 61 51 | 10 79 | 1.29 I3.086 3.060 11.500
BG-209 231 156 & 63 12 90 1.20 9.570 8.240  10.504
BG-212 285 235 ‘50 39 1 62 1.24 '6..1.17 4.508°  10.1h47
BG-215 288 225 63 50 13 B 123 6.908  5.808  9.082
BG-216 221 171 50 38 12 64 1.28 . 4,520 3.783  T7.687
BG-217 256 184 72 57 15 85 1.18 8.103 7.192  8.5%5
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
SEm + 6.51 7.41 1.132 1.081  1.951
¢p {0.05) 13.50 L 420 2,180 k4,046

1587




Table 7. Reproductive behaviour per plant of different chickpea genotypes in pot culture during 1979-80.

Character - Number | Weight (g)
Flowers Flowers + Total HNormal Abnormal Total Seed/ Pod 8eed 100-seed
Genotype Pods shed pods filled unfilled seeds pod weight yielad welght
. pods pods
JG-G2 170 140 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
Cc-235 162 133 27 21 6 30 L1l 4,179  3.477 10.210
BG-203 167 145 22 16 6 27  1.22 2.671  2.297 10.504
BG-209 120 85 35 23 12 43 1.22 6.176 5.479 11.589
BG-212 141 120 21 18 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 ™ 1,17 3.165 2.686  9.095
BG-217 143 112 31 19 12 37 1.9 3.480  2.963 8.253
BG-220 108 81 27 18 9 31 1.1k 3.124  2.718  9.337 °
BG.226 126 96 30 21 9 3B 1.16 4,765 3.981 10.951
BG-227 17k 136 3B 23 15 B 1.5 5.316  k.260 10.969
SEm + 3.7 3.58 1.051 0.8  1.030

cD (0.05) 7.69 7.42 2.180 1,724 2,136
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The mumber of unfilled pods were highest among the BG lines and least in

case of L-550,

Under pot culture conditions,. the BG lines recarded about 50 % less
pod mumber 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 mumber

of filled and unfilled pods also showed a similar trend.

The highest seed number unier field condition was recarded in generdl
by BG lines, followed by JG-éE ,. C-235 and I.'-550; Tﬁe Seed pumber per pod
seems to be most plastic character as it sﬂowed no variation among the cul-
tivers and ranged between 1.04 and 1.29. Under pot culture comiitions the

trend was more & less similar.

A pimilar pattern was observeld with respect to pod aml seed yield in
fleld., BG lines geve comparatively higher yields., C-235 had the least seed
yield (1.495 g) emong all the cultivars. As regarding 100 seed weight, the
highest was observed in case of L-550 (17.140 g). The vari&tion in BG lines
in this character was 7.687 g to 11.500 g. C-235 had e higher 100 seed
weight (10.137 g) as compared to JG-62 (8.384 g). Under pot culture condi-

tions more or less same trend was observed,

4,1.6 Beproductive efficiency :

Table 8 presents the caleulated reproductive effielency in field and
pot culture conditions. It will be noted from sbove that a very huge loss

was incurred in reproductive efficiency due to shedding of flowers/pais.



Table 8. Characteristics determining reproductive efficiency in different genotypes of chickpea
under field and poé culture conditions during 1979-80.

Characteristic Field | Pot _culture
. Bheading . Pod set Fiiled Unfi:ued Ef‘fectiVe Shedding Pod set Filled Unfilled Effective

Genotype (%) (%) Pods (%) (%) 8 pods Pod set

- ~ - @ "W v W "W
JG-62 79.2  .20.8  86.3 13.7 17.9 82.3 7.6 66,7  33.3 11.8
1-550 90.0 . 10.0 85,0 15.0 8.5 91.1. 8.9 T6.9 .23.1 6.8
C-235 | 75.2 24.8 86.6 13.k 21I.5 83.3 16.6 77.8 22.2 12.9
BG-203 " 7L.2 . 28.8 ‘8'3.6 16. b 24,0 86.8 13.2 172.8 27.3 9.6
BG-209 . . ) . 67.5 32.5 84,0 16.0 27.2 70.8 29,1  65.7 34.3 19.1
BG-212 . 85.2 17.5  718.0 12.0 13.h 85.1 .9  85.7  14.3 12.8
BG-215. . . 78.2 21.8 79.3  20.7 17.3 88.6 18.1  63.1 36.8 1.4
BG-216 7.4 22,6  76.0 240 17.2 80.5 19.5 .8  55.2 8.7
BG-217 . T1.8 28.2 79.1 18,9 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 18.8 79.5 21.8  60.5  39.5 13.2
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The loss by shedding ranges from 67 to 90 % amorg the various cultivars.

The highest loss wag incurred by L-550 (90 %) and lowest by BG-209 (67.5 %).
The reproductive efficlency, in terms of ped set from the muber of £lowers
produced, was highest in case of BG-209, closely followed by BG-203, BG-217
and BG-226, where the pod set was 32.5 %, 28.8 %, 28.2 % amd 26.2 % respec-
tively. L-550 showed the least pod set and it was of the order of 10 %.

The ratio of filled pods to the mumber of flowers formed when expressed as
percentage, showed that the variation was not much amongst the various culti-
vars, Similar results were found with unfilled pais. However, BG lines
showed a higher percentage of unfilled pads. The reproductive efficiency

in terms of effective pal set’ (completely £1lled pods over the total mumber
of £lowers produced) was higher for most of the BG lines, while cv. L-550
recorded the lowest effective pal set (8.5 %), C-235 also had a comparatively

nigher effective pod set {21.5 %) over JG-62 (17.9 %).

Umder pot culture conditions the magnitude of shedding was greater
in moét of the cultivars ani the percentage of pal set was also lower, however,
the broad pattern remasined unchanged. There was & great reduction in the
percentage of filled ~pod.s and & _s:lgn_ificant }I.ncr_easa: in the percentage of
unfilled pods under pot culture conditions in comperison to field. As a
result of the above situation, the effective pad set also considerably

reduced mare under pot culture comiitions.



4,2 EFFECT OF DATES OF BOWING IN CHICKPE4

4.2.1 Effect of different dates of sowing on time, intensity and duration

of flowering and fruiting in relation to crop duration in chickpea
cultivars JG-62, L-550 and BG-209 urder field and pot culture conii-

tions !E@eriment No.2! :

Toble 9 shows the days from sowing to first flower, peak flowering,

last flower, first pod and final harvest in 3 chickpea cultivars viz., JG-62,

L-550 and BG-209 as affected by different dates of sowing during 1980-81.

It will be observed from the same table that the time of appeargnce
of first flower in general is imereased with increase in sowing dates in all
the cultivers both under field amd pot culture conditions. The days to first
flower far JG-62 in field -in S1, %, S3 amd By was 55, 60, 68 and 75 and in
r.pot. 53, 57, 70 and 75 days respectively. In L—550’ 81, S5, S3 and Sh"i‘ield
was 60, 65, TO and 75 days, ani in pot 65, 62, 70 and 75 deys respectively.
In BG-209 it was for 81, 82, 83 and §, 80, 84, 83 and 95 for field and Th,
T8, 83 and 90 far pot culture respectively. However, the time of peak
flowering and duration of flowering decreased with increase in sowing dates,
Time for peak flowering in JG-62 in fleld far 51, S, 83 and S, was 135,
120, 105 and 95 deys and in pot 135, 110, 105 and 105 days respectively.
For 1-550 time for peak flovering in 81, S, S3 and S in £ield was 135,
125, 120 and 105 days and in pot culture 125, 110, 115 and 105 days respec-
tively. For BG-209, ;t was far 53, S, 83 and 8 130, 130, 110 and 110 days

in field apd 130, 115, 110 and 105 days in pot respectively. Duration of



Table 9. Effect of different dates of sowing on time, intensity and duration of flowering and fruiting
in relation to crop duration in chickpea cultivars JG-62, L7550 and BG-209 under field and
pot culture conditions during 1980-81.

. F e.].d- - Pot__culture —
gulti"ars T JG-62 L-550 BG-209 JG 62 L-550 BG-209
ime of S— - — -
sowing 5 S 85 8 51 5, 83 5 5L % 8 By § S 83 8 5. % 83 & A S 83 5
Days to .
first 5 60 68 T5 60 65 70 T5 80 84 83 %5 53 57 T0 65 62 70 T5 T+ T8 83 90
flower :
Days to

first pod 86 9% 9% 90 125 15105 9& 125 125 110 10080 90 95 % 125 105 100 90 125 115 105 103 .

Days to
peak 135 120 105 95 135 125 120 105 130 130 110 110 135 110 105 105 125 110 115 105 130 115 110 105
flowering

Flower ' )
duration 110 90 62 U5 105 85 65 50 80 Tk 7 28107 78 55 45 90 T3 65 L3 84 67 L7 35

Crop
duration 186 168 147 137 186 17P 47 133 186 17 147 143 173 155 145 131 170 156 145 13 173 156 145 132
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flowering decreased with delayed sowing. The duration in JG-62 in field
for 81, 8, 83 and S} was 110, 90, 62 and 45 days amd in pot culture 107,
78, 55 and L5 days respectively. For L-550 in field for 8j, 5, 83 and
8), it was 105, 85, 65 and 50 days and in pot culture 90, 73, 65 and 43 days
respectively. Far BG-209, it was far 81, B, 83 and S, 80, 74, 47 and 28
days dnd in pot culture 84, 67, 47 and 35 days respectively. Similarly
days to maturity also decreased with increase in sowing dates. For JG-62
1t was 186, 168, 147 and 137 days in fiecld and 173, 155, 15 and 131 days
in pot for 8, B2, 83 and 8j respectively. For L-550 it was in field for
$i, 82, 53 apd 8} 186, 170, 147 amd 133 days and in pot culture 170, 156,
145 and 132 days respectively, For BG-209 the days to maturity in field
far 81, S, 85 anmd 8), was 186, 172, 147 and 133 days while in pot it was
173, 156, 145 and 13 days respectively.

Days to first pod formation were increased with increase in sowing
dates upto £3 in case of JG-62, both under fleld and pot culture conditions.
Far 81, &, 53 am §), in field it was 80, 90, % and 90 days ani in pot
culture it was 80, 90, % and 95 days respectively. Both under field and
pot culture conditions L.550 and BG-209 took same time far appearance of
first pal (125 days) far 8) while far 8p, 83 am 8, 1t showed a decrease

with increase in sowing date.

Under pot culture conditions both these cultivars Ahowed a decrease
in the mwmber of days reguired for the appearance of first pad with an
increase in sowing time. The mmber of days taken for both the cultivars

Were same far the first sowing (125 days) but from $ onwards, the L-550
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took lesser days in comparison to BG-209 far the appearance of first pod,
In case of L-550 fér S, 83 and 8) it was 105, 100 ard 90 days, while far

BG-209 1t was 115, 105 amd 103 days respectively.

4,2,2 Influence of different dates of sowing on the marphological
attributes of chickpea cultivars :

The data on the effect of different dates of sowing on the morpholo-
glcal attributes of chieckpea cultivers viz,, JG-62, L-550 and BG-209 grown
in fleld and pot culture mre given in teble 10, 11 and 12 respectively.

These are expressed on per plant basis,

The morphological attributes like height, branch mnmber and leaf
mumber increase with time upto a certain stage in all the cultivars and in
all the sowings, These parameters showed low values when grown in pot irre-

spective of sowing dates ar cultivars.

J6-62
Plant height :

Plant height incressed with ege in all the sowings both under f£ield
amd pot culture conditions. The height was comparatively mare under field
comdition, There was a general decrease in height at all the stages with
an increase in sowing time both under field and pot cultare conditions.
The only exception was in case of 2nd sowing at 90 and 120 days in pot
culture, vhere a slight increase was observed, Maximm height is realised
at first sowing (83.6 and 59.2 cmé respectively in field and pot culture)

and difference between 81 and S, was not mich marked. The decrease in



Table /p « Effect of different dates of sowing on the morphological attributes of

chickpea Cv. JG-62 grown in field and pot culture.

Daya after Field Pot culture
sowing 30 60 90 120 150 30 60 90 129 150
Time of sowing
1 2 3 b 5 6 7 8 9 10 11
Plant height (cm)
8 23.0 39.8  51.2 68.4 83,6 19.0 29.6 35.6 42,2 59.2
8, 7.2 27.0 L.k 61.0 66.0 15.6 27.2 42.8 49.6 x
83 %,2 23,8 39.2 LB.6 X 12.8 23.2 38.6 39.4 ®
8y 13.8 25.6 42.0 43,8 x 11.0 20.6 36.4 38.0 x
SEm + 2.07 0.76 1.81 3,17 - 0.60 1.1% 1.36 1.49 -
¢p(0.05) L.5L 1.65 3.9% 6.91 - .31 247 2,97 3.25 -
Number of primary branches/plant
8 1.6 4.8 5.1 5.2 5.2 1.0 2.8 2.8 3.2 3.2
8o 1.0 3.4 3.8 4.2 4.2 1.0 2.6 2.6 3.0 x
83 1.0 2.6 2.6 2.8 x 1.0 2.8 2.8 2.8 x
BY 1.0 2.2 2.4 2.6 x 1.0 2.4 2,6 2.6 x
SEm + 0.17 0.k46 0.82 0.35 - - 0.33  0.47 0.50 -
CD(0.05)  0.37 0.99 0.78 0.76 - - - . - -

contd. ..



Teble 10 contdeees

1 2 3 4 5 [+ 7 8 9 10 11
Nurber of secondary and tertiary branches/plant
51 5.0 31.0 36.0 8.6 65.2 2.8 6.4 16,2 32,6 38.8
& %0 8.6 32.0 648 67.4 3.2 5.8  14.8  2h.b x
83 3.8 6.0 17.2 23.0 x 3.4 5.6 19.0 19.0 X
8 2.0 3.8 1B.4 18.8 x 2.0 Ly 13.8 13.8 x
SEm + 0.43 1.21- 1.72 2,24 . 0.26 1.19 3.11 410
cp(0.05) o0.9% 2.6k 3.75  4.88 0.57 2.76 6.79  T7.76
Total mumber of branches / Plant ‘
81 6.6 35.8 lu..l_ 53.8 T70.4 3.8 9.2 19.0 35.8 42,0
B2 5.0 12,0 35.8 69.0 71.6 4,2 T.h 17.k 274 x
83 4.8 8.6 19.8 25.8 x 4,0 8.k 21.8 21.8 x
Sy 3.0 6.0 20.8 21.4 x 3.0 6.8 16.4 16.4 x
BEn 0.52 0.62 2.14  1.95 0.32 0.91 2,12 2,62 -
Cp(0.05) 1.17 1.35 4,66 k.23 0,70 1.98 h.62 5.7 -
Total number of lesves / plant
51 3B.h 237.% 2948 4g5.0 388.6 28.8 60.6 45,3  245.2 298.6
S 26,0 68.4 204,0 631,0 369.0 22.6 46.6 152.6 227.8 x
83 22.8 7%.8 160.k 181.8 x 16.0 45.8 120.8 165.6 x
Sy ;11;.6 Lok 1b5.2 1494 x 10,8 46,2 138.6 86.4 x
SEn + 1.90 17.56 26.99 86.81 - 1.70 9.70 16,74 34.93 -
cp{0.05)  4.1% 38,27 L47.80 189.16 - 3.72  21.12 - 76.07 -
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heights 1 of mich greater magnitude for 3rd and 4th sowing in comparison

to 2nd sowing.

Nurber of pripary branches :

The number of primary branches attained the maximum in all dates of
scwingi!l under field condition by 120 DAS while in pot culture condition

the same was attained earliler at 30 DAS in case of S3 and Sj.

Under pot culture conditions there was no significant difference in
the mamber of primary b:ranches with reference to sowing date at a particular
stage. But 8] temded to have & higher mwber of primery branches. However,
urder field conditions there were camparatively lesser nunber of primary
branches at any one particular stage from 60 DAS, In both field amd pot
culture 8) recurded the maximm mmber of primry branches (5.2 and 3.2

respectively).

Nunber of secondary and tertlary branches @

Number of secondary amd tertiary branches also increased with age of
plant in all dates of sowing. The maximum mmber of secondary branches
were obslerved in S5. (67.4) unier field condition, while ﬁnder po£ 'culture
condition this was observed in case of §; (38.8). Least number of branches
wexs found in case of 8, both umler field and pot culture comiitions. - At
any particular stage of growth upto 90 DAS the mumber of secondary anml
tertiary'branches decreased with an increase in sowlng date in the field,

However, the same trend was not seen under pot culture condition.
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The tremd which was observed far the number of secondary and tertiary

branches was ggain reflected in total mimber of branches.
Number of leaves :

The mimber of leaves/plant increased with age upto 120 DAS under
f£ield condition, while under pot culture they increased upto 150 DAS in 8§,
upto 120 DAS in case of So and S3 and only upto G0 DAS in case of Sk.
Between t'he sowing dates a general trend of decrease with an increase in
sowing date was observed urder field condition. However, under pot culture

the trend was less clear,
L-550

Plant height :

Between the sowing dates at any particular stage there was a decrease
in plant height with an increase in sowing date upto 3rd sowing. Under
field condition there was not much difference between B3 and 8y with respect

to height.

Under pot culture condition, the decrease in height with incremse in
soving date was cbserved only upto 30 days. Thereafter no reduction in

height was noticeable with an increase in sowing date,

Number of primary branches :

Maxdmmn pumber of primery branches found was 5.8 under field condition

and 3,2 under pot culture condition observed in case of first sowing.



Tsble /{ + Effect of different dates of sowing on the morphological attributes of
chickpea Cv. L-550 grown in field and pot culture.

Deys after Fiela Pot culture
sowing 30 60 90 120 150 ' 30 60 T 90 120 150
Time of sowing
Plant height (cm)
51, 22.0 37.8 k8.0 68.2 87.6 19.0 27.8 39.6 k7.0 k7.8
) 18,0 28.6 0.0  60.4 66.0 17.4 23.2 40.0 51,0 55.4
85 5.4 246 388 149.0 x 13.6  23.6 B0 k9.6 x
sy 13.0 242 k2,2 149.8 x 11.8 20.2 37.0 40.0 x
SEq + 0.47 0.7h 1.84% 2.2 - 0.60 0.86 2.34 0.91 -
a(0.05) 1.03 160 k.00 6. - ' 1.3 1.88 - 1.99 -
Mumber of primery branches
8 2.8 5.8 5.8 5.8 5.8 1.0 2.2 2.8 3.2 3.2
2] 2.0 h.2 4,2 L2 4,2 1.0 2.4 3.0 3.2 3.2
83 2,0 3.0 4.0 k.0 x 1.0 _5,.2 3.3 3.4 x
Sy 1.0 2.0 3.0 3.0 x 1.0 2.8 2.8 3.0 x
SEa + 0.26 0,55 0.29 0.b5 - - 0.30 0.33 0.24 -
c(0,05) 0.58 119 0.64  0.99 - - 0,66 - - -

contdeeoc.



Table !/  contd...
L 2 _3 b 5 6 7 8 9 10 11
Number of secondary and tertiary branches / plant
8, 7.8 21,2 38.8 40.0 60.2 3.h 4.0 1B.4 23.0 34k
(5] 4,1 72 . 18,0 24.8 25,0 k.0 4.6 17.2 - 19,0 26.6
83 L,0 4.8 21.0 21,0 X k.0 8.8 1.8 13.6 x
8y 3.0 8.0 4.4 17,0 X 3.0 3.8 _12.4 1,2 X
SFn + 0.58 2.82 4,02 5.60 - - 1.17 1.2 2.42 3.56
ep(0.05) 1.26 6.1h 8.7T 9.99 - 0,37 3.09 5.28 6.99
) Total number of bramches / plant ‘ , N
81, 10.6 27.0 Ly .6 k5.8 66.0 h.h 6.2 21.2 26.2 37.6
s 6.1 1.k 22.2 29,0 29.2 5.0 7.0 20.2 22.0 29.8
83 6.0 7.8 25,0 25.0 x 5.0 12.0 15.1 17.0 x
By 40 10,0 17.h 20,0 4.0 6.6 15.2 17.2 x
SEm +. 0.56 0.69 2,12 6.30 - 0.93 0.63 2,17 0.71 -
e (0,05) 22 150 L2 13.17 - 2.03 1.37 4.73 1.55 ~
' RNumber of. leaves / plant i : . .
8 54,2 206,0 297.8 l1l.6 395.6 .2 69.6 154.0 2542 195.2
=] 28.4 . 68.2 8.0 223.0 256.0 30.0 52.0 176.0 242.8 ' 168.2
83 28.4  57.0 158.0 172.0 x 23.0 53.0 126. 4 143.3 x
8Y 17.8  66.2  140.2  145.0 x 15.0 47.6 18,8  1x.2 x
SEm '6.33 49.85 " 35.69 31.k9 145  7.07 15.55  2hk.82 -
cd (0.05) 13.79 1i08.62 T7.77 ~68.63 3.17 15.40 33.87 54,08




83

Under field condition the more mmber of primery branches were
present. The maximum number was achileved by 60 DAS in ;:&Be‘ of Si am S»
while by 90 DAS in case of 33 and 8),. In general, with an incresse in
sowing date there was a decreasé in nur_nber of primory branch under pot
culture condition. The meximum mmber is attained in all the sowings by
120 DAS, The fiml number of primery branches did not vary significantly

between the sowing dates,

Rumber of secondary and tertiary branches :

These increased with inﬁrease in age both umer field and pot culture
in all dates of sowing, 'The maximum mmber of branches were found in case
of B 1.e., 60.2 and 34.6 under field and pot culture respectively. Least
mimber of branches were found in case & Sh under field comdition ami in
case of 83 under pot culture condition, By ami large, there was a decrease
in the number of these branches with an increase in sowing c-iates. at a given

stage.

Under pot culture condition the decrease in mmber of branches with
increase in sowing date could not be observed before 90 DAS with the

\
exception of 83 where the values are not significantly different from 8y

from 90 days onwards,
Total number of branches @

The total muwber of brarnches wers highest in S) both under field and

pot culture conditions i.e., 66 and 37.6 respectively. A significant
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reduction in the mmber of branches was found in rest of the sowlngs,
The variation between the sowings was not much merked at any particular

stage under field coniition.

Under pot culture condition the differences between 8; and other dates
of sowingugre not that great as found for field condition., Only the diff-

erences becpme sharp at 150 days.
Number of leaves 3

The increase in mmber of leaves was noticed upto 120 DAS both under
field amd pot culture conditions far all the sowings, with the exception
of 85 urder field condition. There was not muich varilation among the leaf
mipber in case of 5, 83 and 8) under field condition upto 90 days. However,
a general decline was notlced with increase in sowing dates at 120 PAS in
fleld, the same was noticed from 90 DAS onwards in case of pot culture.
The highest mumber of leaves, L4ll and 254 wezg noticed in cese of Sy and

least in case of 84 (145 and 132) both under field and pot culture conditions,
BG-209

Plant helght :

There was an increase in plant height, nuber of primery branches,
total mimber of branches with increase in time, The final plant height was
significantly very high under field corndition in case of 81 as compared to
rest of the sowings viz., 72.6 cmg against 53.6 cmd, 41.6 cms, 37.6 cmg in

B>, 83 and Si respectively. However, under pot culture comiition the



Table /2 . Effect of different dates of sowing on the morpholoagical attributes of
. chickpea ©v. BG-209 grown in fleld and pot culture.

Days after _Fleld Pot_culture
sowing 30 60 90 120 150 30 60 90 120 150
Time of sowing ' ' |
Plant height (cm)

8 20.0 340 3.6 65.h 72.6 15.5 25,0 3.4 36.4 k2.6
& 8.4 24,6 354 514 53.6 7.4 204 37.0 42.0 2.8
53 .2 234 37.8 4.6 x 12,2 20,0 31.6 37.0 x
Sy .k 218 3%0 376 x 12.8 16,0  29.6 31.0 x

SEm + 0.kl 1.03 1.73  1.13 - 0.7k 3.4 2,07 6.8

cd (0.05) 0.90 2.23  3.77 2.77 1.60 6.84 L.52 3.19

_ Munber of primary branches/plant

8 2.6 4.8 5.1 5.2 5.2 1.6 3.0 3.0 3.0 3.0
S 1.0 3.0 3.6 4.0 4,0 1.0 2.2 2.8 2.8 2.8
83 1.0 3.0 3.0 3.0 x 1.0 3.0 3.0 3.0 x
8y 1.0 2,0 2.8 2.8 x 1.0 2.6 2.6 3.0 x

SPBm + 0.28  0.39 0.97 1.h7 - 0.17 0.19 0.20 0.14 -

cp (0.05) o0.62 0.85 - - - 0.37 - - -

contd...



Table /2 contd.ee

2 3 4 5 6 7 8

L 2 9 10 11
_ | . Number of secondary branches / plant

51 7.0 19.0 32.4 by L oh4,2 2.2 3.6 14.8 25.8 he,2
32 4.0 5.4 22,4 33.2 4 .8 3.é 4.0 18.0 27.8 35.0
33 3.8 7.2 24.8 3.8 x 3.4 6.8 13.8 32.6 x
3) 2.4 8.0 28.0 30.8 " x 2.2 4.0 19.2 32.0 X

SEm + 0.66 1.9 L, 02 6.87 - 0.k 0.94 3.16 h."zo -

Cp (0.05) 1.b5  L.26 8.76  _ - - 0.90 2.05 6.90 7.2} -

‘ ' - . Totel number of bramnches / plant

81 9.6  23.8 37.5 149.6 99.k 3.8 6.2 17.8 28.8 49.2
82 5.0 8.4 26.0 37.2 48.8 L2 6.8 20,8 30.6 37.8
83 T B8 102 27.8 3.8 x I 9.8 16.8 35.6 x
Sy 3.4 0.0 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

cp (0.05) 3.76 L. ' 8.67 1576 . 1.37  1.55 3.73 5.03

. Leaf mmber / plant

81 35.0  155.0 225.8 436.4 600, k4 24.2 45.2 108.6 225.6 268 .8
Sz 33.% 54k 115k  201.6 245.0 19.6 39.6 102.0 232,14 168.0
83 . 20,2 S5T.h 115.2  152.0 x 15,6  57.4  101.0  149.k x
Sy 12.0 53.4 177.2 175.0 x 15.0 32.6 118.8 190.6 x

SEm + 3.36 .16 17.52 39.49 - 1.22 5.55 20,43 31,28

& (0.05) 7.32 24h.32 3PB.18 86.05 - 2.65 12.10 Lk .52 61.25 -
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height did not vary considerably between the different soying dates except
in case of 8). A reduction in plant height 'was observed with increase in
sowing date at 30 DAS. However, at 60 DAS the reduction was only in com-
parison to 81. At 90 DAB there was no variation between the sowing dates.
At 120 days there was a gradusl decrease in height with an increase in

sowing date.

Under pot culture comiition these variations were not cbserved.

Values cbserved for Sh were comperatively loweqf almost at all stages.

Nunber of primry branches 3

—————

The maximum mmber (5.2) of primary branches wew# seen in case of
B1 followed by S, 55 and 8), urder field condition. The maximum mumber
was attained at 90 DAB in case of 83, by 120 days in case of 8, and 60 ard

90 DAB in case of 83 amd S) respectively,

Under pot culture, the differences were not mich marked between the
different sowing dates except in case of S), which had comparatively higher

mimber at 30th day.

Number of secomlary and tertiary branches :

1

These increased with time both under £ield and -pot culture, the order
of increase being 837 8 > 83 >8).>It will be dbserved that under pot
culture condition, the plants were harvested between 120 ard 150 days,
while By and $ they contimned growth after 150 DAS, Although the total

rumber of branches found more ar less same under pot culture at 120 days
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in 81 and & in comparisom to S3 anl 8), yet the final mmber at 150 days
was mich higher. This may be due to the fact that the plants were harvested
between 120 and 150 days, while in S; anmd S, they were harvested beyond

150 DAS,

The similar pattern described far the number of secondary and tertiary

branches was noticed with respect to total mimber of branches.

Number of leaves :

Leaf mimber inecreased with time in almost all stages both urder field
and pot culture conditions, with exception of S, where it registered a
decline at 150 days. The maximum number was again noticed in case of 5j.
The order vas 8 > & >8) > 83 both under field am pot culture conditions.
At any given stage the differences were more marked with respect to 8;
urder fleld condition, which had a higher mimber of leaves in camparison

to the rest of the sowings, however, these were less msrked in pot culture,

4,2.3 The influence of different dates of sowing on leaf erea and dry
matter production in chickpea cultivars :

The influence of different dates of sowing on leaf area and dry matter
production of chickpea cultivars JG-62, L-550 and BG-209 grown under field
and pot culture conditions is presented in figure 2, 3amd 4 and in table
13 to 18 respectively. The figures represent the changes from the start of
flowering £111 final harvest at an interval of ten days, for guch date of

sowing, For convenlence of representation the flower weight has been
included in the stem weight.
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J6-62
First sowing :

It will be seen from the figure _2 far the first sowing, under field
condition (Table 13) leaf area increased with time t111 120 DAS ami there-
after showed a gradual decline t1ll the time of harvest. The maximm leaf
area (1969 cm®/plant) was attailned 10 days before peak flowering. The
total dry matter production followed typieal sigmoid curve. There was a
slow increase upto 90 IAS and thereafter the increase was greater. The
maximum dry weight (46.250 g/plant) was attained at 170 DAS, Stem weight
also followed a'typical sigmoid eurve and the maximim stem weight wag
attained at 150 DAS (28,012 g/plant), afterwards there was a slow decline
in stem weight t11l the time of harvest. The highest dry weight of leaf
(7.438 g/plant) coincided with the attaimment of maximum leaf area, The
pods did not show much varistion in weight until 120 DAS, howeve;* from 130
DAS onward there was a linear and sharp increase in dry weight until 170

DAS, Thereafter 1t maintailned a constant level. ,

Under pot culture conditions (Table lh), "also/the leaf area increased
linearly upto 120 DAS, After that the rate orf.‘ incresse was slowed down
t111 250 DAS and then showed & very sharp decline until harvest. Although
the increase at 120 DAS vas more a less simj:iar to that observed under
fleld condition, yet, the increase was extended till 150 DAS and the
maximm area (598 em?/plamt) was observed at this stage and a sharp decline
was seen after 150 DAS, The pattern of dry matter praluction in pot culture
comiition was similar to that of field, however, since the mturity of

plants was attained earlier, the maximm dry matter and pod weight were
attained at 160 DAS,
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2nd sowing :

During the second sowing the leaf area showed a sharp increase from
60 DAS. It attained its meximm area (1813 cm®/plent) at 120 DAS, There-
after it showed a gradual det:.-line until 150 DAS and from thereon reglstered
a sharp decline. The total dry weight shoﬁed a typleal sigmoid pattern.
A slow increase upto GO DAS and sharp increases thereafter till 150 days
were noted and at 150 DAS it attained the highest dry matter (37.265 g/
plant). The stem weight in the sccond sowing increased at a slower rate
until 90 DAS, and thereafter it increased sharply till 120 DAB and then
we;lt up steadily at a slower rate until 160 DAS where the highest (16 g/
plant) was recorded, afterwards it declined graéually t11l harvest. The
increase in leaf weight was gradual till 90 DAS, from t.hereon the increase
was linear till 120 DAS to attain the maximm (8.201 g/plant) and from 120
DAS t111 the time of final harvest there was a gradual decline until harvest.
The increase in dry weight in pod was registered from 120 DAS and followed

a typlcal sigmold curve.

Under pot culture condition the leaf area increased linearly to
attain the maximm (483 cm2/plant) upto 90 DAS and more ar less the same
level was maintained till 120 DAS and then it declined graduslly t111
harvest. The total dry matter increasel upto 150 DAS and attained the
maximm (17.125 g/plant) by this stage. The increase between 120 and 150
days was appreciably greater than the.lncrease between 90 andi 120 M§.

The stem welght also showed a parallel trerd upto 140 DAS ard afterwards
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a slow decline was seen till the time of final harvest. The leaf dry
welght ineremsed till 120 DAS, It attained its highest (2.59 g/plant) at this
stage and thereafter it declinel gradually till harvest. A linear increase
in pod welght was noticeable upto 130 DAS at a slower rate and at a higher

rate from 130 to 150 days.

3rd sowing ¢

In the 3rd sowing in field the leaf area increased linesrly till 90
days ldneardy and thereafter upto 120 DAB at a slower rate and attained by
this time its highest area (400 cn/plant) and from thereon & linear decline
was observed. The total dry matter praluced was canparatiw_rely less in 83.
SBignificant incremse occurred in dry matter between 110 and 120 DAS, The
highest dry metter accumlation (12.775 g/plant) was noted at 140 DAB, Stem
welght also showed a similar trend till 120 IAS, There was no appreciable
Increase in stem dry welght from 120 DAS onwards and it attained its highest
(6.500 g/plant) at 140 DAS. Leaf welght gradually inereased upto 120 DAS

and then i1t declined. FPod welght incressed linearly till 140 days.

Under pot culture cordition fhie leaf area increased linearly upto
120 DAS and also declined linearly thereafter., The highest ares of 299 ci2/
plant was recordéd at 120 DAS, The total dry metter followed a typical
sigmoid curve, It increased gpﬁo 90 DAS at a slower rate end at rapid
rate upto 120 DAS. The highest dry matter was recorded at 140 DAS (14. 375
g/plant). The same tremd 1;aa3 cbserved in case of stem and it reacheg its

highest welght at 120 DA8 (7.555 g/plant), The leaf weight and pod welght
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showed the same trend as observed under field conditions. However, the
highest dry welght was observed for leaf and pod at 120 and 140 DAS

respectively.

. bth sowing :

In case of 4th sowing in field, the leaf area increased linearly
from 60 to 80 DAS, There was no further change till 120 DAS, it declined
thereafter. The highest leaf area was found at 120 DAS (354 em?/plant).
The dry matter production upto S0 DAS was slow and from 90 to 120 DAS it
was rapid and attained the highest at 130 DAS (14.350 g/plant). BSame trend
wag observed 1ln case of stem, however, the Inerease was noted only upto
120 DAS, when it attained the highest dry weight (7.0 g/plant). Leaf
welght increased slowly till 90 DAS, further it remained constant ti11 110
DAS. The highest leaf welght recorded was 1,750 g/plant at 110 DAS., The
pod weight imre'aseq linearly from 100 deys omwards till it st;bilised at
130 DAS,

Under pot culture coniitions by and large the picture remained the

same, except that the linear increase was observed between 60 and 90 DAS,

L1550
Ist sowing :

It will be noted from figure 3 and table 15 that the leaf area under
field condition imcreased upto 150 DAS and thereafter showed & sharp -
decrease. The highest area recarded was 2300 em®/plant wes at 150 DAS,

The total dry matter production followed a typical sigmoid curve, The dry
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matter production was slow till 90 DAS, then 1t increased upto 120 days
and afterwards showed & sharp increase till 160 DAS and then attained the
highest weight (64 g/plant) and declined steadily till harvest. The ‘stem
dry welght followed the same tremd. Leaf weight also showed a similar
pattern t11l 150 DAS, however, it declined sharply thereafter, The
inerease in pod welght was slow upto 140 DAS and increased rapidly between

140 and 170 days.

£

Under pot culture condition (table 16) the leaf arem registered a
simiiar trend till 120 DAS, Between 120 and 150 DAS it remmined almost
constant amd then declined rapidly. The pattern with respect to total dry
welght and stem weight was similar es observed unier field condition. Leaf
weight, however, shbwed a similer pattern only upto 120 DAS, Between 120
and 150 DAS no apprecieble increase in leaf weight was observed anmi 1t
declined thereafter. Pod welght increased lineerly with time until it

stabilised at 170 DAS,

2nd sowing :

The leaf area during the second sowing in the field increased linearly
+111 150 DAS and then declined sharply. The total dry matter shose;ed a
typical sigmoid ’curve. The highest weight was attained at 160 DAS (43.500
g/plant_). The stem dry weight increased slowly until 150 DAS amd from
thereon increased rapidly until 150 DAS, and it recorded the highest.
welght of 18.750 g/p]al;t at this stage. The leaf }éry weight 1nc;reased

t111 100 DAS and declined sharply. Pod dry welght inoreased in a typical



sigmoid fashion in parallel to stem weight.

Under pot culture condition the leaf area increased upto 120 DAS,
then declined gradually +1ll 150 DAS and very sharply after 150 days.
The total dry weight followed a typical sigmoid curve and the highest
weight of 21.462 g/plant ves noted at 150 days. The leaf dry weight incre-
ased steadlly till 120 days and no further increase was noted after that,
however, a sharp decline was only noticed just before at the time of
harvest. fcd welght paralleled fhe stem welght and followed a sigmoid

curve,

3rd sowlng :

The leaf area under field condition increased linearly upto 90 days
and slowly between 90 and 120 days amd then decreased linearly, The total
dry welght increase was more pronounced between 90 apd 120 days, the highest
being recorded at 130 days (14.225 g/plant). Stem dry weight closely
peralleled the total dry weight.' However, it declined from 130 days onwards
Leaf dry weight incressed upto 120 DAS. Pod welght incremged with time
until harvest. Increase in pod welght was slow upto 120 days but the same

increased rapidly between 120 and 130 days. -

Unmder pot culture conditions the picture wes moi*e or less remeined
similar except the highest total dry weight (11.825 g/plant) was fourd at
140 days and the stem maintained a constant level in it welght from 120

days ommrds.
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Lith sowing :

The results of fourth sowing show that the leaf area increased upto
120 deys end thereafter declined sharply. The total dry matter ilrcreased
linearly till liO days anl rapidly between 110 amd 120 days. The highest
dry weight (13.225 g/plant) was seen at 120 DAS, Stem and leaf dry weight
increased till 120 days, however, the decline in leaf weight was more
sharp in comparison to stem. The pod dry weight paralleled the stem dry
welght. Tt also shoved e rapld increase between 110 and 120 days, after
which increase in weight was of low order, Similer itrend was observed

umder pot culture,
BG-209

Ist sowing 3
It will be seen from the fig. 4 that the leaf area increased rapidly

from 90 DAS ti11 150 DAS and thereaftez"declined very sharply under field
conditions (Table 17). The highest area recorded '(22'92 em?/plant) was on
150 DAS, The total dry weight incressed with time at 150 DAS aml declined
gradually, The increase bétween 120 axd 150 deys was greatest as compared
between 90 end 120 days. It aitained its highest at 170 days (146.250 g/
plant). Almost similar pattern was cbserved with stem dry weight, The
leaf dry welght increased upto 150 days to record its highest welght of

12.573 g/plant apd then declined linearly ti1l harvest.

Under pot culture condition (Table 18) changes in leaf area and leaf
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weight, were of same order as obtained in field, however, the increase was
of lower magnitude. The total dry weight increased linesrly until 140 days,
rapidly between 140 and 150 deys. Highest dry welght was attained at 150
deys (16.1 g/plant). Stem @y weight closely paralleled the patfern of
total dry welght. The pod weight incressed with time, however, there was

a significant increase between 140 and 150 days.

2nd sowing @

The leaf area generally increased until 130 DAS sharply to recard
the highest of 600 cma/plaﬁt ari declined thereafter. The total dry weight
inereased with time, but the incrense was mare marked between 130 and 160
days. The highest weight (37.202 g/plant) was recarded at harvest. Stem
weight paralieled the change in total dry -weight. upto .:|'50 deys only. By
and large, the leaf welght remined c;)nstant after regisfering the increase

from flower initiation to 110 days, but decreased significantly at harvest,

Under pot culture condition, lea? ‘area increased till 120 degs, then
slowly decreased upto 150 days. Total dry weight increased upto 150 days,
larger increases wvere cbserved between 1:20 ard 150 days. Btem dry weigllat
closely paralleled the total dry .Weight changes upto 130 days and thereafter
the welghts tended to stabilise, however, the highest weight was cbtained
(6.440 g/plant) at 140 DAS, The leaf dry weight remained almost ;:onstant

between 90 and 150 days,
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In the third sowlng the leaf area increased sherply between 80 and
90 days and remained constant till 120 days when it attained its highest
aren (268 crP/plant). Then it declined slowly. The total dry welght
increased with time, however, it showed a rapld increase between 110 and
120 days. The stem dry welght also inereased with time till 130 days.
The leaf dry welght by and large remained constent between 90 and 130 deys

and than declined sharply.

Under pot culture condition an initial increase in leaf ares between
80 amd 90 days was noted. From thereon there was ,li'ttle decrease in leaf
area upto 120 days. Thereafter 1t declined sharply. The changes in total
dry welght and stem welght were of simllar nature 2s in field. In contrast
to the changes in field, the leaf Weight inereased and decreased linearly,
attaining 1ts maximm at 120 deys. The change in pod dry welghts were

more ar less of similar order,

Lth sowing :

During fourth sowing, by and large, leaf area remained constant
till 120 days,.however, the highest leaf area (372 cm?/plant) was observed
at 90 days. ' The total dry welght inereased till 130 days (8.5l8/Plant)
and then slowly declined. By.and large, the leaf afea, leaf dry weight
and stem dry welght remained constant Between 90 and 120 days. An increase
was noted between 80 and 90 days and a decline from 120 days to harvest

with exception of stem weight. The pod weight increased with time, but



more rapidly between 120 and 130 DAS.

Under pot culture conditions simiiar tremd was dbserved with respect
to leaf area, leaf weight and total dry weight, however, the stem dry

weight showed an inerease with time upto 120 days.

4,2.4 Effect of different dates of sowing on the percentage dry mtter
distribution in vericus plant partsin chickpes

The data pertaining to the effect of sowing dates on the percentage
dry matter distribution in various plant parts of chickpen cultivers JG-62,
L-550 and BG-209 at various stages of growth in field and pot culture are
gliven in table 19, 20 and 21 respectively; from 30 days after sowing until

final harvest at 10 days interval,

Sinte a very small percentage of total dry matter was present in
flowers, no separate data was given far flowers aml their welghts were
included in the stem for convenlence., One common cbservation was that the
percentage of dry welight in pod increased with time in all the cultivers
both under field and pot culture and therefore these are"ndt deseribed

individually.

JG-62

Data for JG-62 under field and pot culture conditions sre presented
in table 19. From the same it will be noted that in field during the first
sowing (81) at 30 deys the leef had 66 % dry mtter of total dry mtier as

compared to 3% % in stem. The percentage dry matter in leaf decreased with
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time. However, it was noticed that there was marked reduction in leaf

at two different periods during the crop duration. The first was betweti
30 end 40 DAS and the gecond was between 120 and 130 DAS, while the first
decrease was accompenied by en increase of comparable order of stem. The
same was not between 120 and 130 deys. Moreover, it will be noticed that,
by and large, the reduction in perckentage of 1eaf dry mtter was of compa-
rable:degrée in relation to increase in percent-age dry matter present in

stem at any QIVen stage,

The changes during secord and third sowings were found to be of similar
nature. One interesting point was that in.all the sowings the stem gains
weight by 70-80 DAS,

The picture in case of 8§y was different when almest equel percentage
of dry m_tﬁer was present between leaf aml atem and no merked reduction in
leaf dry welght percentage in rest of the sowings between 30 and 4O days
could be doserved. However, with incremse of time, the stem begafn to

gein and percentage dry matter increased till 90 DAS,

Under pot culture condition, a similar trenml was observed as found
in field, however, the morked reduction was obaerved between 40 and 50 DAB

in §; and between 50 and 60 days in S, and 30 and 40 days in Sj.

L-550

"In field, L-550 also showed the same behaviour as cbserved for JG-62

with respect to Sp and 83, however, percentage of dry mtter present in
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leaf at 30 DAS was comparatively less (61.8 %). In case of 8),, although,
by ard large, the pattern was the same, yet, the pa‘centage of stem dry

welght was moare as compared to JG-62.

Under pot culture condition, a similar trend was seen with respect
to B3, S and 83. Only in case of 81 the period of maximm reduction was
noticeable at a later time interval. A marked difference was noted in
case of Bl in comparison to field.” The trend in Bl;l was more like the 83
of pot culture and the cbserved percentage distribution at 30 DAB was also

of comparable arder.

BG-209

In field at 30 DAS the percentage dry matter in leaf was 84.6 and in stem
it was 15.4-in 8;. At this stage amongst the cultivars BG:209 recarded the
highest percentage of dry mattér of leaf. A sharp reduction occurred between
30 and 40 DAS and similar increase corld be noted in stem.- Unlike other
cultivars, by amd large the distribution bétween stem and leaf was more @
less equal upto 110 DAS, Appreciable incrése in percentage dry metter in
stem was noted from thereon until 130 DAS and declined gradually thereafter.
The above trend was seen maintained by Sp, however, the marked decrease in
Percentage dry welght in leaf was observed between 40 ani. 50 AS. Another
difference from 8, was the fact that the stem weight was comparatively

alvays very high at any given stage.

In cese of 83 at 30 DAS the percentage dry weight present in leaf
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and stem was 62 and 38 respectively, hence the perceﬁtage dry matter in
stem was greater at this stage in comparison to 5; and 8. Moreover, the
decline in percentage dry welght in leaf was gradual with time. The per-
centage dry welght 1n stem also increased gradually till 110 days and
thereafter decreased slowly. By and large, the trend in case of 8§, was
seen similer, except that the percentage dry weigl"xt in leaves, although

initially lower, was otherwise, comparatively higher at a given time.

The pattern unler pot culture condition was found different from
the field, The sharp reductions observed in the case of field at specific
time period were not observed umder pot culture condition. 8tem welght
algo vas comparatively higher at initial stages. Otherwlse, by and large,

the picture remained the same with respect to 8 and S,.

(S

Another observation was that in B> the percentage of leaf dry matter

fluctuated cansiderably upto 60 DAS,

The pattern shown by 33 in field more or less remained unchanged
umer pot culture comlitions, however, in the 8y, although the general
trend was similar yet the quantitative value until 90 DAS at given time

were higher for leaf and lower for stem respectively.

L.2.5 Effect of different dates of sowing on the relative growth rate

(RGR) crop prowth rate (CGR) and leaf erea index (IAI) :

The data pertaining to the RGR, CGR and LAI for the chickpea cultivars

viz., JG-62, L-550 and BG-209, as. affected by different sowing dates are

presented in table 22, 23 and 2L respectively. The date are given for
field aonly.
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36-62
Relative growth rate !RGRZ :

The RGR valunes are presented from 30 DAS upto maturity for four dates
of sowing. Between 30 and 40 DAS the RGR decreased as the dates of sowlng
increased. Thereafter, it fluctuated both within the growing periods and
between the sowing dates. However, during 5; an increase in RGR value was
observed from 60 to 100 DAS, It declined between 100 and 110 days, but
agaln incrensed to mare or less constent value upto 100 days, thereafter

it fluctuated amd sharply declined between 150 and 160 days,

Far 82 the RGR fluctnated amd no definite; pettern could be seen,
Far 83 the RGR declined sharply till 70 DAS and thereafter sharp inclines
and declines were noted between regular intervals of 10 days. During Sy,
the RGR, although initially low, increased considerably between 4O and 50

days and thereafter declined wilth time.

Crop growth rate (CGR)

CGR variéd greatly within the sowing dates am between the sowing.
CGR increased with time upto 50 DAS in first sowing and it declined there-
after in the next time interval of 50 to 60 days. Between the sowing dates,
during tlﬁs period the-values for 8y were always founn;‘t to be highest and
this was markedly different from other sowings., In case of first sowing
the CGR values increased with time until 150 days and declined sharply
thereafter. Highest CGR value was found between 140 and 150 DAS (36.6 g/z2).

The CGR value.in the secomd sowing increased in a more or less similer
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manner upto 100 days and thereafter remeinsd almost constant and then
again increased between 130 and 140 deys, during which highest CGR (28,38
g/n@) vas recawvded. Far 83, the incerease in CGR values was restricted
between the time interval from 90 to 120 days and the highest CGR valne
was recorded at 120 DAS (12.24 g/w?). In §), the increase in CGR values

wvere from 70 to 120 days.

Leaf Area Index (IAI)

The leaf area index in general was highest for amy given time interval
far Bl fram 30 A8 onwards., It inereased till 130 mé and declined gradually
thereafter. & although showed a similar trend as shown by 81 yet, certain
impartant features can be cbserved. Initially the values in comparison to
Bl were very low. However, as the time interval increzsed these differences
were narrowed, 80 that by the time the mximn values were attained, there
was no eppreclable difference between S1 end &, In case of S3 and 8 the
leaf area decremsed with time until 130 DAS and declined Purther. It is
interesting to note that the values for 83 amd Sy for any given time interval
between 30 and 60 DAS were always greater than 8o amd in the following
interval the differences in values were almost nil, Thereafter 85 values
were always higher than 83 and §). However, the differences were not very

great.

Leaf Area Duration (LAD) .

Leaf area duration- was reduced with delayed sowings and the order was
8y > 8 >83 > B) and the values far 8y, S, B3 anmd 8) were 50.30, 40.35,
9.45 and 7.46 respectively.
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L.550
Relative growth rate (RGR) :

RGR values for B and & to a certain extent were comparable upto
140 DAS, The values Increased upto 60 DAS in B,, then declined and
remined low until 90 DAS amd from there onwards it fluctuated, however,
between 100 and 140 DAB the values far the 8) ami By were mare ar less of
the same magnitude. In 33 end 8§) considerable fluctuatims were observed

in RGR values.

Crop Growth Rate (CGR) :

No specific trend in CGR was noticed elther within the sowing dates
or between the sowing dates, However, by and- large the values befare 90

DAS were comparatively lower and higher after 90 DAS,

Leaf Ares Index (IAI) :

The leaf area index 1ncrea§ed in all the sowings upto a certain time
and deelined thereafter. The maximum IAI noticed was 7.56, 1.98, 0.85 and
1l.22 'between_lSO-lSO, 120-130, 110-120 and 90-100 DAS in case of 8y, 5,

83 and 8y respectively. Between the sowing dates for any given time interval
upto 80 DAB the values for 87 were highest.

Leaf Area Duration !IADZ

The leaf area duration decreased significantly with delayed sowings,
however, there were no marked differences between 83 and 8y, The values
far IAD were 51,47, 14.29, 5,93 and 4,10 for 8y, 8,, 83 and 8) respectively.
Thecz'dez-v:assl>82>83->ﬂh. |
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BG-209
Relative Growth Bate §RGR2 :

RGR varied considerably within the sowing dete. However, it could be
observed that between the sowlngs, the RGR valnes were mare or less of the
game arder at certain time intervals, for e.g. between 40 and 50 DAB, bet-
ween 90-and 100 deys anl between 100 and 110 deys, with the exception of
hth sowing between' 90 and 100 days. The values for £ were of comparable
crder with 83 between 40 and 70 days and also between 110 and 120 days but

beyond 120 days only with Sj.
Crop Growth Rate (CGR) :

During £irst sowing CGR was seen fluctuating considerably t111 90 DAB
and increased thereafter. The values from 150 and 180 days were low. In
the second sowing it increased upto 60 DAS and slightly declined till 80
days and then increased with time upto 160 DAS, Both 83 azﬁ £, showed

increases upto 110 days ani declined thereafter, however, the decline in

83 was comparatively slower.

Leaf Area Index (IAI)

The IAT increased upto & specific time in all the sowings and declined
thereafter. The maximm IAX of 7.58, 1.98, 0.88 and 1.22 were found e
150,' 130, 120 ani 90 days after sowing for B, &, S3 and 8} respectively.
At any given time between the sowings the values far B) were always higher

but did not vary much from the rest of the lsowinga until 60 days, whereupon
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the values for 84 were foumi to be higher upto 100 days anmd from 100 days

onwards in case of Bp.

Leaf Aren Duration SIADQ :

The values of ,IAD can be compared with that of L-550 for all the
sowings, as they are more or less of same arder, as a 346 4 increase was
geen in 8 compared to S; in both the cultivars. However, the variation
in IAD between 53 and 8y was not so marked. The values far IAD &re 51.41,
14.82, 5.9 z;nd 7.09 £ar 8y, 82, S3 end Sy respectively aml the order was

8 > B »8 > B3

4.,2,6 Influence of different detes . of sowing on the reproductive
behaviour of chickpea ¢

The influence of different sowing dates on the reproductive behaviour
both under field and pot culture conditions in cv. JG-62, L-550 and BG-209

is graphically represented in figg., 5, 6 and 7 respectively.

In order to have & comparative evaluation of reproductive behaviour
under different sowing dstes same scale has been used;‘gll cultivars, however,
different scales have been used for field and pot culture in order to high-
i:lght the patterns under these conditions. The results are presented

separately for each cultivar.

JG-62

e —————

From figure 5.1t will be evident that the time, intensity and duration
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of‘flcwering is greatly altered under the influence of different dates of
sowing, With delayed sowing, the appearance of first flower is also
delayed., The intensity of flowering was generally z;educed with delayed
sowing. The duration of flowering was also considerably reduced with

increase in sowing dates.

Similar pattern was observed under pot culture conditions. In general,

the flowering occurred earlier with an increase in sowing dates.

Ist sowing :

Flowering started at 55 DAS in 8) and contimied upto 165 days. Hence
the total duration of flowering cbserved was 110 in the case of first sowlng.
The peak flowering was coserved at 135 DAS, The total nurmber of flowers
increased in a sigmoid fashion till 135 DAB, There was an initial rapid
rise in the mmber of retained flowers upto 100 deys. Further rapid inerease
is noted from 115 to 130 days. Thereafter the mumber of retained flowers
declined sharply. The abscission also increased with time upto 100 days
but thereafter it increased rapldly. 252 flowers had abscised at the time
of peak flowering. The pod farmtion was initiated at 80 days. The number
of pods formed did not imcrease appreciably until 130 days. There was a
marked apd significant ineresse in the mmber of rods found between 135 and
145 DAS, Thereafter the increase was considerably less and no further
increase in pod mmber was recarded after 160 days. A total of 170 pods

were formed..

Mare or less a similar trend was observed under pot culture condition
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also except far an early initietion and pesk afterwards. The magnitude
of flowering was considerably less., As compared with 475 flowers under

field coniition, there was only 260 flowers urder pot culture conditions.

2rd_sowing :

In the second sowing the flowering initiated from 60 JAB ani total
duration was 90 days. The peak flowering occurred at 120 days, The number
of retalned flowers increased steadily and thereafter declined sharply until
135 days an gradually till 150 days. Out of a totel of 2ho flowers, 117
peds were farmed. The pod farmation started at 90 DAB, but the rapid
increase in pod number started from 110 days to 140 days. The pod mumber
stabilised by 145 DAB, By the time of attainment of peak flowering 76

flowers had been abscised.

Under pot culture flowering started from 57 DAS onwerds and contimed
t411 135 DAS, Hence the total duration of flowering was 78 days. The
total mumber of retained flowers increased until 100 deys and more & less
same murber of flowers were retained till 110 days. Thereafter, it declined
sharély. 46 flowers had been abscised at the time of peak flowering. Paod
initiﬂtiqn we noted at 90 DAS, It increased at & very slow pace upto 100
days and thereon increased rapidly until it attained a constant nmunber by
135 days. Although by armd large, the same general trend is maintained under
pot culture conmiition, yet, the flowering peak was not sharply demarkated
ard it extended over a larger mmber of days. A total of 117 flowers were

formed out of which 4O pods developed.
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3rd sowlig :

In 3rd sowing days to first flower were 68 anl the flowering ceased
by 130 days. A sharter duration of 62 days was obtained under field in
camparison to S amd Bp. The peak flowering was recarded between 100 and
105 days. The decline in flowering was gradual. By peak flowering L2
flowers had abseised. Pod farmation was initiated 95 DAS ani there were
very few pods till 105 days, from thereon the pad mumber increased steadily
upto 130 deys and then tended to stabilise. A total number of 96 flowers

vere formed and fimal retained pods were 40.

Under pot culture comdition the flowering was initiated at 70 DAS and
ended by 125 days. Im-aﬁé:: of flowering was 55 deys. A sharp pesk of
. flowering was observed at 105 DAS, 49 flowers were seen ebscised by this
time. The pods: initiated by 9 DAS and pod fermation stabiuaéd by 125 DAS.
. The increase between this periol was rapid. Tae total mumber of flowers

formed were 124 ani total pods realised were 43.

Lith sowing @

75 days were taken &uriﬁg the #th sowing for the eppearance of Ist
flower. The flowering lasted wpto 120 DAS, Total duration was 5 days.
The peak flowering occurred at 105 DAS. By the time 26 flowers had abscised.
The first pod was seen on 9% DAB. The pod formation increased rapidly
upto 120 PAS and the final mmber was achieved by 110 days. In total 106

flowers were formed of which 50 turned out as pdads.

Under pot culture conditions the picture was similer with respect to

p
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" time and duration of flowerirg and pesk flowering, After peak flowering
there was & rapid fall in the mmber of retained flowers until 115 DAS,
33 flowers had abscised by the time of peak flowering. The total nusber

of flowers and pods formed were 95 and 47 respectively,

Ist souwing ¢ ) | 4

Under ficld conditions flowering started at 60 DAS andl lasted till
165 days. Duration of £lowering wes 105 days. The total nurber of flowers
produced per plant was 54 and total mumber of pods farmed wess 138. The
peak flowering occurred between 130 and 135 and during 100-130 DAS there
vas @ rapid increase in muber of retained flowers. 389 flovers mad absci-
sed by the time of peak flowering. The pod formmtion started at 125 DAS but
no appreciable fncrease in number of pods took place until 14O DAS, Between
140 and 160 DAS there was a sharp increase in the murber of pods farmed
with time.

Under pot culture condition although the trend was similar, the total
maber of £lowers were reduced to 1/3. Only 193 flowers were formed and
from this 29 pods were cbtained, Time of psd initimtion and peak flowering
wis found to be earlier. The cumulativse abscission at the time of peek
flowsring was fourd as 1’4'5. Pol formtion sterted at 125 DAS amd inoreased -
steadily t1ll 155 days.

~

2nd sacwing @

The first flower appeared at 65 days and flowering contimed till 150

3
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DAS, The total duration was of 85 days. The peak flowering occurred
at 125 DAS, By this time 99 flowers lmd fallen. Of the total of 118
flowvers foarmed and the £inel pad realisation from these was 62. Pod
rorration started at 115 DAS, but the mmmber increased rapidly conly bet-

ween 135 and 150 DAS,

Under pot culture condition, by and large a similar pleture was
cbtained, however, flowering was earlier (62 DAS) end the last flower
appeared at 135 DAS, hence flower duration was 73 days. The peak flowering
reached at 110 DAB, At harvest 34 pods were picked although the total
mzber of flowers was 142, PFirst p’ai-lppelred at 100 DAS, Pdi farmtion
rapidly imruéed from 105 to 130 deys amd no further increase was noticed

thereafter. The muzber of flowers abscised at psek flowering was 78.

}

rd sowing ¢

Under £1eld condition it took 70 days for the appearance of first
flower. The total duration of flowering wes ;65 deys. Peak flo;rc:l.ng
occurred 120 days and the cumilative abaci.lait_:n at this time wvas 58, Pod
fa:'n;ation started by 105 DAS and increased till 130 DAS, 35' pods farmed
out of a total of 118 flowers. |

Unier pot culture conmdition although the time intensity anmi duration
and total mumber of flowers ani pod were found almost the same, yet the

peak flovering ani pod formtim were carlier by 5 days.
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4th sowing:

The flowering started 75 DA8 and ended by 125 DAS, Duration of
flowering was 50 days. There was no sharp peak of flowering and a broad
f peak periocd of flowering between 100 apd 110 days was seen with the
mximm at 105 DAS, The mumber of flowers abscised by the time of peak
flowering was 23. The pod formation started at 95 DAS apd stabilised by

120 DAS, The total muber of flowers were 90 and finml pod number was 28,

Under pot culture condition the pattern was identical, except that

duration of flowering was shorter.

BG-209
Ist sowing

In the first sowing flowering started at 80 DAS and lasted t111 160
DAS, The total duration was 80 days. The peak of flowering came at 130
DAS. By this time 115 flowers had &8bscised. The pods started at 125 DAS,
A gteady increase in pod formation was seen t1ll 160 DAS and then it became
stable. The total mumber of flowers farmed were 230 from which 97 pods

were Tormed,

Under pot culture condition, the flowering started 5 days earlier than
field ard dum'tiqn vas less by 4 days. The peak flowering was attained on
the same day as In field. A total muaber of 77 flowers had failen by this
time. The first pod appeared at 125 DAS em pod formtion contimed 111

160 DAB, A total of 140 flowers wer'e fourd of which 50 pods were harvested.
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2nd sowing

The fﬁst flower appeared by 84 DAB umier field conditions. Flowering
1asted for 158 deys and hence duration was Th days. The peek flowering
was at 130 DAS, The totel mumber of flowers abscised by this time was 98.
The pod initiation tock place by 125 DAS anmi steadlly lnereased upto 160

B, TFroma total of 204 flowers only, 100 pods were realised at harvest.

Under pot culture condition, flowering started 78 DAS and lasted for
67 days. The peak flouering was at 135 DAS, By this time 47 flowers had
fallen down. The pods started on 115 DAB, The pod formation continned
t111 145 DAB after which it became stable. Out of 105 flowers produced,

only 50 developed into pods at harvest.

3rd sowing :

l‘lcweriﬁg started at 83 DAS and continued 111 130 DAS,. hence flovering
duration was 47 days under field condition. The pe=k flowering was noted
at 110 DAS and cumlative abscission during this time was 16. The pod
initiation was noted at 110 DAS and continued t1ll 125 DAB and thereafter
it stabilised. The total flowers formed was 56 out of which 28 turned into

pfﬂa .

Under pot culture comdition first flower was seen at 83 DAS, hence
five days earlier than field. The total flowering duration of 47 days
and the peak flowering was attained on the same day as observed in the field.

By this period 21 flowers had abscisel., Rirst flower appeared 5 days earlier.
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than in field. Pod formation lasted till 125 days and then became stable,

27 pods were farmed cut of & total of 54 flowers,

Lth gowing

In field the first flower appeared at 95 DAS and flowering lested
till 123 DAS., The peak of flowering was at 110 DAS, 14 flowers had abscised
by that time. The first pad appeared at 100 days and pod farmation ceared

by 120 DAS, Total flowers farmed were 48 out of which 24 turned into pods.

In pot culture flowering started 5 days earlier and lasted till 125
DAS, the flowering duratiom belng 35 days. Peak flowering was also earlier
by 5 days. A total of 15 flowers had fallen down by that time, 30 pods
were harvested from a total of 60 flowers formed. Pal formation sterted
at 103 DAS and incrensed rapidly 11l 120 DAS, The pattern was similsr to
that of field.

42,7 Influence of different dates of sowing on the retention, and
abscisgion of flowers and pods

Data on the effect of different sowing dates on the percentage of
retention of flowers and pods both unmier field and pot culture corditions
in cultivars #G-62, L-550 and BG-209 ere given in table 25, 26 and 27
reépective]y.

JG-62

——

A, Flovers reteined during a specific pericd s a percentage of total

flowers

In all the fair dates of sowing the rate of flower retention, as
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percentage of total flower, incressed with time 411 peak £flowering and
thereafter declined. 38.7 %, 48.1 %, 52.0 % and 62.7 % wasgthe respective

maximm retention in 83, 8y, B3 amd Sj respectively.

In late sowing the percentage cf retention imeressed sharply in com-
parison to earlier sowings. A decline in percentage of retention was
noticed in all the sowings after peak flowering. This decl:lpe in the 2rd
sowing mﬁ; the highest as compared to the other sowings. Although a very
high percentage of flowers were retained in late sowlngs, the duration of

" such retention was corparatively very short in contrast to 81 and 8,.

Under pot culture condition almost similer trend was found and the
peak retention did not very meh with the exception of hth sowing. The
important difference is -that during the secon sowing perceni-fage of reten-
tion exceeds about 2-3 fold umier pot culture during & specifie period even
after giving due discount to 5 day early flowering, Another feature was
tbat in case of late sowing, when a given Bpécific period was compared
upto 95 DAS under field and pot culture, tﬁe percentage retention was always

lower under pot culture comiition.

B. Pods retained during a specific period as percentage of total pods
at harvest

In all the sowings the pods retained as percentege of total pods at
harvest insreased with time in fleld., 100 % of total harvest wers realised

in 8y, Bp, By and 8), between 155-160, 1k0-145, 130-135 and 105-110 DAS
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respectively. Active realisation of harvestable pods could be cbserved
between 135-143 days in 8; where 23 to 57 % pods were retained. In the
second sowing the retention of pais was increased by 20 % at every five days
interval between 115-135 DAB and by about 15 % at every 5 day interval bet-
ween 105 and 130 days. In case of hth sowing about 20 % increase in reten-

ti%cﬁssﬁfedvery start of the pod realisation which increased with time.

Under pot culture comiitions marear less similar picture 'u::és obtained
foar 8] amly. The retention af pods was noticed in &), S3 and S simltane-
ously between 90 and 95 days. However, 100 % pods wers realised at diffe-
rent perlods. It was shartes in case of 84 and longest in case of 5, The
rate of realisation was not regular as found in field. However, the inerease
in retentlon percentage is greater in case of §; compared %o 83, In 8 the
20 % increase in retenticn as found in field 1s noticeable but between 110
and 115 DAB, Table 28 shows the shedding behaviour in JG-62 umer field
and pot culture conditions. In general, the low retention of pads at the
early stage of pad formation eould be attributed to the shedding behaviour

which can be visualised from £ig.5.

In 8, there was greater shedding by 115 DAS in comparison to minber
of flowers retained during thet period. In the case of B> the rate of absci-
sslon was initially high upto 80 DAS amd then there was an appreciable
decrease in shedding, however, retention of flowers inereased untdl peek
flowering, which could be the cause of inereaged vod murber at later stages,

In the 3rd sowing abscission was low or egual to rebention except between
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90 and 95 DAB, In 8y, abscission was always at 2 mch lower rate as

compared to retentio.

By and large, the picture in pot culture was more or less similar.

1-550
A, Flowers retained during a specific periol as percentage of total flowers

Flowers retained during a specific perlod as & percentage of total
flowers increased until peak flowering am thereafter declined (Table 26).
The meximum percentage retained at peak flowering was 33.7, 4h.L4, 32.2 anm
60 for 81, 8p, By and Sj respectively. The difference between 81, 5z, 83
and 8 were comperatively less marked. Maxirum percentage varies from 32
to Ui, The retention was seen spread over a longer periad in first sowing
and comparatively reduced with i:mrease in sowing dates. The incresse in
flower retention between increasing periocds was most gradual and decline in

retention was also gradual.

Unier pot culture condition a similer picture was obtained, however,
the meximim percentage realised between first and fourth sowing was campara-
tively less than found in the field. The §; comparatively had a greater
retention percentage, when compared at a given specific period from 85 DAS

to peak flowzring, both under field and pot culture conditions.

B, Pcds retained during a specific pericd aé percentage of total pods

at harvest

The data pertaining to this indicate that the values incremse with



16

time in all sowings both under field and pot culture. The initiation of pod
retention was very late in this cultivar in the case of 8; and 8o 1.e. bet-
ween 125 and i30 days. Howyever, far 83 and 8y 1t was comparatively early
ard was between 100 and 105 deys and 90 and 95 DAS respectively. The cent
per cent retention of the final pod mumber was achieved by 165, 150, 135

apd 135 days after sowing in 8, 8,, By and 81; regspectively. Very active
prod retention was between 145 and 150 days in 81-and between 135 am 140
‘days in &, while far 83 the percentage of retention increased more with
inereasifg period of time. In case of £ fhere was a sharp increase between
95 and 100 DAS, thereafter it was 15 % increase with increasing period of 5

days,

Under pot culture comiition the picture was not the Bame, however,
the magnitude of percentage increases were of comparable arder, Since pod
formation in pot culture in the second sowing was mich enhanced with tinme,
it has realised almost ite meximm, by the time the pod retention in field
had commenced. In 383 ami By, however, similer pattern as that of field

wae seen., But in B, a greater percentage was realised at identical periods,

It will be evident from the table 29 that the number of retained
flower was comperatively much less compared to those abseised in a glven
period until 105 DAB, thereafter equal mumber of flowers retained o abscised
t111 115 DAS. From thereon the mumber of retained flowers was always higher
as ;:ompared to abseclsed till near pemk flowering, In the S; mare or less
similar pileture was cotained until 105 DAS. In addition to 1t abscission

was more 11l 110 DAS from 115 DAB onwards the retention was mare, &s compered
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to abscission., In third sowing the rate of retention was always less than
rate of abscission upto 100 DAS, Thereafter the retention was increased

end abscission was reduced markedly.%e initlal ten-daysof Bj the absci-
ssion was greater and thereafter the retention excceded the abscission and

almost the ebscission was nil in the later phease of peak flowering.

Under pot culture condition the mbseission wes always higher at a
given period and only at the time of peak flowering equel muber of flawers
were retalned or abscised. It is interesting to note that the peak flower-
ing was in the same time as the case of fiéld between 90 and 100 DAS and
that was also the period of highest shedding for JG-62 far 5. In case of
82; a similar plcture emerg®d upto 95 DAS in field and pot culture comiitions,
Thereafter the retention ﬁnder pot culture condifion vas greater as compared
to field. In 83 mare or iess equal mumber of flowers were retained over
en increasing interval of time until just pria to pesk flowering. The
number of flowers abscised was always more than the retained except 10 days
befare peak flowering pericd. During the BY, thé abscission was by am

large, less.

BG-209

A, Flouer retained during 8 specific period ad . percentage of total flowers

The maxdmm incrense was noticed at peak flowering, where 49.9 %,
4.0 %, 67.0 % and 15.8 % in 81, S, 95 and §) respectively were noticed

(Table 27). The order was 83 > & >8; > By. The decline was gradual
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in 8y and 8y, however, it was sharp in case of Sj. The 3rd sowing registered
2 sherp decline between 115 and 120 DAS i.e., just after peak flowering.

. There was not mich variation between maximm percentage of retalned flowers
between 81, 8 and B) sowings. At any given period the percentage of flower
retained was greater for 3rd sowing upto 115 DAS, It was interesting to
note thatin case of Tourth sowing although the maximm percentege was almost
same far 8 and 8, yet the percentage retained from 95 days onwards wWas
comparatively very high (about 3 to L fold) and it was only next to 8

during that pericd.,

In pot culture coniition also same trend was cbserved where maximim
percentage of retention was at peak flowering except for §,, where maximm
value wes obtained 5 days in advance to peak flowering, however, the values
for mximmn percentage were found to be different from field, foar respective
sowing dates. In comparison to field the maximum percentage values were
comparatively less far 8y (hi.4 %) and more far & (55.2 %) ani the same
was greatly reduced ar increased in case of Sz and 84 by 16 4 and 25,8 %
_respectively. The values for 8 increased and decreased generally, but
in case of 8, although the values increased by 10 % from 95 DAS 111 peak
flowering, yet, the decrease was only by L % after peak flowering until
125 dayé and a sharp decline was noticed thercafter. In case of 83 there
was a rapid increase in percent.aée until peak flowering and decline was
also comparatively of same magnitude. However, in B} there was a rapld

incrense t111 105 DAS and thereafter it declined also with the same rate.
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B. Pods retained during m specific period as percentage of total pads
at harvest @

Both under f£ield and pot culture coniitions the values increased
with time, The first sign'retention was evident between 120 and 125 DAS
fqr 5y and 85, For 83 and Sy it was between 105 ard 110 and 100 and 105
DAS respectively. The 100 % realisation of fimal pods took plece in case of
81 and 8, at the same time between period of 155-160 and for 83 and 8) bet-

ween 120-125 and 115-120 DAS respectively.

At 8; retention of pods was greater at the rate of 20 % increase
over & period of 5 deys interval from 135 days onwerds. In 3, the same
érend and megnitude as fourd in 8) conld be noticed. In case of 83, about
70 % of pods were retained between a very shart span since the values
found between 110 and 115 DAS were 21.4 % and that found between 115 and
120 DAS were 2.8 %. In &, initial percentagewi® 25 and it incresses in

same rate until final reslisation.

Under pot culture condition simllarities were only in case of £1.
In the second sowing, the retention was earlier than in field, but there
was & sudden increase between 125-130 DAS, During this period an increase
of 40 % is noted over the earlier pericd. In case of S; the sudden
increase during the shart span was ﬁot noticéd amd the lnerease in percen-
tage was at more or less by about 25 % during each time interval. In 8),
a grent inerease was noticed fram an initial value of 6.6 % to 43,3 % amd

86.6 % in the following time intervals,
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It will be noted from table 30 that the mumber of flowers absclsed
was always greater during a given pericad until 115 DAS. Thereupon the
retention was mich above than the number of sbacised flowers upto 125 IAS,
However, at peak flowering pericd the abseission was greater than retention.
During Ep the retentim in general was more over abscissior and until 115
DAS aml thereafter equal mumber of flowers were retained or abscised during
the next 10 days. During the pesk flowering period (125-130 DAS) mumber of
flowers abscised were mare than the number retained. In 83, the abscission
was still less as compared to 85 till pesk flowering. 8j also showed a
similar trend except that abscission was higher between the periocd 105 and

110 DAS.

The picture under pot culture condition was different for 51 only,
sinrce under field comiition more flowers were retained prior to peak flower-
ing. VWhile in case of pot culdure abscission was always equal or greater
at all pericds with exception between 105 amd 110 DAS, and at initial start.

Rest of the sowings showed similar trend under pot culture condition.

4.2.8 Effects of different dates of scwing on the reproductive attributes
in different chickpea cultivars under field and pot conditions

Effect of different sowing dates on the reproductive attributes in
different chickpea cultivars umier field and pot culture conditions is

shown in Table 3l. )

The flower rumber is highest both under field and pot culture condi-

tions in all the cultivars. The order was 8; > Bp > 83> B)., Rest of the
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reprajuctive attributes also, in general, mintained the same trepd between
the sowings, as far thelr number was comcerned, but this trend was not
always meintained under pot culture conditlons with respect to all the
attributes, however, 8 sowing values, by aml large, were highest and bet-

ween 83 and 81, the differences were narrowed down.

A closer examimation of the table will reveal that it was the limita-
tion of the flower number in 83 and Su‘tha,t limited the nuaber of other
repraductive attributes, which fell in sequence. The reduction in reproduc-
tive attributes in case of 83 ard 8), as compared to §) were of camparable
order in all the cultivars with the exception of the developed pod number
in case of JG-62 at B)y. The above observations were more projected under
field condition, since the pod mmber realised under pot culture condition

did not differ much between the sowings.

When & was compared with 81, it was noted that ell the three cultivers
behaved differently. JG-62 at Sz showed marked reduction in ell the repro-
ductive attributes both in field ard pot culture, while L-550 showed appre-
¢inble incresses in many of the attributes in pot culturae. BG-209, on the
other hand showed this trend in field. Although, I-550 showed heavy reduc-
tion in 211 the attributes at 25 umer field comitions, yet reduetions
could be noticed in pot culture only with respect to number of flowers formed
amd shed. An opposite picture emerged with BG-209, however the increages
recarded over 81 in field were of lov order. The shedding vas highest in
L-550, and therefare, the pod mumber reelised far L-550 were also less. The

reductions in developed pod mumber in L-550 and JG-62 were 35 % am 20 %
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respectively, however, BG-209 instead recarded an incremse of 11 % with
respect to developed pod mumber, The reduction of umierdeveloped pods
was seen highest in L-550 followed by JG-62 and BG-209 and the differences
between the varieties were significant. It will also be noted that edso
the reduction in pod mumber at & was very high in case of JG-62 amd BG-209,
yet, the requction in secd number was comparatively very less and were 31.6
and 15.6 % respectively. In 1-550, the reduction in seed mmber did not
differ significantly from pol number. Seed mumber per pod remained un-

affected by sowlng dates.

Ag far as the weight of the reproductive attributes was concerned,
the pad welght was always highest for 8 both under field and pot culture
conditions followed by 83, S and §),. This cbaervation was irrespective
of variety ar growing comiition. Similarly seced welight s also highest
for 83, However, 100 seed weight did not always follow the seme trend end

in most of the cases the 100 eeccd welght was highest far the first sowing.

When compared to By, the reductions in pod welght ani seed weight
of § aml 8y were highly aignificent amd 63-69 %, 75-80 % amd 49-67 %
reductions in these attributes were noticed in JG-62, L-550 and BG-209
respectively, however, these reductions were of low magnitude umer pot
culture coniiticn, vhere these ranged between 15 to 50 % only in case of
JG-62 and BG-209. L-550, on the contrary at 83 registered an increase of
23 % over 8] with respect to these parameters. Howewer, in case of By these
remeined unchanged. As compared to S1 marked increases in pod weight and

Beed welght were noticed at Sp. The increases in JG-62, L-550 and B3-209
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were about 6-8 %, 16-17 % and 61-67 % respectively. It will be noticed
that while the increase at 8 over 8; remined same both under field and
pot culture, but it was alts;'red in cese of L-550 and BG-209. While the
inerease urder pot culture condition was higher in L-550, the opposite

wvas seen with BG-209, which recorded higher incremses in the field.

Repraductive efficiency:

Repraiuctive efficiency is determined sequencially fram the nunber
of flowers produced to mmber of pod set and then the mumber of pods fully
developed and the seed number therein and f£inally the weight gained by the
seed. In other words, initial start is from flower muumber and final expre-
ssion 18 economic yield.‘ The various paramsters determining reproductive
efficiency have been caleulated from the deta given in table 31 and the

same have been expressed as percentage. They are presented in tsble 32.

Logs due to shedding (22

Loss due to shedding veried consiierably between the cultivars, however,
far a cultivar it was of comparable degree both urder field amd pcot eulture
condition and the sheddinz values were higher far pot culture. The highest
was noticesble in L-550, followed by JG-62 ard then by BG-209. Within the
sowing date, the shedding percentage did not vary mich. Irrespective of
the cultivar or growing condition, the percentage of shedding was always
highest in 8, For JG-62 th;a shedding percentage varied within 13 % amongst
the different sowlng detes under fleld conditions and about 28 % in pot

culture. If 8) was not taken into account, then, the shedding percentage



Table 32. Effect of different sowing dates on the various parameters determi.hing reproductive
efficiency of chickpea in field and pot culture,

Seed

Dates Shedding Pod set Effective Mo, Under Effective
Cultivar of loss pod set Effective developed efficiency Beed
sowing (%) frulting od s Ho. of ' efficiency
efficiency. Total pods .seeds No. of seeds
develtped (%) Total ™ Ovules of
ods No. of ' total pods
Total pods oviles %)
(%) (%)
1 2 3 L 5 6 7 8 9
Field
JG-62 s1 64,2 35.8 20.h 57.0 43,0 18.4 51.4
) 51.2 48,7 32,5 66.6 33.k 25,0 51,1
s3 5803 "’l‘lo? 2801 67.5 32.5 21"4 50-8
8y 52,8 h7.1 39.6 84,0 16.0 25,2 51.h4
Pot culture
81 73.8 26.1 - 15.h 58.8 4o,2 13.1 50.2
S _ 65.8 34,2 25 .6 75.0 25.0 i7.1 51.%
83 65.3 34.7 23.9 67 .4t 32,6 17.7 51..0
8l 50.5 4.4 31.6 68.4 31,6 25.1 50,7

contd.,..



Table 32 contd..

1 2 3 4 5
L-550 31 76.8 23,2 12,6
52 65.5 3]4'.2 27-2
83, 70.3 29,6 21.2
By 68.9 31.2 23.3
83 84,9 15,0 8.3
27) 76,0 24,0 12,6
83 69.1 31.0 23.6
8y 68.9 31.1 17.7
BG-209
83, 57.8 ho,1 27.4
& 51.0 43,0 34,2
83 50,0 50.0 41,0
Sy 50.0 50.0 k3.7
Sl 6!'}.1 35.7 2208
E:- 52 .4 47.6 33.3
83 15040 50.0 k2.6
8y 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
Tl.4 28.6 17.7 59.8
75.0 25,0 18,1 58.3
Pot Culture
55.1 4,9 9.0 59.9
52.4 47,6 14.3 59.7
76.4 23.6 18.0 58,2
51.1 48.9 18.1 58.5
Fiela
64,9 3.l 25.3 602.0
70.0 30.0 29.0 59.1
82,1 17.9 29.2 58.4
87.5 12,5 24,3 587
Pot culture
64.0 36.0 21.1 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
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wAs narrowed down to 7 % and 15 % under f£ield and pot culture conditions
respectively. In L.550, the variation in sheddng percentage between the
sowing dates was about 11 % in field and 16 % under pot culture. It is
intéesting to note that the percentage shedding far S3 amd §; remined
unchanged both under fiecld and pot culture conditions, but that of &; and

85 increased about 10 % under pot culture. BG-209 registered the least

loss of reproductive efficlency by shedding among the cultivars. The

shedding bebaviour remained more or less the same both unier field anl pot
culture cormiitions, In case of &, 33 ard B) the shedding percentage recorded
wag 50-52 % both under fieid anmd pot culture. In case of &1, it was 51.8 %

and 64,2 % in field and pot culture respectively.

Pod set (%)

Si.ncé shedding loés =j.es the negl.xtiw're é:gpress;.on ofl éod 'set, therefare
percentage pod set showed an cpposite anmd positive expression. Highest
pod set was cbserved in BG-209 in all the sowings, followed by JG-62 and
L-550. Within the s&ring also a similer trend was cbserved. In all sowings
hich )

8L gave the least values, followed by £, 83 and §) gave, more o less,
FA !
similar values. ' ' '

Effective pod set (%)

Effective pod set ar frulting efficiency is the ratio of fully deve-
loped pods at final harvest to the total mumber of flowers expressed as

percentage. This varied greatly within the cultivars and between the sowing
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dates, The effective pod set wvas seen considerably reduced for first
sowing in comparison to the rest of the sowings both under field and pot
_culture conditions. Highest was generally recarded by the §) far all the
cultivars unmier field coniition with the exception of L=550 at &, Under
pot culture comdition it was generally S3 which showed the highest effective
pod set with the exception of JG-62 where 8), showed the rAximm effective

pod set.

Far JG-62 the effective pod set both unier field and pot culture
conditions was least for §1 and maximm for By, However, it decreassed by
a marrow percentage (5-8 %) under the pot culture condition at respective

sowing dates. In general the order was &,> & > 8 > §).

Effeetive pod set was of very lower arder in L-550 in comparison to
JG-62 for field, the value far 5y, S, 83 and By, were 2.6, 27.2, 21.1 and
23.3 reapectively and that for pot cultured® 8.3, 12.6, 23.6 and 17.7
resp'ectivel.v. The variation under field and pot culture between the sowing

detes wvas 2 to 8 %.

BG-209 had the highest effective pod set amongst the cultivars,
within the cultivars aml between the sowings in field and pot cultuwre con-
ditions. The effective pod set percentage was seen as 27.4, 34,2, 41.0 and
43.7 in field emd 22,8, 33.3, 42.6 and 25.0 in pot culture in 83, S, 83 ad

Sy respectively.

By am lerge, it could be inferred that there is a gradation in
effective pod set, which is low in early sowing, medfum in normal sowipg and
higher In late sowing.
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Effegt;\re fruiting officiency @

Effeetive fruiting officiency is the ratio of fully developed pod
t0 the final pod mimber (Fumber of normal pods/total mumber of pods).

It w1l be Been thet this parameter increased with increase in sowing
dates in JG-62 end BG-20% unier field condition. In L-550, it increased
conziderably at §, 85 and B, in comparieon to ), however, between 5 amd

By there wes no marked difference.

Under pot culture conditicn, by and larga, higher increases were
coserved in thie paranmeter at 8, and 83 as compared to 5 witia the exception

of &, in case of L-550 and BG-209, where they showed a ccmparative decresse,

Uxxlerdmrelged pods to total pods ratio :

fince the above 13 the ratio of unierdeveloped pcﬁa to total pods
the results were negative ar opposite in mature to those cbteined far the
effective fruiting efficiency.

Beed effic_ialcz .

It is the ratio of the mmber of ovules ramber realisel as seed over
the total number of ovules fourd in the total mmder of flowers formed,
The percentage of oniles developed into seeds was highest in BG-205 followed
by JG-62 and then L-550 and the same increamed considerably with delayed
sowing, However, it varied very little between &,, 83 end 8y except in
case of 84 in L-550,
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FEffective sced efficiency

This 18 the ratio of the mumber of ovules developed into seed to the

munber of ovules found per carpel per pad set.

The percentage of ovules which developed into seed fram total mmber
of ovules present in firml pods was highest in case of BG-209, where 1t was
of the order of 60 % followed by JG-62 amd L-550 (51 %). Between the sowing
dates no significant change was cbserved with respect to JG-62 and BG-209
elther in field @ pot culture. However, in case of L-550 a considerable
increase wvas noticed under pot culture condition at S;. Between rest of the

sowings no difference was seen either in pot ar in field.

4.2.9 Temperature regimes during the different dates of sowing of chic

cultivars during 1980-81.

Temperature recard from 4th Getober, 1930 to 6th April, 1981 are
grephically presented in fig. 8 and the same is given at 5 day interval in
the temperature chart. It will be evident that maximm temperature was high
from first week of October to first week of November. Thereafter, it declined
by about 2-3°C until middle of Decmber.‘ By 3rd weck of December the temper-
ature remained more ar less constant between 18-199C with a sporadie increase
be.etween 2rd to 6th Januery, From middle of Jammnmry to approximately middle
of Februery the temperature remined, by ani large, constant between 20-21°C
with only ame sparadic decreaz;e ard rise during February. The temperature
rose sharply thereafter and remained more ar ‘less constant throughout March,

The maximm temperature rose to 31-32°C in April. -
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TEMPERATURE RECORD FROM 4-[O-1980 to 6-4-1981
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Minimum temperature was high during October, but 1t decreased as
the deys progressed until middle of Jamary, thereon fluctuated, however,
by and large, the temperature remeined between 7-8°C from 17th Jamuary to
lOt.l; February. Temperamre' was on constant increase from middle of March
to April During the middle of March the ol nd ta!mez'amre was between

ll"laoc- .

The mean temperature remained mare or less cornstant upto the end of
October ami thereafter 1t declined and remined more ar less coﬁsiant until
the end of November. During December to middle of Jamary the mean temper-
ature remined between 13-15°%. A lower tecmperaturée was noticed between
Tth Jamuary and 16th Jamary (11-12°C), From the middle of Jamuery the mean |
temperature increased to around 14-15°C until 10th Februsry. From 1lth

February onwards the mean temperature increased gredually until April,
Heat units :

The heat unit declined s{:adily until midile of November, from thereon
remeined constant until the end of November. There is smarp decline in heat
un_:l.t from Decerber to middle of Jamary with oc;casional drop a increase,
betwoen 2ml and 3rd week of Jamary the heat units increased appreciably and
again decreased upto first week of February, thereafter incrensed greatly.
but, by and large, it remained constant until middle of March. From middle

of March to April there % appreciable inerease in heat unitz,

Gro Degree Days (GDD

From the chart it will be seen that growing degree days remaing more
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or less constant ti1ll the end of CGetcber, then declined stesply till middle
_of Decenber. GDD increased appreciably from Igt Decenber to the end of
Decegioa' andl thereafter declined sharply, until middle of January. GDD

rose sharply from 9.4 to 24.0 ani then 33.2, then declined to 18.5 by 10th
February, From there upon marked increase was noted between 11-15th February)
then there was gradual increase in GDD until 6th April. Sporadic decrease

Hb noticed between 26th January and 2nd March.

II  IMPROVEMENT OF REFRODUCTIVE EFFICIENCY BY CHEMICAL MANIPULATIONS

4.3 Response of chiclkpes cv. 1-550 to diffrent concentrations of growth

remlators at preflowering, mid-flowering and post-flowering

steges (1979-80) (Experiment No,3)

Datae regarding the response of chickpen cv. I-550 4w different con-
centraticns of grcwth regulatars at pre-flowering, mid-flowering and post

flowering stages are presented in table 33.

Iniole 3 active Acid (IAA)

It will be seen from the data that IAA hed beneficinl effects at all
stages and increased the pod mmber and secd yield significantly over control.
However , the flower mumber was decreased considerably. Lower concentrations

(1-2 ppm) were mere ef fective in comparisen to higher concentrations.

Bengyl aminopurine (BA)

BA vas found to be most effective at post flowering stage with 5-10 ppm
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with respectiwve to the effective pod mmber and seed yield.

Cycocel gcccz

Cycocel hed the most beneficlal effect during the mid-flowering
phase with respect to seed yleld. Only lower concentrations of 2000-3000

ppl were found to have beneficial effect at m&-flcwering stage,
Ethrel

All concentration of Ethrel reduced the seed yield considerably,
although it did not appreciebly decrease the effective pol mumber from

those of the control. It was detrimental for yield.

L.  Effects of stage vs growth regulators interection.on vield attributes
in chickpea cultivar L-550 in pot culture and field (Expt. No.k)

The data on the effects on the application of 3 growth regulatars
on the interaction on yield attributes in chickpea cultivar L-550 urder

pot culture condition are presented in table.3lh,

A1l the parameters increased under the influence of respective treat-
ments in comparison to untreated control plents. However, the maximum
increase was noticed with reference to seed yield in case of treatment No.l4
(6.043 g/plant). The arder 18 4 > 9 >10 >3 >6>8> 7> 29> 5> 1,
The percentage difference from control veried from 51 to 137. Maximum yield
wvas found to be associated with mximm rod nunber, however, in case of

Ir.9 and 10, vhich followed Tr. 4, the higher ¥ield vas not due to the
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incrense in totel mmber of pods but due to an inerease in total mumber of

developed pods and lower mumber of underdeveloped pods.

The harvest index (H.I) was fourd to be mximm for Tr 4 (35.8)
followed by treatment 9 >10>3 76 >7 >8 >2 1 >5%. One interesting
dbservation 8, whenever the seed yield bad increased considerably, the

stem welght also showed & parallel increase.

Under field c-oniit;on the seed yleld was found to be comparable ew
to pot culture (Table 34). In field also Tr, 4 recorded the mxlmn grain
yield, but the percentage increase over control was found 6 be much below
(55.5 %) then that cbtained far pot culture. The arder of incresse of seed
yield vas k> 9 >10 >3 >6 >2 >8 >7 >1> 5. Although, the changes in
harvest index were of comparsble arder, yet, the percentage was much higher
in field than pot. The total dry mtter.also closely paralleled the seed
yield. ' '

III. BIOCHEMICAL STUDIES IN REIATION TO REPRORJCTIVE FEFFICIENCY OF CHICKFEA

%.5 A comparative study of the biochemical charge ip fresh ani abscised
lant parts (Expt., No.5)

Results of the camparative study of the biochemleal changes in fresh
ard abscised plant parte are described umier the respective biochemical

parameters,
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h5.,1 Apount of totel mitrogen, total proteins, soluble proteins and
soluble guzoars in normel sng abscised flowers and pods of chickpea

Table Fo,35 prezents the amount of differences'total nitrogen, total
rroteln, soluble proteins and soluble sugars expressed as percent dry welght
in noreml and abscised flowers and pads in chickpea cultivars viz., JG-62,

L.550 and BG-209 grown urder £ield condition,

Table 35. Change in total nitrogen, total proteins, soluble proteins and

soluble sugars in narmel and abgcised flovers anl pods o chickpea.

Cultivar Reproductive argan Parcent dry welght .
Total Total Soluble Soluble
nitrogen protein proteins sugars
JG-62  Normml flaower 2.9 15.5 1.8 5.2
Abacised flower 2.7 17.3 1.6 2.8
Narmel pad (0.4 x 0.9 mm) 3.0 19.0 1.1 Sk
Avscised pod (0.4 x 0.9 um) 3.3 20,7 1.b 7.9
L-550 Normal flower 3.3 20.7 1.6 7.3
Abscised £flower 2.1 13.3 1.4 5.7
Nermal pod (0.4 x 0.9 m) 2.8 17.9 2,9 8.7
Abgeised pod(0.h x 0.9 m) 3.5 21,9 3.2 9.8
BG-209 Narmal flower 3.3 - 21.0 1.1 10.3
Angcised flowar 2,9 18,1 1.0 7.1
Narzal pod (0.4 x 0.9 mm) 2.7 17.1 2.2 3.6

Abscised pad (0.4 x 0.9 mm) 3.0 18.8 1.1 5.0
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It will be noticed that irrespective of the cultivar, the abscised
flowers and pads always had a lesser and higher contents of above mentioned

parameters, as compared to normpl flarers and pods respectively.

There was not mch difference in the varicus parameters within the
cultivars, however, the percentage of nitrogen was highest in case of BG-209
and hence protein content was also highest amongst the cultivars. The
soluble protein content was higher for flowers in JG-62 buit for pods it was
higher in case of I-550, The soluble sugars was found to be highest in case
of L-550.

4.5,2 Changes in mucleic acid content in narmel and abscised flowers amnd

floral parts in chickpea cultivars

Teble 36 presents the changes in mucleic acid content in narmal end
abscised flowers and flaral parts in chickpea cultivers viz., JG-62, L-550

and BG-209 grown urder field condition.

It' will be seen from the {asble 36 that as compared to narml flowers
the Rm'éonbent es /A g/g fresh veight decreased significantly. The DNA
content as A g/g remined unchanged in the normel and abscised flowers of
all the cultivers., The mucleic acid contents amonz the cultivars showed
the following order

L-550 > BG-209 > JG-62

The site of the decreased amount of RNA content could be traced to



Teble 36. Nucleic acid content in normml and abscised flowers and floral parts of chickpea

(Ag/g_ fresh weight)

Cultivar Je-62 L-550 ' BG-209

Flaral paz;t Normal Abscised Narmal Absciged Herrmel Abscised
RNA DA RNA DA RMA  DMA ENA DA R DA REA DA

Peduncle 188 3 186 5 64 16 54 15 50 n 36 13

Pedicel 48 12 87 10 26 18 hh 10 ﬁ3 , 17 54 10

Calyx 8k A 173 b 21 5 69 48 12 73 16

Carolls ' 156 17 222 13 62 12 69 12 66 18 70 20

Ardrcecium and
Gynoecium 1594 239 1259 ° 243 2678 530 2087 591 2193 204 1752 203

Whole flower 2150 275 1900 275 2848 64l 2323 642 2L00 262 1985 262
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merked reduction in the reproductive structures viz., androeccium and
gynoacium, It is interesting to note the degree of reduction in R
content in reproductive structures is almest of same arder in all the

cultivars.

Among the flaral parts calyx recarded apprecieble increase in RRA

content in abscised flowers.

4.5.3 Pigment content in normal and abscised flowers and floral parts

of chickpea

The data on variation in pigment content in normal and ebsclaing
flowers and flower parts in chickpea cultivars, JG-62, L-550 amt BG-209

grown umder field comlition are given in Teble 37.

Chlorophyll

The total chlorlcpmrll content was reduced markedly in ebacised flowers
in all the cultivers. The reduction was 24 %, 38 % and 31 % in JG-62,
1-550 amd BG-209 respectively. Reduction was observed both in chlorophyll

e and b, however, the reduction was mrked in chl. b as campared to chl. a.

The changes in different flower parts showed the pigment content was

markedly reduced in case of calyx and reproductive parts.

It wvas noted that 1-7550 had a higher chl, b content as compared to
chl. a. The ratio of chl. a/b was found to be same in case of ncrmel and
abscised flowers, except far JG-62 where this was higher far abscilsed

flowers.
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Carotenolid

-The carotenoid content increased in the abselsed flowers of the
cultivars, but did so mare in ev, 1I-550 and in floral perts it fluctuated

considerably.

Anthocyanin

The data on changés in the anthocyanin contentg in norml and sbscised
flowers of chickpea cultivers viz., JG 62, I-550 apl BG-209 grown under field

coniition are given in Table 38,

Table 38. Anthocyanin content in normelfabscised flowers and flaral

varts of chickpen

_Cultivar __ JG-62 L-550 BG-209
: Normal Abseised Normal Abscised Narmal Abscised
< . OPTICAL DENSITY >
Peduncle 0.35 0.22 0.02 0,02 0.14 0,12
Pedicel 0.61 0.45 0.11 0.09 0.29 0.16
 Calyx 0.08 0.09 0.03 0.02 0.17  0.17
Corolia 0.34 0.25 0.02 0,02 0.27 0.16
Androecium
and 0,08 0.08 0.03 0.03 - 0.25 0,20
gyncee inm

From the observed cptical density values in L-550, it can be seen
that it bad low anthocyanin content, which did not alter mch during absei-

sslon, however, in JG-62 and BG-209 anthocyanin content decreased significantly
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in the abselsed flowers. The decrease was more marked in pedicel, carolla

and peduncle of JG-62 and aaly in pedicel and corolia of BG-209.

4,6 Changes in organic contents of leaves under the influence of

temperature sdifferent. dates of sowigz in chickpee (Expt. No.62

Changes in orgenic acid contents of leaves under the influence of
temperature (different dates of sowing) in chickpea cultivers JG-62, L-550

ani BG-209, grown under field coniition ere given in Table 39.

Table 39. Chenge:sin organic acid content in leaves of chiclpen as

influenced by temperature (different dates of sowlng)

. Time Time 1n hours
Cultivar of 08.00 12.00 16,00 20.00
sowing (Fare-noon)  (Noon)  (After-noon) (Night)

g, eqv. malelc acid/g dry welght

j62 o8 0.63 3,07 6.62 .  1.84
& 2.01 2,65 14.89 3.20
L-550 Sy 1.21 | 3.38 L. 40 2.k2
& 1.90 3.3 BSk© 3.30
BG-209 8 0.62 .26 3.69 2.63
& 351 3.9 5,18 .06

The most striking feature wags that in all the cultivars the acld

content in leaves increased during the night during 20.00 hours and declined
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during the day time, tius showing a rhythemde changes in crglanic acld with
time of the dey anl night. Temperature altered this rhythemle pattern
considerably by narrowing down the differences in level of organic acids at
the time of peak accumulation during night and diseppearance during day

times, in all the cultivars.



5. DISCUSEION

Information on the mjor limitation to the reproductive efficlency in
chickpea is meagre. An integrated apprcch regerding the influence of
temperature (based on different date of sowing) on time, intensity and
duration of flowering end reproduetive officiency in relation to growth and
development of chickpea is completely lacking. In the present investigation,
effarts were, therefore, made t0 Investigate and understand the same, In
eddition to the above, biochemical studies in relatlon to reproductive
g ficiency were also cerried cut meinly to understand the blochemical basis
of flower shedding. 3BExperiments were designed to meet the above objectives
and discussion below wlll be an effart to xroject the varions points emarg-
ing out from the results cbtained. Experiments were conducted both in
field and pot culture and it was noticed that although quantitative values
under pot culture conditions differed considersbly from field corditions,
yet qualitative pattern remained essentielly the same. The quantitative
difference in pot culture my be largely due to variation in soll moisture.
Since the qualitative pattern obtained under field comiition remained by
and lerge similar under pot culture condition, hence no effort is made to
discuss the results of pot culture experiments separately and the results
obtalned are discussed collectively.

5.1 Evaluntion of repraiuctive efficiency ‘

Two experiments were conducted in arder to evaluate the reproductive

efficiency ami the results of the respective experiment will be discussed
ipdividunlly.
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‘5.1.1 Evaluation of the reproductive efficlency in different genotypes
of chickpea

The study to the genetic varisbility anmd diversity with reference to
flowering bebaviaur and shediing of flowers during reproductive stage was
carrled out in order to evaluate peak period of flowerlng, shedding percen-
tage and reproductive behaviowr. In field the peak flowering in most of the
genotypes was noted between 120 and 125 days, however, far BG-209 it was at
130 days after sowing (DAS). Under pot culture, the peek flowering ranged
between 118-120 days amongst majarity of the cultivars. It was evident that
the peak flowering periocd did not alter within the cultivars. The shedding
percentege was found to be very high ani 1t ranged from 67-90 %. The least
vag fourd in BG-200 and highest in L-550. From the result obtained in this
experiment, amongst the 12 genotypes examined it was found that BG-209 had
the highest reproductive effieiency in terms of mumber of pods, fllied pods,
total s_seed nuber, ped welght and seed yleld. This was closely followed by
BG-226, The lowest reproductive efficlency was cbeerved in case of L-550,
in terms of lower mumber of pod set, normal £3lled pals am total seed mumber
however, the 100 seed weight was fourd to be highest for the cultivar. By
ani large, the BG lines had’better ng.mbﬁr" of total pod set, as well as narml
£illed peds and Sced mumber, but there vas casiderable variation between |
genotypes with respect to pod welghts amd seed yields, as ‘comparead to their
nurber., If we examine closely the characteristics which affects the repro-
ductive efficiency e.g, shedding percentage, it will be noted that the geno-

types hav;i.ng the highest reproductive efficlency has the least shedding
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percentage and vice-versa. The cause &f low reproductive efficlency of
L-550 can be largely attributed to high percentage of shedding. It would
be noted that although seed muber was comparatively higher than JG-62,
L-550 and C-235, yet, some of the BG-lines (BG-203, BG-212 and BG-216)
recarded lower welghts in pod and seed, so that fin2l reproductive ef fi-
clency in terms of yleld was lower far these in compar:lson to JG-62 or
I-550, Since the seed mumber per pad, by and large, did not vary mach
between different genotypes, it could be vieualised that the seed abortion
might be the mjor cause of low reproductive efficiency in those BG-lines which
recarded higher mmber of pois than JG-62, but had lower seed yields. How-
ever, by amd lerge, it can be conclnded that higher r eproductive efficiency
can be attributed to low shedding percentage, higher seed yleld and higher
effective pod set.

5.1.2 The influence of temperature (besed on different dates of sowig!
on time, intensity, duration of flowering and reproductive efficiency
in relation to growth and development of chichkpea,

In order to understam the influence of temperature on flowering,
reproductive efficiency, growth and development, impartant reproductive
stages in addition to yre-flowering vegetative phase have been identified

and these are examined. These are surmrised below ¢

Time, intensity and duration of flowering

Time, intensity and duration of flowering is greatly altered under



Trble Important events and stages identified during the crop duration.

Cultivars §
JG-62 & __L-550 ___BG-209
Stage Time of sowing S1 & By 8y 8 B, 83 s),(. 5, & 5y B,
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Days to first flower 55 60 68 75 60 65 70 75 80 84 83 9%
2. Days to first pod 80 90 9 90 125 15 1B 9% 125 125 110 100
3. Initiation of active ' : -
pod 130 115 105 90 140 130 105 95 130 125 110 100
4, Stabilizatian of pod
numb er _ 160 15 135 110 165 150 130 120 160 155 125 120
5. Harvest 1B6 168 1ih7 137 186 170 147 133 186 170 14T 133
1. Vegetative (preflowering) 55 60 68 75 60 65 0 75 80 8t 83 %
2, Pod initiation (First A
" flower to firstpod 2-1) 25 30 37 15 65 50 F 20 L5 L1 27 5
3. lag phase of pod farma-
tion (First pod to
active pod formation
3-2) 50 25 10 0 15 15 0 0 5 o 0 )

contd.e..



Thble ccatd, ...

e —

1 2 3 L 5 6 7 8 9 10 11 12 13 1y
4, Active pod formation

(4-3) 30 30 30 20 25 20 25 25 30 30 15 15
5. Stabilizetion of finsl

pd number (5-4) 26 23 12 27 21 20 17 13 26 15 22 13
Other Impartant stages and
.their duration,
-Peak flowering 135 120 106 9% 135 125 120 105 130 130 110 110
.Pad d@uration 80 55 4o- 20 ko 35 25 25 35 30 15 20
Total remroduetive
.duration 131 18 79 62 126 105 T7 58 106 86 64 38
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tﬁe ‘{nflnence of different dates of sowing, while the deys to first flower
increased; the intensity and duration of flowering wes merkedly reduced with
en increase in sowing date from 8; to 5y. The fiml crop duration was also
merkedly reduced with the consequence that the pre-flowering or vagetative

" periai was longest in late sowing. These findings ere in agreement with

the earlier results of Eshel (1967), who also cbserved & reduction in grow-
\:lng pericd, flower projuction anm reproductive activity by delﬁyai sowings.

- In the present study the order of formation of flowers was 812> Bp > 83> 8y,
irrespective of the cultivar, however, the reduction in the mmber of flowers
) formed during & as compared to & to be very 1ittle in case of BG-209 (11 %)
ag compared to 49-69 % in JG-62 end 1-550, Highest number of flovers (except
in Bo and 8)y) were fcqnd in L-550, followed by JG-62 ani least im BG-209,

It will be evident from the temperature chart that no rela{;:!.cn with tempera-
tire could be Pound elther far appearance far £irst flower or first pod.
However, it can be noticed from the temperature indices summarised in table
pfesenbed, at peak flowering the mean temperature was within the range same
for JG-62 and 1-550 for all.the sowlngs (Mean temperature 18- 20°9), ‘ut far
BG-209, it was comparatively lover and also fluctuated considera.bl,v The
maximm tem;’aeraturg did not vary far JG-62 ar 1~-550 at this stage and it wes
identical £fa& both. Between the sowings, the temperamr'e varied slightly in
case of JG-62, but it remined comstant for I-550, The minimm temperature |
were falso jdenticel or similar far JC_%-62 apd L-550 in all the sowlngs (10.5 -
12,2°C). However, the same varied considerably far BG-209. It can be com-

clnded that the mean temperature of 20° and e minimm temperature of 10-12°C
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seems to favour flower initietion. BSince in the case of BG-209, the
minisum temperature was considerably low and fluctueted, it could be the -
possible cause for lower flower mumber. Such & relation was also noticed
by ven der Maesen (1972) and this also suppert the contention of Summerfield

st a1, (1981) that warmer night temperature favour flowering in chickpes.

The temperature, at first pod farmation, was not inticati¥k of any
pattern. The maximm temperature declined with sowing dates upto B3 in
case of JG-62 axﬂ. rose at 8y, For I-550 and BG-209, between the sowing/ rise
in temperature was foand to be associated with the ap;géarame of £ik% pal.
The minimm temperature fluetuated considersbly ‘betwegﬁ the sowings at 8§
anﬁ S in case of JG-62 and L-ss'o, otherwise, the minimim temperature remined
almost steble between 10.4 - 12.29C. At the time of active pod farration,
mean te@eramé remined 18.3 ~ 21.6°C except far 51 amd Sy of JG-62 and
§) of BG-209. The minimm temperature also remined aram 12.2 - 14°C,
but far the abc;re mentioned em::eptionﬂ. We can corclude that a mean tem-
perature of 18 - 21°C and & minimum of 12 - 14°C are conducive for active
pod farmtion. Although cptimal temperature far flower farmation and dry
mtter production has been reparted by van der Maesen (1972) am confirmed
by Summerfield et al. (1980), yet no such infarmation is availlsble with

respect to pad formtion.

At the time of stabilization of the fimal pod mnber, the mean tem-
perature remined unchanged between 18.3 - 19.4°C for all the sowlngs, how-
ever, both the maxfrum (25528°C) and minimm (12-13°C) did not vary mch
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with the exceptioms already mentioned above for active pod formaticn.

In the end, we can conclude that the mean optimal temperature far flower
farmation is about 20°C amd minimm about 12°C, however, a higher maximm
temperature o about 22°C is more condueive far flower farmation, Irres-
pective of cultivar or date of sowing 8 mean, maximm and minimm temperature
of 19°¢, 25,5°C and 12.5°C respectively, may be optiml temperature for
active pod farmation., From stabilization to harvest the mean femperature
remined, by and large, same arcund 20-24°C, the maximm temperature aroum
30-32°C and the minimm temperature remained between 14-15°C far JG-62 and
1-550 but were considerably higher far BG-209. The respective duration of
important stage indicated that in JG-62 the days from first flower to first
pal (stage 2 - pod initiation) increased upto S3 in case of JG-62 only, but
the same decreased in I=550 axﬂ.BG-209, with an increase in sowing date. The
increase in JG-62 was by 5-7 days and the decresse in I-550 was by 15 days
at each consecutive sowing date. However, in BG-209, the decrease was anly
5 days between 8] amd S», 1k days between B and B3 end 23 days between S3
apd Sy, It will be observed that in JG-62 the active pod formation cormenced
very late than other cultivars and there was a lag (stage 3 : lag phase of
pod farmation) of 50 and 25 deys at 81 ard & respectively, but the same
comnenced early at S3 and at 8, when the active pod forwation started with
the foruation of first pad itself., In L-550 both 51 and 8> took 15 days for
cammencement of active pod farration apd in BG-209, this periad vas further
reduced to five days. Thus, the lag to active pad formation at 81 anmd By

wvas greatest in case of JG-62 and lemst on absent in case of BG-209, At 83
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and S (except 83 of JG-62), there was no time gap between pod initiation
amd active pod formation aml the active poi formation commenced with the
initiation o first pad itself. It is worthwhile to note that irrespective
of the date of sowing or cultivar, the duration of active pod farmtion
(stage 4) remains largely constant (20-30 days) with the exception of 83

Qf BG—-209 .

Duration between stablisation of fimal pod mube to harvest (Stage 5:
steblization), by amd large, remined seme far different dates of sowing,
but varied withir cultivers. For JG-62, # was longest between 23-27 days
(exception 83 = 12 days), between 13-21 days in I-550 and between 13-26 in
BG-209. The duration between respective stages Ias been worked out as per-
centage of .e:lther total crop duration or the 'reproductive durstion'.
Although during post flowering period both vegetative and reproductive
phases overlap, yet predominantly most of the reproductive mctivities takes
Place during the periocd. Hence the reproiuctive duration will be rJef'erred
to the duration between first flower amd stabilization of f£inal ped muber,
Repraductive durat%:.on is used for convenience only in arder to demrkate
it from pre-flowering vegetative pericd.  From now on these phases will be
referred in the text as vegetative aml vreproductive, however s the farmer

18 the pre-flowering vegetative phase.

It vas cbserved that the duration of following stages increased

with an inerease in sowing dates,

i, Pre-flowering duration in relation to post-flowering duration,
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2. Vegetative duratiom in relation to total crop duration.

‘3. Days to peak flowering in relation to reproductive duration.

4,  Days to first.pod in relation to reproductive duration (except
84 of L-550). '

5. Pod duration in relation to reproductive duration.

It was also noticed thet the following remains almost uncheged w;th

the increase in sowing dates,

1. peak flowering in relation to crop duration

2.  pdl duration in relation to reproductive duration {by ami large)

3. active pod duration in relation to reproductive duration (except
L-550)

L, active péd duration in relation to crop duration

5.  pod duration in relation to crop duration (except JG-62, which can

. also be broedly categaried with the exception of Sy)

The active pod t;qration in relation to total pod duration was also
increased in:JG-62 with increase in sowing.date. In L-550, the active pod
duration in relation to total pod duration was shogrter at & and 5 as
compared t0 S3 and By where the total pod duration is itself the pericd of
actlve pod duration. In case of BG-209 the active pod farmation was the
total pod duration at S, 83 amd S) ard even at By it was comprised of
86 4. Tt can be concluded that the duration of stage which remains more
@ less stable with different dates of sowing are those which are least

effected by temperature amd we can term as temperature infensitive stages.
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However, those which are altered greatly unier different sowing dates

can be terrmed &s ten:ge;fatm'e gensitive stages. The temperature sensitive
stages were fourd to be the vegetative and the active pod formtion stages.
In case of latter, 1t is the percentage of the period counted towards active
pod formation in relation to totel pod duration which matters. We can
further conclude that a cultivar classified as early flowering e.g., JG-62I
is not necessarily destined to mature early & to enjoy only a short repro-
ductive pa._'icd. Conversely, cultivar taking mich longer time to ccme into
flower e.g., BG 209 can haﬁ sharter reproductive period ani so can come

to meturlty in more & less same time depending upon the environmental

corditicns. Such a suggestion was mde earlier by Bumerfield et al.(1580).

The flower formation in JG-62 and L-550 took place at 81 when tem-
peratures were decreasing, however, peak flowering was .reccxrded with an
increase in temperature. In contrast, peak flowering only occurred when
mnimm temperature increased appreciably from 4.8°C to 11.8°C, therefere,

higher minimm temperature seem to be mare comducive for flower farmation,

Dm_-ing active ped fcr:rai;ion the temperature remained mare ar less
the same, the mean between 17-19°C, the maximm between 24-27°C and the
minimm between 10-12°C in all the cultivers, This might be the possible
reascn to almost similar duration in 21l cultivers., During earlier sow-
ings, in JG-62 the active pod farmation took place at lower temperatures
anl it is tempting to suggest ’this is one of the possible reasons far

more mmjer of under-developed pais.
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In en «ffart to campare the temperature indices with the stages,
the heat units (HU), growing degree days (GDD) end cumilative minimum
temperature (CMT) values have been calculated (Refer Appendix). The results

wlll be discussed in the light of the same.

During vegetative phase @

The HU, GDD amd CMT showed similar arder as 8 > S > By > 8§
and amongst the cultivars for all the sowings following order BG2ley»L-550
JG-62,

During reproductive phage ¢

1) HU values declined wi't,h incresse in sowing dates, The crder wes

81> & > 83 » 8, and between cultivar the arder was L-5507 JG 62 7
BG 209, The difference between L-550 apd JG-62 t'qere not large, however, in
case of BG 209, there was a merked reduction in HU between sowings ani the

arder wags 8] = 5 783> 8.

11) The GDD decreased with increax_ae in sowing dates and however, far each

sowing, 1t varled with the cultiver.

8 L-550 » JG-62 » BG 209
B2 L-550 7 BG-209 s, JG 62
83 JG62 7 1-550 - BG-209

S, 5550 > JGé&2 > BG-200
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Almost similar values of GDD were chserved far all the cultivars at 5.
111) The CMT hed, by am large, the following trend.

8L > 8 » 83 = & oand among the cultivar it was BG-209 > L-550 >

JG-62 at all the sowing dates,

Relative values in vegetative amd repraiuctive stages between the

sowings are given below :

Firgt sowing :
Heat Unit ¢ Vegetative < Reproductive in JG-62 and L-550

Vegetative ~” Reproductive in BG-209
Growing Degree Days : Vegetative > Reproductive in JG-62, L-550 and BE-209
Cmmlat-ive ninimm temperatures : Vegetative< reproduetive in JG-62 ard
- .550

Vegetative > reproductive in BG-209

2nd Sowing
Heat Unit : Vegetative

reproductive in JG-62 and L-550

Vegetative > reproductive in BG-209
GDD : Vegetative > reproductive in all the cultivars
CMT : Vegetative » reproductive in JG-62 and L-550
Vegetative > reproductive in BG-209

3rd and Uth sowings :
HU : Vegetative > reproduetive in all the cultivers

GDD : Vegetative 7 reproductive in all the cultivars
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CMT : Vegetative< reprajuctive for L-550 and JG-62
Vegetative > reproductive phase far BG-209
The (DD decreased with the increase in sowing dates in all the
cultivars.
The cumlﬁtive minimm values ware higher during reproductive phase
and the valnes at vegetative amd reproductive phase were found to be similar
Por JG-62 and L-550. On the other hand, BG-209 hed comparatively lower

values during the reproluctive phase as compared to vegetative phase.

At 8)4, the reproductive values remained the same far JG-62 apd L-550,
however, there wae a shart ¥eduction in reproductive phase in CMT in com-

parison to S3. A slight incresse in QT was observed at & and BG-209.

From the above, it can be concluded that BG-209 in comparison to
others accumlate mare HU, GDD a.z_:d CMT during vegetative phase. However,
during reproductive phase these values are least for this variety. The
other conclusion is that JG-62 and L-550 accumilate mare heat unit during
reproductive phase at 51 and S but equal or less during BB_and Sy. The
@D, however, are lower during reproductive phase, The CMT, however, are
higher during reproductive phase at 83 amd S in these cultivars and lover

at S apd Sy.

The proportion percentage in relation to the temperature indices
during the total crop duration already iniit ated that each cultivar had a
fixed percentage of total crop duration propartionsi at preflowering vege-

tative stage phase and this remined largely unaffected by temperatures,
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however, in case of reprcductive phase mergimal varilations were cbserved
at extremes of temperature (e.g.,Sy). Amongst the cultivars, during the

vegetative phase the arder of propcartion percentege is BG-209 > L=550 > JG-62.

It appears that since flower initiation always follow a perlcd of
vegetative growth and events may be viewed as 2 transition of the apical
meristems from leaf products to the sequential farmtion of flcral parts.
The balance between vegetative and flowering is thus between the factors
texding to direct appendicular structures into pathway leading to verious
parts of flowers. Therefare, transition to flowering is a part of a rather
inflexible developmental programme, governed in its essential by afitonomous
control. What is the ﬁqtm‘e of the endogenous control of gene expression
on development ? Events seem to be directed accarding to predetermined
programme ard plants seem to time it in accardance with the changing envir-
omnents.- In other wards, whether a plant accumilates mare or less of
temperamrle indices the proporticn percentage of duration between vegetative
and reproductive phase remain the same, however, the degree of accumulation

does effect its capacity to produce biomss amd its partitioning.

5.1.3 Morphological attributes

The marphological and growth attributes decreased with an increase
in sowing dates, 8y > 8§, > B3 > Sy. The most striking faatwe of the
effects of diffarent dates of sowing on growth and development of t.;hickpea
was the marked reduction cbserved in S5 ard §) as compared to §. The

average reduction in plant height ard mumber of branches was found {;o be
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45 and 65 per cent respectively. Bimiler reiuction with late sowing were
reparted by Sen et al. (1964), Eshel (1967) and Sharm et al.(1967). The
average reduction in leaf mumber, leaf ares, leaf area duration and leaf
welght was 69 %, 80 %, 86 % amd 79 % respectively. The average reduction

in stem weight showed 81 % and that in total dry mtter 75 %.

At 8;, in g1l the cultivars a mjor propartion of morphological
characters were gained during the vegetative phase and the rest of the
grosth attributes, by and large, were galned either during pad initiastion

(1-550 ani BG-209) or during the lag phese of pod farmmtion (JG-62).

In JG-62, plant height, branch mimber ani lesf mumber were gained
more during vegetative, pad initiation end lag phsse respectively. However,
with respect to other atitributes, the pattern was similar with that founi
for 83. In L-550, both at S8; and 85, the leaf area, leaf weight, stem
welght and total dry weight were gained more durirgz the pod initiation stage.
In BG-209 the pattern wvas similer to L-550, except that at 8p 93 % of the

leaf weight wvas fourd during the vegetative phase.

It will be cbserved that in all the cultivars at By mnd S, the pattern
remained same with respect to marphological attributes, leef area and leaf
veight and their major yropartion was gained during the vegetative phase,
which rarely deviated at 83, where occaslomlly the major propartion was
realised during the combined vegetativeigo(d initiation stage. Howwwer,
larger propartion of stem weight and plant welght were gained very late
during the active pad farmtion with the exception of BG-209 at 8y, where

it vas during the vegetative phase.
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The time of fall in leaf area varied with the cultivars. In JG-62
at By, the same was noticed during the lag phase, at S at beginning of
active pal formation and in 89 and S)y during and after the active pod forma-
ticn, In L-550, at 8; and S3 it was noticed at beginning of active pcad
farnation which in S3 and 84 4t wes almost in the emd of active pod farme-
tion. The leaf area duration decreased as the dates of sowing increased.
The decremses were higher far L-550 and BG-209, about 72 % at S and 86-92 %
in 83 ard §) as compared to S;. In case of JG-62, 1like BG-éOQ ard I-550
the reduction in 83 and S, vas greater (82-86 %) but at S 25 % reduction
was noticed. Irom the ebove chservation, 1t can be concluded that the vege-
tatlve phase is very impartant with respect to marphclogical characters in
all the cultivars. Although at 83 and 84 for all the pultivars the vegeta-
tive phase was found to be most impartant with respect to the propartion
Percentage of mjoarity of attributes, yet the fact remains that the biommss
production wes restricted significantly. The reduction in biocmass production
in comparison to Sl was found to be 75 - 80 %. The restriction on biomss
production itself at later sowing my be due to lower accumlition of heat
units ard lawer valunes of growlng degres days as a result of whic‘n the
energy transductions are affected and lower energy is aveillable t0 be con-
verted into blomass that ’my be the posseible reason for h-igher biomazsa jpro-
duction at 53. In addition to this, the morphological attributes were also

restricted.in mnber and length significantly because of lower biomass

mroduction.

The other important point 1s that the stem wvelght was gained during =
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later phase as compared to 83 or S. The total dry weight increased at
stage i, were largely due to pod farmation. Ths in S3 and 8) major growth
activities of plant were confined elther during vegetative or at active

pod formatian. This was largely due to the fmct that a lag phase was not
present at 85 and Sy with the exception of JG-62 at B3, The lag phase was
found to be impartant in case of S1 amd 8y of JG-62 and I~550, during which
pericd the stem gained majar percentage of its weight. However, in BG-209
we find that the lag phase 15 ebsent (except 81 where it is only 5 days) in
all the sowings and hence the maja gain in leaf or stem welghts is elther
at vegetative or pod initiation. Hence In B3 and 8) as well as in §] and S
of BG-209 the active pod farmation or pai initiation are not separable,
while JG-62 and L-550 at £1 and & are séparated by a lag phase. Since the
muber of flowers formed were very high for JG-62 and L-550 at 81 and 8 as
compared to BG-209, it is suggested that increase in stem weight during the
flowez";lng period may be an impartant facta in reslisation of more mimber

of flowers apd this may be one of the major limitation of repraductive effi-
clency, because at 83 and 8y the limitation to the reproductive efficiency

is the flower mumber itself amd not the latter sequence.

The leaf area duration does not seem to be ippartant factor since at
£ with lower IAD, higher yields are dotained, however, the presence of
certain % of leaf area during active pod formtion stages seem ta be very
important., In late sowing although leaf aree 18 lower yet it remains stable
Toar a very long time, this might be impartant factar for better pod set.

RGR anmd CGR flumctuations are explained in view of the fact that varied
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proportion (4) are directed at different stages and differ with both

cultivars and between sowlnzs.

5.1.4 Reproductive attributes .

Flower mmber, in general, decreasel with an inerease in sowing date
in all the cultivers. In other wards, the flowering was delayed with late
sowings. Similar results were reported by Sen et al. (1964), Eshel (1967)
and with those obtained by van der Maesen (1972) umder controlled environ-
ment where he cbserved that at low temperature range flowering was delayed
by few days )who finally concluded that both flower initiation and development
can be influenced by teinperatm'e. However, the present fimdings indicate
that the mjor effect of temperature is on flower formation rather than an
initintion of flowering, which seems to be governed largely by interml
factars, It will be noticed that the largest number of Plowers are fOI‘l‘:Iied
in 81, while the reduction ranged between 49 and 69 % in JG-62 and L-550
respectively. It was only 11 % in BG-209 unler the influence of similar
temperatwre at 5. Further at 83 apd S the reduction in flower number
was to the extent of 80-85 %. Thnerefcre, the limitation in flower pumber
1tself is the major cause of low efficien;cy at late sowings. Eshel (1967)
attributed reduction in mumber of flowers by delayed scwings as 2 result
of sharter flowering period. Similar relationship between temperature and
flowering period is also noticed in the present study, however, 1t is stressed
that shorter flowering period rmay not be the only reason fa the rednctipn
in flower number; because the flowering dur.&ition of 8), in BG-209 is only

38 days as compared to 64 days at 83, yet the flower mumber is almost similar,
The same is true far JG-62 also,
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The lowest f£lower mumber at 51 is recarded by BG-209, where the
mrber is approximtely reduced to half of JG-62 and mere than half of
1.550. The restriction in BG-209 could possibly be attributed to the
fluctuating temperature during the flower farmtion as the first flower
was initiated in this variety at 80 DAB, as campared to 55 to 60 DAS, in

other cultivars,

The mjor cause of low reproductlve efficlency is shedding of flowers
end fruits. This was very high in all the cultivars. Greater mumber of
floyers were shed at 8; amd the order of shedding behaviour between sowings,
by and large, was 81 > 8, > B3 > §;. Although higher mumber of flovers
vere farmed at 81, the same were e2lso shed in greater npumbers. The advan-
tage of highest mumber of flowers at By was therefare, offset to a larger

extent by shedding.

The results obtained with respect to abscission rate at apy given
time interval of 5 days from start of flowering is of following order :
B1> 8 > 83 > 8y, The megnitude of abscission within the cultiver was
L-550 > JG-62 >BG-209. The manber of sbscised flower over retained flowers
was comparatively very low at 8} ard to a lesser extent at 83. Although
the mumber of flowers farmed were considerably low, yet those retai_ned were
comparatively higher. The shedding was founi to be higher between 90-125
days, where the temperature fluctuated considerably, however, maxirum temper-
ature fluctuated between 17-21°C, mean between 13-16°C and the minimum

between 4-11°C. The cause of shedding 1s generally attributed to high
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temperatur es and long photoperiads, but in present study during the perid
of active shedding of flowers the temperature regimes were foupd to be
lower but the minimm temperature fluctuated considerably. The mmber of
flowers retained dquring a specific periad as percentage of total flowers
also supparts that the shedding is greater at 8 because, retention is
lavest at 81 and highest at S or 83; and far 8 1t is wsually greater

kS

than 8.

S8ince the durét:lon of flowering is long at S1 and shortest at 8
plant might be having its own mechanism to retain mare flowers in sharter
duration ar ése shedding might be a necessity during langer reproductive
duration because if 211 the ovules formed are developed into seeds, the
plant camnot affard to support them; hence it might be allowlng shedding
t11ll favourable temperature fa pod farmtion prevail. The maximum reten-
tion in JG-62 is 31 % at 81 and 50-63 % in rest of the sowings. Similarly,
in L-550 at 83 maximm retention was 31 % at 81 and 60 % at S4. In cmse of
BG-209 about 50 % was retained at 8., & and Sy and 67 % at S3. It is
evident that in BG-209 the percentage of retention of flower was greater
and less variable between the stages. Hence, the total number ci’l flowers
farmed was coamparetively low. in all the cultivare the decline in percentage
of flower retention was noticed after peak flowering from where active pod
formation commenced, Although, very high percentage of flowers were retained
in late sowings, the duration of such retention was comparatively very short
in contrast to § amd 52,
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The number of pods retained during a specific period as percentage
of total pods indicated that, although, the duration of retention ﬁas
decreased with an increase in sowing date, yet the larger percentage of
padswere retained at Sg and 8y. it can be conclnded from the above that
the abscission is lowest at late sowings because larger mmber of flowers
are actively turned into pods during shorter duration. The duration of
retention is longest in JG-62, because the Pirst pod appeared early at
80 days. Yet the pods are not retained actively ami there is a lag phase

befare active pod farmation.

The present study glves the first infarmation regarding retention of
flowers and pods, which was not so far aveilable for chickpea. A similar
study, however, has been mde in soybean (Thomas and Rafer, l976)l. In
chickpea, the pod wall grows to a larger extent befare seed deveiopment
proceeds. lag period lasts about 15 days after the anthesis amd thereafter
it is followed by a linear period of imcrease in growth, during which seed
accumlates a vast propartion of dry metter (Saxens and Shaldrake, 1980).
In the present study regarding pod retention; no distinction wé.s mde
between filled and unfilled pads, hogever, since the percentage of unfllled
pods was found highest at 87 and lowest at 8 in all the cultivars under
field co::dition, it can be concluded that seed de\relopment;. was hampered
nore at 81 in comparison to Sy, Future studies should be carried out in
crder to find out the stage at which those pods fall to £ill amd also the

cause of the failure should also be fdentified.
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Seed number /pod remined largely unaltered by different dates of
sowing apnd was comparatively higher far BG-209. The total seed mumber
was highest for Sl and &2 and'lmest at 83 and 8. The values are largely
the reflections of total pod mumber, however, if due discount is gilven for
unfilled pods, the seed muwber per pod is high. In JG-62 at 5, it is 2.0
and &t 52 and 85 it is 1.6, vhile Sy gives the least i.e., 1.6 seeds/pai.
In L-550, it is 2.2 at 8;, 1.3 at & and 1.6 to 1.7 in 83 and Sy. In case
of BG-209, it 18 1.9 to 2 for 8) and Sp, 1.6 for S and 1.3 far §). We can
conclude indirectly that higher seed muber is realised comparatively at §)
in the £illed pcda of the cultivars, which generally decreases with increase
in sowing dates. In other words seed setting is highér at 57 am the pads
which remined unfilled befare or later to seed setting, perhaps, may be
due to ebartion of ovules. &o far the seed mimber/poil has been indirectly
taken as nunber of total seeds formed with respect to total muber of pods,
however, no consideration of unfilled pais have been taken into account,

which 1s essential in order to know the extent of seed setting.

Azeez et al. (1960) concluded that high eir mmidity and low temperature
advergely affected seed setting. The causes of low seed setting listed by
van der Maesen (1972) were self incompatability, failure of ovule to develop

amd cleis togaxﬁy.

In the present study, pollen viability was not the cause of low seed
setting, as artificial pollination resulted in narml filled pois. Since,

there 18 a lag phase of 15 days before the seed development, it can be
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inferred that the seedpmctlye\relopment taken place during active pod formation
stage and one of the possible reasons of better seed nunber /pod after due
discount of urfilled pod at Si, my be due to @ stable temperature, with

a mean sbout 18-19°C,

Increase in pod or seed welght was highest in 8, followed by 8, B3
apd S4. There was a significant reduction to the extent of 80 % at S3
and Sy, Sheldrake and &xena. (1979) noted “cha.'b.pcd £111ing was limited by
| supply of assimilate or mtrients in case of late formed pois. They obser-
vel that 25-30 deys was the time to reach physiological maturity by inmdivi-

dual pods.

According to Summerfield amd Wetn (1979), chickpea is unique among
legumes as 1t can sequester assimilates effectively from a branch (whether
reproductive or vegetative mole) and pods at noles with leaves, no preferential
advantages to those at nodes without leaves. I\:'hether the increase in stem
dry welght is closely associates with this phenomenon needs further investi-

gation.

5.%.5 Varig_u_s-_pgrameters determining repraiuctive efficiency

The reproductive efficiency in pulses 1s determined sequentially
from muber of flowers formed to mwber of pods set, the mumber of effective
pads ar completely filled pods realised, amd the seed number therein emd
finally the seed welght. The various components have been stuiied sequen-
tialiy in few crop plants like sogybean and cotton (van Schaik and Probst,
1958; Thomas and Rafer, 1976). No such study has besn reparted far chickpea,

however, pod set/shedd ing have been reparted as percentages, although can
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can be taken as an index of reproductive efficiency, yet, neither they
project sequential determinetion, nor the limitations to reproductive
efficiency. There is no repat except that of Eshel (1967), where the
effect of environmental factar on reproductive efficiemcy in relation to
growth and development has been determined sequentially. Other sparadic
attempts are first reparts of pod set on shedding, The work of Eshel (1967)
is the only detailed study carried out u.rrlgr field condition, where the
effect of temperature based on different sowing dates has been secen with
respect to flower number, pod mmber, seced mmber and seed weight. However,
he hac not tried to explain the effects in relation to temperature indices
and has taken no agcount of the ovule mumber, Nelther he has made an lnteg-
rated approech with respect to flowering behaviour, growth and development

at specific sharter intervals in relation to temperature.
The present study is the first with respect to following

1. The flowering behaviour has been traced from the very first flower to
the last flcrqer periodically at a shorter interval of 5 days and simil-
tanesly carelated with concurrent growth and development changes
ocnurripg at specific time intervals in a sequential and integrated
menner,

2. The temperature indices have been calculatel for chickpea in arder to
have a better unmierstaniling of the Influence of temperature on growth
ard development in relation to reproductive efficiency.

3.  The mmber of owules (theoritically) have been incarparated far the

sequential determination of reproductive efficiency in chickpea,
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Although the mumber of flowers formed were highest at 5] but the
sheddirg was also greatest at 81. Therefare tha percentage of the pad set

was lowest far 57 in comparison to rest of the sowings.

The murber of flowers farmed are reduced to a marked extent at S and
8y, but the shedding percentage is of same crder as noted at 82, therefare,
by and large, the pol set is not greatly altered bitween the sowingsby

_temperature. However, within the o;ultivars, the shedding 1z least far BG-
209 and highest far E-550, while JG-62 is intermedlate. Therefare, it
becomes imperative to consider that flower shedding is genetical and extermal
factors influence it least amd only in limits of extremes they influeme it
to a certain éxtent‘. This is contrary to the general beliief that higher
temperatures are responsible far higher shedding. van Shaik and Prcbst,
ag early as 1958 repcrtel the irheritance of wnflarescenue type, peduncle
iength, flower per nale'ard percentage of flower shedding in soybean. They
prwided' evidence that percentage of flower shedding in soybean was inheri-
ted genetically with daminance and ;zcunplementary gene effect towards long
peduncle, high flower mmber apd high shed&ing-“fhey also concluded from
the studies that shedding of reproductive argans is generally considered to
be affected largely by errvironment} but there are strong indieatioms that
consida'ahle-geqetic control is present.  They found that a relati;anship
existed between flower rumber aud shedding even in the progenies of these
crosses anl thes e‘ were all positive and highly significant. Heritably
estimtes for peduncle length were found to be relatively high. They

suggested polygenic control of shedding in sogybean, A similar striking
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parallel is observed with chickpea; the mature of shedding seems to be
genetical and 1f it is inherited quantitatively like soybean w:l._th dominance,
then perhaps the conclusions of van Schaik and Probst can be extended to
chickpen where they pointed out highly significant positive carrelation and
regression coefficients between flower mumber and shedding inilcated a
difficulty of imcrpcrat:’!.ng high production capaclty and low shedding per-

Cent.ages' into one strain.

The average pod set was 49 %, 44 % and 29 % in BG-209, JG-62 and
L-550 respectively. BEinka ami Co-waikers (1980) suggested that the cause of
low pod setting during winter in Delhi is largely due to poar pollen germi-
nation, however, the present findings do not lend suppart to the above conr
tention in view of th@ fact that the pod set was not greatly altered between
the sowings. Moreover, van der Maesen (1972) had ruied a1t the possibility
of polien viability as a cause of low fertilizatian)since he observed that

20 % germinated pollen grains were mare than sufficient far adequate ferti-
lization:

The munber of effective pods ar filled pods was alwags lowest for S

and highest for 8} and vice -versa,

The seed efficlency or mumber of seeds developed as percentage of
total mumber of ovules present, in flower formed was lowest at 8] ard by and

.'LargezIr did not very ip rest of the sowings.

However, the effective seed efficiemcy i.e., the mumber of seeds

developed from the mirber of ovules present in final pal mumber did not
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vary between the sowibgs (except 81 of L-550 =51 %) and the same was about

51 % in JG-62, 58 % in 1-550 ani BG-209.

If the effective seed efficiency is calculated by giving due discount
for unfilled pads, it will be observ-eti that it varies with the cultivar
and far JG-62 it is greatest at SL (90 %), and lowest at B-4 (61 %). For
8 and 83 1t is 76 amd 78 % respectively. In L-550 it is again highest at
8 anmd identical at S amd 8 (78 %) and at 83 84 %. Far BG-209 also the
highest is at 851 (93 %) followed by B (8L %) and the same for Sz ami Sy is
59 $. 8 it can be concluded that the resﬁ'iction on seed setting or curtail-
ment of Seed development results in loss of 40 %, 49 % and 33 % at 81, 25 %,
19 $anl 25 % at S, 27 %, 24 % ard 1 % at 53 and 20 %, 20 $ am 0 % at Sy
far J6-62, L-550 and BG-209 respectively., It can alsobe inferred that BG-
209 has the highest effective seed efficiency while L-550 has the lowest.

In/addition, the seed efficiency of BG-209 1s less affected by temperature

varistions.

5.2 Improvement of reproductive efficiency by chemieal mnimlationé

5.2;1 Stage vs concentration @

In an effoart to improve the repradwetive efficiency of chickpea by
chemical mnipulatims, response of chickpea to different concentrations of
growth regulatars was investigated. Further an attempt was made to study

the stege vs concentration effects of the growth regulatars.
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5.2.2 Huxin

From the results cbtained, it was evident that auxin (IAA) was effec-
tive at all the stages at lower concentrations. This suggest that auxin
is normslly present in argan like flower and is an impartant factoar in
inhibi ting the abscission and thus increasing the pod set and 1_;herefcre a
decrease in the auxin level proceeds or accompanies abscission. Such a
relationship has been clearly demonstrated with respect to leaf abscissicn.
Howewer, no such attélpt has been made with respect to flaral abscission.
As early as 1951, £fhoJji et al. had suggested that in leaves there exists an
auxin gradient in the abscission zone, while the leaf is active. The same
gradient is lost preceeding abscission and therefare, auxin gredient, rather
than the absolute amounts of auxin, controlled abscission. The possibilily
of an auxin gradient across the flower pedicel, which determines whether a
flower remains attacked o is shed remains to be investigated for chickpea.
There is another possibility that abscission of flower is related with an
accurulation of some auxin antagonist as found in case of cotton (Lad, 1976).
It is quite possible that the blosynthesis of auxin itself is involved as
found by Innd (1956) for tobaceco. If so, then stimlation of auxin forma-
tion from precursﬂg's present in a style tissue (by the enzymgs) occurring
in the descending pollen tubes may also suppart the early development of
a pod, If; aublsequent]y, the pods are absclsed because of deficlency of
further auxin production during seed development. Further research is
required to imregtigate the role of growth hormones in flower ard pod shed-

ding of chickpea, as well as on fruit develcpment.




165

5.2.3 Cycocel

Cycocel was found to be mre effective at 6. lower concentration
during the mid-flowering stege. It will be seen from the effects of sowing
dates on morphological attributes that,about 41-46 % of plant height was
achieved during vegetative phase and further increases are , by and large,
recarded during the mid-flowering phase. It 1s quite likely tha‘f, the plant
height is retarded by cycccel, if applied at mid-flowering stage, when
increase in stem is taking place. A reduction in height nay'thez'efare, not
only lead to inhibition of apical dominam_:e, hence an increase of mare
number of lateral branches at later stage, but would also reduce the campe-
tition between vegetative phese and reproductive phase and thus thereby pro-

moting reproductive growth and better pal set.

5.2.4 Bengzyal amino purine

BA was founl to be mare effective at lower concentratlon at post
flower ing stage. Like other cytokinins BA (synthetic) might be acting by
delaying the sencscence of the leaves at this stage, thercby maintaining
the integrity of chlaroplast membranes and tlms photosynthetic apparatus
of the leaves, due to which the reductlon caused in the supply of assimi-
lates due to advancing sen;aseerice is checked and as a result better pad

set 1s achieved.
5.2.5 Ethrel

The active principle, which is ethylene was founmi to have & deleteri-
ous effects at all the concentrations at each stage. Ethylene, in mimte

quantities can cause dramtic changes in physiological activities of plants.
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It could not be ascertained whether the concentrations used in present
investigation were too high and hemce injurious, ar ethylene has a negative

role in poad set. Howover, ethylens is a pwerful inhibitor of bud grawth.

From the present study, it was cbvious, that a specific growth
regulatar had a specific éf‘fect, either at specific stage ar stages and,
by and large, the lower concentration were more effectlve as compared to

higher concentrations.

5.2.6 Stage vs growth regulatar interaction

Stage vs growth regulatar interactlion wes studied in the light of the
results cbtained from the above. The response of chickpea in relation to
diff erent growth regulatars clearly, in fact, imiicated that there was a
stage vs growth regulata interacticon. _ In suppart of the contention an
elebarate field as well pot culture trial was arganlsed in wder to sub~
stantlate further evidence in this regard, From the results cbtained from
the stage vs growth regulatar interaction, where various concentrations of
IAA, cycocel ami BA yere made with respect to thiz influence on particular
stage, for e.g., cycocel at mid-flowering, BA at post-flowering and IAA at
all stages. It was evident from the results that the highest yield was
cbtained where IAA was given at pre-flowering and combined with cycocel at
md~flowering armd BA at post-flowering stages amd this was followed by those
concentrations, which had IAA at pre and mid-flowering stages or in additiom
to this BA at rost-flowering stage. In the light of the results obtained,

the contention is further strengthened tiat more arganised stage vs growth
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regulatar interaction should be further investigated in arder to mmke
recommendation to the farmer, so that consistant result ecould be achieved

far improvemsnt of reproductive efficiency.

The other impartant point which emerged from the gbove study was that
the total plant weight was increased considerably end this increase vas
also assoclated with an inerease in stem welght, It is likely that an
interaction of the various h&mones under study at different stages contri-
buted to an overall better biomass production amd also to the better parti-
ticl:'ning of the same to the economic_: parts as evident by the harvest index
data, where an increase of 2-10 % was found both under field end pot condi-
tions. Since these finmiings could be substentleted and supparted by field

trial, it can be adopted fa improving reproductive efficlency of chickpen.

5.3 Biochemical studies in relation to reproductive efficiency

One of the mjor causes of low reproductive efficlency is the flower
and pod shedding. Comparative study of the different blochemical parameters
wéxrs done with a view to find cut the relative difference between fresh and

abscised flower and pcd.

5.3.1 Total nltrogen soluble protelmand solyble sugars in normal amd

i

abscised flowers[pods

The relative amount of total nitrogen, total protein- and soluble
proteins were found to be lower in case of abscised flowers in comparison

to fresh naml fiowers. Snee, there 1s no literature availsble as such
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a comparison has never been made, we are left to speculante with a few
reparts available on the changes in nitrogen content during growth and
development or the nitrate assimilation during the various stages. Saxena
and Krishnamrthy (1979) cbserved that nitrogen contents in general come-
enced to decline progressively far 20 days after sowing both in stem and
leaf till the time of flcmerr:lng amd this decline was mare gteep in leaf
than in the stem., It is quite likely that the :s;upply of nitrogen becomes
limiting and results in abscision of flowers. Foklriyal and Abrol (1980)
working vith cv. BG-209 found that soil derived nitrogen accaunted for 15 %,
83 % and 72 % of total reduced nitrogen at preflovering (1), profuse flower-
ing (II) and seed £illing stages (III) respectively. Out of the total soil
derived nitrogen 10.1 %, 59.3 % end 30.6 % was reiuced during the stages I,
IT and III respectively. They observel that maximim accumlation of reduced
nitrogen took plece awing stage II. They concluded that a high incldence
of flower ard pod shedding may be related to the fact that the supply may
not be able to cope with the demend., This can be one of the possible reasons
of low nitrogen p—ercentage in case of abacised flowers. The abscised pais,
on the other hand, had higher amounts of total nitrogen, total protein ani
soluble sugars than the —ncrml developed peds. In view of the findings of
Pokhriyal amd Abrol (1980) that Cicer plants at fimal harvest contained
88281 + 10228 A+ mols reduced Bltrogen, mich of which was present in the
seed. It can, therefare, tentatively be suggested that the plant has gome

kird of mechanism to draw from variocus organs during unfavourable times in
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favour of most essential developing argan per se and it was due to such
likelihood that more of these compounds were sequestered into the seeds of

the abscised pod befare the firal abscissim.

The relative emount of soluble sugers was less in case o absclsed
flowers as comperel to norml fresh flower. Singh et al. (1981) have shown
on L-550 that the soluble sugars as percentage of dry welght considerably
decreased upto 28 deys after anthesis and then remined unchanged till the
~ grain mtured. However, changes inlevels of starch, expressed as percentage
of geed dry weight, show rapid increase during this peried and further that
intense bicchemical activity took place during this pericad. The low level
of soluble sugars in flowers could elther be because of lower synthesis of
these or due to imcrease comversion of these into starch during this perial,
The abscised pods on the centrary, showed an ipereased level of soluble
sugers. The values are also much higher in comparison to the narml pods,
therefare, it could be infered that the con¥ersion of starch ?ﬁ?;h;use o
thlis abscised pois have a higher level of soluble sugars, in camparison to

narml pal,

5.3.2 DHNucleic Acids contents in narml and sbscised flower apd flaral par ts

Relative amount of mucleic acids wesent in fresh and absciged
flowers inlicates that the total RNA content in flower decreaseéd. However,
DFA content per flower remined unchanged. Therefare, the changes 1in the

nucleic aclds are due to the change in RFA content that could be fraced to
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marked reduction in thelr reprcductive structures viz., aniroecium an.i_
éynocium. Besides .these,. there are two other impartant cbservations e.g.,
increase of amount of RNA in pedicel and calyx in comparison to normal
flower. It is known that the sbscission takes place at the Jumtiop of
pedicel and peduncle. The pessibility of a micélic acld gradient across
the flower pedlcel, which determines whether a flower remins attached @
shed, could not be ruled out. There are Indications which tempts to suggest
of such & possibility, In the narmal flower, the peduncle has a higher
content of RNA as compared to the pedicel, which has comperatively lower
amount of RNA, In the ebscised flowers pedicel recarded higher mucleic
acid as campared to the amount noted in the narml flower, with the excep-
tion of JG-62, However, it should be borne in mind that JG-62 has a double
pcdded character amd that there is every possibility that this character
which arises at the same junction, my be the factar responsible for the
differences observed in case of JG-62., The poseibility of the existance

of a gradlent i1s highlighted by the decreased amount of RNA in the repro-
ductive structure and an increased amount of the calyx. The role of calyx
8lso needs t0 be evaluated in future studies because of its close connect-
ing link between the reproductive structures ard pedicel ard also because

of its larger expanded green surface among the flaral parts.

It vas shown by Lund (1956) that in tobacco the stimylation of auxin
formtion from precursors resent in the style tissues by the enzyme occurr-
ing in the descending pollen tubes was responsible far the increased growth

of ovary, which also supparts the early development pf pods. Whether the
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much of the suxin formtion is involved in normal flower which influence

growth activities requiring jmreased amounte of nuclelc acids for protein
synthesis in normel flowyers ? Whether fallure of the same is related with
the decrease and thereby decrease in muclele acid is a mtter of conjecture

and it remains to be investigated in chickpea.

5+3.3 Figment content in normal and abscised flowers amd flaral parts

The pigment; chlarophyll, has so far been amlysed in leaves @ pods,
but no reference pertains to flaral parts of the flower stalk. All the
flarel parts contain pigments {chlarcophyll/anthocyemin/carotencid) and
theref are, a comparative study was made in acder to heve an idea about the
relative contents of these in the different flaral parts. The total
chlorophyll content of abscj.se;i flower was reduced considerably to the
extent of 24-38 %, Reduction was chserved both in amounts of chl. & and
chl, b, however, there was comparatively moare reduction in chl, b. But
the ratio af chl. a to chl. b per flower was found to be same in fresh and
abseised flowers in L-550 and BG-209 amd it was higher far absciged flowers
of JG-62. The amount of chlorophyll present in flower part was greatly
reduced in the abseised flowers, gince peduncle, pedicel amnd calyx are
impartant structures, besides the basal part of the gynoecium, which is
also green. It is likely that these may be a(':camting with certaln limits
%0 the photosynt?h_esis of the 'de_veloping pcds in arder to achleve' indepen-
dence to & certain extent of the developing pods from the assimilate supply

from the leaves. Whether the failure to become independent photosynthetically
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is associated with the abscission of developing pods ? The amount of ch. b.
is reduced comparatively in relation to chbl. a. Although it bhas not been
conclusively proved, most investigatars believe that chl. b is prevalent over
chl. a (Bourdvan, 1966) ani there exists convincing evidemce that immediate
precursc;wr of chl. & is chlorophyllide a. It is quite likely that the bio-
synthesis of chlarophyll is affected during abscission of flowers. The
ratio of chl. a/o remain unsltered in 1-550 and BG-209. This indiceles that

rate of photophospharilation is not altered in these cultivars.
Carotenolds

The total carotenolds content per flower increased considerablyl in the
abscised flower, in comparison to the narmal flower. Carotenolds 1like
chlarophyll are located in the chloroplast and on the chramatophare (Veir
anl Stocking, 1952) occurring there as water insoluble protein complexes.
Goodwin (1060) suggested that chlarophyll end carotenoids my be attached
to some protein, forming a complex known as photosynthin. It is thought
by meny investigatars that the specific orientiation of carotenolds 'in
relation to chlarophyll within the lamellar system of chlargplast is an
important aspect of photosynthetic process. Besldes this, two distinct role
of carotenolds in photosynthesis kave been established; i) they protect
against the photo-oxidation of echloraphyll 1i) they absarb and transfer
1ight energy to chl. a. Whether the carotenolds are increased to offset
the reduction in chl., b. or %0 protect chlarophyll from oxidation. In

A ther way they seem to be imparting & protective mechanism to coffset the
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reduction in photosynthesis due to a reduction in chlarophyll pigment.
Since the values fluctuated in the different flaral parts and also the
values & chl. b. fluctunatel with the flcral parts, it is suggested that
carotenolds may also be acting by transfering energy to chl., a. in event

of redquction in chl. b.

Authocyapin

The authocyanin contents in sbscised flower in general decremsged in
all the flaral parts examined. In L-550, the quantify this pigment is very
low and the pedicel only carries a little amount, The rols of authocyanins
1s not fully understood. A decrease in this pigment was noticed by Abbes
(persoml comminication) which was accompanied by a parallel decrease in
Peroxidase activity. II} event of such a rahtiomhip, the impartance of
pigment become enbanced, Since’in general’the Perodilxace activity is related
not only to activities of certain impartaht, enzymes like JAA oxidase, but
also in relation to phenol content. Similsar sssociation was also cbgerved
by Srivastave and laloraya (1976). Within the limited scope of the rresent
study, it 1s not possible to assign any gspecific reason for its decrease and
this needs further imesfigation.

5.3.4 Changes in the arganic acid contents in the leaves of chickpea
as8_influenced by different dates of sowing

The rhythmic pattern a organic ascid accumulation during night armd dis-

eppearance during day was observed in leaves of §) in all the cultivars, but
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the same was greatly altered in the leaves collected from S in all the.
cultivers, In other wards, the temperature altered the rate of accumila-
tion of maleic acid according o the rhythemic pattern in leaves during

S1. Ramias (1979, persoml commnication) bed reparted that chickpea is -
the only field crop with the crassulacean type of metabolism, however, Sinha
and Go-werkers (1980) reported tiet chickpee is a C3 plant, They further
foupd that the maleic acid present on the surface of leaf and fruit walls

of chickpez progressively increased in the arder of vegetative, pre-flowering,
pad setting and seed development stages. They further found that maleic
acid increases by 2.5 fold with an increase of temperature from 5 to 30°C.
Since the leaves were washed well befare analysing for the oarganie acid,
there 1s no pogsibility that the increase in malelc acid was due to 1ts
presence in the glanmds on the surface of the leaves, Moreover, the leaves

~ at 8; showed clear rhythmic pattern amd recarded the diurmi fluetuaticn

in crganic acids (later identified as 80 % mlelc acid) and the same rhythmic
pattern was not cbserved at Sy, therefare, it is too tempting to suggest
that depending upon the temperature that the chickpes plant may bemlave
either as a crassulacean type as reparted by Ramdas or as a C3 type as found
by Binha amd‘Co-workers. The temperature at 8 was comparatively higher

and 1t ia likely that the plant has & mechanism to switch to a better alter-
native pativay in relation to its environment, However, such a suggestion

et this stage is merely speculative. Further research in this direction,

however, is desirable,
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From the faregoing discussion, 1t is evident that the BG-209 had
the highest reproductive efficiency, largely due to higher growth rate
during vegetative phase, low shedding, higher seed mumber per pod and
better poad set. I-550, on the other hanl, had the lowest reproductive
efficlency, since it had low rate of growth during vegetative phase, lower
pad set amd higher shedding, however, its yleld is high as it had more
seed welght, JG-62 was found to be intermediate with respect to rate of
growth during vegetative phasa}medium pad set, medium shedding and mcre

seed welght per pal.

The components on the seed yield and reproductive efficiency are

g:l.ven'in the scheme presented.

The scheme is 8 modification of the original scheme of Summerfield
et al. (1980) far legumes. The modifications give importance to the

following :

!

1)  Biomss production aml 1ts accumlation into stem 2s a pre-
requisite far flover formtion.

1i) Impartence to seed mimber per f£illed ped. '

1i1) Influence of cumlative temperature on crop duration.

iv) The percentage propartion of cumilative temperature accumlated

durlng pre-flowering phase.

The limitations to reproductive efficiency in the present study was
largely fourd to be due to @ '

1.  flower formtion which is chiefly umder the influence of temperature.
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the production of blomass Iwhich is determined both by genetical
and phenological potentlals,

Restriction in the biomas accumilation in the stem befare or
during lag phase of pod farmation.

Higher shedding of flower/pods.

Development of pod apd seed.

Failure of pod to become photosynthetically indeperdent.

The biochemical differences in fresh and abscised flowers indicate

that the flower abscission 1s largely due to deficiency of nitrogen

compaunds, sugar amd nuclelc acids and pigments.

However, the low reproductive efficiency can be largely improved

by chemical renipulations, using growth regulatars.



SUMMARY

The average yield of chickpea in India is as low as 700 kg/ha. One
of the mjar causes far this low yleld can be attributed to the low repro-
ductive efficiency. The cause far low reproiuctive efficiency is mainly
due to heavy shedding of reproductive structures. The present investiga-

tions were, therefare, initisted with the following dbjectives :

1) To study the genetlc variability amd diversity with reference to
the flowering behaviocur and shedding of flowers during the reproductive
stage in order to evaluate the peak periods of flowering, shedding
percentage and reproductive efficiency.-

11) To study the influence of temperature (based on different dates of
scming) on tim.e, intensity and duration of flowering and reproductive
efficiency in relation to growth am development of chickpea.

1i1) To study the possibility of improving the reproductive efficiency
by chemical menipulations using growth regulatars.

iv) To investigate the biochemical changes associated with abscission of

flowers anl fruits.

To meet the major cbjectives of present investigation, experiments
were categarised in three groups viz., 1) evaluation of reproductive
efficiency of various genotypes, 2) improvement of reproductive efficlency
by chemical manipulations and 3) biochemical studies in relation to

reproductive efficiency.

The experiments were conducted both in field and pot eculture under

natural day light corditions during 1979-80 and 1980-81, in order to have
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a comparative idea of reproductive efficiency urmder these conditions. It
was observed, although, plants grown in pot culture gave quantitatively
low values far all the attributes, yet closely paralleled the general
pattern cbserved in field with reference to flowering, growth anmd yield

behaviour.

Evaluation of reproductive efficiency in twelve genotypes were carried
out during 1979-80 in arder to select sultable genotypes for detailed study
during the subsequent year. The genotypes were, JG-62, C-235, nine BG-
lines and the Kabuli ev. L-550, In the fleld the experimental lay out
vas randomised block design'with three replications. The crop was sown in

field amd pot culture on 19.10.1979.

It was observed that peak flowering peridd in these génotypes was
between 120-130 days, The shedding percentage was found to be very high
and it rargel from 67-90 4. The least was found in BG-209 and highest in
L-550. Amongst the 12 genotypes examined, it was found tiat BG-209 had
the highest reproductive efficiency in terms of mumber of pads, filled pad,
total seed mumber, pod weight ard seed yleld., The lowest reproductive
efficiency was observed in L-550. The cause far higher reproductive effi-
ciency in BG-209 was attributed to low shedding %, higher pod.set ani

higher effective pod set.

Based on the perfarmance of different genotypes, three cultivars
viz., JG-62, L-550 and BG-209 were selectad far detailed studies during

1980-81. BG-209 and L-550 were selected because of their contrasting
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behaviour in flower shedding. JG-62 was fourd to be intermediate and also

jt hed a double podded character.

Studies on the influence of temperature (based on different dates of
sowing) on time, inmtensity and duration of flowering and reproductive
efficiency in relation to growth and development were made with the above
tiree genotypes. Four .sowings (51, 82, 83 and 8)) were done at 15 days

interval commencing from Lth Octcber, 1980.

Time, intensity and du;at:l.on of flowering were greately altered under
the influence of different dates of sowing. While 'l‘:he days for first flower
increased, the intensity 9.111 dqratiqn of floyering was mrkediy reducad
with increase in sowing dates fram 8l to S4. In general, the days to first
pd also followed the same trend. ‘The firal crop duration also mrkedly
reduced with the consequence that the pre-flowering or vegetative period
was lowest in late sowings. The temperature records indicated that, in
generdl, the mean optimel temperature of abmt 20°C, a minimn about 12°C
and a meximn sbout 209C vere conducive for flover formtion. Irrespective
of cultivar ar date of sowing, a mean maximom and minimm temperature of
19°C, 25-5°C and 12.5°C respectively was observed to be optimum far active
pod farmtion. It was also dbserved that a higher mean, mximm and mean

temperature was required for pod stabilization and £illing.

The impartant stages during crop perial were identifed and the duratim
to attaln these stages were worked out. It wes cbserved that the vegetative

duration (stage 1) increased with delayed sowings in all the cultivars,
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while the days to first pad ‘(stagé 2 - pai inftiation) fiuctuated among

the cultivars and with dates of sovirg. In JG-62 and L-550 a lag phase

of pad formation (stage 3) was seen in earlier sowings, more being in JG-62
amd L-550, while in BG-209 it was almost absent. The duration of active
pad farmation (stage 4) remined mare ar less constant (20-30 days), irres-
pective of dates of sowing or cultivar., Duration between stabilisation of
pod marber to hafvest (stage 5), by and large, remained the same for diffe-
rent dates of sowing, but varied amongst cultivars. It was longer in JG-62

(23-27 days) and shorter in L-550 {13-21 days).

The computation of percentage propartion of 'varios durations in
relation to total ecrop and reproductive durations lead to categarise these
stages as temperature sensitive ar insensitive. Compared to other stages
vegetative stage was most sensitive to temperature. It was seen that
cultivars classified as early flowering e.g., JG-62 and cultiver taking
mich 19nger time to come into flower e.g., BG-209, mare or less had the
same crop duration depemiing upon the environment by wey of an edjustment

of duration in their reprauctive periad.

The various temperature imices, heat unit (HU), growing degree deys
(@D), and cumilative minimm temperature (CMT), accumlated et different
growth stages till harvest were caleulated fram the temperature recards
and this was extended to chickpea. It was seen that BG-209, in comparison
to others, consumed mare HU, GDD ard CMT during vegetative phase over

reproductive phese in all the Ffour sowings. It was also chbserved that
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JG-12 and L-550 aceumlated more HU during reprajuctive phase at §; and

S but equal o less in 83 end 8. The @D, however, were fourd higher
du;'ing vegetative phnse at early sowings and lower at delayed sowings in
these cultivars. The propartion percentage in relation to temperature
indices during total crop duration indicated that each cultivar had & fixed
percentage of total crop duration propartionad at pre-flowering or vegcta-
tive phase and this remined largely umffgcted by temparature, however, in
case of reproductive phase margiml variations vere chascrved at extremes

of temperature (e.g., S3). Amongst the cultivars, during the vegetative
page the arder of propartion percentage wvas BG-200 7 L-550 > JG-62. It
was also cbserved that whether a plant accumulated mare, ar less of tomp-
erature imdices, the proportion percentsge of duration between the vegeta-
tive plase aml repraiuctive phase rexained the Bane, however, the degree
of accumlation did affect 1ts capacity to produce biomss and partition-
ing. Thus, it was observed that the temperature had influence in total
erop duration, vhich wvas dependent on cumlative temeratpre unlts.

The marphological and growth attributeé deeressed with an increage
in sowing dates in the crder § > 8 > & > 8). The reductions were
mch rarked in 83 and 8§, as compared to B). ’ The average height, nuxber
of branches, leaf murher, lcaf area and leaf area duration was LS %, 69 %,
80 % anl 86 % respectively. The average reduction in leas weight, sten
weight and total dry matter was found tobe 79 %, 8L % and 75 % respectively.
In all the cultivars at 81, the mJjor propartion of nxphological characters
were gained during vegetative phnse ani rest of the growth attributes, by
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and large, during pod initiation as in L-550 and BG-209 or during the lag
phase of pod farmtion as in JG3-62, In delayed sowings, mjor propartion
_ of above atiributes were gained during vegetative phase. The time of fall
of leaf area variled with cultivars and sowing dates from lag phase to
beginning of pod formztion. The biomass production was markedly restricted
in late sowings as compared to early sowings. This reduction in biommss
production, especially accumulation of dry matter in stem during the flower-
ing periad might have hampered the realisation of mare mumber of flowers,
since in B3 and S) the limitation in reproductive efficiency could be seen

as flower mumber itself anmd not the latter sequence.

A quantitative reduction in reproductive attributes viz., flower
mxber, pal mnmber, total seed number ard seed weight was ocbserved in all
the cultivars, when sowings were delayed. The mjor cause of low T ¢pro-
ductive efficlency was found to be due to heavy shedding of flower anmi
fruit. This was noticed very high in all the cultivars and »by and large,
the arder was 8; > B > By > 84. The abscission rate at any given inter-
val by five days from start of flowering was seen of following arder
8 > & > 83 > ©5). The magnitude of abscission within the cultivar
wag the arder L-550 >JG 62 > BG 209. The number of flowers retained
during a specific perlod as percentage of total flowers showed that shed-
ding was greater in £7, because retention was lowest on 8; end highest at
S or 83 and far 8 it was gremter than B;. This was true in the case of
pads also. The abscission of pods was found to bg lowest at late sowings,

because larger mumber of flower formed were actively turned into pads during

a shorter duration,
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The seed muber/pol remained umaffected by different dates of sowling.
But the total seed mimber was highest for 8; and least for 8). Increase
in pod amd seed weight was highest in 8, followed by 5§, S3anmd 8§, A
significant re.duct:lon‘ in these over By to the extent of 80 % at 83 and By,

wWas Been.

The parameters determining the reprojuctive efficiency was worked out
in detail. It was seen that average pod set was 49 %, 44 9, ard 29 % in
of
BG-209, JG-62 anl L-550 respectively. The mmber/effective pods ar filled

pads was always lowest for 5; and highest far Sy.

The seed efficiency ar mmber of seeds developed as percentage of
totel mumber of ovules present, in flower formed was lowest in 81 amid, by

and large, did not va.ry in rest of the sowings.

However, the effective seel efficlency (i.e.,mumber of seeds developed
from the mumber of ovules present in pod mmber) did not vary between the
sowings. When effective seed officiency was calculated by giving due
discount far unfilled pads, it was observed that it varied with cultivar.

It vas greatest at §) and least at 8) for all cultivars, ranging from 90 %
to 54 %, Hence, the restriction in seed setting ar curtailment of seed
development resulted in loss of 40 %, 39 %, and 33 % at 85 25 %, 19 %
and 25 % at S; 27 %, 24 %am 1 % at 835 10%, 20 % and 0 % at S, for JG-
62, L-550 am BG-209 respectively. Hence it was inferred that BG-209 hag

the highest effective seed efficiency, while L-550 kad the least.
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In an effort to improve the reproductive efficiency of chickpea
by chemical manipulations, different concentration of.growth"regulata-s
at different stages of crop growth were applied to cv. L-550 growa’
unier pot cultl;.re conmiition during 1979-80. It was observed that at
lower concentrations the growth substances i.e. JAA @ 2 ppm at all stages,
cycocel at 2006 ppm at mid-flcwering and BA at 5 ppm at post-flowering
stages; were seen effective, But gthrel in all cases gave negative

result,

In the light of above findings, an experinent to investigate the
effect of stage vs concentration wvas conducted in randomised block design
with four replicatims in field and simlation in pot culture. It was
cbserved thet IAA at pre-flowering, combined qith cycocel at mid-flowering
and BA at post-flovering stages enhanced the reproductive efficiency

‘ through higher seed yield.

Biochemical changes asscclated with reproluctive efficiency were
investigated. The relative amount o total nif;rogen, total proteins and
soluble proteins were found to be low in case of abscised Flowers in
comparison to fresh narmal flower. The above finding was true fa soluble
sugars also. The abscised pads on the contrary showed an incrensed level

in all the above parameters.

Relative amount of RNA in abscised flowers were low, but DEA content

remined unchanged. An increase in RM content in pedicel and calyx in

abscised flower was observed.
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. The pigments viz., chlarophyll and anthocyanin in abscised flowers
and parts showed & markei reduction, while the amount of carotenold in

abscised flowers showel an increase,

A rhythmic pattern of accumlation of crganic acid during night ani
disappesrance during day wae observed in the leaves of Sl in all the
cultivars, but the same was greatly altered in 82, which was found to be

due t0 the influence of temperature during 8,.

The present investigations revealed thet BG-209 had the highest re-
productive efficlency, largely due to higher growth rate during vegetative
phase, lower shedding %, higher seed mumber per pod and better pod set.
L-550 had the least reproductive efficiency and JG-62 was found to be
intermediate., The reproductive efficiency was influenced by variation
in temperature and in biochemical parameters. It was also seen that
reproductive efficiency can be improved by chemical manipulations, using

growth regulatars.
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Appendix Yot Percentage distribution of RNA amd DMA in flaral parts in chickpen

Cultivar JG-62 ‘ 1.550 i BG-209
Nermpl Abscised Narmml Abscised Nuryétl Absclsed
Flaral part REA DNA ~RMA DA mA DA REA DFA RNA DA RNA A
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 hh 4.6 3.6 0.9 2.8 1.9 1.5 1.8 6.4 2.7 3.8
Calyx 3.9 1.k 7.7 1.h 0.7 0.8 3.0 2.2 2.0 4,6 3.7 6.1
Cor olla 7.3 6.2 11.7 b7 2,2 1,9 3.0 | 1.9 2.7 6.9 3.5 7.6
Andr oczeium ‘
aml 73.k 86.9 66.3 88.4 93.9 92.0 89.8 92,0 91.4 77.9 88.3  T7.h

Gynoecium




Appepdix.Xw Nucleic acid content in normel and abscised flowers,

pod, pod wall and seed in chickpea cv. L.550.

ng/g weight
Bize Part .
Normal Abseised
RIA DA REA DA
- Flower 2,848 0.641 2.323 0.642
1 Pod ‘ '
(0.4 mm x 0,9 im) 4.583  0.656 18,560 0.256
2 Ped
(L.Omm x 2.9 mm) 11..643  0.671 18,00 0.250
3 Pod ‘
(2.4 mm x 1.k m) 17.850  0.903 2.503 0.248
Pod wall (3) 11.322 0,446 19.000 0.180
Seed (3) 6.528  0.157 6.030  0.068




Appendix . XV  Dry welght of floral parts of chickpea

Dry weipht in mg

Cultiver
JG-62 L-550 BG-209

Floral parts
Peduncle Lk 1.6 1.k
Peadicel. 1.0 1.4 1.0
calyx 206 2-5 206
Carolla _ 7.3 . 9.4 7.3
Andr cccdum :

alﬂ 3'0 3.9 2-0
Gynoceium ' '

Whole f£lower 15,3 18.8 1%.3




