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CHAPTER-I



INTRODUCTION

Presently, the weakest link in agricultural progress of the country is very
slow growth rate of pulse crops. These crops have a unique place in farming
systems as they enrich soil fertility through biological nitrogen fixation. In our
country, pusles constitute the only concentrated source of protein in the diet of

most of the people, owing to economic and social reasons.

Among the pulses, chickpea is the major crop which accounts for 32 per cent
of the area and 39 per cent of production of pulses in the country. A substantial
part of agricultural production of the country comes from dryland agriculture and
chickpea is the major crop of these areas thus, its improvement will have an impact
on the agricultural growth of the country. The technological advances in the
production of cereals has relegated the chickpea crop to more mearginal lands thus
the energy rich crop is being cultivated under conditions of energy starvation

resultifig in low productivity, 735 kg/ha (Anonymous, 1989).

Seed plays an important role in agricultural production and quality seed is

the basie input for improving productivity and production.

"Good seed sown in good soil yields abundance" Manu.

The above statement indicates the awareness among the farmers about the
use of quality seeds since antiquites. Thus the use of quality seeds is the basic
component of achieving higher productivity of any erop. The quality of the seed

is determined by its development and maturation.

Seed maturation refers to morphological, physiological and functional changes

that oceur from the time of fertilization until matured ovules are ready for

harvest (Delouche,1973). Normally this period is devided into two phases (i)



Seed development phase: the period between fertilization and maximum fresh weight
aceumulation (ii) Seed maturation phase: the period starting from the end of the
development phase upto harvest (Abdul-Baki and Baker, 1973). Physiological
maturity, normally understood as occuring when the seed reaches to maximum dry
weight (Harrington, 1972), at this stage the nutrients flow from mother plant to
seeds stop. At physiological maturity the vascular connection to the seed is broken
due to formation of abseission layer (Eastin et al., 1873). Physiological and bio-
chemical changes might set in, if the seeds are retained on the mother plant for
longer duration after physiological maturity (Ovacharov and Kizilova, 1966) which
would lead to the development of hard seeds or off-colour seeds in pulses
(Dharmalingam and Ramakrishanan, 1878; Dharmalingam eand Basu, 1989, 90).
Physiological maturity of seed occured 52, 62 and 78 days after flowering in

Cajanus cajan, Dolichos lablab and Stizolobium aterrimum respectively and at

these times moisture content and germination were 11 and 80 per cent, 8 and

67 per cent and 45 and 80 per cent, respectively (Veira et al., 1988). However,

such informations are not available in chickpea.

Many studies has been conducted on different aspects of seed development in
legumes such as accumulation of carbohydrates, dry matter (Singh et al., 1980;
Barratt, 1982; Geervani and Devi, 1988; Dharmalingam and Basu, 1989, 1980;

Bharud and Patil, 1990} and accumulation of soluble and insoluble nitrogen, proteins,
starch and ethanol soluble sugars (Singh and Jambunathan, 1982; Tripathi et al,
1987; Geervani and Devi, 1988). Most studies have examined only a single genotype
€Xcept in few studies where more genotypes have been used. However, little

emphasis has been given to the germination potential and its relationship with



various physiological and biochemical parameters such as developmental age of
seed, accumulation of protein, sugars, starch and dry matter. Therefore 5

present study was undertaken with following objectives:

1. To study the physiological and biochemical changes during seed development

in chickpea cultivars differing in seed size

2.  To study the development of germination potential in different chickpea

cultivars and correlate with above parameters.
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REVIEW OF LITERATURE

Seed plays an important role in agricultural production and quality seed is
the basic input for improving productivity and production, Seed production and

quality is also affected by time of harvesting of seed, seed development period

and seed maturation.

Seed maturation refers to morphological, physiological and funetional changes
that occﬁr from the time of fertilization until matured ovules are ready for harvest
(Delouche, 1973). These changes during seed maturation in chickpea were reported
earlier by various scientists i.e. (Srivastava et al., 1981; Singh et al., 1981; Singh
-and Jambunathan, 1982; Franklin and Murry, 1982; Setia et al,, 1884; Srivastava,
1987; Tripathi et al., 1987; Geervani and Devi, 1988; Sharma and Bhal, 1989;

Bharud and Patil, 1990).

Seed development is the period between fertilization and maximum fresh
weight accumulation and maturation begins at the end of seed development and
continuous upto harvest (Abdul-Baki and Baker, 1873). In chickpea seed development
period was 28 days after flowering (Singh et al., 1981; Singh and Jambunathan,
1982). However, Srivastava et al. (1981) reported 35 days period after flowering

for seed development.

Physiological maturity is normally understood as oceurring, when the seed
reaches its maximum dry weight (Harrington, 1972). In chickpea seed, physiological
‘maturity was reported 35 days after flowering (Srivastave et al.,, 1981; Singh et al,,
1981; Singh and Jambunathan, 1981); 40 days after flowering (Tripathi et al., 1987)

and 56 days after anthesis (Bharud and Patil, 1980}



Physiological and biochemical changes might set in, if the seeds retained
on the mother plant for longer duration after physiological maturity (Oracharov
and Kizilova, 1988) which would lead to the development of hard seeds or off-

colour seeds in pulses (Dharmalingam and Ramakrishanan, 1978; Dharmalingam

and Basu, 1989, 90).

The germination percent of seed is also affected by time of harvesting
(Viera et al., 1988; Bharud and Patil, 1990). Some physiological and biochemical

aspects of seed have correlation with germination pereent also.
Fresh and dry weight of seed

The fresh weight of seed increased upto 28 days after flowering in chickpea
during seed development and then & sharp decline was observed in all the cultivars,
whereas rapid accumulation of grain matter was observed between 14 and 28 days

after flowering. Dry weight of the seed increased upto 35 days after flowering,
thereafter only a slight change recorded in all the cultivars. The ev. 850-3/27
attained maximum seed dry weight (Singh et al., 1981). Srivastava et al. (1981)
reported that fresh weight of cotyledons increased during development until the
35 day stage and then decreased at maturity and dry weight of cotyledons
increased throughout development. The accumulation of dry weight was maximum
between 25 and 35 day stage. The initiation of seed maturation was indicated by
the onset of desiccation as observed by a decrease in the fresh weight after 35
day stage. Fresh weight of seed increased upto 28 days after flowering in
chickpea cultivar L-550 after that rapidly decreased and in cultivar G-130 maximum
fresh weight was at 21 days after flowering and seed dry weight increased upto
28 days after flowering after that a slight decrease in both the cultivars (Singh

and Jambunathan, 1982). The observation in chickpea suggest that pod and seed

matured at different stage and rates agree with data of french and soyabean



(Ouebedeanx and Chollat, 1975). During the period 115-135 days after sowing

seeds accumulated 92 per cent of their dry matter in chickpea (Hooda et &l 1986).

Tripathi et al. (1987) noted that the optimum dry matter accumulated at 40
days after flowering in chickpea seed. Most of the dry weight of seed, accumulated
between 25 and 35 days after anthesis in chickpea (Srivastava, 1987). Whereas
Bharud and Patil {1990) observed that dry matter accumulation in seed increased
upto 56 days in the seed of Vikash and Vishwas cultivars of chickpea. Dry weight
of seed in some legumes increased upto 7 fold in the last of the maturation

(Geervani and Devi, 1988).

Fresh and dry weight of soyabean seed increased until about 50 days after
flowering. Fresh weight, thereafter decreased rapidly but dry weight slightly
(Ohmura and Howell, 1962; Bils and Howell,1963). Lin et al. (1984) found that
fresh weight of the soyabean cv. Miles reached at maximum after 28 days after
flowering, whereas the dry weight of seeds continued to inerease upto 50 days
after flowering. In case of soyabean fresh weight and dry weight increased upto
maturity. Lowel; and Kuo (1985) reported that fresh and dry weight of seed in
soyabean increased upto full seed stage thereafter decreased in fresh weight and
increased in dry weight. Fresh and dry weight were upto three fold and two
fold higher respectively in seeds of Molvering than Willians 82 during development.
Seed dry weight in soyabean during development increased upto 40 days aftep

flowering, after that it become constant (Miles et al., 1988),

Singh et al. (1980) observed a large increase in seed size of 3 cultivars of
Pigeonpea during development between 14 and 28 days after flowering. Fresh

weight per seed reached at maximum after 28 days after flowering, whereas dry



weight per seed increased upto 35 days after flowering in all the three cultivars.
After 35 days after flowering a slight increase in dry weight was noticed in case

of Hy-3C and ICP-1 and did not change much in case of ST-1. The dry weight of
seed of pigeonpea increased steadily and continously till the end of the maturation
period (Balakrishanan et al., 1984). A continuous deposition of reserve food
material have increased the dry weight of seed (Rao and Rao, 1975). Maximum
increase in the dry weight was observed between 28 and 35 days of the development
and this is in confirmity with the finding of Singh et al. (1980). There was
significant difference among cultivars of pigeonpea. Among cultivars, CORG 11

was found to be superior in accumulation of reserve food material (Balakrishanan

et al,, 1984).

In case of pea fresh weight of seeds rose to a maximum after 30-33 day of
flowering. The fresh weight of wrinkled peas was greater than that of round peas,
but the dry weights of both varieties were almost similar (Stickland and Wilson,
1983). Fresh and dry weight of seed increased until 75 day after planting in pea,
then the fresh weight decreased rapidly while dry weight increasai/ this is true for
both varieties Finale and Solara (Deunff and Rachidian, 1988). Seed fresh weight
increased until day 119 of planting and dry weight increased linearly between 106

and 120 days after planting by 13 g/day in pea (Rachidian and Deunff, 1986).

Seed dry weight was maximum at 16-18 days after flowering in cowpea after
that it decreased slowly (Trammell, 1983; Kim et al., 1987). The volume of 100
dry seeds increased from 10-25 days after anthesis and subsequently it decreased
in all the varieties of cowpea. The dry weight of 100 seeds differed significantly

among the al]l varieties at all maturity stages in cowpea (Ramaiah, 1986). Hundred



seed fresh weight of 22.6 g occurred on day 9, then declined and dry weight

8.0 g at maturity (day 24) in cowpea (Palanisamy et al., 1986).

Barratt (1982) noted the changes in fresh and dry weight of the developing
cotyledons of the four cultivars of the fieldbean. He found that all the cultivars
showed a similar pattern in their fresh weight changes, there was little accumulation
for the first 25 days followed by & period of very rapid increase from approximately
days 30-45. After this the fresh weight increased more gradually until about 60
days, then it declined as the seeds become dehydraeted and matured. There were
differences between the cuitivars and lines, in the pattern of dry weight
accumulation. The large seeded cv Minica increased in dry weight steadily after
day 35 for the duration of the experiment, where the rapid increase started 3 days
later in ev Felix proceeded at a fas;ter rate but then ceased abruptly at 59. A

some what similar result was observed with the two lines of Dacre and line D
reahed its maximum weight at about day 60. Where as line A (as ev Minica)
continued to increase even during the final dehydration stage. Two pauses in dry
weight accumulation were observed between 35-38 and 48-52 for Dacre A and
between 38-40 and 45-48 day for Dacre D. Minica had a single pause between
45 and 48 days but no pause in growth was observed with Felix. These apparent

pauses may be equivalent to the 'lag' phase that have been reported during the

seed development of Pisum sativum (Carr and Skene, 1966; Hedlay and Ambrose,

1980), Phaseolus vulgaris (Mutchler et al., 1980). Barratt and Pullen (1984) -

reported that the fresh weight increased rapidly in fieldbean at initial stapges,

whereas slower at later stages.

Mungbean seeds showed linear growth till maturity (28 DAA) (Setia et al.,

1984). The fresh weight showed a rapid increase upto 15 days in case of seed



and it abruptly fell on the 20th day and it decressed till maturation in mungbean
(Dharmalingam and Basu, 1989, 80). In all the cuitivars of urdbean, fresh weight
of seed increased upto 16 days after anthesis and decreased at maturity, but dry

weight of seed increased until maturity (Saha, 1987).

Genotypes of groundnut differed significantly in kernel filling percentage at
6J and 90 days after sowing, but all gehotypes were on par at 115 days after
sowing which indicate that the rate of kernel filling varies significantly at earlier
stages of crop growth but reach more or less same level at the time of harvest
(Habib et al., 1985). The dry weight of seed in podocarpus increased with increase

stage of development of seed {Dodd et al., 1989).

The increase in weight was perceplible inspite of steady reduction in moisture

content (Harrington, 1972; Delouche, 1973; Balakrishanan et al., 1984),
Fresh -and -dry weight of pod wall

Developing pod wall of legumes have been shown to be photosynthetically
active and generally considered to perform a major role in carrying out the
refixation of CO2 released during either the respiration or the photo respiration

and pod wall increased 20 per cent seed yield (Sheoran and Singh, 1988).

Fresh weight of pod wall of chickpea increased upto 21 days after flowering
after that it decreased, until maturation in variety L-3550 and in variety G-130
it decrease from 14 days after flowering. The dry weight of pod wall in L-550
increased upto 35 days after flowering after it becomes constant and in G-130

after

it increased upto 28 days after anthesis/that it decreased (Singh and Jambunathan,

1982). The dry matter accumulation was faster in pod wall than the seeds in both

the varieties of chickpea. The optimum dry matter accumulated on 30 days after
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flowering in the pod wall. In the pod wall 75-8G per cent of dry matter accumulated
al 20 days after flowering compared with only 20-25 per cent in the seed. During
30-40 days the dry matter declined in the pod wall. This may be attributed to
translocation of certain stored products to the seed or other storage organs or
recycled into plant growth or maintenance and degradation losses due to respiration

or other physiological process (Tripathi et al., 1987).

The husk weight of pigeonpea reached at maximum on 28th day after anthesis.
The husk after reaching the maximum,started lossing weight which may be due to
dehydration (Meclrath et al., 1963). There were significant difference among the
cultivars of pigeonpea for the weight of husk during seed development

(Balakrishanan et al., 1984).

The dry weight of husk per pod increased from 10-16 days after anthesis in
cowpea and remained constant till 25 days after anthesis and at harvest/maturity,
it slightly declined. The accumulation of dry matter in husk was complete after
22, 19, 22 days after anthesis in cvs C-152, S-448 and TUX-183660E, respectively
(Ramaiah, 1986). Pod wall dry weight reached at maximum on 14 days after

flowering in cowpea and in other it decreased (Kim et al., 1987).v"

Genotypes of groundnut differed significantly in percent shell dry weight of
60 and 90 days after sowing but all the genotypes were a par of 115 days after
sowing, indicates that rate of percent shell weight varies siginficantly at earlier
stages of crop growth but reach more or less same level at the time of harvest
(Habib et al., 1985). The shell moisture content in mungbean decreased with the
advancement in maturity. The decrease was 83.3 to 6.6 per eent in shells, on

25th days after anthesis and further decreased was at slow rate (Dharmalingam

and Basu, 1988, 90).
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Moisture content of seed

Seed physiological maturity is a critical event in seed development, characterized
by a specific moisture content irrespective of species and environment, it is the
result of slow habituation of desiccation. This eventoccurs in the fruit when an
abrupt water deficient is induced by rupture of vascular connection with the mother

plant.

Goteulina and Prikhod'ko (1982) reported that in some legumes 40 to 60 per
cent moisture content was present when seed filling terminate. The seed moisture
content of chickpea decreased from 78 to 14 per cent in ev Vikash and from 82 to

17 per cent in ev Vishwas (Bharud and Patil, 1990).

Moisture content per seed was similar in two cultivars of soyabean at each
stage of development and moisture content decreased 80 to 15 per cent from first
stage seed to last stage respectively (Lowell and Kuo, 1989). Moisture contents of
seed of soyabean decreased steadily with increase in time of seed development

(Miles et al,, 1988).

The moisture content of pigeonpea seeds were observed and the moisture
content of seed which was maximum on the 7th day after anthesis deelined steadily
with the development and maturation and reached the minimum between 20.0 and

24.0 per cent on 42nd day (Balakrishanan et al., 1989).

The moisture content of seed of pea decreased 84 to 14 per cent from
Initial stage to last stage of development (Rachidian and Deunff, 198s). Changes
in seed moisture content in pea were similar in ev Solara with & slow dehydration

from 61 day after planting to 75 days after planting {water loss 25 to 28 per cent

in 14 days). At 75 days after planting, seed moisture content in the two varieties

was identical at around 55 per cent. After maturity, seed showed intense
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dehydration to 14 per cent moisture content at harvest. Rapid desiccation

continuous for 9 days in both varieties (Deunff and Rachidian, 1988).

Moisture content of seed of cowpea started to decrease at 8 days after
anthesis to maturation (Kim et al., 1986). I[n seeds of mungbean deereased their
moisture content 82.2 to 10 per cent with increase time of seed development 15
days to 35 days after flowering respectively (Dharmalingam and Basu, 1989, 90).
Moisture content of seeds was maximum at 8 days after anthesis and declined

steadily from about 12 per cent as the seed mature in urdbean (Saha, 1987).

Moisture content in podocarpus decreased 81.2 to 61.7 per cent from 6 weeks
atter fertilization to 24 week after fertilization respeetively (Dodd et al,, 1989).
Rapid seed filling occurred in lupine seed when pod moisture content was 83 kg/
kg K.W. (Clapham and Barness, 1990). The loss of moisture in developing seed is

a common phenomenon observed in many agricultural erop (Loewenberg, 1955),
Germination of seeds

The germination potential of dried seed of cvs of chickpea in Vikash and
Vishwas were 3 and 11 per cent respectively on 21 days after anthesis. It
increased gradu\ally and attaned the maximum on the 56 days after anthesis.

Therefore, no further increase in germination was observed (Bharud and Patil,

1990).

In seeds of soyabean, when maximum dry weight get accumulated than the
maximum germination was observed during seed development (Trammell, 1983).
Fresh seed germination in soyabean was 75 per cent which occurred at 55 per

cent of total dry weight of seed (Miles, 1986). Miles et al. (1988) reported
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that fresh soyabean seeds were viable very early in development as shown by

seeds harvested at full seed stage and at this stage seeds had a moisture concent-
ration of 740 g/kg F.W. These results contradiets previous reports showing little
or no germination of fresh seed harvested at similar stage of maturity {(Adams and
Rinne, 1981; Dasgupta et al., 1982; Kermode and Bewely, 1985; Ozaki et al., 1956),
but in support a report by Rosenberg and Rinne (1936) of 37 per cent viability for

fresh seeds at a seed moisture of 787 g/Kg.

In all cultivars of pigeonpea, the developing seed started germination from 21,
attaining the maximum on 42nd days after anthesis (Balakrishanan et al., 1984).
AIthough'the developing seeds were capable for germination when they were
physiologically mature and heﬁce attained maximum dry weight (Delouche, 1973;
Bishnoi, 1974; Manohar and Sachan, 1874). Germination percentage was higher in
seeds obtained from mature pods of pigeonpea than the slightly green pods. The
highest germintion i.e. 96 per cent was recorded in H76-1¢ and H77-208 in mature
pod whereas seeds harvested from slightly green pods also gave, in majority of the

cases germination percentage required for seed certification {Paroda et al., 1983).

Immature seeds of pea were able to germinate at very high moisture content
(72-76%) and reached a first peak at 63 per cent seed moisture content angd 183
to 198 mg DM. Hundred per cent germination reached at 34 to 43 per cent
moisture content in dried seeds of pea (Rachidian and Deunff, 1986). At 58 and
61 days after planting in pea, seed have no germination percentage. After that
increased steadly in germination in both the varieties and at 81 ang 84 days after
Planting, showed 100 per cent germination in both the varieties (Deunff and

Rachidian, 1988).
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The developing seeds of cowpea were capable of germination from day 9,
reaching & maximum of 95 per cent at day 24 (Palanisamy et al., 1986). The
percentage of germination of developing seeds was 20.7 per cent after 13 days
from anthesis and it gradually increased to 94 per cent (highest) at the physioclogical
_maturity in cowpea (Ramaiah, 1986). Germination percent of mungbean seed
increased with increased in developmental period of seed from 5 to 25 days after
flowering, it decreased at 30 to 35 days after flowering, by the presence of hard

seeds, so the number of hard seeds increased at last stages of development

(Dharmalingam and Basu, 1989, 90). Seed dry weight of Vigna radiata positively
correlated with percent germination (Basu et al., 1990). Germination was highest

at 94 and 101 days after emergence in peanut cuitivars {Sombatsiri and Naun, 1887),

Sugars and-starch

Seed has evolved a mechanism where by starch accumulated as a transient
reserve materials which is utilized later in seed development and germination.
This is somewhat unusual as reserve materials were frequently accumulate and

do not tyrp during seed development {Bain and Mercer, 1966).

The percent of soluble sugars continuously decreased upto 28 days after
flowering and then remained unchanged till the grain of chickpea matured. In
‘Starch eontent, a rapid increase was observed between 14 and 21 days after
flowering, After reaching a maximum level at 28 days after flowering, the
amount of starch in evs L-550 and G-130 decreased between 28 and 35 days
after flowering but remain constant in 850-3/27 {Singh et al., 1981). Stareh
content of seed in chickpea increased upto 28 days after flowering and then
showed a slight decrease during the later stages of maturation in ev G-130 but
in L~-550 did not change until maturity. Although an increase in the accumula-

tion of starech of seed was accompanied by decline in pod wall, it was not
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possible to say whether the starch of pod wall was mobilized and translocated
to seed. The percentage of total soluble sugars declined during early stages of
maturation indicating that those sugars were utilized for the accumulation of
starch which increased during the same period in chickpea and reducing sugar
decreased throughout the development (Singh and Jambunathan, 1982). Sugar
concentration in ehickpea seed at maturity were 0.59 to 1.0 mg/g with mean

0.84 mg/g (Sharma and Bahl, 1389).

Soyabean seed contained about 10 per cent dry weight of starch of mid-
development (Yazdi-Samadi et al., 1977}, but at maturity this had declined to
approximately one per cent (Yazdi-Samadi et al., 1977; Wilson et al., 1978).
Starch content in soyabean seed inereased rapidly until approximately mid-
development and thereafter declined sharply to a low level and alcohol soluble
sugars increased continuously throughout development reaching 8 maximum value

at maturity in soyabean (Adam et al., 1980).

Changes in the level of soluble sugars during maturation was seen in
pigeonpesa, as percent of the dry weight. These sugars continuously inereased
upto 14 days after flowering, then showed a sharb declined and thereafter
remained more or less unchanged. Starch content in developing grains of
pigeonpea was also determined. Dry weight of starch content at 14 days after
flowering was 17.4 per cent in ST-1, 20 per cent in Hy-3C and .2'? per cent in
ICP-1 and this increased to 61.9, 83.2 and 62.4 respectively (Singh et al., 1980).
‘Rapid accumulation of starch in pigeonpea seed was observed between 21 and
28 days after anthesis, therefore a sharp declined was observed (Balakrishanan

et 8l, 1984). The results were in conformity with finding of Singh et al. (1980).
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In the developing pea seed, starch continuously accumulates upto maturity
(Ryle et al., 1979). There was greater amount of sugars present during the first
40 days of development of wrinkled pea than the round pea (Stickland and Wilson,
1978). Carbohydrate concentration increased with- increase in the developmental

period of seed in cowpea (Kim et al., 1987).

The concentration of ethanol-soluble sugars in the cotyledons of field bean
fell markedly between 30-45 days after flowering while that the starch increased
most rapidly during a slightly earlier period, 27 to 62 days after flowering. Later
on, the changes were more gradual. The small-seeded Dacre had a higher percentage
of starch but a lower percentage of ethanol soluble sugars than the large seeded

cultivars in all samples after day 40. Over the period 45 to 65 days Felix contains

more starch and ethanol soluble sugars than Miniea, The accumulation of starch

extending for a major part of seed development is similar to that found in Cajanus

cajan (Singh et al., 1980} and Cicer arietinum (Singh et al., 1981). In contrast

Pisum arvense (Smith, 1973; Flinn and Pate, 1968) and Pisum sativum (Millerd and

Spencer, 1974) have a shorter period of starch synthesis which is most completed
by mid-development. Higher percentage of ethanol soluble sugars but lower
percentage of starch in large seeded cvs compared to small seed cvs has been
observed in fieldbean (BZarett, 1982). The general pattern of accumulation of
different chemical constituents described in fieldbean resemble those descorded
in earlier reports on seed of Vicia faba (Boulter and Davis, 1968; Manteuffel et
al,, 1976) and some of the legumes (Flinn and Pate, 1968; Mutchler et al., 1968;
Singh et al., 1981;Hedley and Ambrose, 1980). In the both the cultivars of urd
1bean, soluble sugar increased upto 8 days after anthesis and showed & sharp
decliné at 12 days and decreased further tjll maturity. However, a rapid increase
in starch content was observed from 8 days after anthesis to maturity. Since

increase . in seed dry weight was parallel to the accumulation of starch, it is
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assumed that starch accumulation in part might be responsible for increase in
dry weight of seeds during development and maturation (Saha, 1987). Similar

results were obtained with chickpea (Singh and Jambunathan, 1982) and soyabean

(Bils and Howell, 1983).

Starch concentration increased with increase in stage of seed development in
po;iocarpus upto 18 weeks after fertilization, after this it decreased. Sugar content
increased upto 12 weeks after fertilization, after that rapidly decreased to 18 weeks
after fertilization and after that it become constant (Dodd et al., 1989). Stachyose
concentration increased as seed dévelopment progressed while raffinose, sucrose,
glucose, fructose and inositol concentration decreased with largest decrease between

72 and 93 days after sowing in peanut (Ross and Mixon, 1989).
Protein content of seed

Protein accumulation in chickpea seeds during development was slower upto
25 days after flowering as only 14 per cent of the total cotyledons protein was
deposited during this period, while in a much short period of 10 days from 25 to
35 days stage ~ 87 per cent of the total cotyledons protein was deposited. From
35 days to maturation, ~19 per cent of the total protein was deposited. The
protein content in percent dry weight base increased 20.25 to 26.55 per cent
from 15 to 45 days after flowfering respectively, The protein percent also showed
a simultaneous inerease” with the increase in dry weight from 25 to 35 day stage.
This indicateda higher rate of protein accumulation compared to increase in dry
weight (Srivastava et al. , 1981). The results of accumulation of protein N
expressed as percent of seed dry weight, Percent of protein N increased slowly
}hroughout the developmental stages in cvs G-130 and L-550 but in ev 850-3/27
it increased upto 28 days after flowering then remained constant till maturity

in chickpea seed (Singh et al,, 1981). Most of the proteins accumulated between
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25 and 35 days after anthesis, in developing seed of chickpea (Srivastava, 1987).
The pattern of N accumulation in seed was similar to that of dry matter in both
the varieties of chickpea. BG-240 and L-550 showed similar rate of N accumula-

tion in seed at 20 days after flowering, but decreased later in BG-240. Total N
was maximum at 35 days after anthesis in both the varieties. Correlation
coefficient between total dry matter and N accumulation at different days after
flowering were high (r=0.9949) (Tripathi et al., 1987). In chickpea seed, protein
content was ranging from 12,83 to 26.83 mg/g at maturity with mean 21.29 per
cent (Sharma and Bahl, 1989). Hooda et al. (1886) reported that as increase in

development period, protein concentration decreased in chickpea.

Percent protein in cotyledons of soyabean increased with increase in days
of seed development (Bils and Howell, 1963). Protein content of soyabean
accumulated 8 to 14 per cent of total seed dry weight upto 36 days after
flowering, it was similar in 3 cuitivars, but differed significantly at later stages
of seed development. Protein content increased signifieantly throughout seed

development but no significant increase in protein content at 66 days after

flowering (Qiv et al., 1990).

The amount of protein in pigeonpea seed expressed as mg/seed, increased
upto 35 dhys after flowering thereafter declined in case of ST-1 and slightly
increased in case of Hy-3C and ICP-I (Singh et al., 1980). The protein N which
was high during early stages of development and maturation in seed of pigeonpea,
decreased gradually as the seeds mature (Balakrishanan et 8l, 1984). These
results are in conformity with finding of Singh et al. (1980). Accumulation of

protein content did not show regular trends during seed development in cowpea
(Kim et al., 1987).
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The total N content of the cotyledons of field bean ‘increased slowly at first,
then from around day 35 there was a constant,rapid accumulated. until day 64,
after which for Felix, Dacre A and D, no net increase was observed. Minica,
however, maintained a steady increase in total N for the duration of experiment
(Barratt, 1982). The cultivars Dacre D accumulated more total protein than Dacre
Blof field bean throughout the development of seed (Barratt and Pullen, 1984).
Protein content increased with increase in development stages of seed in field bean

(Barratt and Pullen, 1984).

Protein nitrogen in all the cultivars of Vigha radiata was very high at 4

days after anthesis then decreased upto 12 days and increased further upto

maturity of the seed. Similar reéults were observed in the cultivars of Vigna
mungo but protein nitrogen decreased continuously upto 16 days and increased
further at maturity (Saha and Bera, 1990), These observatiom— compared well
with the results obtained in chickpea (Singh et al., 1981) and soyabean (Kapoor
and Gupta, 1975; Sale and Campbell, 1980). Total protein content in seeds of

all the cultivars of Vigna radiata and Vigna mungo were higher at 4 days after

anthesis and decreased thereafter at 8 days but further increased in total protein
was observed at 12 days after anthesis and this increased continued till maturity

of seeds (Bera and Bera, 1990).

The content of protein increased with increase in developing stages of seed

in common bean (Paredes et al,, 1990). An inerease in protein with in the

cotyledons of Ricinus communis continued throughout of the seed development

from 20-45 days after pollination, the most increased from 35 to 40 days after
pollination after that it declined (Kermode and Bewely, 1986). Percent protein

of seed in groundnut did not show much variation (28.8 to 31.2%) over the stage
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except for a minor reduction at 119 days sowing (Nagarej et al,, 1987). No
regular pattern in accumulation of protein was found in podocarpus seed during

development stages{Dodd et al., 1989).

The protein eontent increased on maturation in some legumes. However the
proportional increase varied widely from 10 to 100 per cent. The change in
nutrient composition and weight in last 10 days of maturation suggest that it is
advantageous to harvest vegetable legumes when mature (Geervani and Devi, 1988).
At maturity stage cotyledons are rich in protein content in some legumes {Sehgal

et al., 198 7).
Respiration

Oxygen uptake in seeds of soyabean on a unit weight basis was greatest in
the early stages, declining throughout the development period. Whole seed 1§
days after flowering consumed about 750 plO,/hr/100 mg dry weight. From 27
to 36 days, they consumed about 300 p102/hr1 100 mg dry weight and from 40 day

until just before maturity about 50 pl/hr/100 mg dry weight. At maturity oxygen

use was below the limit of the method (Bils and Howell, 1963).

Electrical conductivity

After physiological maturity of pea, the abrupt reduction in moisture content
of pod wall, seeds and compartments, may correspond to an interruption of water
supply to the pod. By measuring leakage of ions from the immature seed we

can estimate inflow to the embryo of sap and solutes via testa (Wolswinkel and

Ammerlaan, 1985; Rachidian and Deunff, 198g). In pea, conductivity is very high

during the PI phase, eoncentrations in the sap being important in seed coat
and liquid endosperm. At 61 days after planting, at the end of PI phase, conduc-

tivity is much reduces, afterwards it decreased slowly until 75 days after planting,
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then in sccond another fall lead to stabilization of conductivity, the seeds becoming
dry. Determination of vascular connects show that at 77 days after planting in ev
Finale, 25 per cent of all pods still have functional econnections, while pods of cv

Solara have none (Deunff and Rachidian, 1988).



CHAPTER-II



MATERIALS AND METHODS

The investigation were carried out on chickpea (Cicer grietinum L.) cultivars,

namely, Haryana Chana No, 1, Gaurav, L-550 and HK-88-232, differing in seed
_ weight. Out of these, two cultivars were desi (Haryana Chana No. 1 and Gaurav)
having approximatdly 17 to 19 g/100 seeds weight and another two were kabuli

(L-550 and HK-88-232) having approximately 28-32 g/100 seeds weight.
Raising of crop

Chickpea crop was raised in Seed Technology Section and Pulses Section of
Plant Breeding Department during the year 1990-91. Normal agronomic practices
were adopted and plant protection measures were taken to harvest a good erop.

At the time of flowering freshly opened flowers (anthesis) were tagged at March

7, 1991 onward,

Sampling

- Pods were sampled at 15, 22, 289, 33, 37, 41 and 45 days after anthesis. The
samples were always taken at 8.00 a.m. to gvoid any possible variation in their

chemical composition due to difference in sampling time. The pods were harvested

randomly and brought to the laboratory in & polythene bag burried in the ice-bucket.

The samples were divided into two sets. One set was referred to as fresh lot {A)

and another set was kept at 35 = 2°C for d[‘ying in an incubsater and referred as

dried lot (B). Various observations were recorded in these lots separately. There
were four replicates for each observation
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Fresh and dry weight

Freshly harvested samples were separated into seed and podwall and their
fresh weights were recorded. The number of seeds/pod were also recorded. After

recording fresh weight, samples were dried in an oven at 75°C till constant weight

* and their dry weights were recorded.
Moisture content of seeds was determined as follow:

Fresh weight of seed - Dry weight of seed

Water content (%) = Fresh weight of seed x 100

Germination

These studies were carriéd out in the laboratory, under controlled conditions

using glass petriplelts (9 cm dia.). Petriplates were oven sterilized at 180 to 2¢p®

C for about 2 hours and then rinsed with absolute alcohol before use. The seeds
were also surface sterilized with one percent, sodium hypochlorite solution for 2 to
3 minutes and washed with distilled water and dried on filter paper at room
temperature. Ten healthy and uniform seeds from fresh and dry lots were sown

separately in petriplate, each lined with Whatman filter paper No. 1. Five ml of

distilled water was added to freshly harvested seeds and ten ml of distilled water

to dry seeds. Petriplates were placed in a seeq germinator, maintained at 25%1°

C and RH 96 = 2 per cent.

Germination counts were recorded on alternate days up to 14 days after

sowing and percent germination caleulated in each case. But the data on percent

gérmination of 10 days after sowing has been discussed

Total soluble sugars

Total i
soluble sugars of developing seeds (cotyledons) were estimated by the

method of Yemm and wiys {1954).
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Extraction was done according to Barnett and Naylor (1966). A known sample
of cotyledon was homogenised in 80 per cent ethanol {v/v), refluxed for 15 minutes

on a steam bath and centrifuged. The residue was further refluxed with 40 per

cent ethanol. Thus, the extraction was repeated thrice. The supernatants from

different extractions were pooled and final volume made to 15 ml with 80 per cent
ethanol. The extract obtained was used for estimation of total soluble sugars and

_reducing sugars. The residue was set apart for starch estimation. Total soluble

sugars were estimated by using the anthrone reagent.
Anthrone reagent
Anthrone {0.2 g) was dissolved in 100 ml concentrated sulphuric acid.

A 0.1 ml aliquot of the extract was evaporated to dryness in a test tube in

a boiling water bath. On cooling, the residue was dissolved in one ml of glass

distilled water and added to it 4.0 ml of anthrone reagent. Heat this mixture in

a water bath for 15 minutes. After cooling absorbance was recorded at 620 nm

on spectrophotometer (Backmen DO-84) against blank. Standard curve was prepared
using graded concentration of glucose and data was expressed as mg/g on dry weight
basis.

Reducing sugar

Reducing sugar -of developing seed were estimated by Somogyi's modified

method (Nelson, 1944; Somogyi's, 1945). A prief account of the method is given

below.

Reagents

Copper reagent A

It wa i i
> Prepared by dissolving 25 g of anhydrous sodium carbonate, 25 & of

tassi .
potassium sodium tartarate, 20 g sodium bicarbonate and 200 g of anhydrous
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sodium sulphate in about 800 ml distilled water and diluted to one litre,

Copper reagent B

Fifteen g of copper sulphate was dissolved in 100 ml of distilled water

containing two drops of HCI,
Arsenomolybedate reagent

Twenty five g of ammonium molybedate was dissolved in 450 ml distilléd water
and two ml of H,S0 4 Wes then added wifh stirring. Three g of sodium hydrogen
arsenate dissolved in 25 ml of distilled water was added with mixing and the
solution was kept in incubator at 27°C for 24 hour. This reagent was stored in

a glass stoppered brown bottle.

Copper reagents A and B were mixed in a ratio of 25:1 before use.

Procedure

One ml of test extract was taken in a test tube. Mixed copper reagent
(1 ml) was added and then heated fop 20 minutes in a boiling water bath. One mil
of arsenomolybedate reagent was added and mixed thoroughly. A stable light blue
or blue colour quickly appeared which was read at 520 nm against a suitable blank

and result ‘was expressed as mg/g on dry weight basis.

Standard curve was prepared by using graded concentration of dextrose.

Starch
Starch of developing seed was extracted and estimated according to Hassid

and Neufeld (1964). The residue obtained after total soluble sugars extraetion

was Suspended in 5 ml of chilled 26 per cent HClo,, allowed to stand overnight

and centrifuged for 15 minutes at 3000 rpm. The residue was further extracted twice
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with 26 per cent HClo4. The supernatants were pooled and the volume made to
10 ml with 26 per cent HClo4.

A 0.05 m] aliquot of the extract was used for starch estimation. Colour was
developed by using 0.2 per cent anthrone reagent prepared in concentrated HZSQ1l
and absorbance recorded at 820 nm against blank, Standard curve was prepared
using graded concentrations of glucose and data was expressed as mg/g on dry

weight basis.
Protein

Protein of developing seeds were estimated by conventional miecro Kjeldhal's

method (A,0.A.C., 1970).

Reagents

1. Sodium hydroxide : 40 per cent

2. Concentrated sulphuric acid

3.  Catalytic mixture : Potassium sulphate and erytalline copper sulphate were
mixed in a ratio of 1L

4.  Four per cent boric acid : 40 g of boric acid was dissolved in warm water
and diluted to 1000 ml.

5. Methyl-bromoeresol green indieator : Mixed one part of 0.2 per cent methyl
red in ethanol with 5 parts of 0.2 per cent bromocresol green in ethanol,

6. 0.t N H2504.

Procedure

One hundred mg of dried seed flour was taken in a hundred ml micro Kjeldhal's

digestion flask, One g catalytic mixture was added to it followed by 18 ml of

sneenirati
eon rationed H2504' The flasks were then kept in-an inclined position on the



27

burner in the digestion chamber and heated gently till the frothing subsides. This
was followed by intense heating for one hour till the solution turns perfeetly
transparent giving a bluish green colour. After cooling, the content of flasks were
transferred to 100 ml volumetric flask and volume made upto the mark with
distilled water. Ten ml of this scolution was taken for distillation in a micro
Kjeldhal's apparatus and distilled after adding 10 ml of 40 per ecent NaOH. The
amount of ammonia absorbed by 4 per cent boric acid containing 1 to 2 drops of
indicater was determined by titrating it with 0.1 N H,SO,. A blank sample was
simply digested and distilled. The percent of N was calculated from 0.1 N H_SO

2774
used.

One ml of 0.1 N HZSO4 = 0.0014 g of nitrogen

- 0.0014xvolume made x 0.1 N H_S
Percentage N = * 950, used

: . ) X 100
Aliquot taken x weight of sample

Nitrogen percentage, which was calculated from the ml of 0.1 N H_SO. used
2774 ’

was converted to protein percentage by a conversion factor 6.25.

Total soluble sugars of seed leachate

Total soluble sugars of seed leachate after 16 hours of imbibation was estimated
by anthrone method as described above for estimation of seed's total soluble sugars

and result was expressed as mg/seed on dry weight basis
Respiration

Fifty seeds of each cullivar were taken and placed in beaker containing 100

ml of distilled water. Beaker were placed in an incubator, set at 25+1°C and

RH 9612 pe
per cent. After 16 hours seeds were taken and analysed for respiration.
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Respiration rate of the seeds was measured with Gilson Differential

Respirometer and expressed as Julli)2 consumed/hr/seed.

Procedure

Temperature of water bath was set at 25°C and 7 ml of distilled water was
added in to the reference chamber and grease was applied at the top of centre
well. Two ml of distilled water was added in to each flask and five seeds were
placed. A 0.2 ml KOH solution (10%) was poured into central well along with a
strip of filter: paper (to increase the CO,, absorbing area). Pressure in the two
arms of the manometer was equalised by opening the valve and flasks were
attached by rotation to greased joint and secured with the help of springs. Flasks
were than lowered in the water bath and shaking motor was put on. Flasks were
allowed to equilibiate to bath temperature for 20 to 30 min. During this period
the digital micrometers were rotated counter clockwise and set to a valve of 200.

The index line was fixed at the fluid level in -each manometer. After equilibration,

the valves were closed and shaking resurned, Oxygen uptake was recorded at

regular intervals (10 min) upto 30 min by adjusting the fluid level to the indexline
with the help of mierometers. Micrometers reading were recorded and respiration

rate expressed as 111()2 consumed/hr/seed. The respiration of seeds were recorded

at 16 hr after soaking.

Electrical conductivity

Conductivity of the leachate solution, left after removing the seeds for

respiration was monitored with conductivity meter (Type CM-82T). The conductivity

v'as expressed as mmhds/em/seed at 25°C
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EXPERIMENTAL RESULTS

Investigation were carried out on chickpea (Cicer arietinum L.) cultivars

namely, Haryana Chana No. 1, Gaurav, L-550 and HK-88-232. With & view to
study the physiological and biochemical changes during seed development, Attempts
were also made to study whether germination, had any correlation with physiological

and biochemical changes during different stages of seed development.

Chickpea cultivars were raised with recommended agronomic practices under
field conditions. Freshly opened flowers were tagged at flowering stage on March

7, 1991 onward.

Samples were collected at different stages of seed development i.e. 15, 22,
29, 33, 37, 41 and 45 days after anthesis for studying the physiological and
biochemical changes associated with seed development and their correlation with
germination potential. The data collected during seed development and on

subsequent germination have been compiled, statistically analysed and described

below under different heads.

Fresh weight of seed

A progressive increase in fresh weight of seed was observed upto 29 days

after anthesis in V,, 33 days after anthesis in v_ ang Vg
anthesis in cultivar V,, which deecline subsequently till 45 days after anthesis

and 37 days after

(Table 1), All cultivars studied, showed sharp increase in fresh weight during
initial stage of seed development particularly at 22 days after anthesis. Among
‘ the cultivars, highest fresh weight of seed was observed in cultiver, V, (577 mg/

seed) at 37 days after anthesis and showed high fresh weight at all stages,



30

6 sage1g X SIBAIIND
¥ sadelg
S SIBALYND
a0 Jad ¢ 18 4D
(362-88-31H)
192 vLg 148 296 LS £0% 221 Yo
(055-T)
Ll 191 928 %% S0 68 pLZ N
(ABINBY)
0p1 Lol 693 PLE bze 623 Lct 4
{1 “ON BUBYD
BusAJBY)
911 871 8Lz 082 187 £¢2 180 7\
oy L¥ L£ £g 6% 22 K sreAIT)

sIsayjue J91jB sAeQg

Juowdolanop paas jo sade)s jualajjip 18 SJvAI}[ND BadydiyD

Jo Spaes Jo (poss/3w) ydiem ysadd L 31q8y,



31

except at 15 days after anthesis, However, in the beginning i.e. 15 days after
anthesis, cultivar V, exhibited highest fresh weight. Significant differences f{resh
weight of seeds were noticed among the cultivars at different stages of seed

development.

Dry weight of seed

Seed dry weight increased sharply upto 22 days after anthesis in cultivars V,
and V 4 but slowly in V, and vV, (Fig. 1). Initially seed dry weight was more in
V, followed by V, but at the time of hapvésting Y4 had the maximum dry weight
of seed followed by V3 and V2. The increase in dry weight continued upto 37 days
after anthesis in all the cultivars except Va, which exhibited dry matter accumulation
upto 45 days after anthesis. After that decline in dry weight of seeds were observed
in rest of the cultivars. Statistically significant differences in dry weight of seed

were observed among the cultivars at various stages of development.

Fresh weight of pod wall

The date on fresh weight of chickpea pod wall is presented (Table 2). The
fresh weight of pod wall was more in  comparison to seed fresh weight on 15 days
after anthesis in all cultivars except \;3 where values were comparable. Maximum
fresh weight of pod wall were obtaineg on 22 days after anthesis in Vg4 and V,
and 29 days after anthesis in cultivars V. and V2' Thereafter, gradual decrease

in pod wall weight were observeq till harvesting stage. Cultivar V4 retained

hi h 3 . h .Su
ghest fresh weight of pod waj followed by cultivar Vg at 45 days after anthesi

Pod wall dry weight
Little changes were observed in the pod wall dry weight after 22 days after
1anthesis {Table 3). However varietal differences were significant, kabuli type

cultivars had more pod-wall dry weight than desi type.
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Moisture content of seed

Seeds had the maximum moisture on 15 days after anthesis in all the
cultivars. It decrease gradually upto 37 days after anthesis and thereafter the
decrease was rapid except in cultivar V,. Kabuli cultivars maintained higher
moisture percentage as compared to desi cultivars at the time of harvest (Table 4).
Statistically significant differences in moisture content of seed were observed not

only among the cultivars but at different stage of seed development also,

Germination

Freshly harvested seeds

No germination was observed in 15 and 22 days old seeds in cultivars V1
and V, (Fig, 1). In freshly harvested seeds germination.was initiated on 22nd
day in cultivapsg \f2 and V,. Germination reached to 50 per cent level in eultivar
Vi o1 29 days after anthesis. However, no germination was recorded in V, on
this day. Complete germination was observed in desi cultivars on 37 days after
anthesis whereas, kabuli cultivars still had lower germination. In these cultivars

complete germination was recorded on 41 days after anthesis. There were

significant differences in germination among the various cultivars.

Dry seeds

In dry  seeqs germination potential development was little late (Fig. III) as
Compare to freshly harvested seeds. Development of germination potential was
gradual in g1 the cultivars except Vg, where the complete germination was
attained wigpip one week time i.e. from 33 to 37 days after anthesis. At

harvesting Stage (45 DAA), desi cultivars showed reduction in germination

Percentage (Fig. 1.
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Fig. U Germination (?6) of freshly harvested seeds of chickpe®
cultivars at different stages of seed development



Fig. Il Germination (%) of dry seeds of chickpea cultivars at
different stages of seed development
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Total soluble sugars of seed

Total soluble sugar content was maximum at first stage i.e. 15 days after
anthesis {Table 5). A rapid decrease was observed in eultivars V1 and V2 from
15 days after anthesis to 22 days after anthesis. However, this decrease was
relatively slow in kabuli cultivars, Interestingly, minimum sugar content was

observed on 29 days after anthesis in all the cultivars. Thereafter a slight

(though significant) increase was recorded in all cultivars. Kabuli cultivars

maintained relatively higher sugar content than desi cultivars at all the development

stages till harvest (Table 5).

Reducing sugar of seed
In general, reducing sugar content was very low in all the cultivars of chick-

pea (Table 6). All the cultivars showed significant difference among themselves

at 15 and 22 days after anthesis. Thereafter, not mueh difference was observed

among the cultivars, Maximum reducing sugar content was observed in all the

cultivars on first sampling i.e. 15 days after anthesis. Which decline subsequently

to lowest wvalue on 29 days after anthesis. Again, a considerably high accumula-

tion in reducing sugar was noted on 37 days after anthesis in all cultivars except

in cultivar V4 which had such value on 45 days after anthesis.

Starch content of seed
At initial stage i.e. 15 days after anthesis, all cultivars showed minimum
starch content {Table 7), Thereafter an increase in starch content was observed,

but the rate of increase and stage vary among the cultivars. Cultivars V1 and

V4 had more starch than vy and V, at first stage. Rapid increase in starch

content was observed in V1 upto 22 days after anthesis, in V2 and V3 upto
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29 days after anthesis in ‘v’4 upto 37 days after anthesis, thereafter little change
in starch content was observed. Cultivar V 4 had significantly higher starch content

compared 10 other cultivars at the time of harvest.

Protein content of seed

Different cultivars of chickpea showed significant difference in seed protein
content (Table 8). Maximum protein content (21.77%) was recorded in cultivar

V4 on 33 days after anthesis and minimum (16.93%) in cultivar V1 on 15 days

after anthesis. Not much change in protein content was observed with the stages

of seed development. All the cultivars showed a slight increase in protein content

from 15 days after anthesis to 22 days after anthesis. Thereafter some cultivars

showed a decrease, whereas other showed an increase in protein content (Table 8),

Total soluble sugasms of seed’s leachate

A large quantity of soluble sugarsleached out from seeds in all the eultivars
(Table 8). This leaching continues to increase upto 29 days after anthesis in ail
the cultivars and thereafter, it decreased in all the f:ultivars. Significant difference
in total soluble sugar of seed’s leachate were observed among the cultivars and

stages of development. Leaching was relatively less in Va cultivar compares to

other cultivars (Table 9).
Cultivar V3 exhibited least leaching of tctal soluble sugarsand cultivar V2

showed the maximum leaching of total soluble sugars from seeds at 45 days after

anthesis.

Respiration of seed

Significant differences were observed in respiration rate of chickpea cultivars

seed at different stages of development (Fig. IV). It increased gradually from 15

days after anthesis upto 22 days after anthesis in all the cultivars. Thereafter,
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Fig. IV Respiration rate WiO, eonsumed/hr/seed) of seeds

of chickpea
cultivars at different stages of seed development
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increase was rapid upto 29 days after anthesis (Fig. IV). All the cultivars showed
a peak of respiration rate at 29 days after anthesis and maximum respiration rate
was recorded in cultivar V4 and minimum in cultivar VS at this stage. Later on,
respiration rates decrease in all the cultivars upto the last stage i.e. 45 days after

anthesis. Kabuli cultivars showed more respiration than desi cultivars after 33

days after anthesis till harvesting stage (Fig. 1V).

Electrical conductivity of seed

Maximum leaching of electrolytes were observed on 15 days after anthesis

in all the cultivars (Fig. V). Thereafter, conductivity of the leachate decrease

upto 29 days after anthesis in all the cultivars. At this stage, kabuli cultivars

showed lesser conductivity than desi cultivars. After this stage, a rapid increase

in electrolyte concentration was observed, whereas, this increase was observed

on day 37 in cultures V, and V 4 Cultivar V, showed a slightly less increase in

electrical eonductivity (Fig. V). At the time of harvest, electrical conduetivity
decreased in all the cultivars, but it was still more that than the value recorded

at 29 days after anthesis (Fig. V). Maximum leaching was observed in cultivar

V1 and minimum in V2.



Flectrical econduetivity {mmho's/em/seed) of seeds of chickpea

Fig. V. .
cultivars at different stages of seed development
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CHAPTER-YV



DISCUSSION

The changes in fresh weight of seed and pod-wall for four cultivars have
been shown in Table 1 & 2 and dry weight of seed and pod-wall in Fig. [ &
‘Table 4. We observed two phases of pod development in Haryana Chana No. 1
(i) Pod-wall development phase-which was upto 22 days after anthesis and (ii)
Seed development phase which was from 22 days after anthesis to 37 days after
anthesis-(Eig. 1), whereas Sheoran and Hooda (1888) reported two phases in cultivar
H75-35. First phase upto 15 days after anthesis and second from 15 to 42 days
So, it point out to varietal differences in phase development to

after anthesis.

occur during pod development of chickpea, Kabuli cultivars had more fresh

weight in seed than desi cultivars at each stage (Table 1). The differences

between kabuli and desi cultivars were probably due to variation in the time

taken for seeds to maturity, in addition to genetic factor. Moisture percent of

seed decreased with increase in time of seed development in &ll the cultivars
(Table 4). Earlier, similar trend in moisture content decrease, during progressive
seed development were reported in chickpea (Bharud and Patil, 1990), in pigeonpea
(Balakrishanan et al., 1984), in cowpea (Kimet al., 1986), in urdbean (Saha, 1987},
in pea (Deunff and Rachidian, 1988), in soyabean (Miles et al,, 1988; Lowell and
Kuo, 1989), in mungbean (Dharmalingam and Basu, 1989, 90) and in podocarpus
(Dodd et al., 1989). Decrease in moisture content was gradual upto 33 days after
anthesis in all cultivars followed by a rapid decrease except HK-88-232. So

decrease in fresh weight at later stages seems to be due to decrease in moisture

content of seed, It may be attributed to break up of vascular connection ang

faster dehydration towards physiological maturity.
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All cultivars showed maximum fresh weight at 33 days after anthesis in seed exeep
HK-88-232, where such value were obtained at 37th day, in this. Thereafter
progressive decrease in fresh weight was observed till maturity (Table 1), However,
different worker reported variations in deys after anthesis to attain the maximum
fresh weight during seed development viz. 28 days after flowering in cultivar
G-130 (Singh et al., 1981), 35 days after anthesis in cultivar L-550 and 21 days
after flowering in cultivar G-130 (Singh and Jambunathan, 1982). Maximum fresh
weight observed were in pigeonpea cultivar ST-1 at 28 days after anthesis (Singh
et al., 1980}, in soyabean cultivar Miles at 28 days after anthesis (Lin et al., 1984),
at 15 days after anthesis in urd bean (Saha, 1987), in mungbean at 16th day

(Dharmalingam and Basu, 1989, 90) and at maturity in soyabean (Barratt and

Pullen, 1989).

Accumulation of dry matter increased upto 37 days after anthesis in seed of desi
cultivars and upto 41 days after anthesis in HK-88-232, '.fvhereas cultivar L-550
did not show regular pattern in dry weight accumulatio(nfjflg.ﬂz‘re again, variation
in days after flowering for getting maximmum dry matter accumulation were
reported upto 40 days after anthesis by Tripathi et al. (1987), upto maturity
(Srivastava et al., 1981; Bharud and Patil, 1990) and after that it decreased.

. We called this stage, as physiological maturity stage, after this stage supply

‘from mother plant to seed get ceased due to breaking up of vascular connections,
therefore dry weight of seed decreased in seeds due to utilization of stored
material for various physiological processes like respiration and due to the

breaking of vascular connection. Variation in increase in dry matter in other
crops have been reported by Trammell (1983) in cowpea increased upto 10 to

18 days after flowering, upto 35 days after anthesis in soyabean (Lin et al.,

I
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1987), until maturity in urdbean (Saha, 1987) in pigeonpea (Rao and Rao, 1975}
and in mungbean (Setia et al., 1989).

Dry weight of seeds have positive correlation with starch (r=0.7666) and
negative correlation with total soluble sugars (r = -0.6475) and with reducing
sugar {r = -0.5362) (Table 10). Starch proved to be a major constituent for dried
seed and showed a progressive increase with time of development. Increase starch
content during seed development seemed to be contributed mainly by total soluble

L]

sugars and reducing sugar because starch showed negative correlation with these

parameter.

After attaining the maximum dry weight of pod wall at 22 days after

anthesis in desi cultivars and 37 days after anthesis in L-550 deelined continuously

upto maturity.
This may be attributed to translocation of certain stored products to the
seed or other storage organ or recycled into plant growth or maintenance and

degradation losses due to respiration or other physiological processes, Dry weight

of pod wall showed positive correlation with fresh weight and dry weight of seed
(r = 0.7559 and 0.6822, respectively).

Desi cultivars showed early and relatively more germination percent at all
stages than kabuli in freshly harvested seeds (Fig. II}. However reverse was true
in dry seed at last stage i.e. 45 DAA {Fig. III). Maximum germination in dry
seeds was obtained at 41 DAA in desi cultivars followed by decrease at last
stage (Fig. III). In mungbean germination percentage of dry seeds also decreased

at later stages of seed development (Dharmalingam and Basu, 1989, 90). These

decrease may be due to development of hard seeds at later stages of seed

development.
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Seed obtained from initial stages of development, did not show germination

(Fig. Il & Iii). 1t may be due to lack of sufficient metabolites required for
germination,

The germination potential increased with progressive development of seed
(Fig. II & NII) except at 45 DAA in dry seeds of desi cultivars. Similar coneclusion
were drawn earlier observed (Bharud and Patil, 1990). Germination was sufficient
at 37 and 41 days after anthesis in desi and kabuli ecultivars respectively of freshly

harvested seeds. However, in dried seeds it was at 41 and 45 days after anthesis

except cultivar L-550 having such germination at 37 days after anthesis (Fig. 1l &

II). So it appear that we can harvest the erop before maturity for early sowing

of nexi crop. In pigeonpea, seed harvested from slightly green pods also gave, in

majority of the cases germination percentage required for seed certification

(Paroda et al., 1985).

The percentage of germination of seeds increased with the increase in

days of seed development and dry matter accumulation. It was interesting to

= 0.5955 and 0.5191) with dry matter accumulation

observed a positive correlation (r
in both cases, i.e. freshly harvested and dry seeds. In seeds of soyabean also
maximum germination percentage was occured, when maximum dry matter
aceumulated during seed development (Trammell, 1983). Germination of freshly
harvested seeds in soyabean was 75 per cent which occured at 55 per cent of
total dry weight of seed (Miles, 1986). It may be due to considerable accumulation

of stareh which act as a raw material for germination. Moreover, germination

also had positive correlation with dry matter and starch content of seed (Tgble 10)



49

Germination of freshly harvested, as well as dry seeds had more negative
correlation with .moisture content i.e. r = -0.8555 angd -0.8597, respectively.
Immature seeds of pea were able to germination at very high moisture content
(72-76%), reached a first peak at 63 and 100 per cent germination reached at
34-43 per cent moisture content in dried seed so the moisture content had

negative correlation with germination (Rachidian and Deunff, 1988).

Germination of freshly harvested seeds had negative correlation with total

soluble sugars of seed (r = -0.5726) and with fresh weight of pod-wall (r = -0,8332)

and germination of dry seeds had negative correlation with fresh weight of pod-wall

(r = -0.8472) (Table 10).

Kebuli seeds showed increase in starch concentration upto 37 days after
anthesis and after that decreased till harvesting, where as cultivar Gaurav did
}10t show a regular pattern in starch concentration and in Haryana Chana No. 1,
starch concentration increase throughout the seed development (Table 7). Soluble

sugars decreased rapidly upto 29 days after anthesis after that no regular pattern

was observed (Table 5). Reducing sugar decreased upto 33 days after anthesis,

followed by & marked increase at 37th day and thereafter it become constant in

all the cultivars {Table 6). Whereas, Singh et al. (1981} reported that the percent

of soluble sugars continuously decreased upto 28 days after flowering and then

remained unchanged, till the grain of chickpea matured. In starch content, a

rapid increase was observed between 14 and 21 days after flowering, After

reéching a maximum levels at 28 days after flowering, the amount of starch

decreased. Same pattern was observed in pigeonpea by Balakrishanan et al (1984)

and in podocarpus by Dodd et al. (19889).
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Although an increase in the accumulation of starch of seed was accompanied
by decline in starch of pod-wall, it was not possible to say whether the starch of

pod-wall was mobilized and translocated to seed.

Singh and Jambunathan (1982) earlier reported that in chickpea the percentage
of totlal soluble sugars and reducing sugar declined during early stages of maturation
and this indicating that those sugars were utilized for the aceumulation of starch
which showed marked increase during the same period. We also observed that

starch content have negative correlation with total soluble sugars (r = -0.8767)

In contrast to this, in

and with reducing sugars {r = -0.6937) (Table 10).

soyabean, total soluble sugars increased continuously throughout seed development
reéching a maximum value at maturity and starch content increase rapidly until

mid-development and thereafter declined sharply to low level (Adams et al., 1980).

Starch content of seed was higher in kabuli cultivars than desi cultivars in
chickpea (Table 7). Whereas, in fieldbean, small seeded cultivars had higher
concentration of starch than bold seeded cultivars (Barratt, 1982),

At -early stages upto 29 days after anthesis, desi cultivars showed more
concentration of protein than kabuli and after that kabuli cultivars had more
protein content than desi till maturity (Table 8). Whereas, in fieldbean cultivar
Dacre D accumulated more total protein than Dacre B, with progressive develop-~
ment of seed (Barratit and Pullen, 1986). Little changes in protein coneentration
were observed at different stages of development in all cultivars (Table §),
However, Srivastava et al. (1981) observed increase in protein content from 20.25

to 26.55 from 15 to 45 days after flowering respectively. Protein content did

not had correlation with all parameters studied except electrieal conduetivity
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(Table 10). Whereas, Tripathi et al. (1987) reported that potein content of

seed had positive correlation (r = 0.9949) with dry matter aceumulation

There was no regular paitern in accumulation of protein in chickpea seed

(Table 8). Same was true in soyabean (Kim et al., 1987), whereas protein content

in cotyledons of soyabean increased with progressive development of seed (Biis

and Howell, 1963).
Kabuli cultivars had more amount of sugars then desi cultivars in seed

leachate. Sugars of seed leachate increased upto 29 days after anthesis and

after that decrease till maturily in desi cultivars (Table 9). Sugars of leachate

had positive correlation with respiration {r = 0.6353)and negative with electrica]

conduetivity (r = -0.4997). Not even a single infromation is available in literature

regarding this parameter in legumes.
Respiration rate of seed increased rapidly till 29 days after anthesis,

followed by a sharp decline upto 33 days after anthesis, after that it deeclined

gradually (Fig. 1V). Whereas in soyabean the oxygen uptaske in seeds decreased

, with progressive seed development and at maturity, oxygen uptake was below

the limits of method (Bils and Howell, 1963). Respiration rate of seed had

positive correlation with sugars of leachate (r=0.6353) and fresh weight of seed

negative correlation with reducing sugar (r = -0.6068),

(r = 0.6315) whereas
= -0.6319)

total soluble sugars (r = -0.5150) and electrical conductivity (r

(Table 10)., The negative correlation with electrical conductivity with respiration

in developing seeds, may due to, respiration maintaining integrity of membrane,

resulting in less leaching of ions, thereby maintaining low electrical conduetivity.
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In general electrical conductivity decreased upto 29 days after anthesis
in all the cultivars and after that increased upto 37 days after anthesis followed
Dy decline in all cultivars, except Haryana Chana No. 1, where the peak was at
41 days after anthesis (Fig. V), whereas in bea, conductivity was very high during
PI phase. At 61 days after planting, &t the end of PI phase, conductivity was
muzh reduced afterwards, it declined slowly until 75 days after planting, then in

second another fall lead to stabilization of conductivity, the seed becoming dry

(Deunff and Rachidian, 1988).

Electrical conductivity had positive correlation with reduecing sugar (r = 0.5578)

= ~0.4997), with fresh weight of

and negative with sugars of seed leachate (r

= ~0.4927) and with respiration (r = -¢.6319).

seed (r = ~0.4989), with protein (r =

Fresh weight of seed had positive correlation with respiration because of

availability of substrats and water in fresh weight of seed increase the rate of

respiration resulting in more ATP produetion which may be responsible for better

uptake of water and maintaining membrane permeability.

Conelusion

1. Fresh weight of seed and pod-wall, dry weight of seed and pod-wall and

moisture content of seed were more in kabuli cultivars then desi cultivars

at all stages of seed development.

Germination of seeds were early and relatively more in freshly harvested

2.
seeds as well as dried seeds in desi cultivars in comparison to kabuli
cultivars except L-550.

3. Physiological maturity was observed at 37 days after anthesis in desi

cultivars and at 41 days after anthesis in HK-88-232.
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Thirty three days after anthesis, kabuli cultivars contained more amount
of starch than desi, whereas total soluble sugars were more at all stages
of seed development.

Fresh weight of seed increased upto 33 days after anthesis in ail cultivars
except HK-88-232 but in case of fresh weight of pod-wall increased upto
22 and 29 days after anthesis in kabuli and desi cultivars, respectively, |
The germination percentage increased with progressive seed development
in freshly harvested and dry seeds except at last stage of desi cultivars
in dry seeds.

Total soluble sugars of seed decreased rapidly upto 29 days after anthesis
and after that no regular pattern was observed where as in protein content

of seed, there was no regular pattern of accumulation throughout the seed

development in all the cultivars.

Desi cultivars had more concentration of sugars in seed leachate than kabuli
upto 29 days after anthesis, but revefse was true at subsequent stages
except in Haryana Chana No. 1 at last stage.

Germination of freshly harvested seeds had positive correlation with dry
weight of seed and starch content of seed and negative correlation with
total soluble sugars of seeds, moisture content of seed, and with fresh
weight of pod-wall

Germination of dry seeds had positive correlation with dry weight of seed

and negative correlation with total soluble sugars of seed, moisture content

of seed and fresh weight of pod-wall.
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SUMMARY

The investigation were carried out on chickpea (Cicer arietinum) cultivars,
namely, Haryana Chana No. 1, Gaurav, L-550 and HK-88-232 out of which first
two are desi cultivars and last two are kabuli cultivars; to study the physiological

and biochemical changes during seed development in relation to seed germination,

The crop was raised under field using recommended agronomic practices. The

pods were harvested at 15, 22, 29, 33, 37, 41 and 45 days after anthesis. The pods

were divided into two sets. One set was referred to as fresh lot and another set

was kept at 35 * 2°C for drying in an incubator and referred as dried lot. Various
observations were recorded in these lots separately. Following observations such
as, change in fresh and dry weight of seed, fresh and dry weight of pod-wall,
moisture content in seed, germination of freshly harvested seeds and dry seeds,
total soluble sugars'of seed, reducing sugar of seed, starch of seed, protein of
seed, total soluble sugars of seed leachate, respiration of seed and electrical
conductivity of seed in each cultivar at each stage of seed development were

collected and statistically analysed to find the eritical difference (CD) and

correlation among various parameters.
Total soluble sugars of seed and seed leachate were estimated by the method
of Yemm and Wills, reducing suga'r by Nelson-Somogyi method, starch estimated
according to Hassid and Neufeld (1964) and protein content by miero Kjeldhal
method. Respiration rate was recorded by Differential Respirometer and
electrical conductivity by Conductivity Meter. Germination of freshly harvested

and dry seeds studies were carried out in petri plates lined with Whatman filter

paper No. 1, using the seeds, obtained from various stages of seed development.
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With the progressive development of seed, the dry weight of seed increased
upto a limit stages, while the moisture content decreased. Percent germination
in freshly harvested seeds as well as dry seeds increased with progressive
development of seed except in dried seeds of desi cultivars at last stage. Haryana
Chana No. 1 showed two phases of pod development (i) pod-wall development phase
(ii) seed development phase, such phases were not observe in other cultivars.
Germination percent had positive correlation with dry weight of seed, starch content

of seed, while the negative correlation with total soluble sugars of seed, reducing
sugar of seed and moisture content of seed.

Total soluble sugars and reducing sugar decreased and starch content increased

during the corresponding period of seed development. So the starch content had

negative correlation with total soluble sugars of seed and reducing sugar of seed,

while positive correlation with dry weight of seed. Kabuli cultivars maintained

more concentration of starch then desi cultivars upto mid-development after that

reverse trend was observe. Differences in protein content had no regular pattern

during seed development. Moreover protein eontent did not have any correlation

with any parameters except electrical conductivity during seed development.

The total soluble sugars of seed leachate were more in all cultivars at

initial stages and had positive correlation with respiration, and negative with

eleetrieal conductivity., The rate of respiration inereased at initial stages, followed

by a considerable decrease. Respiration had positive correlation with total soluble
sugars of seed leachate and fresh weight of seed and negative correlation with
reducing sugar of seed. The electrical conductivity decreased at initial stages
and after that increased upto 41 days after anthesis, followed by a decrease at
last stage of seed development. Eleetrieal conductivity had positive correlation

with reducing sugar and negative correlation with sugars of seed leachate, fresh

weight of seed and protein content of seed,
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