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I INTRODUCTION

Séybean (Glycine max (L.) Merrill) is commonly known

as the 'miracle crop' or 'gold from the soil'. It is a rich
source of both proteins (40 per cent) and fat (20 per cent).
It has excellent nutritional value and possesses some of the

essential vitamins like A, B and D.

Soybean is a versatile crop having both foqQd as well as
industrial wvalues. Hence it possesses the capacity to
revolutionize the agricultural economy, as it has done in
United States of America. Being a rich source of high
guality protein and oil, it has to be considered as a food
crop rather than an oil seed crop or a pulse crop. In view
of the chronic shortage of protein and oil in our vegetarian
diet, soybean will provide the much needed stability and
boost to the production of these most essential items of

food.

In Karnataka new soybean varieties from the USA were
introduced during 1969-70 and subsequently new varieties
have been developed. Since then the crop is becoming popu-
lar. The breeder, foundation and certified seed production
is being organised and the demand for the quality seeds 1is

increasing.



It is presently grown in most part of the world. This
crop is grown on an area of 54,6 million ha with a produc-
tion of 92.3 million tonnes in the world. In India it 1is
cultivated over an area of 16.54 lakh ha with a production
of 14.93 lakh tonnes (Anon., 1990). In Karnataka its area
is accounted for about 18,475 ha with an annual production

of 16,942 tonnes.

Universally it is felt that seed is one of the impor-
tant inputs to obtain higher productivity. Such being the
case the determination of right stage of maturity for har-
vesting any crop 1is important since the quality of the
produce 1is greatly affected by the stage of maturity. The
optimal stage of harvesting varies with the crop and varie-
ties and also the purpose for which it is to be used. For
determining the stage of harvesting green pods, it is essen-
tial and obvious to know much about the changes in some of
the physiological characters which do occur during growth

and development of the crop.

It is a fact that seed develops from matured fertilized
ovule, This ovule development is influénced by the
environment and variety. Various kinds of changes take
place within the ovule and hence place within the ovule and
hence seed maturation is defined as the sum total of all
morphological, physico-chemical and physiological changes

which occur in the ovule from the stage of fertilization to



harvest. The in depth studies on seed maturation of dif-

ferent varieties of various tropical crops are lacking.

Studies on physiological maturation of seed helps to
know when the embryo becomes germinable which is of impor-
tance to plant breeders and seed technologists who can
harvest early and save important seed material from various
kinds of probable hazards. These studies also provide
information on dormancy due to biochemical changes in the
seed. The maturity studies also provide information regard-
ing, when the seed attains maximum dry matter for physio-
logical maturity and higher vigour and the time gap between
physiological maturity and harvest time. These facts are
useful for protecting the seed against deterioration. The
knowledge of seed maturation helps the seed producer to
decide the time of harvest for the maintenence of quality
in seeds and to plan post-harvest operations 1like drying,

processing and further storage etc.

The determination of right stage of harvesting is very
important since it helps to minimise the seed 1loss by
shattering, to protect the exposure of seeds to field weath-

ering condition and to maintain high seed quality.

One of the biggest impediments in soybean cultivation
and production is the rapid loss in seed viability during

storage. The farmer is concerned with the phenomenon of



seed longevify because he wants high germination and vigour-
ous seedlings to emerge from the seeds he plants. The
seedsman also 1is concerned with the 1longevity of seeds,
because if germination drops below a certain minimum, his
seeds are unsalable and he suffers financial loss. The seed
testing association must be concerned with seed ageing
(senescence) because he must minimize the ageing which
occurs between sampling and testing in order to get a true
measure of the gquality of the lot being tested. Besides all
the mankind should be concerned with seed longevity which is
essential to our survival in the changing ecology of this

world.

Seed storage requirements range in complexicity from
those of a farmer saving his seed to plant a few months
later, still longer storage period for carry over seeds in
seed stores and still long storage periods for breeding
material in plant gene banks. The storage problem increaseq
in complexicity depending upon the severity of ambient

climate and length of storage period.

Available information on these aspects is very scanty.
So the present investigation entitled "Studies on Seed
Development, Maturation, Storability and Seed Quality in

Soybean (Glycine max (L.) Merrill) was undertaken at the

National Seed Project, “J' block, Gandhi Krishi Vignana



Kendra, Bangalore, during 1990-91 with the following

objectives:

1. To fix the stage of physiological maturity and harvest
maturity in different varieties of soybean,
2. To assess the extent of field shattering of seeds in

different varieties of soybean,

3. To assess the quality of seeds at various stages of
harvesting in storage and
4. To fix up the optimum and stage which gives the least

shattering loss with the highest seed quality.
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II REVIEW OF LITERATURE

In this chapter, the literature available pertaining to
the seed development, maturation, storability and seed

quality in seeds of soybean has been reviewed.

2.1 Physiological maturity of seeds in relation to pod and

seed development

The determination of right stage of maturity for har-
vesting any crop is important. The quality of the seed 1is
entirely dependent on the stage of maturity. The desirable
stage of harvesting varies not only with the crop but also
with the varieties and the purpose for which it 1is used.
When the crop is grown mainly for seed purpose, the right
stage of harvesting the crop is very important as any dealy

or early harvest result in poor seed quality.

Harrington (1972) defined physiological maturity as

that stage when the seed had atttained maximum dry weight.

Burris (1973) studied four soybean cultivars and
reported that the size increased linearly with increase in
time after flowering. Germination percentage increased with
increase in time after flowering although some cultivars
showed a reduction in germination (between 30 and 40 days)

due to increased percentage of hard seeds.
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Jacinthd?éf al. ((1974) sampled the soybean seeds after

flowering at 8 days interval and studied for moisture con-
tent, size, dry weight, germination capacity and seedling
vigour. When moisture content was relatively high (58%),
the germination was low (65%). High germinatfon (98.4%) was

obtained eight days before harvest.

Crookston and Hill (1979) reported that the complete
loss of green colour from the pods and seed shirnkage as the

reliable indicators of physiological maturity.

Dharmasen and Jackobs (1979) reported that delayed

harvesting of soybean seeds caused deterioration.

Tekrony et al. (1979) reported that the time interval
from physiological maturity to harvest maturity ranged from
9 to 24 days among six cultivars. Harvest maturity and full
maturity (when 95% of pods reached their maturity colour)
occured almost simultaneously in early cultivars, but 5 to

8 days apart in the late cultivars.

Marcosfilho (1980) observed that the absence of yellow-
ish green seeds with loss of green colour from the pods were
useful and acceptable indicators of physiological maturity

in addition to maximum dry weight of seeds in soybean.



Obendorf et al. (1980) studied the growth, maturation
and germination of soybean <cultivar Chippawa-64 under
green-house and field conditions. Flowers were tagged on
main stem and pods were harvested at four days interval
between 22 and 58 days after flowering. Mean daily growth
rates were 7.8 and 4.9 mg per seed in green house and field
grown seeds, respectively. At 50 days after flowering air
dried matured seed had higher capacity for germination

between 34 and 46 days after flowering.

The seeds of soybean cultivars dried after shelling

were non-viable as compared to seeds dried without shelling

(Reicosky, 1980).

Gbiki and Crookston (1981) reported that loss of green
pod colour was the most reliable indicator of physiological

maturity.

Tekrony et al. (1981) made an attempt to relate visual
indicators of soybean pod development to physiological
maturity and stated that the attainment of a single normal
pod on the main stem to its mature colour was:more accurate

and reliable indicator of physiological maturity.

Beaver and Cooper (1982) reported that in two indeter-
minate soybean cultivars, Corsoy reached maturity two weeks
earlier than Williams, but had the same seed filling period.

Corsoy accumulated reporductive (seed and pod wall) dry



Weignt at a greater rate than Williams

Yoshida et al. (1983) studied that the determinate cultivar seed
from the last flowering group had slow dry matter accumulation and a
short effective seed filling period, where as in indeterminate

cultivars, seeds from the last flowers had a short seed filling period.

2.2. Physiological maturity of seeds in relation to dry matter

accumul ation.

Jacintho and Carvalho et al.(1974) studied the seed maturation of
soybean cultivar Vicoja at an interval of 8 days upto 104 days after
flowering and observed that the seeds attained the maximum dry weight on

72 days after flowering.

Egli (1975) studied the rate of accumulation of dry weight of
soybean seeds. He observed the daily rate of seed dry matter
accumulation ranging from 3.38 to 8.32 mg. per seed in cultivar Amsoy,
Custer and York. Significant differences were observed among the

cultivars in the accumulation of dry matter.

Crookston and Hill (1979) also studied the physiological maturity

of soybean seeds and found maximum dry weight when seeds have an average

of 58 per cent moisture content.



Gbikpi and Crookston (1980) observed that the dry
matter accumulation was consistently faster in late maturing

soybean cultivars.

Marcosfilho (1980) studied that the maximum soybean
seed dry weight was found to be insufficient by itself to

characteristic physiological maturity.

A

Obendorf et al. (1980) reported that soybean seeds

attained maximum dry weight on 50th day after flowering.

Tekronyet al. (1981) opined that physiological maturity
represented an important grthh stage of crop plants since
it 1is normally associated with the maximum accumulation of
dry seed weight and further indicated that the seeds of
soybeanattained maturity when the seeds or pods turned

completely yellow.

Ty mchuk (1981) reported that rate of accumulation o
dry matter in seeds of soybean was a varietal

characteristic.

Egli et al. (1982) reported that the length and width
of the soybean pods reached the maximum before the moisture

content of the seed declined steadily as the seed approached

its maximum dry weight.

Hu ge et al. (1982) reported that all the five culti-

vars of soybean tested differed significantly in total dry

f



matter accumulation and it was the most rapid in Monetta.

Yoshida et al. (1983) reported that seed dry matter change
followed a sigmoid curve and was faster in large seeded than

small seeded.

Kalavathi and Ramaswamy (1988) suggested that soybean seeds
collected on the 55th day were superior to those collected on
40, 45, 50 or 60 days after 50 per cent flowering in dry

matter accumulation.

2.3 Physiological maturity in relation to germination

Green and Pinnell et al. (1965) observed that
cultivar Horosov sown early and matured before the
onset of dry weather and recorded 1lower seed
germination percentage compared to late sown crop with
maturity in hot dry weather.

Burris (1973) reported that root and shoot
length of soybean seeds after germination increased
with the increase in time after harvest.

Jacintho and Carvalho et al. (1974) sampled the
soybean seeds after flowering at 8 days interval and
studied for moisture content, highest germination
(93.47%) was obtained in seeds harvested eight days

before the harvest.

Obendorf et al. (1978) observed that a minimum
of 40 mg seed weight was required for 80 to 90 per

cent germination.
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Amble (1980) reported that the seeds of three
cultivars of soybean viz., Davis CES 407 and F 62-3977
recorded the highest germination percentageawhen harvested
at 90, 121 and 123 days, respectively after sbwing.

Obendorf et al. (1980) reported that germination per
cent was maximum in seeds harvested 50th day after
flowering.

Tekrony et al. (1981) opined that the viability and
vigour of soybean seeds were the highest only at the time of
physiological maturity.

Gbipki and Crookston. (1981) reported that

disappearance of green colour of all the pods was found to

be the most reliable indicator of physiological matﬁrity.
Park (1981) found that germination of dried soybean

seeds after removal from the pod was inhibited significantly

in the early seed filling stages.

Singh and Gupta (1982) reported that germination
potential and seedling vigour were maximum in seeds
harvested at physiological maturity which was attained 100

days after sowing.

Prokobboon and Noglor (1987) reported that the highest

germination per cent was obtained with harvesting 55 days



after 50 per cent flowering with a corresponding moisture
content of 31.4 per cent. Further he stated that the earli-
er harvesting (40 to 50 days after 50 per cent flowering)

markedly reduced germination.

Kalavathy and Ramaswamy (1988) found that soybean seeds
collected on the 55th day after 50 per cent flowering were
superior to those collected on 40, 45, 50 or 60 days after

50 per cent flowering in germination.

Miles et al. (1988) concluded that freshly harvested
immature soybean seeds did not need a desiccation period
prior to expression of maximum viability and normal seedling
development. However, maximum germination did not occur

until maximum accumulation of dry seed weight.

2.4 Physiological maturity of seeds in relation to

moisture content

Tsuchiya and Sunanda (1977) reported that the maturity
of soybean seeds was associated with the decrease in the
moisture content of the pods.

And Hilf
Crookston et al. (1979) reported that the maximum dry

weight of soybean seeds occurred when the moisture content

is above 58 per cent.



Tekrony et al. (1979) reported that the physiological
maturity in soybean occured when the seed moisture content

was 50 to 60 per cent i.e., 2 to 3 weeks before commercial

harvest.

Obendorf et al. (1980) reported that maximum seed dry
weight of soybean seeds occurred when the seed moisture
content was 59 and 61 per cent, respectively at 50 days

after flowering.

Tekrony et al. (1980) reported that the physiological
maturity in soybean occurred when the seed moisture content
was approximately 55 per cent and the time interval, from
physiological maturity to harvest maturity ranged from 10 to

20 days.

Gbikpi and Crookston (1981) reported that the early
maturing seeds reached physiological maturity 11 days before
late maturing soybean seeds, when the moisture content ws 44

per cent.

Yaklich (1981) reported that the largest si..le day
increase in moisture content was 13.8 and 15.6 per cent for
pods and seeds, respectively. The largest single day de-
crease 1in moisture content was 16.8 and 7.0 per cent for
pods and seeds, respectively. This showed that pod and seed
moisture changed daily and indicated that this moisture

change may be the cause of seed deterioration.



2.5 Harvesting maturity of seeds in relation to seed

quality

Ldmpang (1972) reported that the seeds harvested when
the lower leaves had fallen recorded the same germinability

as that of seeds harvested after full maturity.

Dhingra et al. (1978) studied the effect of delayed
harvesting by 7, 14, 21 and 28 days from maturity. Harvest-
ing 14 days after maturity had significantly higher

percentage of seed infection of Phomopsis sojae, Fusarium

Spp .

Costa (1979) reported that the seed quality and seed-
ling emergence decreased with delayed harvesting. Alter-
nating periods of rainfall and high temperture enhanced seed
deterioration and rainfall during harvesting decreased the

seedling emergence.

Tekrony et al. (1979) studied the time interval from

physiological maturity to harvesting maturity.

Matsumoto (1980) reported that germination percentage

of soybean increased with delayed harvesting. *

Servero et al. (1981) found that the maximum seed
vigour occurred at physiological maturity and vigour de-

creased progressively with delayed harvest. Occurrence of
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microorganisms increased as the harvest was delayed.

Inove et al. (1982) studied that the optimum harvest
date was upto 3 days after maturity, where the moisture
content was around 20 to 25 per cent and loss due to pod

shattering was less than 5 per cent.

Vieira et al. (1982) found that the delayed harvesting
markedly decreased the seed germination and vigour. Seeds

with shrunken seed coat increased due to delay harvest.

Carroro et al. (1983) observed that the seed quality
was reduced more by rainfall before harvest than by delay in

harvesting after maturity.

Carraro and Rosenthan (1983) observed that the delayed
harvesting recorded lower seed germination per cent, vigour

index and field emergence due to rains before harvest.

Ortiz and Cianzio (1983) reported that seeds harvested
5 to 6 weeks after flowering would gave higher germination

and field stand.

Iglesias and Abreau (1984) reported that the optimum
seed quality in variety Vavilov 63~A was obtained by har-

vesting 10 days after 95% of the pods are matured.

Iysesias (1984) studied the germination and emergence

of seeds harvested 0, 15, 19, 15 and 20 days after 95 per



cent of the seeds had dried. It was concluded that for
optimum quality the seeds could be harvested upto 10 days
after drying. The corresponding moisture content was 31.4
per cent. Harvesting before 50 days after 50 per cent

flowering significantly reduced the germination.

Kalavathj and Ramaswamy (1988) found that the soybean
seeds collected on the 55th day after 50 per cent flowering
were superior to those collected 40, 45, 50 and 60 days
after 50 per cent flowering in germination percentage, root

and shoot length.

Marcosfilho and Carvalho (1988) reported that the
delayed harvesting resulted in poor quality of seeds due to
adverse weather conditions that prevailed in the later

stage of crop growth.

Adam and Mcdonald (1989) reported that the 1late har-
vesting decreased the germination per cent, seedling growth
rate and accelerated ageing germination whereas, electrical

conductivity of seed increased.

Reis and Rocha (1989) found that the delayed harvesting
decreased the seed viability and vigour. Seed vyield was

drastically reduced due to increased field losses.
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2.6 Optimum stage of harvesting in relation to seed

shattering

Quick (1974) reported that among different methods for
testing shattering index for soybean, the pods suture method
compression method was found to be the simplest and

accurate.

Hogg (1975) found that the measurement of physical
properties like impact force requirement for predicted
shatter loss was compared with observed values for cultivar

Amsoy 71 and it helped to determine the optimum harvest

date.

Summers and Hanna (1986) reported that the in situ
wetting of soybean prior to harvesting was used as a means

of reducing the shatter losses.

Tsuchiye (1987) observed that the soybean pod shatter-
ing was influenced by the presence of fibrous tissue in the
jointry region, environment, pod moisture content and varie-
tal characteristic. Pod shattering of more $han 78% was
considered as susceptible to shattering and less than 10 per

cent as resistant.

Philbrook and Oplingev (1989) reported that the average
soybean field loss was 10 per cent of the potential vyield.

Field loss of 6.1 per cent at harvest maturity increased to



13.9 per cent at 42 days after maturity. Delayed harvesting

led to reduction in net yield of 11 kg/ha/day.
2.7 Storability studies

Tedia (1977) studied the loss of storage_yith 7 to 10

per cent moisture content of seeds.

Matsumoto (1978) reported that the soybean seeds with
higher germination had better storability as compared to

seeds with lower initial germination percentage.

Coelho et al. (1979) observed that the sgoybean seeds
could be stored safely at 28°C and 66 per cent relative
humidity and with this combination the seed deterioration

was the least.

Amark et al. (1983) studied the effect of jute, poly-
thene and multilayered paper bags. There was no initial

difference between the containers but after 5 months of open

storage seeds showed reduced germination and vigour. Sbj&ﬂVf

ﬁhfcher and Godon (1984) reported that the seeds stored
A
in plastic bags maintained 90 per cent germination even

after 12 months of storage.

Moreira and Chaves (1984-85) reported that the apparent
specific gravity values determined using different liquids

like toluene and soybean o0il (both the 1liquids) did not



differ insignificantly.

Stipichitt et al. (1989) studied that the delayed

harvesting recorded lower seed germination per cent,

index and field emergence due to rains before harvest.

vigour
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III MATERIAL AND METHODS

The present study was conducted with five different
varieties of soybean to study the course of gged develop-
ment, maturation, storability and quality. The materials
used and techniques adopted during the course of this inves-

tigation are described in this chapter.

3.1 General description

3.1.1 Location

The study was conducted at the National Seed Project
“J' Block, University of Agricultural Sciences, G.K.V.K.,
Bangalore from September to December, 1990 and January to

August, 1991.
3.2 Meteorological data during crop growth period

The weather data prevailed during crop growth period of

rabi 1990 is presented in Table 3.1 and depicted in Figure

During rabi 1990 (crop growth period) the rainfall was
less than the normal in August, September, October, November
and December (79.7, 92.6, 111.9, 32.2 and 4.8 mm, respec-
tively). In general minimum temperatures were less than the

normal ranging from 26.1°% to 28.1°%. Maximum temperatures
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were more than the normal except in the month of August
ranging from 17.1°% to 20.2°%. The normal daily bright
sunshine hours were longer during crop growth period in
August (5.1 h), September (5.6 h), November (6.8 h), Decem-
ber (8.5 h) and shorter in the month of October (4.9 hours)
compared to normals, the actual bright sunshine hours during

crop growth period from September to November were shorter.
3.2 Meteorological data during the storage

The weather data on mean, maximum, minimum temperature,
relative humidity and rainf..:~ during storage studies are

presented in Table 3.2 aic ¢ . P8P e LD

During the storage period (Jan., to Aug., 1990) the
rainfall was less than the normal in January, February,
March and May (0.4, 8.8, 10.7 and 9.4 mm, respectively)
while it was more than the normal in April, June, July and
August (60.4, 114.4, 98.5 and 34.4 mm). The maximum and
minimum temperatures recorded ranged from 3% to 20.8%
and from V3A4°C to 20.2° respectively. The actual maximum
temperatures were less than the normal. However, the normal

and actual minimum temperatures did not decrease much.

The relative humidity was recorded during the storage
period by using hygrometer. The normal relative humidity
was the highest in the months of July (72%) and August

(73%) whereas 1in March (58%) and April (53%) it was the

24



*3x0TRbURY

feMTANTO 3I® 86T 03 TL6T WOIF ULSBW IY3 aIe elep [PWION

N

- e e  — — — — — — — — o — — - —— — " — —— " ———— —— —— " - —— S —— Pt —— S — . ——————— — > " " . ———— ———— ——— — — o — —— > M} Wi bl o

0t "v€

05°86

0P %1IT 06°CT¢

02°2ST 06°LTT

0T°0TZ 0S°TTT
05°89
00°66
09°L2
0€° VT

08°8

TTady
Yo Iew
Axenaiqgad

Axenuep

e e b s e s - - — AR T A S S —————— - ——— it — ——— T —— e S . —— — A ——— . e — —— — — — . it S A =D D R e — ———— " —

0v-6- 09°68

0v°09 00°88

0L°0T- 09°¢

08°8- 00°0

0v°"0- 00°T
a v

———— o ——— — — ————————— —

uoTieTAldq = Ten3doyY = ¢ TeuwIoN
0" €L Ov°0- €°8T L°8T O0O¥V°6- 9°LT 0°8C
0°2L 09°0 9°8T 0°8T T°0T1- 6°LT 0°8C
0°89 00°0 O0°6T O0°6T 0L°8- G°6T Z°8Z
0°8S 0T°0- €°0C ¥%°0Z O0°€1- 6°0C G°¢€¢
0°€s 0¢°0- T°0C ¥%°0C ¥ C1I- 8°0C ¢C-¢¢
0°0s 0¢°0- 9°LT 8°LT 9°€T- 9°6T C°¢€€
0°S8¢ 0T°0- 0°ST T°ST ¥ "%#TI- L°ST T1°0¢€
0°€9 00°0 V'E€ET V€T O0°€T- ¥°ST ¥°8C
N 4 N d A4 N
..... wnwrutw | wowrxew
T (og)eamyexsdwer

D A D T Gt e . m ——— . ——_ - —— Y " ——— — T " . D S S ———— —————— ———————— T ————— —————— — T —————— —————— ————— —— ———

‘axoTebueg “‘JANO 3 T166T ISnbny 0% Axenuer jo sorTpn3ys abexols Huranp papaosax

()

ITeFuTex pue

1%) L3TpTumy SATjeToX “(3,) axnjexadwo] uUO e3IEP IBYILOM 3Z° € OSTdel



lowest. The actual RH was slightly lower than that of
?

normal during February, June, July and August.

3.3 Seed material

Five cultivars of soybean viz., Monetta, PK 471, Bragg,
Hardee and KHSb2 were obtained from the National Seed
Project, G.K.V.K., Bangalore. The salient features of these

cultivars are as follows:
3.3.1 Monetta

It is a variety released by the Central Seed Committee
for cultivation in the Central Zone. It is a determinate
type with purple coloured flowers. The variety grows upto a
height of 41.3 cm. The pods are brown coloured. It takes
about 34 to 36 days for 50 per cent flowering. It matures
in 70 to 80 days. The 100 seed weight is about 13 to 17 g.
The average seed yield 1is about 16 to 19 g/ha under
irrigated condition. It is recommended for all the soybean

growing area.
3.3.2 PK 471

Released in 1985 in Uttar Pradesh. It is a determinate
type with white coloured flowers. The variety grows to a
height of 55.5 cm. The pods are grey and hairy. It takes

about 39 days for 50 per cent flowering. It matures in 95



to 100 days. The 100 seed weight is about 16.5 to 17 gm.
The average seed yield is about 23.24 g/ha under irrigated
condition. It is recommended for all the soybean growing

area.
3.3.3. Bragg

It 4is an introduction from the U.S.A. and released in
Uttar Pradesh. It is a determinate type with white coloured
flowers. The variety has a height of 56.5 cms. The pods
are pale green and hair. It takes about 38 days for 50 per
cent flowering. It matures in 95 to 100 days. The 100 seed
weight 1is about 17.5 to 18 gm. The average seed yield is
about 24.5 g/ha under irrigated condition. It is

recommended for all the soybean growing area.

3.3.4 Hardee

It is an introduction from the USA released in 1976 in
Karnataka. It 1s a determinate type with white flowers.
The variety grows to a height of 57.6 cm. The pods are
grey, on an average it takes about 42 days for 50 per cent
flowering. It matures in 100 to 105 days. The 100 seed
weight 1is about 18.7 gm. The average seed yield 1is about

25.5 g/ha under irrigated condition. It is recommended for

all soybean growing area.

~7
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3.3.5. KHSb 2

It is a variety developed by the University of Agricul-
tural Sciences, Bangalore. It is a semi-determinate type
with pink coloured flowers. The pods are brown and droopy.
It takes about 52 days for 50 per cent flowering. It ma-
tures in 115 to 120 days. The 100 seed weight is about 15.7
gm. The average seed yield is about 24.89 g/ha under irri-

gated condition. It is recommended for all the soybean

growing area.

3.4 Experimental details
The following three experiment- were conducted

1. Studies on the Course of Pod and Seed Development in

Soybean Varieties;

2. Studies on the Effects of Stages of Harvesting in

Soybean Varieties and

3. Studies on the Effects of Harvesting Stages on the

Storability in Soybean varieties.
3.5 Experiment - I:

Studies on the Course of Pod and Seed Development in Soybean

Varieties

Co



Objectives:

To study the course of pod and seed development so as
to fix up the stage of physiological maturity in different

varieties of soybean.

3.5.1 Details of experiment

Five varieties (v) of soybean viz., Monetta (V1), PK
471 (V2), Bragg (V3), Hardee (V4) and KHSb 2 (V5) were grown
in the red sandy loam soils at ~J' Block, G.K.V.K., during

rabi 1990 following the recommended package of practices.

3.5.2 oOther details

3 mX 2.0m

Gross plot size

Net plot size : 2.4mX 2.0m

Row spacing : 30 cm X 10 cm

3.5.3 Procedure followed in the physiological maturity

studies

About 400 flowers opened on the same day at the time of
50 per cent flowering were rendomly selected and tagged
during early morning in each variety and in each net plot.
The age of pods per seeds of just opened flowers was taken

as zero day. Ten developiing pods were picked randomly from



the tagged flowers in each plot during each sampling.

¢

Sampling of the 10 pods was made in the beginning at an
interval of 5 days and at later stages with 2 days interval.
Sampling was made after 15, 20, 25, 30, 35, 40, 42, 44, 46,

48, 50 and 54 days after 50 per cent flowering.

The pods were brought to the laboratory in polythene
covers to avoid any moisture loss. After separating the
seeds carefully froml}hese pods, the following observations

P

were recorded:

1. Fresh weight of the husk per 10 pods
2. Fresh weight of the seed per 10 pod
3. Dry weight of the husk per 10 pods
4. Dry weight of the seeds per 10 pods
5. Moisture content of the husk

6. Moisture content of the seed.

7. Germination percentage

8. Seedling length

9. Seedling dry weight

10. vigour index.
3.5.4.1 Fresh weight of husk per pod

The mean fresh weight of husk per 10 pods was
determined from the samples after removing the seeds from

the pod. The weight of the husks of 10 pods was weighed by

30
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using a Top Pan Precision balance and "expressed as g/10

pols.

3.5.4.2 Dry weight of husk per 10 pod

The husk after taking fresh weight was used for
determining the dry weight. The husk was dried in a hot air
oven at 80°C iloc for 24h. Subsequent cooling was done
inside the desiccator. Weight of the dried husks was
determined and the dry weight of husk per 10 pods was

calculated and expressed in grams.
3.5.4.3 Moisture content of husk per 10 pods

It was determined by low constant temperature oven
method (110°Ci¢for 1 hour) as per the International Seed
Testing Association Rules (Anon., 1985). The known quantity
of husk was taken in the non corrosive glass container. The
husk of 10 pods was dried in a hot air oven at 80°c for 24
hour. After cooling, weight of the husk was determined and

expressed in percentage, using the following equation.



where,

MC = Moisture content of husk per 10 pods (%)

Wl = Weight of empty container (g)

W2 = Weight of the container + husk per 10 pods before
drying (g)

W3 = Weight of container + husk per pod after drying (g)

3.5.4.4. Fresh weight of seeds per 10 pods

The seeds separated from the sampled pods were weighed
and the fresh weight of seeds per 10 pods was determined and

expressed in grams.
3.5.4.5 Dry weight of seed per 10 pods

The seeds used for determining of fresh weight were
dried in hot air oven at 80°C for 24 h. Subsequently cool-
ing was done in the desiccator. Weight of dried seeds was

determined and expressed in grams.

3.5.4.6 Moisture content of seeds

It was determined by high constant temperature method
as per I.S.T.A rule (Anon., 1985). A known gquantity of
seeds was taken in non-corrosive metal dishes. These seeds
were dried in hot air oven at 103°C sl 1°c for 1 hour. After
cooling, weight of the seeds was determined and expressed in

percentage using the following equation:



W2 - W3
MC = -—---=—---——- X 100
W2 - Wl

where,

MC = Moisture content of seeds (%)

Wl = Weight of empty metal dish (g)

W2 = Weight of dish + seeds before drying (g)

W3 = Weight of dish + seeds after drying (g)

3.5.4.7 Germination percentage

The germination percentage was determined as per the
ISTA rules (Anon., 1985) in the Seed Technology Research
Laboratory, ~“J' Block, G.K.V.K., where the temperature 25°¢
iloc and 95 per cent relative humidity were maintained. The
germination count was taken on the fifth and eight day and

expressed in percentage.
3.5.4.3 Seedling length measurements

100 X 4 seeds in each treatment were planted in rolled
towels medium and were placed in germinator at 45° angle at
+1°C. After 8 days period the length of seedlings was
measured the average length of seedlings was calculated and

expressed in cm.



3.5.4.9 Seedliing dry weight

The normal 10 seedlings were selected at random from
each sample on eighth day of germination and were trans-
ferred to oven at 85°C + 2°C for 24 hours. Then the seed-
lings were removed and kept in desiccator for cooling. The

weight of the dried seedlings was recorded in mg.
3.5.4.10 Vigour index

Vigour index was calculated using the (Abdul Baki and

Anderson, 1973).

Product of the mean length of seedling

1. Vigour index

(cm) and germination percentage (%)

2. Vigour index Product of the germination percentage and

mean seedling dry weight (mg)
3.6 Statistical analysis

The data were statistically analysed as per methods
outlined by Cochran and Cox (1965) adopting the analysis of

variance technique appropriate to the design followed.

Yoyl
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3.7 Experiments - II:
Studies on Optimum Harvesting Stages in Soybean Varieties

Objectives:

1. To fix up the optimum stage of harvesting maturity in

different varieties of soybean.,

2. To assess the extent of field shattering of seeds in

different varieties of soybean and

3. To fix wup the optimum stage which gives the least

shattering loss with highest seed quality.
3.7.1 Details of experiments

Five varieties (V) of soybean viz., Monetta (V1), PK
471 (v2), Bragg (V3), Hardee (V4) and KHSb2 (V5) were grown
in the red sandy loam soils at “J' block, G.K.V.K., during

1990-91 following the recommended package of practices.
3.7.2 oOther details:

Gross plot size : 1.8 mX 1.5 m
Net plot size : 1.2X1.5m

Row spacing : 30 cm x 10 cm
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Harvesting stages: (H) : 8 No.

1. Harvesting when at 1least 25% of pods in each plant
attained yellow colour (No shattering of pods)

® 9 00 8 s 0 0 0 0. (Hl)

2. Harvesting when at least 50% of pods in each plant
attained yellow colour (No shattering of pods)

.......... (H2)

3. Harvesting when at least 75% of pods in each plant
attained yellow colour (No shattering of pods)

cesesessss (H3)

4. Harvesting at dried up stage of pods (at the beginning of

shattering) Ceseeeeean (H4)

5. Harvesting at dried up stage of pods (3 days after first

shattering) ceraneann (HS)

6. Harvesting at dried up stage of pods (6 days after first

shattering) ’ cereecanns (H6)
7. Harvesting at dried up stage of pods (9 days after first
shattering) e e aeaenn (H7)
8. Harvesting at dried up stage of pods (12 ddys after first

shattering) et (H8)
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At each harvesting stage, plants were harvested from
each plot as soon as the above stages were achieved.
Harvested plants were spread in single layer and dried pods
were hand threshed by using sticks. Seeds were again dried
to bring down moisture content around 9 per cent by such
drying. These seeds were subjected to storability studies
at seed Technology Research Laboratory, NSP, G.K.V.K.,
Bangalore. g

From the second experiment the following observations

were made:

1. Pod shattering

2. Test weight of 100 seeds

Number of pods shattered per plant was recorded at
different stages of harvesting so that H4 (harvesting) stage
coincided with beginning of shattering, 3 days (H5), 6 days
(H6), 9 days (H7) and 12 days (H8) after first shattering.
Pod shattering (per cent of pods shattered to the total
number of pods per plant) percentage was calculated at each
harvesting stage from H4 (beginning of shattering to 12 days

(H8) after first shattering.
Test weight of 100 seeds

The test weight of 100 seeds of soybean varieties at

different harvesting stages was determined expressed in



grams.
3.8 Experiment - III:

Studies on the Storability at Different Maturity Stages in

Soybean Varieties.

Objectives:

To assess the quality of seeds harvested at various

stages of maturity and their storability.

The experiment was conducted at Seed Technology Re-
search Laboratory, NSP, “J' Block, G.K.V.K., Bangalore under
ambient conditions. The seeds harvested from experiment-II
at different harvesting stages were used for the storability

studies.
3.8.1 Details of experiment

Seeds of all the five varieties of soybean viz.,
Monetta (V1), PK 471 (V2), Bragg (V3), Hardee (V4) and KHSb2
(V5) harvested at eight different stages Hl1 (25% of pods in
yellow colour), H2 (50% of pods in yellow colopr), H3 (75%
of pods in yellow colour), in H4 (the beginning of
shattering), 3 days (H5), 6 days (H6), 9 days (H7) and 12
days (H8) after first shattering seeds were treated with

thiram @ 2 g/kg seed and stored in cloth bag for a period of

8 months.

Ca
Co
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Treatments procedure

The seeds were treated with Thiram @ 2 g/kg of seeds
was mixed with the seeds were stored in clo}h bag. The
weather data viz., temperature, relative ﬁumidity and
rainfall received during the storage period are presented in

Table. 3.2.

From the stored seeds the following observations were

made: .

1. Lab germination (%)
2. Vigour index
3. Field emergence (%)

4. Electrical conductivity (micro mhos/cm)
3.8.3 Field emergence test

Field emergence test was conducted at the Field Unit
at National Seed Project, ~J' block; University of

Agricultural Sciences, G.K.V.K., Bangalore.

The soil was sandy loam. 100X4 seeds in each
tretment were sown approximately at 2.5 cm deep in rows.
The rows were 30 cm apart and within the row, the seeds were
spaced 10 cm apart. The plots were irrigated as and when
needed. The first and second count of field emergence were

taken after 5 and 8 days of sowing, respectively in all the



varieties and expressed in percentage. The field

emergence was conducted at monthly intervals.
3.7.3 Electrical conductivity of seed leachate (E.C)

Five grams of seeds were surface sterilized by using
methoxy ethonol to remove the chemicals coated on the seeds
surface. Then they were throughly washed with double dis-
tilled water for 3 to 4 times. Then those seeds were soaked
in’ 25 ml of double distilled water for 24 hours at room
temperature. Then the steep water was decanted and the
electrical conductance of leachate was measured in the
digital conductivity meter model (Sensitive conductivity
Cell-CCsS-811). After substracting the E.C of distilled
water from the value obtained from the seed leachate, the
actual electrical conductivity was measured and expressed

in micro mhos/cm at 25°il°C.
3.9 sStatistical analysis

The data were statistically analysed as pef the methods
outlined by Cochran and Cox (1965) adopting the analysis of
variance technique and interpreted at 5 per cent 1level of

significance.

40
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IV EXPERIMENTAL RESULTS

The results of experiments on (1) The Course of Pod and
Seed Development (ii) Effects of Optimum Stages of Harvest-
ing and (iii) Effects of Harvesting Stages and Storabili-
ty on seed Qulaity-in five varieties of soybean are pre-
sented in this chapter.
4.1 Studies on Pod and Seed Development in Soybean

Varieties

4.1.1 Number of days taken to 50 per cent flowering and

physiological maturity

The data on the number of days taken to 50 per cent
flowering and physiological maturity in different soybean
varieties sown during rabi 1990 are presented in Table 4.1

and graphically illustrated in Fig 4.1.

The number of days taken to 50 per cent flowering
differed significantly among the varieties of soybean. It
ranged from 33 to 43 days. Monetta (33 days) flowered
significantly earlier than others. PK 471 (37 days) and
Bragg (37 days) were medium. Hardee (40 days) and KHSb2 (43
days) took significantly more number of days for 50 per cent
flowering than others. Even in physiological maturity
Monetta (79 days) was the earliest, PK 471 (?5 days) and

Bragg (85 days) were medium in duration. Hardee (89 days)
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Table 4.1. Number of days taken to 50 per cent flowering and
physiological maturity in different soybean varieties

during wadsy - 0 1990
Number of days Number of days Total number
taken 50% taken to of days to
flowring physiologicalwwwiy. physiological
from 50% maturity
Varieties flowering
Monetta 33 46 79
PK 471 37 48 85
Bragg 37 48 85
Hardee 40 49 89
KHSb 2 43 50 93
Mean 38 48.2 86.2
F-test * —-——— —-————
S.Em.+ 0.40 ———- -———
C.D. at 5% 1.23 ———— ———

T - e - G B St - —— e s —— —— . e —— S M - e e S S S NS MR wm e S S A S e Gve S A e M e e e At S S e -



0661718VvY INIHdNd S3I13I4VA
NV 38 A0S IN3Jd343Kd NI ALIMNLIVIA IVII9010ISAHd ANV
ONIdIMOT1d  IN3O 334 0S 0L N3IMVL SAVA 40 Y38WNN 1'7°914
ZASHN --3308VH  _, 99vyg LLT Wid ViLINOW
A {

I..%)n il l " l

N

O\

<

SAV A

9NI¥3M013°%/% 05

ALIdNtY N 4
IV I1907101SAHd B

OMNONNANNNN

PRI,




and KHSb2 (93 days) took more number of days for physioclogi

cal maturity.
4.1.2 Fresh weight of husk

The results on the fresh weight of husk (g/10 pods) of
different varieties at different pod developmental stages

are presented in Table 4.2 and graphically illustrated in

Fig. 4.2.

(a) Due to varieties: The fresh weight of husk differed
significantly among the varieties at all sampling stages of
pod development. In Monetta the fresh weight of husk in-
creased from 4.60 g/10 pods on 15th day to 4.91 g/10 pods on
40th day from flowering. Afterwards the fresh weight of
husk decreased to 1.56 g/10 pods on 52nd day. In PK 471,
4.27 g/10 pods on 15th day to 4.97 g/10 pods on 40th day
from flowering. Afterwards it was 1.62 g/10 pods on 52nd
day. In Bragg and Hardee 4.16 g/10 pods on 15th day to 5.68
g/10 pods on 42nd day and 4.67 g/10 pods on 15th day to
5.81 g/10 pods on 42nd day. Afterwards it decreased to
2.30 and 1.63, respectively. In KHSb2 4.07 g/1l0 pods on
15th day to 4.82 g/10 pods on 42nd day. Afterwards the

fresh weight of husk decreased to 1.42 g/10 pods on 54th

day.

(b) Due to pod developmental stages

[
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Irrespective of varieties, the fresh weight of husk was
the 1lowest on 15th day (4.35 g/10 pods) from flowering and
it progressively increased and reached its peak (5.56 g/10
pods) on 42nd day and subsequently it decreased (1.71 g/10

pods) on 52nd day from flowering.

4.1.3 Dry weight of husk

The results on the dry weight of husk (g/10 pods) of
different soybean varieties at different pod developmental
stages are presented in Table 4.3 and graphically

illustrated in Fig. 4.2.

(a) Due to varieties: The dry weight of husk (g/10 pods)
varied significantly among the varieties at all pod develop-
mental stages. At 15th day after 50 per cent flowering, the
dry weight of husk was minimum (Monetta: 1.08 g/10 pods,
Bragg: 0.82 g/10 pods, Hardee: 0.73 g/10 pods, KHSb2: 0.70

g/10 pods and PK 471: 0.69 g/10 pods) in all varieties.

Maximum dry weight of husk was attained on 40th day in
Monetta (1.50 g/10 pods), on 40th day in both PK 471 (1.66
g/10 pods) and Bragg (1.68 g/l1l0 pods) and on 40th day in
both Hardee (1.72 g/10 pods) on 42nd day and KHSb2 (1.43

g/10 pods) from 50 per cent flowering.

Generally the dry weights increased gradually from 15

days after 50 per cent flowering till the maximum weight was

[1eN
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attained (40 and 42nd day days after 50 per cent flowering)
and subsequently it decreased progressively and sig-

nificantly in all varieties.(b) Due to pod developmental

stages:

Irrespective of varieties, the dry weight of husk was
the lowest (0.80 g/10 pods) on 15th day from flowering and
it progressively increased and reached its peak (1.58 g/10

pods) on 42nd day and subsequently it decreased slightly

(1.42 g/10 pods).

4.1.4 Moisture percentage of husk
‘

The data on the moisture percentage of husk of differ-
ent soybean varieties at different pod developmental stages
are presented in Table 4.4 and graphically illustrated in

Fig. 4.4.

(a) Due to varieties: The moisture percentge differed
significantly among the varieties at all stages of pod

development from 15th to 52nd from 50 per cent flowering.

The moisture percentage in husk on 15th day after 50
per cent flowering was the highest in Hardee (84.43%) close-
ly followed by PK 471 (83.88%). Monetta recorded the lowest
(76.52%) moisture percentage in husk on 15th day after 50
per cent flowering while KHSb2 (82.28%) and Bragg (80.28%)

recorded significantly higher than that of Monetta (76.52%)
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but lower than Hardee (84.43%) and PK 471 (83.28%).

(b) Due to pod developmental stages: The moisture content of
husk was the highest (81.47%) on 15th day from flowering
and subsequently it decreased progresively recording a

minimum of (16.97%) on 52nd day from flowering.

-

4.1.5 Fresh weight of seeds

The results on fresh weight of (g/l10 pods) seeds of
different soybean varieties at different maturity stages of
seed development are presented in Table 4.5 and graphically

illustrated in Fig 4.3.

(a) Due to varieties: The fresh weight of (g/10 pods) seeds
differed significantly among the varieties at all pod
developmental stages from 15 to 52nd day after 50 per cent

flowering.

On 15th day after flowering, the fresh weights of pods
seeds were 0.81 ¢g/10 pods, 0.90 g/10, 0.96 g/10 pods, 0.98
g/10 pods and 1.00 g/10 pods in Monetta, KHSb2, PK 471,
Bragg and Hardee, respectively. The fresh weight of seeds
increased gradually after 50 per cent flowering in all the
varieties. In Monetta the fresh weight of husk increased
from 0.81 g/10 pods to 3.12 g/10 pods on 52nd day from
flowering. In PK 471 the peak fresh weight of seed (7.33

g/10 pods) was on 46th day from flowering. In Bragg also it
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was 8.59 g/10 pods at 42nd day. In Hardee the maximum fresh
weight (8.82 g/10 pods) was at 48th day. In KHSb2 maximum
fresh weight of seed (6.92 g/10 pods) was attained on 48th

day from flowering.(b) Due to pod developmental stages:

Irrespective of varieties, the fresh weights of seeds
was the 1lowest (0.93 g/10 pods) on 15th day after 50 per
cent flowering and subsequently it reached its maximum (7.12
g/10 pods) on 46th day after flowering and afterwards it
‘gradually declined to 4.96 g/10 pods on 52nd day after 50

per cent flowering.
4.1.6 Dry weight of seeds

The data on the dry weight of seeds of soybean
varieties at different pod developmental stages are
presented 1in Table 4.6 and graphically illustrated in Fig.

4.3.

(a) Due to varieties: Thé dry weight of (g/10 pods) seeds
differed significantly among the varieties. Among different
varieties, the dry weights of Hardee (4.66 g/10 pods on 50th
day after flowering, Bragg (4.24 g/10 pods) on 48th day and
PK 471 (3.99 g/10 pods) on 48th day were significantly
higher than KHSb2 (3.06 g/10 pods) on 48th déy after 50 per
cent flowering. The lowest dry weight was recorded in

Monetta (2.86 g/10 pods) on 44th day after 50 per cent
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flowering.

The dry weight of seeds (g/10 pods) at physiological
maturity in Hardee (4.66 g/10 pods) and Bragg (4.24 g/10
pods) and PK 471 (3.?9 g/10 pods) were high. The dry weight
of seeds at physiological maturity of KHSb2 (3.06 g/10 pods)
was significantly lower than Hardee and Bragg. The lowest

dry weight of (g/10 pods) was recorded in Monetta (2.86 g)

at physiological maturity.
(b) Due to pod developmental stages:

Irrespective of varieties, the dry weight of seeds was
the 1lowest (0.12 g/10 pods) on 15th day after 50 per cent
flowering and it attained its maximum (3.69 g/10 pods) on

48th day and there after it slightly decreased.

4.1.7 Moisture percentage of seeds

The data on the moisture percentage of seeds of
different varieties of soybean at different stages of pod
L)

and seed development are presented in Table 4.7 and graphi-

cally illustrated in Fig. 4.4.
(a) Due to varietes:

The moisture percentage differed significantly among
varieties at all maturity stages of seed develOpment. The

moisture percentage of PK 471 (87.56 to 24.05%), Hardee

~
(V]



12 0¢s
(AT A

vz L2

86° T r8° v £€8° 1T L8°T 6v°1 9T° T 0v"T 06°0 02 1 $°A°D

PP 1 6L°S SG°1T SL°T I6°T Le°1 8G°T 80° T GG'T %G 3 Q"D

8% "0 09°T 1S°0 8570 0S°0 .. ¢2¢¥°0 ¢S 0 9€°0 AT + Wi s

¥ * ¥ ¥ ¥ * ¥ % * 3s93-4

9v°8y S8'ES 19°85 6L-29 07-Lo €6-zL Ze'sL Te'6L sL-ss —

........ L8795 08°LS Te'6S 68-79 £L-69 65-5L z6-.L (9-08 07 78 ¢ asx

0C2°¢€S ET°6S LTI°C9 €€°¥9 68°89 €T°0L 6S°SL LI'6L 78798 99pa1eH

65°FS S9°6S P$9°T9 LP°€9 T9°0L ¥8°EL OV 9L 00°I8 ZE€°¥8 bbeag

£ES°6Y 2Z°GS 688G B80°€9 ¥LL9 6C°TL 09°%L ©9°6L 9G°L8 TLy A4

ST¢e€ S¥°LE OT°IS 0Z2°8S5 90°6S ¥$9°0L €T1°ZL 91°9L 1¥°98 ©339UuUon

s ey o v zr  ov st oc sz oz et setasrren
.................................. Butzemol3 %05 Teaye skea

0661 TQex Hbutanp sabejys

TejuaudoTaAdp pod JuSBIaIITIP 3P S3TISTIPA ULIQAOS JUSIIIITP UT Spads JO obejuadaad 2IN]ISTOK

"Ly 9Tqel



. 066l 18vy 9NNA S39VLS TTVIN3IWGCI3A3A dod IN34d3441Q 1V
NV3I8AOS d0 S3I11314VA IN3¥3441d 40 SE33S %w MSNH 40 LIN3ILNOD JUNLSION "7 7913

ONIY3IMO 14 4 0§ 4314V SAVQ
7525 05879777 Z707G€0CSZ O St 752505 8Y97 7777 0% SLOCSZ 0Z i 0587877y Z707S€ 0€520Z Sl %5 7S 0S8Y9Y Y7Zv 075¢C 0% SZ 07 Sl _
A £0CSZ 07 S 23 17CT DTt PN At vE 2 ; { eyl :
7aSHY 87813 30uVH vo3vi | 29vye IL7 X d VLIINOW

4 i 4 401

3 1 O\'/) 19¢
\ <
© ] 4 €2
ng
.4
(e
1 q 1379
m
1 8 {06

1 ] 119

1 1 1L

1
{
1 I S .Cﬂ
4 F4
b4
1 ¥ 176 _
{
1 ] J o
@33S 40°/s 3UNLSIONW 199 H
¥SNH 30 °/e 3UNISION |

L-xerhP??W»»rw‘»L ..L-p-LLyP.Fn‘F( BT . il A ! .-’F m
.“
J




(86.82 to 27.57%) and Monetta (86.41 to 22.98%) were signif-
icantly higher than KHSb2 (84.40 to 24.94%) and Bragg (84.32

to 24.05%) at different stages of seed development.

The moisture percentage at physiological maturity of
Bragg (50.21%), PK 471 (49.53%) and Hardee (48.49%) were
significantly higher than that of KHSb2 (43.82%) and Monetta
(32.15%). The lowest percentage of moisture content at

physiological maturity was recorded by Monetta®(32.15%).
(b) Due to pod developmental stages:

Irrespective of varieties, the seed moisture was the
highest (85.75%) at 15 days from 50 per cent flowering and

it gradually declined to 26.37 per cent at 52nd day from 50

per cent flowering.
4.1.8 Dry matter accumulation in husk and seeds

Dry matter distribution in husk and seeds (per cent to
total) at different developmental stages of pod are
presented in Table 4.8 and graphically illustrated in Fig.

4.5.
(a) Due to varieties:

The dry matter distribution in the husk (per «cent to
total) was the highest in the beginning and with advance in

age it decreased. In Monetta it was 86.89 per cent in the
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beginning and at 52nd day it decreased to 27.91 per cent.

In PK 471 it decreased from 81.71 to 25.88 per cent. In
Bragg it decreased from 87.69 to 28.33 per cent. In
Hardee, it decreased from 88.24 to 28.02 per cent. In

KHSb2, it decreased from 86.03 to 28.15 per cent.

The dry matter distribution into the seed in
all varieties progressively increased with advance in age.
In Monetta the dry matter distribution into the seed
increased from 13.11 to 72,09 per cent. In PK 471 it
increased from 18.29 to 74.12 per cent. In Bragg it was
from 12.31 to 72.77 per cent. In Hardee it increased from
11.76 to 71.98 per cent. In KHSb2 it increased from 13.97

to 71.84 per cent.
(b) Due to pod developmental stages:

The dry matter distribution into the husk progressively
decreased with advance in age from 86.12 to 27.42 per cent)
whereas 1in seed it progressively increased from 13.88 to

72.58 per cent.
4.1.9 Germination percentage of developing seeds

The results on the germination percentage of developing
seed of soybean varieties are presented in Table 4.9 and

graphically illustrated in Fig 4.6.

(a) Due to varieties:
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From 15 to 30th day after flowering, the developing
seeds did not germinatg. The germination percentage of
developing seeds was recorded only after 35 days from
flowering. 1In Monetta the germination increased from 14.50
to 99.50 per cent at 46th day from flowering. ‘In PK 471 the
peak germination was on 48th day from flowering (99.5%). 1In
Bragg and KHSb2 100 per cent was recorded at 48th day and

50th day from 50 per cent flowering.
(b) Due to pod developmental stages:

Irrespective of varieties the developing seeds (ovules)
did not germinate upto 30 days from flowering on 35th day
from flowering. The germination percentage was the lowest
(11.75%) on 35th day after 50 per cent flowering and reached

its peak (99.55 per cent) on 50th day from flowering.

4.1.10 a Vigour index of soybean seeds (mean length of

seedling X germination percentage)

The results on the vigour index of soybean seeds
sampled at different stages of developing seeds are
presented in Table 4.10 a and graphically illustrated in

Fig. 4.6.
(a) Due to varieties:

The vigour index of developing seeds increased only
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from 35 to 50th day after flowering. In Monetta the vigour
index increased from 307 to 3081 after 46th day from flow-
ring. In PK 471 the peak vigour index on 48th day from
flowering was (2998). 1In Bragg also it was 3125 after 48th
day from flowering. 1In Hardee the maximum was (3084) at
50th day from flowering. In KHSb2 maximum (3165) vigour

index was attained in 50th day from flowering.
(b) Due to seed developmental stages:

There was a significant increase in vigour index of all
the varieties from 35 to 52nd day after 50 per cent
flowering. The vigour index was the lowest (248) on 35th
day from flowering and it progressively increased and
reached its peak 3192 on 50th day and subsequently it

decreased (3130) on 52nd day from flowering.

4.1.10 b: vigour index of soybean seeds (mean dry weight of

seedling X Germination percentage)

The results on the vigour index of soybean seeds
sampled at different stages of pod development are presented
in Table 4.10 b and graphically illustrated in Fig. 4.6.

(a) Due to varieties:

The vigour index increased significantly only from 40th
to 52nd day from 50 per cent flowering. In Monetta the

vigour index increased from 0.38 at flowering to 4.74 at

0o



46th day from flowering. 1In PK 471 the peak vigour index
was (4.98) on 48th day from flowering. 1In Bragg also it was
(5.52) at 48th day from flowering. In Hardee, the vigour
index was maximum (5.56) at 50th day from flowering. While
in KHSb2 the vigour index was maximum (5.28) on 50th day

from flowering.
(b) Due to seed developmental stages:

The vigour index was the lowest (0.43) on 35th day from
flowering and it progressively increased and reached its
peak (4.99) on 50th day and subsequently it decreased
progressively recording a minimum of (4.64) 52nd day from

flowering.
4.1.11. Mean pod length

The data on mean pod length of different varieties at
maturity stages of pod are presented in Table 4.11 and

graphically illustrated in Fig 4.7.

The mean pod length did not differ significantly among
the varieties. It ranged from 3.65 to 4.6 cm. The pod
length in KHSb2 (4.3 cm) and Hardee (4.27 cm) was more than
others. In Bragg (4.15 cm) it was medium. However, the pod

length in Monetta (3.65 cm) and PK 471 (3.90 cm) was short-

er than others.



Table 4.11. Mean pod length (cm) of
different soybean varieties at
maturity stages of pod during

rabi 1990
"""""""""""""""""""""""""""""" Mean
Varieties pod

length
Mometta 3.65
PK 471 3.90
Bragg 4.15
Hardee 4.27
KHSb 2 4.30
Mean 7 Taes
Fetest NS
S.Em.+ -
C.D. at 5% -
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4.2 Studies on the Effects of Harvesting Stages in Soybean

Varieties
4.2.1 Studies of pod shattering

The data on pod shattering in the field (percentage of
pods shattered per plant) as influenced by varieties and
harvesting stages are presented in Table 4.12 and graphical-

ly illustrated in Fig. 4.8.
(a) Due to varieties:

Irrespective of harvesting stages, the percentage of
pod shattering was the highest in Monetta (38.0%), medium in

KHSb2 (16.2%) and Hardee (l14.4%) and the lowest in PK 471

(7.7%) and Bragg (4.0%).
(b) Due to harvesting stages:

The field shattering was almost nil in Hlé(ZS% of pods
in yellow colour), H2 (50% of pods in yellow colour) and H3
(75% of pods in yellow colour) harvesting stages. However,
shattering of pods began only from H4 (beginning of
shattering of pods) and it was the maximum in H8 (12 days
after first shattering). On an average of all varie-
ties, the shattering was the least (5.1%) in H4. With
further delay in harvestings by 3 (H5), 6 (H6), 9 (H7) and
12 days (H8) after first shattering, it increased to 7.8,

16.2, 22.9 and 28.4%, respectively.
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(c) Interaction effects:

All varieties did not shatter even when 75 per cent of
the pods per plant turned yellow in colour. However,
Monetta recorded more (11.3%) even from the beginning of
shattering (H4) and reached a peak of (64%) after a lapse of
12 days from first shattering. KHSb2 and Hardee were the
next varieties susceptible to shattering (2.6 to 33%) and
(4.7 to 27.8%), respectively. Bragg (2.9 to 5.57%) and PK
471 (3.8 to 11.9%) recorded low shattering of the pods even
after 12 days del;y. Field shattering of the pods was the

least in Bragg (5.6%) followed by PK 471 (11.93%).
4.2.2 Test weight of 100 seeds

The test weight of 100 seeds (g) in different varieties
of soybean as influenced by different harvesting stages are
presented in Table 4.13 and graphically illustrated in Fig.

4'9.
(a) Due to varieties:

Among the varieties, Monetta (15.02 g) recorded the
lowest 100 seeds weights. It was medium in Bragg (16.63 g)
and KHSb2 (16.24). In Hardee (19.34 g) and PK 471 (18.73g)

the 100 seed weight was the highest.

(b) Due to harvesting stages:

op]
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The test weight of 100 seeds was the lowest (16.14 g)
and 16.74 g respectively in H1l (25% at pods in yellow co-
lour) and in H2 (50% of pods in yellow colour). It was the
highest (17.71 g) in H3 (75% of pods in yellow colour). It
was medium 17.57 g in H4 (the beginning of shattering). The
100 seeds weight (17.37g, 17.32 g, 17.32 g and 17.32 g
respectively was slightly reduced in 3 days (H5), 6 days

(H6), 9 days (H7) and 12 days (H8) after first

shattering.
(c) Due to interaction effects:

In Monetta the 100 seed weight was low in Hl1 (14.26 g)
and H2 (14.44 g). It was the highest in H3 (15.99 gqg). It
was medium in H4 (15.87 g). The 100 seed weight decreased-
(15.98 g, 15.87 g, 15.86 g and 15.86 g respectively). If
there was delayed by 3 days (H5), 6 days (H6), 9 days (H7)
and 12 days (H8) in harvesting from first shattering. 1In In
Bragg the 100 seed weight was low 15.98 g in Hl1 and 15.98 g
and H2 (16.19 g). It was the highest in H3 (16.88 g), it
was medium in H4 (16.87 g). The 100 seed weight was reduced
if there was delay in harvesting from H5 (16.81 g) to HS8
(16.75 g). In KHSb2 the 100 seed weight was 1low in H1l
(15.06 g) and in H2 (15.81 g). It was the highest in H3
(16.75 g). It was medium in H4 (16.49 g). The 100 seed

weight was reduced if there was delay in harvesting from HS5
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(16.48 g) to H8 (16.46 g). 1In PK 471 the 100 seed weight
was low in H1 (17.57 g) and in H2 (18.60 g). It was the
highest in H3 (19.17 g). It was medium in H4 (18.95 g).
The 100 seed weight was reduced if there was delay in har-
vesting from HS5 (18.93 g) to H8 (18.87 g). In Hardee the
100 seed weight was low in Hl1 (17.83 g) and in H2 (18.67 g).
It was the highest'in H3 (19.78 g). It was medium in H4
(19.71 gq). The 100 seed weight was reduced if there was

delay in harvesting from H5 (19.68 g) to H8 (19.66 g).

4.3 Studies on the Effects of Harvesting Stages on the

Storability of Soybean Seeds

The results of storage studies as influenced by varie-

ties, harvesting stages and storage period are presented.
4.3.1 Germination behaviour in storage

The data on lab germination of different varieties as
influenced by harvesting stages during the storage period of
eight months are presented in Tables 4.14a, 4.14b, 1lé4c,

4.14d and l4e, respectively.

(a) Due to varieties:

The lab germination of different varieties differed
significantly as influenced by harvesting stages during

storage. The germination progressively decreased in all
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varieties in sotrage from 0 to 240 days. It decreased from
94.2 to 83.7 per cent in Monetta, from 93.6 to 83.8 per cent
in PK 471, from 93.8 to 84.6 per cent in Bragg, from 94.3
to 83.5 per cent in Hardee and from 93.3 to 83.8 per cent in

KHSDb2.
(b) Due to harvesting stages:

Irrespective of varieties, the lab germination both in
the beginning and after 240 days of storage was
significantly the lowest in Hl and H2. The lab germination
both in the beginning and at the end was fairly high and
satisfactory (above 90 per cent) in H3 (harvesting when 75%
of pods in yellow colour), H4 (the beginning of shattering);
in 3 days (H5), 6 days (H6) and 9 days (H7) after first
shattering. In harvesting 12 days after first shattering
(H8) the germination percentage was slightly reduced after

240 days of storage.

The immature seeds as recorded in Hl1 (25% of pods in
yellow colour) or H2 (50% of pods in yellow colour) stages
recorded low germination from the beginning itself as com-
pared to other stages of harvesting. The same seeds even
after 240 days of storage, have shown significant decline in
lab germination. Likewise delayed harvestings after 12 days

from the first shattering also has shown decline in 1lab

germination.

-

2



>~
ZT°1 9% " 1 42 96 1 veE"T 20T PU°T 98°0 ¥8°0 & "A°D
8S°T 8" T 8" 1 vo°¢ 8L T LE'T G6S°1 81°1 ST'1 §G 3B °"d°D
SS°0 €9°0 €9°0 69°0 19°0 L¥°0 €S°0 %°0 6€°0 +°wlz*s
¥ x ¥* ¥ X " ¥ x* * 3S93-4q
S €8 S°G8 8°L6 S°68 6°06 ¥°¢6 z°¢6 2 %6 €°v6 uesy
0°68 0°06 0°26 0°€6 0°G6 0°96 0°L6 0°86 0°86 (butxojaeys 3ISI 1933 sdAep Z1)gH
0°06 0°T6 0°€6 0°¥%6 0°G6 0°96 0°L6 0°86 0°86 (butxesjjzeys 3ISI I1333e sdep ¢) (H
0°16 0°26 0°"t6 0°G6 0°96 0°L6 0°L6 0°86 0°86 (butasjjzeys 3ISI I933Fe sAep g) 9H
0°16 0°€6 0°b6 0°G6 0°96 0°L6 0°86 0°66 0°66 (butxa3jeys 3ISI I933e SAep ¢) GH
0°¢6 0°ve6 0°S6 0°96 0°L6 0°86 0°86 0°66 0°66 (butasjzjzeys Jo bHButuutrbsg) pH
0°%6 0°G6 0°96 0°Lé6 Z L6 0°86 0°86 0°66 0°66 (InoTod MOTT3A uT 3uerd/spod $GL) €H
2769 0°€L 0°LL 0°08 Z°28 Z°%8 0°98 0°L8 G°L8 (xanoToo moTTa& uT 3ueld/spod $0S) ZH
0°2S 0°LS 0°29 Z°99 2°69 ¢°e€L 0°GL ST°9L S°9L (anoTod moTT1s4k ut uerd/spod $GZ) TH

saobeys burjssaael

T T T T T o o o e e e e e e e e o o o s e o e et e e e o T e - s e . — - ——— - - . W ——— . - = — " = — —— —— f— ——— - - — —— — — - ———

e T o e o e e e e e e e e o e o it 0 o = e o et i o o = o S T T o — —— —— — —— - ——— T — —— D _— S — - —— — T — — —— — t— —— — —— o ————————

(I66T by 03 uepr) poraad abexols bHutranp sabels burisaaxey
Aq paouanyjur se ospaeH LyataeA ueaqios ur (uad xa9d) uvorjeuraab qel p YI°Y ATqel



76

0°€6 0°06 0°G66 0°96 0°Lé6 0°L6 0°86 Z°86 G786

% "A°D
$G 3® "Q°D
+*WwJ° S

(butasjjeys 3sI I933e sdep ZT)gH
(butxsijjeys 3sI1 1933 SsAep g) LH
(butaaijjeys 3sI x933e sdep 9) 9H
(butxsjjeys 3sy xs3Fe sdep ¢) GH
(butaxsjjeys Jo butuutbag) pH

(Ino1od MmoTTa& utr juerd/spod $G.) €H
(InOoTO0D MOTTa4L ut juetd/spod %0S) ZH
(In0T00 MOTT94& ut zuerd/spod $6zZ) TH

sobels burtisaanaeH

(166T bny 03 uer) potriad aberols Hurxtp sobe3s
burysaaxey Aq poousnyyur Se zqSHN X39TIPA weaqhos ur (Juso Iad) uorjeuTWIob qET 9 PI ¥ OTqel



4.3.2 Field emergence behaviour in storage:

The data on field emergence of different varieties as
influenced by harvesting stages during the storage period of
eight months are presented in Tables 4.15a, 4.15b, 4.1l5c,

4.15d and 4.15e, respectively.
(a) Due to varieties:

The field emergence progressively decreased in all
varieties in storage from 0 to 240 days. It decreased from
92.1 to 77.5 per cent in Monetta, from 92.7 to 80.08 per
cent in PK 471, from 92.54 to 79.4 per cent in Bragg, from
92.3 to 78.2 per cent in Hardee and from 92.3 to 78.8 per

cent in KHSb2.
(b) Due to harvesting stages:

The field emergence both in the beginning and at the
end was fairly high and satisfactory and it was well above
85 per cent in H3 (harvesting when 75% of pods in yellow
colour), in H4 (the beginning of shattering), in 3 days
(H5), 6 days (H6) and 9 days (H7) after first shattering.
In 12 days after first shatering (H8) the field emergence

percentage was slightly reduced after 240 days of storage.

¢

The immature seeds as recorded in H1 (25% of pods in

yellow colour) or H2 (50% of pods in yellow colour) stages
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recorded low field emergence from the beginning itself
compared to other stages of harvesting. The same seeds even
after 240 days of storage, have shown significant decline in
field emergence. Likewise delayed harvestings after 12 days
from the first shattering also has shown decline in field

emergence.

4.3.3 vigour index(mean dry weight of seedling X germination
percentage as influenced by harvesting stages and

and storage period

The data on vigour index of different varieties as
influenced by harvesting stages during the storage period of
eight months are presented in Tables 4.16a, 4.16b, 4.lé6c,

4.16d, and 4.16d, respectively.
(a) Due to varieties:

Vigour index of different varieties differed
significantly as influenced by harvesting stages during the
storage period. The vigour index progressively decreased in
all varieties in storage from 0 to 240 days. It decreased
from 4.36 to 3.73 in Monetta, from 4.33 to 3.76 in PK 471,
from 4.40 to 3.79 in Bragg, from 4.38 to 3.76 in Hardee and

from 4.37 to 3.87 in KHSDb2.
(b) Due to harvesting stages:

Irrespective of varieties, the vigour 1index in the
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beginning and after 240 days of storage was significantly
the 1lowest in Hl and H2. The vigour index both in the
beginning and at the end was fairly high and satisfactory
and it was well above 3.94 in H3 (harvesting when 75% of
pods in yellow colour), in H4 (the beginning of shattering),
in 3 days (H5), 6 days (H6) and 9 days (H7) after first
shattering. In 12 days after first shattering (H8) the

vigour index was slightly reduced after 240 days of storage.

The immature seeds as recorded in Hl1 (25% of pods in
yellow colour) or H2 (50% of pods in yellow colour) stages
recorded low vigour index from the beginning itself as
compared to other stages of harvesting. The same seeds even
after 240 days of storage, have shown significant decline in
vigour index. Likewise delayed harvestings by 12 days from
the first shattering also have shown decline in vigour

index.

4.3.4 Electrical conductivity

The data on E.C of different varieties as influenced by
harvesting stages during the storage period are presented in

¥

Tables 17a, 17b, 17c, 174 and l7e, respectively.

(a) Due to varieties:

The E.C. of seeds of different varieties differed

significantly as influenced by harvesting stages during the

g3
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storage. The E.C. of seeds progressively increased in all
varieties in storage from 0 to 240 days. It increased from
567.1 to 1393.3 m.mhos/cm in Monetta, from 545 to 1433.0
m.mhos/cm in PK 471, from 521 to 1442.5 m. mhos/cm in Bragg,
from 5344.4 to 1455 m.mhos/cm in Hardee and from 527.2 to

1470.5 umhos/cm in KHSb2.
(b) Due to harvesting stages:

The E.C of seeds both in the beginning and at the end
was very stable and it was well below 1389 m. mhos/cm in H3
harvesting (when 75% of pods in yellow colour), in H4 (the
beginning of shattering) in 3 days (H5), 6 days (H6), 9 days
(H7) after first shattering. Only in 12 days (H8) after
first shattering the E.C of seed was slightly increased

after 240 days of storage.

The immature seeds as recorded in H1 (25% of pods in
yellow colour) or H2 (50% of pods in yellow colour) stages
recorded high E.C. from the beginning itself as compared to
other stages of harvesting. The same seeds even after 240
days of storage, have shown significant increases in elec-
trical conductivity. Likewise delayed harvesting by 12 days
from the first shattering also have shown increased in

electrical conductivity.



DISCUSSION



V DISCUSSION

The results on seed development, mauration, storability
and seed quality in five varieties of soybean are discussed

in this chapter.

5.1 Studies on Pod and Seed Development in Soybean Varieties

Soybean varieties differed significantly in their
duration taken to 50 per cent flowering (33 to 43 days) and
physiological maturity (79 to 93 days). The duration for
pod development also ranged from (46 to 50 days) from

flowering.

The dry weight of seeds was the lowest (0.12g/'0 pods)
after 15 days from flowering and it progressively increased
and reached its peak (3.68 g/10 pods) 48 days after
flowering and finally on 52nd day after flowering it was
3.22 g/10 pods. Varieties differed in their dry matter
accumulation in seeds. Hardee recorded the highest dry
weight of seeds (0.16 to 4.59 g/10 pods) followed by Bragg
(0.13 to 4.24 g/10 pods), PK 471 (0.12 to 3.99 g/10 pods),
KHSb2 (0.11 to 3.06 g/10 pods) and Mconetta (0.10 to 2.86
g/1l0 pods). Maximum dry weight was recorded in Hardee in
about 46 to 50 days after flowering (4.66 g/1l0 pods).
Bragg recorded the maximum dry weight 46 to 50 days after

flowering (4.24 g/10 pods). PK 471 (3.99 g/10 pods), KHSb2



(4.66 g/10 pods) and Monetta (2.86 g/10 pods) recorded the
maximum dry weight 46 to 50 days after flowering. Thus the
dry weight of seed (g/1l0 pods) of all five varieties was

attained 44 to 48 days after flowering.

The dry weight of husk also progressively increased
from 0.80 g/10 pods on 15th day from flowering and reached
its peak 1.58 g/10 pods on 46th day from flowering and
subsequently the husk weight progressively decreased to 1.33

g/10 pods 52 days from flowering.

Varieties also differed in the dry matter accumulation
of husk. The husk weight reached its peak on 40th day in
Monetta, on 46th day in case of PK 471 and Bragg. The husk
weight of Hardee and KHSb2 reached its peak on 42th day. 1In
all these varieties, the husk weight progressively increased
and reached its peak and subsequently it slightly declined

at 52nd day.

The moisture per cent both in the husk (81.47 to
16.97%) and seed (85.75 to 26.37%) progressively decreased
with progressive development of pod from 15th to 52nd day.
The moisture percentage of seed on 44th day (53.85%), 46th
day (48.46%) and 48 day (44.46%) from flowering ranged from
53.85 to 44.50 per cent which coincided with the maximum dry

matter accumulation in the seeds in most of the varieties.



The moisture percentage in husk also progressively
decreased from 81.47% on 15th day to 16.97% %n 52nd day
after flowering. The moisture percentage in the husk de-
creased from 54.54 to 43.57 per cent. The moisture content
in the husk was less (81.47%) in the beginning as compared
to that of seeds (85.75%) and after 52nd day from flowering,
the moisture percentage in the husk decreased drastically
at a faster rate to 16.97 per cent while 1in seeds rate

of decrease was lower (26.37%) on 52nd day from flowering.

The developing seeds gave 11.75 per cent of germination
even after 15th day of flowering and the germination per-
centage of developing seeds progressively increased and
reached its peak by 50th day (99.55%) and on 52nd day it

remained almost constant (99.45%).

The developing seeds gave maximum germination after
46th day from flowering in Monetta (99.50%), after 48th day
from flowering in Hardee (99.50%), after 48th day from
flowering in Bragg (100%) and 50th day from flowering in
KHSb2 (100%) and the same range of germination was

maintained in all varieties upto 50th day from flowering.

The dry matter distribution in the husk (per cent to
total) was the highest in the beginning and with advance in
age it decreased. 1In Monetta it was 86.84 per cent in the

beginning and at 52nd day it reduced to 27.91 per cent. In



PK 471, it was from 81.71 to 25.88 per cent. In Bragg it
decreased from 87.69 to 28.33 per cent. In Hardee, it was
from 88.24 per centto 28.02 per cent. In KHSb2 it was from

86.03 to 28.15 per cent.

The dry matter distribution in the seed in all
varieties progressively increased with advance in age. In
Monetta the dry matter distribution into the seed was 13.11
to 72.08 per cent. 1In PK 471 it was from 18.29 to 74.12 per
cent. In Bragg it was from 12.31 to 72.77 per cent. In
Hardee it was from 11.66 to 71.98 per cent. In KHSb2 it was

increased from 13.97 to 71.84 per cent.

The vigour index (mean length of seedling x germina-
tion per cent) of developing seeds was initially the lowest
on 15th day (248) and reached its peak on 48th' day (3192).
The developing seeds of varieties also differed in their
vigour index. Maximum vigour index was attained in Monetta
(3081) on 46th day, PK 471 on 48th day (2998) followed by
Bragg (3125), whereas Hardee (3084) and KHSb2 (3165) on 50th
day and also the vigour index (mean dry weight of seedling
X germination per cent) of developing seeds was initially
the lowest on 15th day (0.43) and reached its peak on 48th
day (4.99). The developing seeds of varieties also differed

in their vigour index. Maximum vigour index was attained in

Monetta on 46th day (4.74). both PK 471 (4.48) and Bragg

J
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(5.52) on 48th day., whereas Hardee (5.56) and (5.06) on 48th

day from flowering.

Thus the soybean varieties reached their maximum seed
weight (2.86 to 4.59 g/10 pods) after about 46th to 48th day
from flowering. Likewise the moisture content in the seeds
ranged from 32.15 to 48.49 per cent. The percentage of dry
matter distribution into husk ranged from 30.57 to 27.44 per
cent, and in seed it ranged from 69.43 to 72.56 per cent
and also germination percentage ranged from 99.50 to 100 per

cent.

The vigour index of (mean length of seedling x germina-
tion percentage) also ranged from 2998 to 3125 among the
varieties during maturity and also in vigour index of (mean
dry weight of seedling and germination percentage) also
ranged from 4.64 to 4.99 among the varieties during
maturity indicating the soybean varieties have recorded
maximum dry weight in seeds with maximum germination and
vigour index after 46 to 50 days from flowering or 79 to 93
days of total duration taken to attain physiological

maturity.

At their respective physiological maturity all varie-
ties have recorded maximum germination (99.50 to 100%) but
have differed significantly in the dry weight of seeds (g/10

pods) (vé4: 4.66 g; V3: 4.21g; v2: 3.94 g; V5: 3.06g; and V1:
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2.86g), in moisture content of seeds (32.15% in V1, 41.81%
in v4, 43.82% in V5, 48.49% in V4 and 50.21% in V3) and dry
matter distribution in husk was the highest in V4 (30.54%)
followed by V3 (30.07%), V4 (28.86%), V2 (28.22%) and lowest
in V1 (29.35%). The dry matter distribution into seed was
the highest in V2 (71.78%) and V5 (71.14%) followed by V1
(70.65%), V3 (69.93%) and V4 (69.42%). Likewise the vigour
.index (mean length of seedling X GM%) was the highest in V5
(3165) and v3 (3125) followed by V4 (3084), vl (3081) and
the 1lowest in V2 (2998). The vigour index as computed by
the dry weight of seedling and GM% was also the highest 1in
v4 (5.56) followed by V3 (5.52), V5 (5.28), v2 (4.98) and
the lowest in V1 (4.74). The seed size in V4 was the larg-

est followed by V3, V2 and others were small.

The dry weight of seeds progressively increased from
0.12 g on 15th day to 3.68 g/10 pods on 48th day and subse-
quently there was a slight decline (3.22 g/10 pods) on 52nd
day, whereas the dry weight of husks (g/10 pods) increased
progressively from (0.77 g/10 pods) and reached its peak on
46th day (1.59 g/10 pods) and subsequently it progressively

decresed to 1.42 g/10 pods on 52nd day.

These results indicated that there is a progressive and
fast dry matter accumulation in the developing seeds, where-

as the dry matter accumulation in the husk after reaching
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its peak progressively declined indicating that the dry
matter accumulated in the husk might have migrated to the

developing seeds which act as a potential sink in grain

crops.

Similar observations have been made by several workers

in soybean, pea, cowpea and Dolichos lablab. Burris (1973)

reported that the germination percentage increased with
increase in time after flowering although some varieties
showed a reduction in germination between 30 and 40 days due

to an increased percentage of hard seeds.

Jacintho et al. (1974) reported that the seeds after
flowering at 8 days interval and studied for moisture
content, size, dry weight, germination capacity and seedling
vigour, when moisture content was relatively high (58%), the
germination was low (65 %). High germination (98.4%) was

obtained eight days before harvest.

Egli (1975) reported that the rate of accumulation of
dry weight in seeds of soybean. He observed that the daily
rate of seed dry matter accumulation ranged from 3.38 to
8.32 mg per seed in cultivar Amsoy-custer York. Significant
differences were observed among the cultivars in the

accumulation of dry matter.

Crookston and Hill (1979) also studied the physiologi-

cal maturity of soybean seeds and found maximum dry weight
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when seeds had an average of 58 per cent moisture content.

Tekrony et al. (1979) reported in soybean that the seed
moisture content was 50 to 60 per cent at physiological
maturity and it was 2 to 3 weeks before commercial harvest.
Obendorf et al. (1980) also made the similar observation in
soybean that seed moisture was about 55% at physiolgical
maturity. Yoshida et al. (1983) showed that in determinate
cultivar, seed formed from the last flowering group had
slow dry matter accumulation with short effective seed
filling period whereas in indeterminate cultivars seed from

the last flowers had a short seed filling period.

Ortiz and Cianzio (1983) reported that seeds harvested
5 to 6 weeks after flowering would give higher germination

and field stand.

Miles et al. (1988) reported that freshly harvested
immature soybean seeds did not need desiccation period for
the expression of maximum viability and normal seedling
development. However, maximum germination did not occur
until maximum accumulation of dry matter in seed. These are
the observationg made by different workers andr they are in

agreement with the present study.
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5.2 Studies on the Effects of Harvesting Stages on Pod

shattering and Seed Quality in Soybean Varieties

The field shattering of pods was studied in different
varieties by harvesting them at different stages of matu-
rity. There was no shattering in all the varieties when 25%
(H1), 50% (H2) and 75% (H3) of the pods in each plant had
turned yellow colour during maturation. However, the first
shattering of pods (H4) began in all varieties after the
pods and plant dried. On an average of all harvesting
stages, pod shattering was the highest in Monetta (38%)
followed by KHSb2 (16.2%), Hardee (14.4%) and it as the
lowest in PK 471 (7.8%) and Bragg (4.0%). Monetta recorded
the highest pod shattering (63.7%) when the crop was
harvested 12 days after first shattering followed by KHSb2
(32%), Hardee (28%), PK 471 (12%) and Bragg (6%). Even
after 12 days from first shattering, Bragg recorded the
lowest shattering (3.98%) followed by PK 471 (12%). These
results have indicated that Monetta, KHSb2 and Hardee are
susceptibie to shattering while Bragg and PK 471 were found
fairly resistant to field shattering even after 12 days from

first shattering or days from physiological maturity..

Among the harvesting stages, upto the stage of 75% of
peds in each plant reached yellow colour, there was no
shattering in all varieties. However, after the plants and

pods dried up the pod shattering began in all the varieties.

A

“@



100

The pod shattering increased from 5.1 to 28.4 per cent from
first shattering to 12 days after first shattering. The pod
shattering was 7.5, 16.2, 22.9 and 28.4 per cent, respec-

tively from 3, 6, 9 and 12 days after first shattering.

These results have indicated the existence of varietal
differences in field shattering of pods if harvesting is

delayed.

Similar observations have been made by different work-
ers in the case of soybean. Summeréléiﬂgilakl986) reported
that the in situ wetting of soybean pods prior to harvesting
was used as a means of reducing soybean seed shattering
loss. In situ wetting slightly decreased the shatter 1loss.
Tsuchiya (1987) reported that the pod shattering was influ-
enced by the presence of fibrous tissue in the jointing
region, environment, pod moisture content and varietal char-
acteristics. Pod shattering of more than 78% is considered
as susceptible to shattering and less than 10 per cent as a
resistance. Philbrook and Oplinger (1989) observed that the
average soybean field losses were 10 per cent of potential
yield. Field loss was 6.1 per cent at harvest maturity and
it increased to 13.9 per cent at 42 days after maturity.
Delayed harvesting 1lead to reduction in net yield of 11
kg/ha/day. The observations in this study on field

shattering are in agreement with other workers.



5.3 Studies on the Effects of Harvesting Stages on the

Storability of Soybean Seeds

The seeds of different soybean varieties immediately
after harvest were subjected for storage. In all the varie-
ties the dry weight of 100 seeds (15.99 to 19.78 g), the lab
germination (99.2%), the field emergence (97.7%) and vigour
index (4.65) were the highest and the electrical conductivi-
ty was the lowest (489 m mhos/cm) when the soybean crop was
harvested after 75% of pods in most plants had turned yellow

colour.

These results have indicated that optimum stage of
harvesting soybean crop would be when 75 to 100% pods in the
plant had attained yellow colour and with the beginning of
whole plant drying but before pod shattering. In other har-
vest treatments in which only 25% or 50% of the pods per
plant were in yellow colour, the 100 seed weight (14.2 to
18.7 g), the lab germination (72 to 85%), the field emer-
gence (72 to 84%) and the vigour index (3.42 to 4.30)
were the 1lowest and the electrical conductivity 686 to
895 umhos/cm was the highest indicating that the seed quali-
ty parameters were drastically reduced due to early harvest-

ing when the seeds were still developing.

Thus early harvesting (when 25% or 50% pods per plant

were still green) has reduced the seed quality parameters
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even though there was no field loss of seeds due to shatter-
ing. Whereas when at least 75% of the pods per plant had
turned yellow, the seed quality parameters were the highest
and field shattering was also almost nil. This harvesting
stage 1is found to be the best. When the first shattering
commenced and also after 3, 6, 9 and 12 days after first
shattering the initial germination (98 to 99 per cent) field
emergence (96 to 97 per cent) and vigour index (4.41 to
4.63) were also fairly high but the field shattering loss of
seeds significantly increased from 5 to 28 per cent, respec-

tively.

These studies have revealed that the optimum stage of
harvesting the soybean would be at least affér 75 to 100 per
cent of pods per pant have turned yellow but before the
beginning of first shattering. This optimum stage of har-
vesting has not only maintained seed quality 5ut also pre-

vented field shattering loss.

The seeds harvested from different harvesting stages
were stored over 8 months and studied for their germination
and vigour behaviour. In the beginning of storage it self
(at harvesting) the 100 seed weight, lab germination, field
emergence, vigour index and the electrical conductivity
differed among the harvesting stages and these effects were

noticed even during the storage period. The seeds obtained



from H1 (25% of pods per plant in yellow cologr and H2 (50%
of pods per plant in yellow colour) recorded low lab germi-
nation, field emergence and vigour index not only from the
beginning but also 240 days of after storage. All these
seed quality parameters declined at a faster rate than that
of H3 (75% of pods plant in yellow colour) or in H4 (the
beginning of shattering). Like wise the seeds harvested
after 3 days (H6), 6 days (H6), 9 days (H7) and 12 days (H8)
after f;rst shattering there was significant reduction in
the 1lab germination, field emergence and vigour index only
after storage. These results clearly indicate that seeds
harvested much before physiological maturity as in H1l (25%
of pods in yellow colour) and HZ2 (50% of pods in yellow
colour harvesting stages) recorded low germination and
vigour index not only from the beginning but also 8 months
after storage. Likewise seeds obtained from delayed
harvesting (H8) have lost germination and vigour after 8
months of storage. However, the seeds harvested from H3
(75% of the pods in yellow colour) and in H4 (the beginning
of shattering) have maintained high germination and vigour

index right from the beginning to the end of 8 months of

storage.

These results have shown the importance of optimum
stage of harvesting to prevent loss of seeds due to pod

shattering and also to maintain the highest seed germination

co
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and vigour right from harvesting and also in storage.

Similar observations have been made by different work-
ers in case of soybean. Lompang (1972) reported that the
seeds harvested when the lower leaves had fallen recorded
the same germinability as that of seeds harvested after full
maturity. Coelho et al. (1979) reported that the soybean
seeds could be stored safely at 28°C and 66% RH since at

this condition seed deterioration was the least.

Ortiz and Cianzio (1983) reported that the seeds har-
vested 5 to 6 weeks after flowering would give higher germi-
nation and field emergence. Carraro et al. 91983) observed
that the seed quality was reduced more by rainfall before

harvest than by delay in harvesting after maturity.

Amarak et al. (1983) reported that soybean seeds
stored in jute, polythene and multilayered paper bags showed
no initial difference between the containers but after 5
months of open storage seeds showed reduced germination and

vigour.

Iglibias and Abreue (1984) reported that the optimum
seed quality in variety Vavilov 63-17 was found at harvest-

ing 10 days after 95% of pods were matured.

Larcher and Godon (1984) reported that the seeds stored

in plastic bags maintained germination of 90% after 12
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months of storage.

PrakooBdon and Naglor (1987) observed that the highest
germination percentage (92.3%) was obtained with harvesting
55 days after 50% flowering with a corresponding moisture
content of 31.4% . Harvesting before 50 days after 50%

flowering significantly reduced the germination.

Kalavathi and Ramaswamy (1988) reported that the
soybean seeds collected on the 55th day after 50 per cent
flowering were found to be superior to those collected 40,
45, 50 and 60 days after 50 per cent flowering in germina-

tion percentage, root and shoot length.

Sripichitt (1989) reported that the seedling growth
rate and hypocotyl length decreased gradually with increased
storage period. Seed deterioration was rapid when seeds

with 12 per cent moisture content were stored.

Adam and McDonald (1989) reported that late harvesting
decreased the germination percentage, seedling growth rate
whereas electrical conductivity of seed increased. These
observations made by several workers are in agreement with

the present findings.
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VI SUMMARY

In this chapter some of the conclusive results as
emerged from studies concerning the seed development, matu-
ration, storability on the seed quality of five different
soybean varieties, viz., Monetta, PK 471, Bragg, Hardee and

KHSb2 are summarised.

1. The soybean varieties grown during the rabi season 1990
(Sept-Dec) differed in their duration to flowering and
physiological maturity. Monetta was the earliest and it
flowered in 33 days and reached the physiologisal maturity
in about 79 days from flowering. PK 471 and Bragg flowered
in 37 days and reached physiological maturity in 85 days.
Hardee flowered in 40 days and attained the physiological
maturity in 89 days. KHSb2 was the longest. It took 43

days for flowering and 93 days for physiological maturity.

2. The dry weight of husk increased from 0.80 to 1.59 g/10
pods on 46th day from flowering and subsequently it de-
creased to 1.33 g/10 pods on 52nd day. The dry weight of
husk differed among varieties at all stages of pod develop-
ment. The husk weight was maximum in all varieties and it
was attained 6 to 10 days before the seeds reached physio-
logical maturity and it differed among varieties (Monetta:
1.50 g/10 pods, PK 471l: 1.66 g/10 pods, Bragg: 2.55 g/1l0

pods, Hardee: 1.54 g/10 pods and KHSb2: 1.43 g/10 pods).
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3. The dry matter distribution into the husk was the high-
est (86.12 $) on 15th day from flowering and it
progressively decreased to 27.42 per cent with advance in
the maturity of pods. The final dry matter distribution
into the husk also differed among the varieties
(Monetta:27.91%, PK 471: 25.88%, Bragg:28.23%

Hardee:28.02% and KHSb2: 28.15%).

4. The dry weight of developing seeds consistently in-
creased from 0.12 to 3.69 g/10 pods from 15 to 48th day from
flowering and subsequently tﬁere was slight decrease (3.22
g/10 pods) on 52nd day. Varieties differed in their dry
weight at all stages of seed development. The maximum dry
weight was attained on 46th day in Monetta (2.86 g/10 pods),
on 48th day in PK 471 (3.99 g/10 pods), Bragg (4.24 g/10
pods) on 50th day in Hardee (4.66 g/10 pods) and KHSb2 (3.06

g/10 pods).

5. The dry matter distribution into the seeds consistently
and progressively increased from 13.88 to 72.58 per cent.
The dry matter distribution into the seeds differed among
the varieties (Monetta: 13.11 to 72.09%, PK 471: 18.29 to
74.12%, Bragg: 12.31 to 72.77%, Hardee: 11.76 to 71.98% and

KHSb2: 13.97 to 71.84%).

6. The moisture per cent in the husk consistently decresed

from 81.52 to 16.97 per cent during the course of pod devel-
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opment. The same trend (85.8 to 26.37 per cent) followed in

the developing seed also.

The developing seeds did not germinate from 15 to 30th
day after flowering. However, the developing seeds
germinated only from 35 days onwards and reached peak

germination at their respective physiological maturity.

7. At physiological maturity the seed dry weight (Monetta:
2.86 g/10 pods, PK 471: 3.99 g/10 pods, Bragg: 4.24 g/10
pods, Hardee: 4.66 g/10 pods and KHSb2: 3.06 g/10 pods), the
dry matter distribution into the seed (Monetta: 70.65%, PK
471: 71.78%, Bragg: 69.93%, Hardee: 69.42% and KHSb2:
71.14%), the germination percentage (Monetta: 99.50%, PK
471: 99.50%, Bragg: 100%, Hardee: 99.75% and KHSb2: 100%).
The vigour index (Monetta: 4.74, PK 471: 4.98, Bragg: 4.52,
Hardee: 5.56, and KHSb2: 5.28) were the highest. The mois-
ture content in the seed also was fairly high (Monetta:
32.15%, PK 471: 44.52%, Bragg: 50.21%, Hardee: 41.81% and
KHSb2: 43.82%). All these parameters differed among the

varieties slightly.

8. The physiological maturity of the seeds was attained when
75 to 100 per cent of the pods per plant had turned yellow
during maturation. The first field shattering of pods
occurred when the varieties reached 82 to 105 days duration.

The first field shattering was recorded 82 days after sowing



in Monetta, 92 days after sowing in PK 471 and Bragg, 103
days after sowing in KHSb2 and 105 days after sowing inHar-

dee.

The percentage of pod shattering was maximum in Monet-
ta, medium in KHSb2 and Hardee, low in PK 471 and Bragg.
The field shattering of pods after 12 days from first shat-
tering was the highest in Monetta (11 to 64%) followed by
KHSb2 (3 to 33%), Hardee (3 to 28%) and was lowest in PK 471

(4 to 12%) and Bragg (3 to 6%).

Monetta, KHSb2 and Hardee are more susceptible to
field shattering while PK 471 and Bragg are fairly resistant
to field shattering even if there is delay o} 12 days in
harvesting from the first shattering. Bragg is the more

resistant for field shattering.

There was no shattering even when 75% of pods per plant
had reached yellow colour during maturation. The first
shattering in all varieties began when all the leaves had

fallen down and the pods had dried and turned brown.

Irrespective of varieties, the 5 per cent of the pods
per g%nt had shattered in the first shattering. With fur-
ther delay by 3 days (€% of pods), 6 days (8% of pods), 9
days (23% of pods) and 12 days (28% of pods), the pod shat-

tered increased significantly.

1i4



The first shattering of pods after physiological matu-
rity differed among varieties (Monetta: 2 days, PK 471: 5

days, Bragg: 5 days and Hardee: 13 days and KH8b2: 7 days) .

The 100 seed weight was maximum in Hardee (19.34 g) and
PK 471 (18.73 g), medium in Bragg (16.63 g) and KHSb2 (16.24
g) and the lowest in Monetta (15.02 g). Generally the
varieties which recorded the lowest 100 seed weight,

recorded maximum shattering (Monetta and KHSb2).

Delayed harvesting beyond physiological maturity (75%
to 100% of pods in yellow colour) decreased the 100 seed
weight significantly (17.71 g to 17.32 g), lab germination
(99.0 to 78.0%), field emergence (97.7 to 96.0%), vigour

index (4.65 to 4.41) and increased electrical conductivity

(489 to 498 umhos/cm).

Early harvesting (when 25% or 50% of pods are in yellow
colour) before the physiological maturity also had drasti-
cally reduced 100 seed weight (14 g), lab germination (73%)
field emergence (70%), vigour index (3.44) and increased

electrical conductivity (895 umhos/cm).

9. The germination percentage (73 to 55%), the field emer-
gence (72 to 47%) and vigour index (3.44 to 2.47) decreased
and while the electrical conductivity increased (from 895 m.
m.mhos/cm to 1812 m. mhos/cm) when soybean plants were har-

vested much before physiological maturity when 25% of pods
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per plant had turned yellow). Likewise in 12 days delay in
harvesting from the first shattering of pods (H8), the
germination percentage (99 to 88%), the filed emergence (96
to 82%) and the vigour index (4.41 to 3.91) decreased and

while the electrical conductivity increased (498 to 1379

umhos/cm) drastically.

10. Soybean varieties have to be harvested during the
period when 75 to 100 per cent of pods have attained yellow
colour and the first shattering of pods is yet to begin
(when most of the pods have turned brown with fair drying)
for obtaining the highest germination and vigour index and
also without any loss of seeds due to field shattering and

also for maximum storability.

The seeds obtained from premature harvesting as in H1
(25% of pods in yellow colour) and H2 (50% of pods in yellow
colour) were the most inferior both in their initial germi-
nation capacity, vigour and storability even though the
shattering 1loss of seeds was nil. In delayed harvesting
from 2 to 12 days after physiological maturity, the field
shattering of pods increased tremendously from 0 to 28% and
the storability of seeds increased but the storability of
seed obtained from 9 days (H7) or 12 days (H8) after first

shattering decreased significantly.
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