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ABSTRACT

To know the effect of presowing seed soaking with some growth substances (kinetin, [AA, ethrel and sali-
cylic acid) on vegetative growth and yield contributing parameters in soybean [Glycine max (L.) Merrill] the

investigation was undertaken. The salient features from the study are;

— All the treatments showed the enhancement effect on vegetative growth, viz. seediling emergence, ger-
mination percentage, plant height, number of leaves and branches per plant as compared with control, whereas
salicylic acid delayed the seedling emergence process and lowered the germination percentage.

— Nodule initiation, number of nodules and nodule weight weré hastened and increased respectively under
all the treatments whereas IAA showed an opposite effect on all the parameters at the early stages of nodule
development.

— Kinetin, JAA and ethrel showed the significant enhancement effect on the levels of biochemical parameters
throughout the time of seed development whereas salicylic acid and water showed the tendency similar to that
of control.

— Yield and its components, viz. number of flowers, pods and seeds per plant were significant increased under
all the treatments but they didn’t show any significant enhancement effect on number of seeds per pod and
pod setting rate. One hundred seed weight was lower under all the treatments, indicating the dilution effect

resulting from incapability of increased number and size of source to provide the increased size of sink with

assimilates.
their full potential. This large loss of potential yield
INTRODUCTION in soybean is common even under optimal growing
conditions. Van Schaik and Probstzg)reported that
The Soybean [Glycine max (L.) Merrill] pro- the abortion of flowers and pods was ranged from
duces a large number of flowers but most of them 43 to 81%. From one-third to one-half of total shed-
abscise and do not form optimal number of pod to ding was in the form of pods. Breveden et al.,3’ re-
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ported the influence of nutrition on flower and pod
abortion in soybean. Potential sink does not seem to
be a limiting factor in this crop, yet, it is the reten-
tion of flowers and their subsequent pod develop-
ment which hampers the optimization of the
yield.g’“) Many researchers have modified soybean
pod formation by physical removal of pods and/or
leaves in different parts of soybean plant and
observed the resulting adjustment in the yield.1’7’9)
Various kinds of growth regulators are known to
affect pod yieldm) by making the plants photosyn-
thetically more efficient thereby increasing the
yield. The study on the yield potential of the plant
is being done actively by the crop physiologists in
terms of source (activity of chlorophylls, leaf area,
and nitrogen content) and sink (grain, tuber etc.)
and interrelationship between source and sink.”
Nourallahzmreported that foliar spray of NAA and
BA to field grown soybean delayed monocrapic sene-
scence (as measured on by leaf yellowing) and plant
maturity but did not increase seed yield. The delay
in leaf yellowing was greater with BA than with any
other chemical tested. Ethrel caused siginificant re-
duction in seed yield and 100 seed weight through
increased leaf abscission. This indicates that the
function of leaves did not remain to the seed
maturity time and sink was not changed.

Morandi er al'® observed that DPC reduced
the stem and branch length of soybean without
reducing the number of nodes. It modified the
growth pattern of main stem. DPC also increased
the harvest index due to the partition of assimilates
favouring its accumulation in the seeds. Seshand-
rinath and Abba®® also reported the improvement
of reproductive efficiency by chemical manipulation
in chickpea cv. L550. Two growth regulators, viz.
IAA (2ppm) and BA (5ppm) singly and in combina-
tion were tried in chickpea. It was observed that ap-
plication of IAA at pre-flowering and BA at post-
flowering stage gave significant increase over un-
treated control in the production of total pods
(119%), seed yield (137%) and harvest-index (111%).
Singh and Kaur®®’observed increase in pod number

of plant and yield of mungbean by the application

of TIBA, 2,4,5-T, salicylic acid, B-naphthol and
Atonik each for 10ppm. Maximum yield was
obtained with 10ppm of @-naphthol. Gupta and
Singhm) observed increased number of pods per
plant, shelling percentage, pod yield and 100 seed
weight of groundnut treated by foliar application of
10ppm of 2,4-D and 40ppm of a-NAA. Similarly,
the same results in groundnut treated with some
phenolic compound increase in oil and protein con-
tent was also observed by Parmar et al??

Any exogenous presowing soaking treatment of
seeds with growth regulators for enhancing germina-
tion and better establishment of the crop canopy
can be a milestone in yield improvement. Though
the information on presowing soaking treatment of
seeds is available, it is only at the germination stage
in the laboratories but not at fields. Further the
exogenous application of growth regulators was
done preor post-flowering stage. Therefore, it is
necessary to study the impact of presowing soaking
treatment of seeds at the early stage of plant growth
and how this impact can be further retained or can
trigger the next step of development phase.

This experiment was focused on the fact whe-
ther this low concentration of growth regulators can
trigger the enhancement effect at the early stage and
this vigorous growth can be maintained throughout
the growth period thus can result in higher yield. If
yield is higher with the treatments, then this labor
saving presowing soaking treatment can be practi-

cally applicable to soybean culture.

MATERIALS AND METHODS

Seeds: Healthy and uniform seeds of soybean
seeds, cv. Bragg were selected and soaked in 10ppm
of kinetin, IAA, ethrel and salicylic acid for 6 hours
and dried in the shade for 48 hours. Seeds soaked in
water were used as the control. Piror to sowing
seeds were inoculated with good strain of Rhizobium
japonicum.

Sowing: Sowing was done on July 5, 1984. The
field was prepared after preirrigation and randomiz-

ed block design with 3 replication was used. Plots
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consisted of with 50cm row width, 20cm between
hills, and one plant per hill. The field was kept free
of weeds without the use of chemicals.

Observations: Each of the three replications
(blocks) of various treatments were sampled at de-
finite intervals for recording the observations on
physiological and biochemical parameters. While
some of the samples were analysed fresh, the others
were dried in an oven at 60°C and preserved for
further analysis.

Seedling emergence:; Seedling emergence time
was noted when the first seedling emerged and ex-
pressed as seedling emergence days after sowing.

Germination percentage: Number of the seed-
lings established in each treatment was counted.
This counted number has been used as the germina-
tion percentage.

Plant height: Three representive plants per treat-
ment were selected and tagged for observation of
periodical as well as final height. The height was
measured with the help of scale in centimeter (cm)
from the soil surface to the apex of the plant.

Studies on nodulation: Nodulation(nodule in-
itiation) was noted when the first nodule appeared
and expressed as nodule initiation days after sowing.
Chlorophyll

was determined by the method of Anderson and

Determination of chlorophylls:

Boardman.?’ Fresh leaves were collected from the

plants at random from each treatment. One hundred

mili-gram (100mg) of leaves were ground throughly
in 2ml of 80 percent acetone in a motar and pestle.
The homogenized material was extracted with 80
percent acetone and centrifuged at 5000rpm. The
supernatant containing chlorophyll was képt aside.
The residue was again extracted with 80 percent
acetone and final volume was made to 10ml with 80
percent acetone. Optical density was read at 645nm
and 663nm wave length using spectronic-20.

The amount of chlorophyll was calculated by

the following formula:

mg Chl.a/g tissue = (12.70D663 — 2.690D645)
x V/(1000 x W)

mg Chl.b/g tissue = (22.90De45 — 4.680D663)
X V/(1000x W)

mg total Chl./g tissue = (20.20De64s +
8.020Ds663) x V/(1000 x W)
Where, OD663 — Optical density at 663nm,
ODe4s — Optical density at 645mm, W —
Weight of sample taken and V — Total

volume of solution made, respectively.

Determination of nitrate reductase activity:
Nitrate reductase activity was measured by the me-
thod of Jaworski.'?’ Leaves and nodules were sliced
with the help of razor blade and 100mg of these
slices were seperately incubated at 25°C for 3 hours
in 5ml of incubating medium consisting of 2.40ml
of 0.2M potassium phosphate buffer (pH 7.5),
1.25ml of 0.02m KNO in phosphate buffer (pH
7.5), 1.25ml of 5% propanol, and 0.10ml of chlo-
ramphenicol (0.1mg/ml). The incubation was car-
ried out in tightly sealed vials of 6ml capacity in
dark. Nitrate is reduced to nitrite by the action of
nitrate reductase which assured at the end of 3 hour
incubation period. After incubation 0.4ml of ali-
quot of reaction mixture was removed from vials
and it was mixed with 0.21m of 1% sulphanilamide in
3N HCL and 0.2ml of 0.2% N-naphthylene diamide
hydrochloride (NEDH). After 20 minutes, 4m} of
deionized water was added to each. tube. The pink
color, so developed was measured at 540nm on a
spectronic-20.

Flower initiation: Flower initiation was noted
when the first flower appeared and expressed as
flower initiation days after sowing.

Number of pods per plant: Already tagged
plants were used for this observation and expressed
as the mean value of pod per plant.

Number of flowers per plant: Number of flowers
per plant were counted every other day starting
from flowering to harvest by counting the number
of flowers per plant that had emerged since the pre-
vious count.

Number of seeds per pod: Average number of
seeds per pod was calculated by taking the mean
value of total number as seeds obtained from 20
pods taken from tagged plants.

100 seed weight: 100 seed weight was taken

from each of tagged plants and expressed as the
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mean value in grams (g).

Pod setting rate: The pod setting rate was cal-
culated by dividing number of pods per plant by
the number of flowers per plant and expressed in %.

Yield per plant: Yield per plant was calculated
by taking the mean value of total seed weight

obtained from 5 plants taken from each treatment.

RESULTS
Seedling emergence: Kinetin and IAA treat-
ment showed hastening effect on seedling emergence
but did not have any significance. Whereas SA
showed significant negative effect on this (2.7) as
against that of control (2.4).
Kinetin, TAA and SA

showed significant lower germination percentage

Germination percentage:

than control, Ethrel also showed lower value than
control but it did not show any significance.

Plant height: All the treatments showed en-
hancement effect on plant height at all the stages of

growth as compared with control. But SA did not

Table 1. Effect of some growth substances on seed-
ling emergence (days) and germination in

soybean.

Treatment  Seedling emergence(days)  Germination (%)
Kinetin 2.3 63

1AA 2.3 65

Ethrel 2.4 67

SA 2.7 60

Control 2.4 69

C.D. at 5% 0.18 2.7

Table 2. Effect of some growth substances on plant
height (cm) in soybean.

Days after sowing

40 S5 70 85 100

Treatment

Kinetin 134 207 402 5§73 623 623

IAA 123 241 415 57.0 62.0 620
Ethrel 12.0 21.8 39.6 540 57.7 577
SA 10.0 19.7 352 42.2 48.0 48.0
Control 9.8 185 324 425 443 443

C.D.at 5% 1.9 2.3 9.2 6.7 3.3 3.3

show significance. All the treatment indicates
that enhancement effect in the early stage of growth
which is retained throughout the growth thus make
the plants have better canopy for photosynthesis.
Nodule initiation and number of nodules: Kine-
tin showed significant promoting effect but TAA
showed significant negative effect on this parameter.
This retardation effect by IAA was also coincided

with those of Nandawal et al.,lg)

who reported that
in Pisum sativum, Kinetin resulted in earlier nodule
initiation, whereas IAA delayed this process and
both the growth regulators brought about consider-
able increase in fresh and dry weight of nodules. In
case of number of nodules, only kinetin showed
more value than control.

Chiorophyll content: All the treatments showed
an increase in the amount of chlorophyll a,
b and total chlorophyll in leaves 25 days after
flowering except SA treatment. This high amount of
chlrophyll in later stage of seed development indi-
cate higher photosynthetic function of leaves than

that of control. Similar report has been obtained

Table 3. Effect of some growth substances on nodule initiation (days) and number of nodules in soybean,

Nodule initiation

Number of nodules
(Days after flowering)

Treatment (days) 15
Kinetin 20 35
1AA 25 50
Ethrel 21 27
SA 2 28
Control 22 333
C.D. at 5% 1.8 10.2

0 15 25 35 45
36 55 57 45 31
31 80 42 40 32
35 52 60 37 31
29 65 50 33 28
25 63 45 35 25

8.1 6.3 8.5 7.6 5.4
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Fig. 1. Effect of some growth substances on chloro-
phyli content in leaves of soybean.

by El-Tahawi er al.,8>and Yokoyama et al.,31)who
observed the increase in chlorophyll a and b in
Phaseolu vulgaris by application of growth regula-
tors and also the application of growth regulators
has been reported to delay the onset and process of
senescence in leaves, thus, keeping the leaves func-
tional for longer time.5’
Nitrate reductase activity: NRA increased upto
25 days after anthesis and sharply decreased upto
seed maturity in leaves as well as in nodules. Kinetin,
ethrel and IAA showed a significant higher NRA
than control throughout the time course of seed
development, whereas SA showed tendency similar
to that of control.
Floral initiation:  All the treatments caused
earlier floral initiation than control and SA, TAA
and kinetin showed significant effect. SA showed to
be the best in hastening the floral initiation process
indicating that phenolic substances were effective
in changing the plant from vegetative growth to
reproductive growth. These results are in line with
those of Jensson and Svensson'®’ who also reported

the suppression of vegetative growth through the

Tble 4. Effect of some growth regulators on floral
initiation in soybean.

Treatment Floral initiation (days)

Kinetin 50.7

IAA 51.0

Ethrel 51.3

SA 50.4

Control 52.3

C.D. at 5% 1.2
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Fig. 2. Effect of some growth substanses on nitrate
reductase activity in leaves and nodules of
soybean (Abb.: refer to Fig. 1).

phenolics treatment. Phenols may cause enhance-

ment of IAA oxidase activity, uncoupling of respira-

tion and oxidative phospholylation or direct inhibi-
tory effect on various enzymes leading to repression
of vegetative growth.14’27) It was further observed
that phenolics promoted floral initiation in various
crops.5’28) This result was further confirmed by that
of Zeiher et al.3® who reported that hastening effect
on floral initiation lengthened the duration of seed
filling and high positive correlation between seed
yield and duration of seed filling in soybean.
Variance: The treatment show the significant
variance in all the yield components in soybean,

whereas the replication does not show any signifi-

cance.

Table 5. Anaysis of variance in yield components in soybean soaked in some growth regulators.

Sv df F P PSR SPD SPL SW Yield
Replication 2 10.5 1.1 3.9 0.003 14.7 0.3 0.4
Treatment 5 8813.0* 1112.6* 151.4* 0.028* 9160.6* 4.9% 33.4*
Error 10 237.5 104.3 36.6 0.01 398.5 1.9 1.8

*: significant at 5% level.

Note: F: Number of flowers per plant,
P: Number of pods per plant,
PSR: Pod setting rate,

SPD: Number of seeds per pod,
SPL: Number of seeds per plant,
SW: 100 seeds weight.
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No. of flowers per plant

i

KI 1A ET SA WI CT

Fig. 3. Variations in number of flowers per plant as
influence by various treatments (KI: Kinetin,
IA: IAA, ET: Ethrel, SA: Salicylic acid, WT:
Water, and CT: Control).

The flower

number shows significant increase in all the treat-

Number of flowers per plant:

ments. Among the treatments, SA shows remark-
ably the highest value (220) followed by IAA (205)
as against 169 in that of control.

Number of pods per plant: The pod number
shows significant increase in all the treatments.
Among the treatments, IAA showed the highest
value (64) followed by kinetin (61} as compared
with 49 in that of control.

Pod setting rate: Pod setting rate was not signi-
ficantly increased in all the treatments except in
SA which showed significant decreased effect (25.0)

as against 29.2 in that of control.
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Fig. 5. Variations in pod setting rate (%) as in-
fluenced by various treatments (Abb.: refer
to Fig. 3).

15 l:
70 18D .05

No. of pods per plant

SA WI (T

Fig. 4. Variations in number of pods per plant as
influenced by various treatments (Abb.:
refer to Fig. 1).

Number of seeds per pod: Only ethrel showed
significant enhancement effect on this parameter
(2.80) as compared with that of control (2.68).

Number of seeds per plant: All the treatments
showed significant enhancement effect on this para-
meter. JAA showed the highest value (174.7) as
compared with 131.3. in that of control.

100 seed weight: All the treatments showed
very significant 100 seed weight, lower than control,
Control showed the highest value (11.27).

Seed yield: Seed yield was significantly increa-
sed by all the treatments as compared with con-
trol. Kinetin showed the highest value (17.8) and
TAA (17.7) ranked next to it,

28 LSD .05
b3 M
8 27
3
o
o2
b3
Q
g
‘5 2.6
S
Z

2.0

o[—] - a

K1 iA ET SA WT CT
Fig. 6. Variations in number of seed per pod as in-
fluenced by various treatments (Abb.: refer
to Fig. 3).
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Fig. 7. Variations in number of seed per plant as in-
fluenced by various treatments (Abb.: refer
to Fig. 3).

Correlation coeffecient: Yield showed highly
positive correlation with number of pods per plant
and number of seeds per plant. Whereas 100 seed
weight showed the negative correlation with yield
indicating that increased size and number of sink
could not be filled up sufficiently even though size
and number of source were increased by the treat-

ment. This means the dilution effect of assimilates.

DISCUSSION

The data showed the effect of presowing soak-
ing treatment with growth regulators on yield, its
components and partial correlation coefficient bet-

ween these components. All the treatments showed

100 seeds weight (g)

Fig. 8.

Seed yields(g)

Fig. 9.

10.51-

LSD .0§

0

Variations in 100 seeds weight (g) as in-
fluenced by various treatments (Abb.: refer
to Fig. 3).

181
161

15

14

13F

12

of K IA

ET SA WwWr (T

Variations in seed yields(g) per plant as in-
fluenced by various treatments (Abb.: refer
to Fig. 3).

Table 6. Partial correlation coefficient between different yield components in soybean soaked in some growth

regulators.
F P PSR SPD SPL SwW

P 0.67
PSR —-0.50 0.31
SPD —-0.03 0.43 0.27
SPL 0.62% 0.99** 0.36 0.22
SwW —0.88%* —0.78%* 0.17 —0.20 —0.82%%
Yield 0.41 0.95%* 0.57 0.23 0.96%* 0.63*
**: Significant at 1% level. *: Significant at 5% level.

Note: F: Number of flowers per plant, P: Number of pods per plant, P: Pod, PSR: Pod setting rate, SPD: Number of seeds
per pod, SPL: Number of seeds per plant, and SW: 100 seeds weight, respectively.
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significant increase of yield by increasing yield com-
ponents except 100 seeds weight in various ways.
Kinetin showed best performance in increasing all
the yield components and it was followed by TAA.
These results are in agreement with that of

Rehaman?

¥ who reported that in Cajanus cajan
cytokinins increased the number of sink and size of
individual sink which are mainly responsible for in-
creasing the yield Kinetin possibly increases the
endogenous level of free TAA and GA (gibberelic
acid) which help in seed development, 1AA treat-
ment might have increased the endogenous level of
GA and auxins, whereas the level of abscisic acid
decreased thereby increasing the ratio between
growth promoters and inhibitors.?® Number of
flowers per plant in kinetin, TAA and ethrel also in-
creased tremendously over that of control and the
number of pods per plant was although more than
control but was less pronounced as compared with
the increase of number of flowers per plant. Wiebold
et al.>® and Carlson et al.4)reported that first formed
flowers, and in the top nodes of the plant canopy
had maximum pods and their seed weight were
highest. Similar result was reported in pigeon pea.n)
Dybing and Lay®’ observed in soybean that the pro-
cess of senescence was accelerated by the develop-
ment of pods probably because of competition for
assimilates and other nutrients between repro-
ductive and vegetative sinks and growth reulators
delayed the onset of senescence process in leaves
thus increasing the reproductive efficiency. Whereas
Kumas & Nanda,”) on the other hand reported an
increased mobilization of reserve material for vege-
tative meristems to change into reproductive stage
associated with floral induction in Impatiens
balsamian by SA. In contrast to this, SA showed the
lowest pod setting rate resulting from the highest
number of flowers per plant among the treatments
in the present study.

Although all the treatments showed the enance-
ment effect in yield components but they showed
reverse effect in 100 seeds weight. These results are
contrary to those of others who reported the in-

creased 100 seeds weight in soybean with ppc'®

and in mungbean with NAA and TIBA.?® It can be
explained that lower 100 seeds weight of treatments
than that of control is not direct effect of growth
regulators but the capacity of source was not able
to cope with the increased size of sink. This result
is in line with that of Kwon!® who reported that
even though growth regulator increased the capacity
and capability of source in soybean ie. chlorophyll
content, plant canopy, nitrate reductase activity in
leaves but could not match the demand from sink.
Kokubun and Watanabe!> also observed this kind of
dilution effect in soybean that as the number of
pods decreased, 100 seeds weight increased and he
concluded that yield was determined by source

activity between flowering and early seed develop-

ment and by sink capacity during seed development.
In general, growth regulators have very short ef-
fective term ranging from 10 to 25 days. Therefore,
it is a little difficult to link the effect of presowing
soaking treatment of seeds with growth regulators
to the yield which comes at least 100 days after
application of these chemicals. But yield can not be
determined by only one factor or at on time but by
many factors which the plant face during vegetative
and reproductive growth. Therefore it is very im-
portant to consider the effect of these chemicals at
the early stage of growth and development of plants.
We have seen that these growth regulators enhanced
the growth of early stage thus taking the plants to
next stage of growth and development. This
vigorous growth established at the seedling stage was
maintained throughout the life of plant because of
high chlorophyll contents and nitrate reductase
activity. These indicate that photosynthetic and ni-
trogen fixing apparatus are functional during the
seed development.S) Further SA belonging to
phenolic compounds and known to be inhibitor to
plant growth also showed the possibility to be appli-
cated for soybean culture. Even though SA did not
show any signifiant enhancement effect on the
growth as compared with the other treatments. But
it showed the highest enhancement effect on floral
initiation, thereby reduéing the vegetative growth

period and lengthening the reproductive growth
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period. This was in line with that of Zeiher et al3®
who also reported that hastening effect on floral in-
itiation lengthened the duration of seed filling and
high positive correlation between yield and duration
of seed filling period in soybean,

From all these results, the following conclusion
was drawn. Low concentration of growth regulators
belonging to promoting line (IAA and kinetin) and
inhibiting line (SA and ethrel) showed the possibility
to be applicated in agriculture by presowing treat-
ment, because of making plants lead to next recep-
tive stage. It seems, therefore, that further study is
needed to determine the optimal concentration and
its mechanism in enhancement effect. Low 100 seed
weight is still indicating that the potential capacity
of sink it not a limiting factor of yield but source is
a limiting factor. Therefore, it is needed to study in
the direction of increasing source in soybean and in-

creasing the reproductive efficiency.

" g
EAY “AEAZzAAY TFANYN 7Y T
a4z A g mAe da’ e AEA4RzE
AA o) Z2F A7t Y 27 4Fd oA g
< o ol d 27|19 gke]l 4&FV7RY A &4
£ gl s 74944 viFE G2 A3 4
g Aolch 88 FA+= Bragg 24 10ppm 9

kinetin, ethrel, IAA and salicylic acid ol &=
T 2R ATAFF gFelgct AxRTRE
of A FAE LAY Aze FrHe
el A AF sl 27143, TREFA QY3F
‘ﬁﬂ(di/‘i}a}, Nitrate ReductaseZ4E)%
¥ 7TA84L T8 Bgter AxE d&3 #d
1. kinetin, IAA % Ethrel® 274%% &
dAZ o} A EA 5 SAE Lolstg g A
o FhAd e debgS ¥ygS,

2. kinetin, ethrel, SA+= & =
4 [AAE 271234 E o4 AdAZlod 3
i EAAHL

3. kinetin, ethrel, IAA+ 954FH¥ 9L N-
RACl 94 d+ $7tEaE 2oy SAE o
279 vt RS ByS.

4. SA+= MEEFA U Aske Folel sbak w3t

- o g ok

2

At ol AAEe HateAol AEalY
ARl A4 DA 29 ABL A

32 o A
o
O

T FAsz
+& ngod oliiﬂ AR AS Tt
FEl A dt Aoz e,

5 A A %oML FE P T (B
A TR #94 e 1% ngdet 9
T % 2 e R4 AW

6. T W(r=00962) % 7ta x& A4
BAAE Bgor W00 TAE £ gRAAS
2 (r=-0.634).

7. 1003119] L. A %

gEd ole 4E4%

g7 o 2T o
zAA 9 At I A A
(source) I A&7 al(sink) & 5401] STHAA T
F57EH S g e F0bg A4 B(source)
o] F7t= A7) 3 (sink) ol 551-%’%% 28 F
TE 5 e w2 5384 Faae g4 53
(dilution effect) & ¥,

LITERATURE CITED

1. Albera, J. and Boer, J. M. W-De. 1983. Distri-
bution of dry matter and nitrogen between the
different plant parts in intact and depodded
soybean after flowering. Netherland J. Agri.
Sei..31:171-79.

2. Anderson, J. M. and N. K. Boardman. 1964.
Studies on greening of dark grown bean plants.
VL Development of photochemical activity.
Aust. J. Biol. Sci. 17:171-179.

3. Breveden, R. E., D. Egli and J. E. Leggalt. 1978.
influence of nutrition on flower and pood
abortion and yield of soybean. Agro. J. 74:531-
35.

4. Carlson, R.E., Karami-Abadhi, M and Shaw, R.
E. 1982, Comparison of nodal distribution of
yield components of indeterminate soybean
under irrigated and rain-fed condition. Agro.
J. 74:531-74.

5. Dutt, K. 1984. Studies on the effect of some
phenols on germination and development of
seed in Cicer arialenum L. MS thesis, PAU,
Ludhiana,

6. Dybing, C. D. and C. Lay. 1981. Field trials

with morphactins and other growth regulators

- 400-



11.

12.

13.

14.

15.

16.

for regulation of senescence of flax, soybean
wheat and oat. Crop Sci. 20:879-84.,

. Egli, D. B, J. E., Leggalt and W. C. Duncan.

1978. Influence of N stress on leaf senescence
and N redistribution in soybean. Agro. J. 70:
43-47,

. ElTahawi, B. S.,, M. A. Diab, M. A. El-Habib

and Draz, S. N. 1982. Effect of GA and cycocel
on carobohydrate metabolism in Phaseolus
vulgaris. Minufiya J. Agri. Res. 6:287-301.

. Fellows, R. J., D. B. Egli and Leggalt, J. E.

1979. Rapid changes in translocation pattern in
soybean following source- sink alternation. Pl
Physiol. 64:652-55.

. Gupta, R. K. and S. S. Singh. 1982. Effect of

planoxifx and 2,4-D on the yield and quality
of groundnut cultivar T-64. Pesticides 16:10-
12.

Hansen, W. D. and D. R. West. 1982. Source-sink
relationship in soybean effect of source mani-
pulation during vegetative growth in dry matter
distribution. Crop Sci. 22:372-76.

Jaworski, E. G. 1971. Nitrate reductase in in-
tact plant tissues. Biochem. Boiphy. Res. Com-
mun. 13:1278.

Jensson, E. and S. B. Svensson. 1980. Coumarin
effect on Glycine max hypocotyl explant.
Physiol. Plant. 48:486-490.

Kefeli, V.I. 1978. Natural plant growth inhibi-
tors and phytohormones. Dr. W. Junk b. v.
Pub. Boston.

Kokubun, M. and K. Watanabe. 1983. Analysis
of the yield determining process of field grown
soybean in relation to canopy structure. Effects
of source-sink. Japan. J. Crop Sci. 53:215-19.
Kwon, E. O. 1984. Physiological and biochemi-
cal changes of soybean [Glycine max (L.) Mer-
rill] plants grown from seeds soaked in some

growth substances. MS thesis. PAU. Ludhiana.

. Kumar, S. and K. K. Nanda. 1981. Effect of GA

and SA on the activity and electrophoralic pat-
tern of analysis in relation to extension growth
and flowering of Impatiens balsamina. INDIAN,
J. Exp. BIOL, 16:65-69.

18.

20.

21.

22.

23,

24.

25.

26.

27,

28.

29.

- 401 -

Morandi, E. N., L. M. Cassno and Nakayama, F.
1983. Effect of DPC on the vegetative and re-
productive growth of soybean. Phyto. Argentina
43:35-44,

. Nandawal, A. S., S. Bharti, O. P., Garg and Ram,

P.C. 1981. Effect of TAA and kinetin on
nodulation and N fixation in pea. Indian J. PI,
Physiol. 24:47-52.

Nourallah, M. M. 1982, Plant growth modifi-
cation of soybean treated with selected chemi-
cals. Seed Abstr. 2(4):179-184,

Pamar, U., P. Singh and C. P. Malik, 1982. In-
crease in yield and seed oil content in ground-
nut following application of certain commercial
phenolic compounds. Bull. Pure Appl. Sci. 1:
73-717.

Rangaswgmy, P., R. Veeraswamy and Rema-
lingam, C. 1975. Studies on the flowering and
pod formation in red gram. Madras Agri Res.
J. 62:295-99,

Rehaman, S.LK. 1984. Effect of certain growth
regulators on physiology of pod formation in
arhar (Cajanus cajan) MS thesis. PAU. Ludhiana,
Seshandrinath, S. and S. Abba. 1984. Improve-
ment of reproductive efficiency by chemical
manipulation in chick pea CV. L550. In
“National Seminar on Plant Physiology” HAU.
Hissar. p. 100.

Singh, G. and M. Kaur. 1981. Effect of growth
regulators on podding and yield of mungbean
(Vigna radiata L.) Indian J. Pl. Physiol. 29:
366-370.

Singh, B. G. and D. Y. Raddy. 1984. Influence
of NAA, TIBA and GA on growth and yield
of mungbean (Vigna radiata) National Seminar
on Plant Physiology, HAU. Hissar. p. 107.

Stenlid, G. 1970. Flavonoids inhibitors of the
formation of ATP in plant mithocondria. Phy-
tochemistry, 9:2251-56.

Tayal, M. S. and S. M. Sharma. 1980. Interation
studies of GA and mono-, di- and polyphenols
on some development of components of Cicer
arialinum. J, Indian. Bot. Soc. 59:134.

Van Schaik, P. H. and A. H. Probst. 1958.



30.

31.

Effect of some environmental factors on flower
production and reproductive efficiency in
soybbean. Agro. J. 50:192-97.

Wiebold, W. J., D. A. Ashley and H. R. Boer-
man, 1981. Reproductive abscission levels and
pattern for 11 determinate soybean cultivars.
Agro. J. 67:43-46.

Yokoyama, M., K. Naito. and H. Suzuki. 1983.

32.

- 402-

BA enhanced growth of attached young bean
leaves; Studies with inhibitors of nucleic acid
and protein synthesis. Plant and Cell Physiol,
24(4):49-54.

Zeiher, C., D. B. Egli, J. E. Leggalt and
Reicosky, D.A. 1981. Cultivar difference in N
redistribution in soybean. Agro. J. 74:375-79.



