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1. INTRODUCTION

Good quality seed is not only highly desirable but also a statutory requirement
for successful crop production. The expected returns from any improved variety cannot
be realized unless quality seeds of such variety are made available in adequate
quantities to farmers at the right time and at optimum price. The overarching goal of
crop establishment is to achieve rapid and uniform germination, followed by rapid and
uniform seedling emergence (Covell ef al., 1986). Seeds are particularly vulnerable to
stresses encountered between sowing and seedling establishment (Carter and
Chesson,1996). Since the area under cultivation has almost reached a saturation point
in current years, it is imperative to enhance the production and productivity per unit
area. The role of seed in agriculture is of prime importance in developing countries
like India where the population and GDP (Gross Domestic Product) considerably

depends on agriculture sector (Tyagi, 2012).

Okra is one of the important summer and rainy season vegetable crop grown
extensively throughout India. India ranks first in the world with 5,784 thousand tonnes
(72% of the total world production) of okra. In India, Andhra Pradesh is the leading
okra producing state with a production of around 1184.2 thousand tons from an area of
78.90 thousand hectare, and a productivity of 15 tons/ha. (Anon., 2017). Okra is a
heavy yielder and highly remunerative crop but sometimes grower suffer with recurring
economic loss due to poor plant vigour, low pod setting and small pod size (Sanodiya,
2016). Poor seed germination, the delayed and erratic emergence of seedlings are
serious issues in okra, which eventually creates problems with fertilizer utilization, post
emergence weed control, and uniform harvesting (Singh et al., 2013). The hard seed
coat of okra interferes with water uptake and is a major physiological constraint to
uniform stand establishment and performance (Marsh,1993). The commercial seed
yield in okra depends on the fruit length and number of fruits produced per plant
(Baruah and Paul, 1997).
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In recent years, scientists have paid attention to the idea of regulating plant
growth as an important factor in improving the germination, growth, yield and quality
through the application of plant growth regulators (Bhagure and Tambe, 2013).

Plant growth regulators are organic substances, which are produced in trace
amounts naturally in plants. They are known as chemical messengers because they are
produced in one part of plant and effect on another part. Exogenous application of plant
growth regulators improved the yield, production and fruit quality of horticultural crops
(Gadade et al., 2017). They are known to act right from seed germination to senescence
either by enhancing growth or by reducing the plant height, flowering, fruit
development, fruit ripening and seed yield. Therefore, through proper application of
exogenous plant growth regulators at appropriate time it is quite possible that all
physiological processes undergone in plants can be manipulated to man’s benefit.

Seed treatment with plant growth regulator is one of the most effective tools for
improving rate of germination, vigourous growth, early flowering, fruit setting, seed
development and high yield. Incorporation of plant growth regulators during pre-
soaking, priming and other treatments have improved seed performance in many
vegetables crops. Typical responses to priming are faster and closer spread of times to
emergence over all seedbed environments and wider temperature range of emergence,
leading to better crop stands, thereby leading to improved yield and harvest quality,
especially under suboptimal and stress condition growing conditions in the field

(Halmer, 2004).

Application of plant growth regulator has to be planned sensibly in terms of
optimal concentration, stage of application, species specificity and seasons (Sanodiya,
2016). The same growth regulator at different concentrations and different time period
could bring about different results. So, the selection of growth regulators, their

adequate concentration and their time and method of application are most essential.
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Vijaykumar et al. (1988) studied the effect of seed treatment with CCC at 100
and 200 ppm on seed quality parameters in okra and reported that 100 ppm treatment
gave a germination per cent of 95, which was found superior over control. Seeds of
okra variety MDU-1 treated with 50 ppm GA3 had exhibited a high germination
(85.8%), number of fruits per plant (12.5), yield per plant ( 166.8 g), harvest index and
the highest fruit yield (15.7 t/ha) whereas, the yield from untreated plot was 8.07 t/ha
(Vijayaraghavan, 2000).

Although extensive studies have been conducted to enhance the growth, yield
and seed quality in okra viz., nutritional management, cultural practices, methods of
sowing, time of sowing, crop protection measures and others studies involving use of

plant growth regulators in seed treatment are very few and far apart.

In this context, the present investigation is entitled ‘Effect of seed treatments
on growth, seed yield and quality in okra (4belmoschus esculentus L. Moench)’, has

been undertaken with the following objectives:-

1. To determine the effect of growth regulators on seedling emergence and
growth parameters
2. To study the effect of growth regulators on seed yield and quality

3. To evaluate the storage potential of seeds under ambient storage condition
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2. REVIEW OF LITERATURE

Seed is the basic input in crop production and use of quality seed alone would
increase productivity per unit area to the extent of 20 per cent. However, lack of quality
seeds continues to be one of the greatest drawbacks to bridge the vast yield gap. Even
with ideal soil, water and climate, desired yield and quality cannot be achieved with
inferior seed. Good agriculture relies upon good seed and vice versa, one cannot exist
or advance without the other (Sen, 1974). Thus, seed is the single well recognized

carrier of production technology facilitating our quest for higher and better crop yields.

Seed treatment refers to the application of certain agents physical, chemical or
biological to the seed prior to sowing in order to suppress, control or repel pathogens,
insects and other pests that attack seeds, seedlings or plants (Sharma ef al., 2015). Seed
treatment with plant growth regulators is one among the several seed treatment
techniques employed to improve the growth, yield and quality. Plant hormones also
called as plant growth regulators, are numerous naturally occurring chemical
substances that profoundly influence the growth and differentiation of plant cells,
tissues and organs. It helps in efficient utilization of metabolites in certain
physiological process going on in plant systems. In recent years, scientists have given
due attention to the idea of regulating plant growth as third most important factor in
improving the growth, yield and quality with the application of plant growth regulators

in various ways (Bhagure and Tambe, 2013).

Effect of plant growth regulators are prominently visible in plants right from
germination of seeds to its senescence stage either through enhancement or stimulation
of the natural growth regulatory system thereby bringing about favourable morpho-
physiological changes in the plant. Hastening of growth or reduction of the plant height,
branching, flowering, fruit development, ripening and seed yield and quality has been

obvious with changes in levels of growth regulators in plant system.
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For any scientific investigation, a critical and comprehensive review of
literature is crucial for better understanding of the problem. The successful
investigation of research relies heavily on thorough review of the existing knowledge
of the problem. Related literature to the topic ‘Effect of growth regulators on growth,

seed yield and quality’ have been reviewed below in brief
2.1 Effect of plant growth regulators on growth parameters

2.1.1 Plant height

Crop

Experimental details References

Okra

Significant increase in plant height was noticed when seeds of | Das and Pattanaik (1971)
okra cv. Pusa Sawani were treated with various concentration of

GAj3 for 24 hours before sowing.

Okra

An investigation on the effect of seed treatment with growth | Pawar et al. (1977)
regulators GAs and [AA (25, 50, 75, 100 ppm) on germination,
growth and yield of okra cv. Pusa Sawani was carried out. It was
clearly evident that gibberellic acid at different concentrations

significantly increased the plant height.

Okra

Okra seeds were treated with CCC (1000 and 1500 ppm). | Narase and Gowda (1980)

Cycocel at high concentration was found to reduce plant height.

Okra

Growth regulators GA3, NAA, MH and CCC at 25, 50, 200 and | Suryanarayana and Subba Rao
1000 ppm were applied on okra cv. Pusa Sawani. GA; treatments | (1981)

significantly enhanced the plant height (85.76 cm) over control.

Okra

Seeds of okra cv. Pusa Sawani were soaked for 10 hours in | Mangal et al. (1988)
water, NAA (10, 25 and 50ppm) and cycocel (100, 250 and 500
ppm) and the crop raised. CCC significantly reduced plant height

as compared to control.

Okra

The effect of cycocel at different concentrations — 25, 50, 75 and |  Arora and Dhankar (1992)
100 ppm were studied. Cycocel at 75 ppm reduced height of plant




Okra

Seeds of okra cv Pusa Sawani were treated with different
concentrations of CCC and GAs. It was observed that all
concentrations of GAj increased the plant height whereas

cycocel reduced it.

Patel and Singh (1993)

Okra

An experiment was conducted to study the beneficial effect of
plant growth regulators on aged seeds of okra under field
conditions. Plant height (82.13 cm) was found to be the highest
when the seeds were soaked in the aqueous solution of GA3 (50

ppm) unlike the control (66.29 cm).

Sanjaykumar ef al. (1996)

Okra

The effect of pre-sowing treatment of GA3 (0, 15, 30 and 45 ppm)
on okra cv. Pusa Sawani was studied and it was concluded that
the plant height of okra increased by 8.97% over control when

seeds were treated with GAs at 45 ppm

Singh and Kumar (1998)

Okra

Observed that foliar application of GAs (gibberellic acid; 20, 30
and 40 ppm) and NAA (50, 75 and 100 ppm) increased plant

height when compared with control.

Singh et al. (1999)

Okra

The ameliorative potential of gibberellic acid and NAA on
growth and yield attributes of okra variety was studied.
Gibberellic acid 75 ppm treatment resulted in a plant height of
114.77 cm.

Naruka and Paliwal (2000)

Okra

Seeds soaked in 50 ppm gibberellic acid resulted in higher plant
height.

Kumar and Sen (2004)

Okra

An investigation on the effect of seed treatment with gibberellic
acid and maleic hydrazide on growth, seed yield and quality of
okra cv. Parbhani Kranti pointed out that GA3 at 50 ppm was

more effective in increasing the plant height.

Patil ef al. (2008)

Okra

GAj; at 50 and 100 ppm increased the plant height, in okra, when
applied at 30 and 45 days after sowing.

Bhagure and Tambe (2013)
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Okra

A study on effect of plant growth regulators on growth and yield
of okra pointed out that GA3 at 150 ppm significantly increased
the plant height (107.74 cm).

Dhage et al. (2011)

Okra

The result of the study entitled effect of growth retardant on
growth and yield of okra (4belmochus esculentus (L.) Moench)
indicated that cycocel at 500 ppm significantly reduced the plant
height.

Kagwade (2012)

Okra

Soaking seeds in GA3 (100ppm) solution for 3-4 hours increased

plant height, leaf area, number of leaves and yield

Bello (2015)

Bitter

gourd

An investigation was conducted with two varieties of bitter gourd
(MHBI-15 and Chaman Plus) and three growth regulators at
different concentrations — GAs (20, 40 and 60 ppm), NAA at 50
ppm and CCC (100 and 200 ppm) at Agricultural Research
Station, University of Agricultural Sciences, Dharwad.
Significantly higher vine length (61.1cm) was observed in GA3
20 ppm treatment.

Geeta ef al. (2010)

French

bean

A study entitled the effect of growth regulators on growth and
yield of French bean (Phaseolus vulgaris L.) reported that the
treatment GAj3 at 200 ppm registered a plant height of 34.53 c¢m,
whereas cycocel at 200 ppm resulted in stunted growth (25.93

cm).

Rathod et al. (2015)

2.1.2 Nodes per plant

Crop

Experimental details

References

Okra

Number of pods per plant increased in treatments with GA3 (20,

30 and 40 ppm) and NAA (50, 75 and 100 ppm) in comparison to

control.

Singh et al. (1999)
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Okra A study entitled effect of growth retardant cycocel (0, 250, 500,
750 and 1000 ppm) on growth of summer okra (Parbhani Kranti)

revealed that nodes per plant increased in plants treated with 1000

Mabhorkar et al. (2007)

ppm CCC.

Okra Seed treatment with GA3z at 50 ppm in okra cv. Parbhani Kranti | Patil et al. (2008)
resulted in more number of nodes per plant.

Okra Studied the effect of growth retardant on growth and yield of okra | Kagwade (2012)
(Abelmochus esculentus (L.) Moench) and concluded that
cycocel at 500 ppm significantly increased the number of nodes.

Soybean Plant growth regulators cycocel and TIBA significantly increased | Shinde (2010)
the number of nodes in soybean.

2.1.3 Internode length
Crop Experimental details References
Okra Cycocel (1000 or 1500 ppm.) at high concentration reduced | Narase and Gowda (1980)
internodal length in bhendi.
Okra Internode length was found to be significantly high subsequent to | Patil ez al. (2008)

seed treatment with GA3 at S0 ppm in okra cv. Parbhani Kranti.

Okra GA3at 50 and 100ppm increased the internode length. Bhagure and Tambe (2013)
Okra GA3 at 150 ppm significantly increased internodal length Dhage ef al. (2011)
Okra Cycocel at 500 ppm significantly reduced the internodal length. | Kagwade (2012)




2.1.4 Branches per plant

Crop

Experimental details

References

Okra

Significant increase in number of branches were observed
when the seeds of okra cv. Pusa Sawani were treated with

various concentration of GA3 for 24 hours before sowing.

Das and Pattanaik (1971)

Okra

Studied the effect of growth regulators treated okra seed
[GA3 and [AA (25, 50, 75, 100 ppm)] cv. Pusa Sawani. It was
clearly evident from the result that gibberellic acid at different
concentrations significantly increased the number of branches

per plant over control.

Pawar et al. (1977)

Okra

Cycocel at high concentration increased the number of

branches

Narase and Gowda (1980)

Okra

Cycocel at 75 ppm resulted in more number of branches per

plant.

Arora and Dhankar (1992)

Okra

Seeds soaked in 50 ppm gibberellic acid exhibits higher

number of branches.

Kumar and Sen (2004)

Pea

A series of experiments were carried out in pea cv. Aparna
and Azad-P-1 using different concentrations of plant growth
regulators (0,100, 250, 500 and 1000ppm) cycocel and GA3.
Both growth regulators were found to be effective in

increasing the branches per plant.

Bora and Sharma (2006)

Okra

Seed treatment with maleic hydrazide 80 ppm in okra cv.

Parbhani Kranti resulted in more number of branches.

Patil ef al. (2008)

Soybean

Cycocel and TIBA significantly increased the number of

branches in soybean

Shinde (2010)




Okra A study on effect of plant growth regulators on growth and | Dhage ef al. (2011)
yield of okra pointed out that IAA at 100 ppm exhibited
maximum number of branches (3.53).

Okra Influence of growth retardant on growth and yield of okra | Kagwade (2012)

concluded that cycocel at 500 ppm significantly increased the

number of branches

French bean

Studied the effect of growth regulators on growth and yield
of French bean (Phaseolus vulgaris L.) and reported that the
treatment GAs at 200 ppm resulted in more number of
branches per plant (7.66) whereas cycocel at 200 ppm
registered the least number of branches per plant (5.20).

Rathod e al. (2015)

2.1.5 Days to flowering

Crop Experimental details References
Okra Significant reduction in days to flowering was observed when | Das and Pattanaik (1971)
the seeds of okra cv. Pusa Sawani were treated with various
concentration of GAj for 24 hours before sowing.
Okra Seed treatment with 10 ppm GAj3 advanced flowering by 6.33 | Rattan ef al. (1987)
days over the control.
Okra Days to first flowering was advanced by 3.33 days over | Singh and Kumar (1998)
control when seeds were treated with GAs at 45 ppm, in okra
cv. Pusa Sawani.
Okra Application of 160 ppm GAj; significantly reduced the days | Singh et al. (2012)
to first flowering (37.13) and days to 50% flowering (41.33) in
okra.
Okra MDU-1 seeds of okra were treated with IAA (25, 50 and | Vijayaraghavan (2000)

75ppm), GA3 (25, 50 and 75ppm) and benzyladenine (20, 60
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and 60 ppm). The seed treatment with 50 ppm GA3 exhibited

minimum days to flowering (36.5)

Okra Minimum number of days to 50% flowering was observed in | Hussaini and Babu (1989)
plants raised from seeds treated with NAA at 20 ppm.

Brinjal Increasing concentrations of naphthalene acetic acid (75 ppm) | Singh and Mukherjee (2000)
decreased the time taken to 50% flowering.

Okra GAj3 at 150 ppm reduced the number of days to first flowering | Dhage et al. (2011)
(39.67 days).

Garden pea A study on influence of plant growth substances on growth, | Thomson et al. (2015)

flowering, yield and economics of Garden pea, (Pisum
sativum) L cv. Bonneville revealed that the days to first
flowering were the found least (48.97) on seed treatment GA3
(100ppm), while other treatments were statistically on par with

each other.

2.1.6 Fruits per plant

Crop

Experimental details

References

Okra

Number of fruits per plant increased significantly when the
seeds of okra cv. Pusa Sawani were treated with GA; for 24

hours before sowing.

Das and Pattnaik (1971)

Okra

A study elucidate the effect of cycocel and naphalene acetic
acid application on production of okra revealed that cycocel at
250 ppm significantly increased the fruit yield per plant (26.4
-28.5 g/plant) over control (10.4 g/plant).

Mangal et al. (1988)

Okra

Studied the effects of CCC at 100 and 200 ppm on seed yield

and seed quality parameters of okra crop and observed that

Vijaykumar er al. (1988)
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CCC at 100 ppm produced 10 fruits per plant which was found

to be superior over control.

Okra

When seeds were treated with different concentrations of CCC
and GAj; in okra cv. Pusa Sawani, cycocel 1000 ppm registered

significantly higher number of fruits per plant.

Patel and Singh (1991)

Okra

An experiment was conducted to understand the beneficial
effect of some plant growth regulators on aged seeds of okra
under field condition. Number of fruits per plant (16.13), were
found to be high when seeds were soaked in the aqueous

solution of GA3 50 ppm over the control.

Sanjaykumar et al. (1996)

Okra

MDU-1 seeds of okra were treated with IAA (25, 50 and
75ppm), GA3 (25, 50 and 75ppm) and benzyladenine (20, 60
and 60 ppm). The seed treated with 50 ppm GAj; resulted in
maximum number of fruits per plant (12.5), and highest fruit
yield (15.7 t/ha) whereas, the control yield was 8.07 t/ha.

Vijayaraghavan, (2000)

Okra

Seeds of okra cv. Pusa Sawani were treated with different
concentrations of gibberellic acid and NAA (both at 25, 50 and
75 ppm) to study the ameliorative potential of gibberellic acid
and NAA on growth and yield attributes of okra. With increase
in concentrations of GAjs and NAA there was corresponding

increase in number of fruits per plant.

Naruka and Paliwal (2000)

Okra

Studied the flowering and yield attributes of okra as influenced
by different plant growth regulators and concluded that NAA
at 25 ppm resulted in more fruits per plant, fruit yield per plot
(6.69) and yield per hectare (92.90/q) in comparison with NAA

at 50 ppm and control.

Kore et al. (2003)

Okra

A study on the effect of seed treatment with growth regulators

GA3 (50, 100, 150 ppm) and maleic hydrazide (20, 40, 80ppm)

Patil e al. (2008)
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on seed yield and quality of okra cv. Parbhani Kranti revealed
that GA; at 50 ppm exhibited significantly superior

performance in fruit yield per plant over all other treatments.

Bitter

gourd

A study on the effect of IAA and GA3 on yield attributes of
Bitter gourd (Momordica charantia 1.) with three
concentrations each of IAA viz. 2.5, 5.0 and 10 ppm and GA;
viz. 2.5, 5.0 and 10 ppm revealed that IAA at 10 ppm

significantly increased the number of fruits (12.33).

Akter and Rahman (2010)

Okra

Effect of plant growth regulators on growth and yield of okra
and concluded that GA3z at 150 ppm had higher fruit set and
fruit yield per hectare.

Dhage et al. (2011)

Chilli

Studied the influence of different growth regulators on growth
and yield of chilli (Capsicum annuum L.). Higher number of
fruits per plant (14.83) was recorded in plants raised from

treatment with NAA (75 ppm).

Chandiniraj et al. (2016)

2.1.7 Fruit length

Crop Experimental details References

Brinjal GA; at 200 ppm exhibited better size (length and diameter) of | Sorte et al. (2001)
fruits, resulting in the highest yield of 257.55 fruits/ha.

Okra GAj; at 50 ppm exhibited significantly superior performance | Patil ef al. (2008)
in length of fruit in okra cv. Parbhani Kranti.

Okra Combined application of GA3 and NAA (200+200 ppm) had | Muhammed ez al. (2013)
significantly increased fruit length in okra.

Chilli Studied the influence of different growth regulators on growth | Chandiniraj er al. (2016)

and yield of chilli (Capsicum annuum L.). A fruit length of 6.80

13
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cm was recorded in plants raised from treatment with NAA (75

ppm) which was longer than the control.

2.1.8 Fruit weight

Crop Experimental details References

Okra Fruit weight increased significantly when the seeds of okra cv. | Das and Pattnaik (1971)
Pusa Sawani were treated with GA3 for 24 hours before sowing.

Okra Cycocel significantly increased the fruit yield per plant (26.4 - | Mangal et al. (1988)
28.5 g/plant) over control (10.4 g/plant)

Okra Cycocel at 1000 ppm had significantly higher fruit weight and | Patel and Singh (1991)
fruit yield per hectare in okra cv. Pusa Sawani.

Okra Seed treatment with GAs and NAA revealed that GA3 100 ppm | Munda et al. (2000)
produced fruits with higher weight compared to the other
treatments.

Okra Increase in concentrations of GAsz and NAA led to a | Naruka and Paliwal (2000)
corresponding increase in average fruit weight and yield.

Bitter gourd | IAA at 10 ppm significantly increased the fresh weight of fruits. | Akter and Rahman (2010)

Okra GAsz at 50 ppm showed significant increase in pod weight, 100 | Rawat and Makani (2015)

seed weight, over all other treatments in cv. GAO-5.

2.1.9 Seeds per fruit

Crop

Experimental details

References

Okra

Cycocel 1000 ppm significantly increased the number of seeds

per fruit (68.40) than control (50.79) in cv. Pusa Sawani.

Patel and Singh (1991)
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Okra

Beneficial effect of some plant growth regulators on aged seeds
of okra under field conditions was studied. The number of
seeds/fruit (40.83), was found to be high when the seeds were
soaked in an aqueous solution of GA3 50 ppm. Control recorded

a value of 24.84.

Sanjaykumar ef al. (1996)

Okra

Seed treatment with GA3 (100 ppm) resulted in significantly

higher number of seeds per pod.

Munda et al. (2000)

Okra

NAA at 40 ppm produced more number of seeds per pod
(53.83).

Hussaini and Babu (1989)

Okra

GA3 at 50 ppm resulted in significantly superior performance
with respect to seeds per fruit over all other treatments in cv.

Parbhani Kranti.

Patil et al. (2008)

Okra

GA; increased the number of seeds per pod in okra.

Mohammadi et al. (2014)

2.1.10.

Seed yield per plant

Crop

Experimental details

References

Onion

Seeds soaked with NAA at 20 ppm for 7-8 hours resulted in
higher yield (326.5 q per hectare) compared to control (206.3
g/ha). GAs at 7.5 ppm was the next best treatment with a yield
of 245 q per hectare.

Singh et al. (1982)

Okra

250 ppm GA; treatment produced a yield of 87.39 g/ha while
control yielded 64.97 g/ha.

Maurya et al. (1985)

Okra

Seed yield/plant (35.50 g) was higher when seeds were soaked
in the aqueous solution of GA3 50 ppm while control yielded
29.50 g.

Sanjaykumar et al. (1996)

Okra

MDU-1 seeds of okra were treated with IAA (25, 50 and 75
ppm), GA3 (25, 50 and 75ppm) and benzyladenine (20, 60 and

Vijayaraghavan, (2000)
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seed yield per plant (166.8 g).

Okra

Applications of different concentration of growth hormones
viz, GA3 and NAA on okra seeds revealed that GA3; 100 ppm
as seed treatment had significantly superior seed yield per ha

over all other treatments.

Munda et al. (2000)

Okra

Seeds treated with GAj resulted in higher seed yield per

plant.

Singh et al. (2006)

Okra

GA; at 50 ppm exhibited significantly higher seed yield per
plant over all other treatments [seed treatments with growth
regulators GA; (50, 100, 150 ppm) and maleic hydrazide (20,
40, 80ppm)] in cv. Parbhani Kranti.

Patil et al. (2008)

2.1.11 100 seed weight.

Okra

CCC at 100 ppm had a 100 seed weight of 5.78 g which was

superior over the control.

Vijaykumar et al. (1988)

Okra

GA; at 100 ppm as seed treatment was found to be

significantly superior for 100-seed weight.

Munda et al. (2000)

Okra

Studied the influence of plant growth regulators on growth,
seed yield and seed quality in okra [Abelmoschus esculentus
(L.) Moench] cv. GAO-5. Among the different growth
regulators used, GAj at 50 ppm resulted in significant increase

in 100 seed weight, over all other treatments.

Rawat and Makani,

(2015)

2.2. Effect of plant growth regulators on seed quality during storage

The storage potential of seed is greatly affected by their quality at the time

16

they enter storage or their pre-storage history. Seeds of a given lot, size,

chronological age and germination level do not maintain viability equally well in




conditions (Vanagamudi, 1988). It is not clear what the critical factors are and by what

mechanisms loss of viability occurs. According to Copeland (1998), the deteriorative

changes taking place in a seed during storage that leads to the death of seed are due to

failure of beneficial enzymes involved in anabolism, increased activity of catalytic

enzymes like catalase and peroxidase, accumulation of toxic metabolites, lipid

oxidation, and reduction in cell membrane integrity and the decreased activity of repair

mechanism.

Literature on seed storage potential of seeds treated with growth regulators is reviewed

hereunder: -

2.2.1. Germination (%)

Okra

Seeds of okra cv. Pusa Sawani were treated with plant
growth regulators gibberellic acid (50, 100 and 200 ppm),
NAA (50, 100 and 200 ppm) and cycocel (250, 500 and
1000 ppm) at different concentrations. At initial stage all
the concentrations of GA3 increased the germination per
cent and GA3 at 200 ppm resulted in 100% germination.
Meanwhile cycocel delayed germination in all

concentrations with the lowest in CCC at 250 ppm.

Reddy (1973)

Okra

CCC at 100 ppm exhibited a germination percentage of

95%, which was found to be superior over control.

Vijaykumar et al. (1988)

Bell pepper

Seeds of bell pepper cv. California Wonder were
invigorated with certain growth regulators and
micronutrients to understand their effect on seedling

vigour and germination. The result indicates that seed

Yogananda et al. (2004)
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invigoration with GA; at 200 ppm recorded high

germination per cent.

Okra

Seeds soaked with 50 ppm GAs3 had the highest
germination per cent (81.60%) in okra. Control recorded

78.58 per cent

Kumar and Sen (2004)

Brinjal

Significant increase in speed of germination (14.28),
germination percent (100%), was recorded in seeds
soaked with GA; at 200 ppm for 6 hours compared to
control (13.14 and 92.10%, respectively).

Sathishkumar (2005)

Okra

Germination (90.77 and 89.59%) was significantly
increased in both years in GAs at 100 ppm.

Singh et al. (2006)

Chilli

Seeds treated with NAA at 10 ppm exhibited the highest
germination percent and seedling vigour followed by
NAA at 50 ppm. Lowest germination per cent was

recorded in control

Sultana ef al. (2006)

Okra

Effects of GA3, NAA (50, 100, 150, 200 and 300 ppm) and
KNO; (1 and 2%) on seed germination was studied in cv
Arka Anamika. GAjrecorded the maximum value for seed

germination, followed by 1% KNOs and 100 ppm NAA.

Priyanka et al., (2008)

Okra

Early germination and high germination per cent was
observed in okra seeds soaked with GA3 at 50 ppm

compare to control.

Bhagure and Tambe (2013)

Okra

NAA at 25 ppm recorded the highest germination (93%).

Premchand et al. (2013)
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2.2.2.

Shoot length and root length (¢cm)

Bell pepper

Invigorated seeds of bell pepper cv. California Wonder
with certain growth regulators and micronutrients
indicates that GA3 at 200 ppm resulted in maximum shoot

and root length when compared with control.

Yogananda et al. (2004)

Brinjal

A study on influence of seed pelleting and pre-sowing
seed treatment on longevity and storability in brinjal
(Solanum melongena L.) indicated significant increase in
shoot length (5.99 cm) and root length (3.10 cm), when
seeds were soaked with GA3 at 200 ppm for 6 hours.

Sathishkumar (2005)

Okra

Seedling obtained from seeds pre-soaked with 50 ppm
GA; recorded the maximum value for seedling length

followed by 1% KNO; and 100 ppm NAA.

Priyanka et al. (2008)

Okra

Seeds treated with NAA @ 25 ppm recorded highest
shoot and root length (29.80 cm and 19.16 cm),

Premchand ef al. (2013)

2.2.3.

Seedling dry weight

Bell pepper

Seed invigoration with GAj3 at 200 ppm resulted in maximum | Yogananda et al. (2004)

seedling dry weight when compared to control

Okra

NAA at 25 ppm recorded highest seedling dry weight of 24.0 | Premchand et al. (2013)

mg

Okra

GA; at 50ppm resulted in significant increase in seedling dry | Rawat and Makani, (2015)

weight over all other treatments.
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2.2.4. EC of leachate

Brinjal

Seed soaked with GAj3 at 200 ppm for 6 hours resulted in

minimum electrical conductivity (0.010) compared to

control (0.022 dSm™)

Satheeshkumar (2005)

2.2.5. Seedling vigour indices

Bell pepper

Seed invigoration with GAs3 at 200 ppm resulted in
maximum seedling vigour indices when compared with

control

Yogananda et al. (2004)

Brinjal

Significant increase in seedling vigour index (909) was
noticed in seeds soaked with GAj3 at 200 ppm for 6 hours and
least in control (667)

Satheeshkumar (2005)

Okra

Vigour index (2303.69 and 2076.13) increased significantly
in both years in GA3 at 100 ppm

Singh et al. (2006)

Chilli

Seeds treated with NAA at 10 ppm resulted in high
germination per cent and seedling vigour followed by NAA
at 50 ppm. Meanwhile lowest germination percent was

recorded in control.

Sultana et al. (2006)

Okra

Seedling obtained from seeds presoaked with 50 ppm GA3
recorded the high seed vigour index followed by 1 per cent

KNO3 and 100 ppm NAA.

Priyanka ef al. (2008)

Okra

Seed treated with NAA at 25 ppm resulted in high seedling
vigour index -I and II (4833 and 2369)

Premchand et al. (2013)

Okra

Among the different growth regulators used to study the

influence of plant growth regulators on growth, seed yield

Rawat and Makani, (2015)
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and seed quality in okra, seed treated GA3 at 50 ppm showed
significant increase in seedling vigour index-II over all other

treatments

2.2.6 Seed moisture

Onion, Vegetable seeds with six to eight per cent moisture content | Saxena (1994)

tomato, could be stored for a longer period in polythene bags (700

okra Gauge)

Paddy Polythene bags of 400 Gauge density is also equally preferred | KAU (2011) |
for storing paddy seeds having a moisture content of 10 per
cent or less.

Groundnut | Seeds stored in cloth bags recorded a rapid increase in moisture | Narayanan and Prakash (2014)

content whereas the seeds stored in polythene bags of 700
Gauge densities showed a very low increase in moisture

content.

2.2.7 Seed microflora

Seed borne pathogens play an important role in deterioration of seeds.

Christensen and Kaufman (1969) divided the fungi invading seeds into two groups i.e.

field fungi and storage fungi. These fungal pathogens can be a major cause of quality

losses in seed.

Onion seed of variety Pusa Red stored at 15°C for 18 months with a moisture

content of five percent recorded least mycoflora infection of 3.3 per cent. (Jagadish ef

al., 1994
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Crop Organism observed Reference

Paddy Curvularia spp. Fusarium spp., Heliminthosporium | Neergaard and Saad (1962)
oryzae, Nigrospora oryzae, Pyricularia oryzae

Chilli, Alternaria tenuis, Aspergillus spp, Clodosporium | Siddiqui ef al. (1974)

Brinjal, spp, Colletotrichum capsica, Curvularia lunata,

Tomato, penicillium spp, Phoma spp etc.

Bhendi,

Radish

Tomato Aspergillus  glaucas, Aspergillus Condidus and | Kononkov and Dudina, (1986)
Penicillium spp

Paddy Drechslera oryzae, Fusarium spp., Curvularia spp., | Sharma and Chaudhary (1986)
Aspergillus spp. Rhizopus spp

Cowpea Rhizopus sp., Aspergillus spp. Aswathi (2015)

Paddy Alternaria spp, Heliminthosporium oryzae, Suganya (2015)
Rhizopus spp. and Aspergillus spp.

Chilli Aspergillus  niger, A.flavus, Pencillium spp., | Navya (2016)
Fusarium spp., Pencillium spp., Fusarium spp.

Chilli Aspergillus niger, A.flavus, Sandhya (2016)
Pencillium spp., Alternaria spp

Oriental Aspergillus niger, A.flavus Nagendra (2017)

pickling melon
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Materials and Methods :



3. MATERIALS AND METHODS

The present investigation entitled ‘Effect of seed treatments on growth, seed
yield and quality in okra (4belmoschus esculentus L. Moench)’, was carried out in the
Department of Seed Science and Technology, College of Horticulture, Vellanikkara,
Kerala Agricultural University with an indent to find the effect of growth regulators on
growth, seed yield and quality in okra and delineate their effect on seed quality and

longevity. The details of the materials used and methods adopted are given hereunder.
3.1 Location

The field experiment was conducted at the Department of Seed Science and
Technology, College of Horticulture, Vellanikkara, Kerala Agriculture University
(KAU), Vellanikkara, Thrissur, between June and October 2017. Seeds obtained from
the field experiment were stored under ambient conditions to assess its quality and

longevity.

3.3 Experimental material
The freshly harvested okra seeds of variety Arka Anamika, obtained from

Agricultural Research Station, Mannuthy, Thrissur were used to conduct the study.

3.4 Experiment details
The study comprised of two experiments
Experiment 1: Effect of seed treatment on growth, seed yield and quality in okra

Experiment 2: Seed quality assessment during storage
3.4.1 Treatment details

Growth regulators such as GAs, IAA, NAA, CCC and Maleic hydrazide were
partially soluble in water, therefore to dissolve them, other solvents were used. GAs,

IAA and NAA were dissolved in acetone while maleic hydrazide and CCC were
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dissolved in sodium hydroxide (NaOH). Thiourea dissolved directly in water while

stirring.

3.4.1.1 Effect of seed treatments on growth, seed yield and quality
The field experiment was laid out in a Randomised Block Design with three
replications and spacing of 60 x 45 cm. Seeds of the variety Arka Anamika were treated

with the different growth regulators as listed in table 1 below before sowing:

Table 1. Details of treatments

Treatment no. Growth regulator used Concentration and duration
To Control
Ty GAs 50 ppm for 12 hours
T2 GA3 100 ppm for 12 hours
T3 GA3 50 ppm for 24 hours
T4 GA; 100 ppm for 24hours
Ts [IAA 50ppm for 12 hours
T [AA 100ppm for 12 hours
T7 IAA 50ppm for 24 hours
Ts IAA 100ppm for 24 hours
Ty NAA 50ppm for 12 hours
Tio NAA 100ppm for 12 hours
Tn NAA 50ppm for 24 hours
T2 NAA 100ppm for 24 hours
T3 CCC 100ppm for 12 hours
T cCC 150ppm for 12 hours
Tis ccC 100ppm for 24 hours
Ti6 CCC 150ppm for 24 hours
Ti7 MH 40 ppm for 12 hours
24



Tig MH 80 ppm for 12 hours
T MH 40 ppm for 24 hours
Tao MH 80 ppm for 24hours
T2 Thiourea 500ppm for 12 hours
T2 Thiourea 1000 ppm for 12 hours
T23 Thiourea 500ppm for 24hours
Tay Thiourea 1000ppm for 24hours

The treated seeds were sown immediately. Recommended agronomic practices
as per package of practices of KAU (2011) was followed during crop growth period to
raise a good crop. Observations on biometrical traits were recorded on five randomly

selected plants from each replication at different growth stages.
3.4.2 Observations

For the study, five plants from each plot were selected randomly and tagged for

recording the observations.

3.4.2.1 Days to first flowering
Number of days taken from sowing to emergence of first flower in each plant
was recorded and average number of days to first flower was worked out and expressed

in days

3.4.2.2 Plant height (cm)
The plant height was recorded at maturity. Main shoot height of five tagged
plants was measured in centimetre from ground level to tip of main shoot and

average height per plant was calculated.

25

)



Plate 1. Land preparation

Plate 2. General view of experimental
plot during sowing

Plate 3. General view of experimental plot

at seedling stage

Plate 4. Flowering stage




Plate 5. Field view at fruit development stage

Plate 6. Field view at maturity stage Plate 7. Field view at harvesting stage




3.4.2.3 Nodes per plant

Number of nodes per plant was recorded by taking count of nodes on main stem

from tagged plants and the average worked out.

3.4.2.4 Internode length (cm)
The length of the internode between fifth and sixth node on main stem of plant
was recorded from the five plants and the average value was expressed in

centimetre.

3.4.2.5 Branches per plant
Total number of branches was recorded by counting the number of branches

arising from the main stem of each tagged plant and average computed to per plant.

3.4.2.6 Fruits per plant
Total number of edible green fruits on each of the five selected plants was

counted at edible fruit maturity stage and its average was worked out.

3.4.2.7 Fruit length (cm)
Fruit length was measured by taking the length of five fruits from each
replication from the point of fruit attachment to stalk to the tip of fruit of tagged

plants and then its average was worked out and expressed in centimetre
3.4.2.8 Fruit weight (g)

Fruit weight was measured by taking the weight of five fruits from the five

tagged plants and its average value was expressed in gram.

26



Plate 8. Overall view of observations taken during field experiment.




3.4.2.9 Estimated fruit yield (g)
Fruit yield was calculated as the product of the number of fruits per plant and fruit

weight and its average value was expressed in gram.

3.4.2.10 Seeds per fruit
Five fruits were selected at random from tagged plants and number of seeds per

fruit was counted and their average was computed.

3.4.2.11 Shrivelled seeds per fruit
The shrivelled seeds per fruit was counted from the five fruits selected for

counting seeds per fruit and their average was worked out.

3.4.2.12 Seed yield per plant (g)
The seeds extracted from the harvested pods was recorded from the five tagged

plants of each replication and their mean were computed.

3.4.2.13 100 seed weight (g)

Seed sample was taken randomly from the seed obtained from each replication
of the treatment and 100 seeds were randomly picked from the sample and their weight

recorded in gram.
3.4.3 Seed quality assessment during storage

Seeds obtained from the experiment was assessed for its quality and longevity.
The seeds from the twenty five treatments in experiment 1 were dried to below eight
per cent and stored in polythene covers (700 G) and stored under ambient condition.
The experiment was conducted as a completely randomized block design with three

replications and twenty five treatments. Quality parameters of the seeds stored under
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ambient conditions were evaluated at monthly intervals following standard procedures

for a period of six months.
3.4.3.1 Observations

Data on seed germination (%), shoot length (cm), root length (cm), seedling dry
weight (g), EC of leachate (dSm™'), mean gemination time (days) and time taken for 50
% germination (days) were recorded at the start of storage and subsequently at monthly
intervals. The observations on seed moisture and seed microflora were however taken
at the start and the end of storage period. The procedure followed for determining seed

quality parameters are detailed below.
3.4.3.2 Germination (%)

The germination test was conducted as prescribed by ISTA. From each
replication of treatment, four sets of hundred seeds were drawn and placed on wet sand
for germination. The sand trays were kept at a constant temperature of 25 °C and 90+3
per cent relative humidity. The number of normal seedlings at the 7" day of
germination was counted and germination per cent was worked out using the formula.

Germination (%) = number of seeds germinated % 100

total number of seeds sown

3.4.3.3 Seedling shoot length (cm)

Ten normal seedlings were randomly selected from each replication of the
treatment on the 7" day of the germination for measuring the shoot length. The shoot
length was measured from the base of primary leaf to the collar region and the mean

shoot length was expressed in centimetre.

3.4.3.4 Seedling root length (cm)
The ten seedlings used for measuring shoot length were used to record the root

length.
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The length between collar region and the tip of the primary root was measured and

expressed in centimetre.

3.4.3.5 Seedling dry weight (g)

The ten seedlings used for measuring shoot and root length were placed in a
butter paper cover and dried in hot air oven at a temperature of 85°C for 24 hours. The
seedlings were removed and allowed to cool in desiccators for 30 minutes before

weighing in digital balance and expressed in gram.

3.4.3.6 Electrical conductivity of seed leachate (uS/cm)

The observation on electrical conductivity of seed leachate (EC) was recorded
using 50 seeds of each replication. The seeds were soaked in 50ml distilled water. After
incubation, leachate was collected in a beaker. The EC of the seed leachate was
recorded with EUTECH CON-510 digital conductivity meter with a cell constant of

0.1 and recorded as micro Siemens per centimetre (uS/cm).

3.4.3.7 Mean germination time (days)

Mean germination time (MGT) for each treatment was calculated using the
formula cited by Ellis and Roberts (1980).
Mean germination time (MGT) =X Dn/Zn

Where,

n = number of newly germinated on day D

D = days from the starting of the germination test,

> n = final germination

29



Plate 9. Conduct of germination test in okra

Plate 10. Seeds soaked for conducting electrical conductivity test




3.4.3.8 Time taken for 50% germination (T50)

Time taken for 50% of germination was calculated using the equation suggested

by Coolbar ef al. (1984).

N

. = )-ni o
T50=ti+ [L(ni_%]l X (tj —ti)
Where,

N = No. of seeds germinated finally

ni and nj = Cumulative number of seeds germinated by adjacent counts at times

ti and tj while ni< N/2 <nj.
3.4.3.9 Vigour indices
The seedling vigour indices consist of Vigour index 1 and Vigour index II.
3.4.3.9.1 Vigour index I

The seedling vigour index 1 was calculated using the formula suggested by
Abdul- Baki and Anderson (1973).

Vigour index I = Germination (%) x seedling length (cm)
3.4.3.9.2 Vigour index II

Vigour index II was computed as suggested by Abdul- Baki and Anderson (1973).
Vigour index II = Germination (%) x seedling dry weight (mg)
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3.4.3.10 Seed moisture content (%)

The seed moisture content through high constant temperature method was
estimated as per the standard procedure of ISTA (1985). Five gram of two replicates
of seeds were weighed and ground to coarse powder. The coarse powdered seed
material was placed inside a weighed aluminium cup and sealed with a lid. Then the
aluminium cup along the seed material was kept in a hot air oven maintained at a
temperature of 103 + 2°C and allowed to dry for 17 + 1 hour. After removing the
aluminium cup from the hot air oven, it was allowed to cool in a dessicator for thirty
minutes. Later, the aluminum cup along with seed and lid was weighed in an electronic
balance and the moisture content was worked out using the following formula,

Moisture content (%)= M>—M3 X 100
Mz - M,

Where,
M, = weight of the aluminium cup with lid alone
M> = weight of the aluminium cup with lid + sample before drying

M3 = weight of the aluminium cup with lid + sample after drying

3.4.3.11 Seed microflora

3.4.3.11.1 Blotter method

The infestation on seeds by storage fungi was detected through Blotter method
prescribed by ISTA (1999). Ten seeds were equidistantly placed on a three layer
sterlilised moistened blotter placed in a petriplate. Three replications of each treatment
were kept and they were incubated at a temperature of 20°C for 7 days for an alternate
cycle of 12 hours’ time period near ultraviolet range and remaining 12 hours in dark.

The plates were examined on the eighth day under stereo binocular microscope for the
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presence seed borne fungi. The infected seeds were counted, identified and expressed
in percentage.
3.4.3.11.2 Agar plate method

In agar plate method, three replicates of ten seeds per each treatment was used.
The seeds were equidistantly placed in a Potato Dextrose Agar media under the laminar
airflow chamber after it is sterilized using 0.1% mercuric chloride. The petriplates were
kept for incubation under the bell jar and the fungal growth was examined after the

incubation period under the stereo binocular microscope.

3.5. Statistical analysis
3.5.1 Analysis of data from Experiment I
The statistical analysis of the data recorded in Experiment 1 was performed
using Web Agri. Stat Package (WASP) for Randomized Block Design (RBD)
developed by Indian Council of Agricultural Research (ICAR) and the significant test
by Duncan’s Multiple Range Test (DMRT). The data obtained were subjected to the

analysis of variance (ANOVA) as shown below.

ANOVA for randomized block design (RBD)

Source of | Degrees of | Sum of | Mean sum of | F-calculated
variation freedom squires squires
Replications | t-1 RSS MSR MSR/ MSE
Treatments | r-1 TrSS MSTr MSTr/MSE
Error (t-1) (r-1) ESS MSE
Total N-1 TSS
Where,
t = no. of treatments
r =no. of replications
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N

= no. of total observations

RSS =replication sum of squires

TrSS = treatment sum of squires

ESS = error sum of squires

TSS = total sum of squires

MSR= Mean sum of squires due to replication

MSTr = Mean sum of squires due to treatment

MSE = Mean sum of squires due to error

3.5.2 Analysis of data from Experiment II

Statistical analysis of the data on various seed quality parameters was

performed using Web Agri Stat Package (WASP) developed by Indian Council of

Agricultural Research for completely randomized design and significant test by

Duncan’s Multiple Range Test (DMRT). The treatment efficacy criteria expressed as

per cent and the numbers having low counts and zero values were transformed to square

root of (x + 0.5) before analysis of variance (ANOVA). Data obtained were subjected

to analysis of variance (ANOVA).

ANOVA for completely randomized design (CRD)

The data recorded in each observation were analyzed using ANOVA so as to test the

differences among two or more independent groups.

Source of variation Degree of | Sum of | Mean square | Computed F
freedom (df ) | squares (SS) | MS = SS/df

Treatment t—1 SST MST MST/MSE

Error n—t SSE MSE

Total N-1 SSTO
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Where,

t =Treatment

n = Total number of observation
SST = sum of squares of treatment
SSE = Sum of squares of error
SSTO = Sum of squares of total
MST = Mean square of treatments

MSE = Mean square of error

3.5.3 Pair wise comparison using DMRT test

Duncan’s multiple range test (DMRT) is used for experiments that require the
evaluation of all possible pairs of treatment means, especially when the total number
of treatments is large. Computation of numerical boundaries that allow for the
classification of difference between any two treatments or means as significant or non-
significant was done. However, unlike the LSD test in which only a single value is
required for any pair comparison at a prescribed level of significance, the DMRT
requires computation of a series of values, each corresponding to a specific series, of
pair comparisons. The following steps were followed for ranking the data (Gomez and
Gomez, 1976).
Step 1: The treatment means were ranked in decreasing (or increasing) order. It is
customary to rank the treatment means according to the order of preference.
Step 2: The sd value was computed following the appropriate procedure.

Step 3: The (t-1) values of the shortest significant ranges was computed as:
sd =12 §?

r
Step 3: Compute the (t - 1) values of the short
Rp = (rp)(sd) forp=23,......

V2
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where,‘t’ is the total number of treatments,‘s’ is the standard error of the mean
difference computed in step 2, ‘r’ values are the tabular values of the significant
ranges, and ‘p’ is the distance in rank between the pairs of treatment means to be
compared (i.e., p =2 for the two means with consecutive rankings and p =t for

the highest and lowest means).

Step 4: All treatment means that do not differ significantly from each other were
identified and grouped together

Step 5: Alphabet notation were used according to the ranking to present the test results.
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4. RESULTS

The present investigation ‘Effect of seed treatments on growth, seed yield and
quality in okra (Abelmoschus esculentus .. Moench)’ was carried out in the Department
of Seed Science and Technology, College of Horticulture, Vellanikkara during 2017-
18.

The study comprised of two experiments using a single variety of okra (Arka Anamika)
namely
Experiment 1: Effect of seed treatments on growth, seed yield and quality

Experiment 2: Seed quality assessment during storage

The influence of growth regulators on seed yield attributes viz., days to first
flowering, plant height, internode length, nodes per plant, branches per plant, fruits per
plant, fruit length, fruit weight, seeds per fruit, shrivelled seeds per fruit, 100 seed
weight, seed yield per plant and seed quality parameters viz., seed germination (%),
shoot length (cm), root length (cm), seedling dry weight (g), EC of leachate (dSm™),
mean germination time (days), time taken for 50 % germination (days), seed moisture

and seed microflora are presented in this chapter.

4.1. Effect of seed treatments with on growth, seed yield and quality
The results obtained from the field experiment are detailed below

4.1.1 Analysis of variance

The analysis of variance (Table 2) revealed that most of the characters under
investigation were significantly influenced by the application of different growth

regulators as seed treatment.
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4.1.2 Plant height (cm)

From the data tabulated in Table 3, it is evident that there is a significant
influence of the growth regulators on plant height. The mean plant height varied from
44.43 cm (T14) to 72.34 cm (T24). The highest plant height was noticed in T24 (Thiourea
1000 ppm for 24 h;72.34 cm) which was statistically on par with T4 (64.43 cm), Ti7
(63.93 cm) and T»; (60.54 cm). While T4 (Cycocel at 150 ppm for 12 h; 44.43 cm) and

Tao (Maleic Hydrazide at 80 ppm for 24 h; 44.81cm) recorded the lower values for this

character.
4.1.3 Nodes per plant

The number of nodes per plant varied significantly among the treatments (Table
3). The number of nodes per plant ranged between 11.20 (T2: GAs at 100 ppm for 12
h)and 17.06 (Tis: CCC at 150 ppm for 24 h). Ti6 (17.06) recorded the highest number
of nodes per plant which was on par with Ts (CCC at 100 ppm for 24 h; 16.40) and
Ti4 (CCC at 150 ppm for 12 h; 16.06), while the lowest number of nodes per plant was
recorded in T2 (11.20).

4.1.4 Internode length (cm)

Internode length varied significantly among the treatments from 3.99 cm (T2
Maleic Hydrazide at 80 ppm for 24 h) to 7.15 cm (T24 . Thiourea 1000 ppm for 24 h).

The highest value for this trait was recorded in T24 (7.15) which was statistically on par
with T21 (Thiourea 500 ppm for 12 h; 6.34) and T23 (Thiourea 500 ppm for 24 h; 6.22).

The internode length in control was 5 cm.
4.1.5 Branches per plant.

It is evident from the data tabulated in the Table 3 that the treatments varied

significantly among themselves. Treating seeds with CCC at 150 ppm for 12 h (T4;
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2.73) recorded the highest number of branches and it was on par with T;s (2.60), Tis
(2.46) and T (2.40). Control and T2 recorded low number of branches per plant (1.60)

4.1.6 Days to first flowering

Days taken for the emergence of first flower varied from 36.26 (T3. GA3z at 50
ppm for 24 h) to 40.46 (Ts: IAA at 50 ppm for 12 h) days. Among the treatments, T3
GA;3 (50 ppm for 24 hours) flowered early at 36.26 days which was found to be on par
with Ty7 (MH at 40 ppm for 12 h: 37.33), T> (GAsz at 50 ppm for 12 h: 37.38) and Tz
(MH at 80 ppm for 12 h: 37.43). Delayed flowering was recorded in treatment Ts
(IAA at 50 ppm for 12 h: 40.60) and control (40.10).

4.1.7 Fruits per plant

Among the treatments fruits per plant varied from 9.7 (T24. Thiourea at 1000
ppm for 24 h) to 6.46 (T7: IAA at 50 ppm for 24 h) (Table 3). Treatments Tis ( CCC
at 100 ppm for 24 h: 8.80), Ts (IAA at 100 ppm for 12 h: 8.66) and T23 (Thiourea at
500 ppm for 24 h: 8.60) were on par with T>4 which recorded the highest value for this
trait while the control (7.13) was statistically on par with the lowest number of fruits

per plant (6.46).
4.1.8 Fruit length (cm)

The data pertaining to fruit length presented in table 4 reveal that there exists a
significant difference among the treatments for the trait fruit length. The mean fruit
length varied from 15.29 cm (T17: MH at 40 ppm for 12 h) to 21.69 cm (T4. GAs at 100
ppm for 24 h). Treatments T3 and T24 had also recorded higher values for this trait.
Lower values were recorded in T17 (15.29 ecm) Ti9 (15.52 cm) and T2 (15.72 cm).

4.1.9 Fruit weight (g)

Mean fruit weight varied among the treatments from 15.24 g (Ti9: MH at 40
ppm for 24 h) to 21.56 g (T11: NAA at 50 ppm for 24 h). Other significant treatments
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include T12 (NAA at 100 ppm for 24 h: 21.29 g), T3 (GAs at 50 ppm for 24 h: 21.21g)
and T4 (GAjzat 100 ppm for 24 h: 21.18 g) while the control recorded a fruit weight of
17.30 g. Treatments Tyo (15.24), T2 (15.83) and T7 (16.34) recorded the low values.

4.1.10 Estimated fruit yield (g)

The higher values for the parameter estimated fruit yield was recorded in To4
(Thiourea at 1000 ppm for 24 h) which was on par with T1; (NAA at 50ppm for 24 h),
T3 (GAsat 50 ppm for 24 h), T4 (GAs at 100 ppm for 24 h), T2 (NAA at 100 ppm for
24 h) and all other treatments of thiourea. While control (123.28) was statistically on
par the lower value 103.75 (Tho).

4.1.11 Seeds per fruit

Among the treatments, the mean number of seeds per fruit varied from 36.60
(T19: MH at 40 ppm for 24 h) to 55.86 (T4: GAsat 100 ppm for 24 h). The highest
number of seeds per fruit was noticed in T4 (55.86) which was on par with T1> (NAA
at 100 ppm for 24 h: 54.80) and the least number of seeds per fruit was in T19 (36.60).

The number of seeds per fruit in control was 41.73.
4.1.12 Shrivelled seeds per fruit

The average shrivelled seeds per fruit ranged from 5.26 (T13: CCC at 100 ppm
for 12 h and Tis: MH at 80 ppm for 12 h) to 7.86 (T4: GAsz at 100 ppm for 24 h). The
shriveled seeds per fruit was found to be lowest in Ti3 and Tig (5.26). Significantly
higher shriveled seeds per fruit was observed in T4 (7.86) which was statistically on
par with T3, T23 (7.73), T24 (7.53), T22 (7.33), T21 (7.20), T1 (7.13) and Tg (6.86) (Table
3)
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4.1.13 Seed yield per plant (g)

The data pertaining to seed yield per plant presented in table 4 reveals that there
were significant differences among the treatments for this character. The mean seed
yield per plant varied from 15.52 (T19: MH at 40 ppm for 24 h) to 30.06 (T24: Thiourea
1000 ppm for 24 h). The highest seed yield per plant was obtained from Tz4 (30.06)
which was statistically on par with treatments T1; (NAA at 50 ppm for 24 h), T3 (GA3
at 50 ppm for 24 h) and T2 (NAA at 100 ppm for 24 h). They recorded a seed yield
per plant of 28.58, 28.25 and 28.24 g respectively.

4.1.14 Hundred seed weight (g)

The average 100 seed weight ranged from 5.71 (T16: CCC at 150 ppm for 24 h)
t0 6.62 g (T17: MH at 40 ppm for 12 h). The treatments T7 (6.62) and Ti; (6.54) were
on par with each other, while the lowest was recorded in Ti6 (5.71) which was on par

with T13(5.79)

4.2. Experiment 2: Seed quality assessment during storage

Seeds obtained from the previous experiment were assessed for its quality and
longevity. The seeds from the twenty five treatments were dried and stored in polythene
covers (700 G). The experiment was conducted as completely randomized block design
with three replications and twenty five treatments. Seed quality of the seeds stored
under ambient conditions were evaluated at monthly intervals for a period of seven

months
4.2.1. Initial seed quality of okra

The initial seed quality parameters were recorded at the start of the experiment

and presented in Table 5.
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4.2.1.1. Germination (%)

There was no significant influence of growth regulators on germination before
storage. The germination per cent ranged between 50.66 (T17: MH at 40 ppm for 24 h)
and 63.33 (Ts: IAA at 50 ppm for 12 h).

4.2.1.2. Seedling shoot length (cm)

The freshly harvested seeds showed significant differences among the
treatments for this parameter. Higher values for seedling shoot length was recorded
in Tg (21.21 cm) which was statistically on par with T, (Thiourea 500 ppm for 12 h:
20.99 cm) and Tio (NAA at 100 ppm for 12 h: 20.91 c¢m), while the least value for
seedling shoot length was observed in T (GA3z at 50 ppm for 12 h: 19.61 cm) which

was statistically on par with the control (20.17 cm).
4.2.1.3. Seedling root length (cm)

There are no significant differences among the treatments for seedling root

length.
4.2.1.4. Seedling dry weight (g)

The effect of growth regulators on seedling dry weight was found to be non-

significant.
4.2.1.5. EC on seed leachate (uS/cm)

There is no significant treatment effect on electrical conductivity on seed

leachate in the initial period.
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4.2.1.6. Vigour index I and II

Both vigour index I and II had no significant treatment effect on freshly harvested seeds
4.2.2. Seed quality assessment during storage

4.2.2.1 Analysis of variance

The analysis of variance of the seed quality parameters recorded at monthly
intervals for seven months of storage revealed that, there existed significant differences
among the various growth regulator treatments for seed quality parameters such as
germination percent, seedling shoot length, seedling root length, seedling dry weight,
seedling vigour index I and II, mean germination time, time and electrical conductivity

of seed leachate.
4.2.2.2. Germination (%)

Germination per cent of seeds obtained from the twenty five treatments of the
previous experiment were calculated at monthly intervals for a period of seven months.
The effect of plant growth regulators on seed germination is presented in Table.6.
Significant treatment differences were observed in germination per cent from second

month onwards to the last month of storage (seventh month) except the third month.

During the course of storage, irrespective of treatments the germination per cent
declined gradually. Highest germination per cent (82.66%) was observed during the
first month of storage in Tg (IAA at 100 ppm for 24 h) and T1o (NAA at 100 ppm for
12 h) while the lowest germination per cent (56 %) was recorded at the last month of

storage in T17 (MH at 40 ppm for 12 h) which was on par with the control (56.66%).
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At the end of the storage period (seventh month), T11 (NAA at 50 ppm for 24
h) exhibited the highest germination per cent (66.66%) which was significantly on par
with T3 (GA3 at 50 ppm for 24 h; 64.66%). So, at the end of the storage period only
these two treatments (T1; and T3) retained the minimum seed certification standard of

okra (65%).

All treatments including the control maintained the MSCS (Minimum Seed
Certification Standard) of 65 per cent up to fifth month of storage. In the sixth month

the germination per cent ranged between 60 per cent and 70 per cent
4.2.2.3. Seedling shoot length (¢cm)

Seedling shoot length exhibited significant differences among the treatments
from third month of storage to the sixth month of storage (Table 7). In the first two
months and last month of storage the treatment effect was found to be non-significant.
In third month of storage, significantly higher shoot length was observed in Tas
(Thiourea at 1000 ppm for 12 h; 21.73 cm) which was statistically on par with Tio
(NAA at 100 ppm for 12 h; 21.26 cm) and T24 (Thiourea at 1000 ppm for 24 h; 21.186

cm).

At the sixth month of storage, higher seedling shoot length of 19.96 cm was
recorded in T11 (NAA at 50 ppm for 24 h) which was found to be on par with T1o (NAA
at 100 ppm for 12 h; 19.66 cm) and T4 (GA3 at 100 ppm for 24 h;19.25 cm). The control
(17.62 cm) was statistically on par with the lowest seedling shoot length of 17.43 cm

in Ty7.
4.2.2.4. Seedling root length (cm)

The seedling root length exhibited significant treatment effects in the fourth, fifth and

the last month of storage (seventh month).
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A gradual decline can be found in the seedling shoot length with the advancement of

the storage period (Table 8).

Higher value for seedling root length was recorded in the first month of storage
in Tz (MH at 80 ppm for 24 h; 6.32cm) and the lowest seedling root length was
recorded at the end of storage period in T19 (MH at 40 ppm for 24 h; 2.97 cm).

At the end of storage period, T2 (GA3 at 100 ppm for 12 h) recorded the highest
seedling root length of 3.75 cm which was on par with Tio (3.64 cm) and T4 (3.60 ¢cm)
while the treatment T19 (MH at 40 ppm for 24 h; 2.97 ¢cm) recorded the least value for

this character which was statistically on par with the control (3.31 c¢cm).
4.2.2.5. Seedling dry weight (g)

Seedling dry weight was found to be declining over the period of storage
(Table 9). Significant treatment influence was noted only in the fourth and sixth month

of storage.

The highest seedling dry weight (0.033g) was recorded at the first month of
storage in T4 (GA3 at 100 ppm for 24 h), T6 (IAA at 100 ppm for 12 h) and Tis (MH
at 80 ppm for 12 h)

At the end of storage Tis, T17, Tis had the lowest value (0.022g) in seedling dry
weight while the control was 0.023 g.

4.2.2.6. Electrical conductivity (uS/cm)

The electrical conductivity of seed leachate was found to be significantly
influenced by the treatments throughout the period of storage (Table 10). Over the
period of storage, seed leachate was found to increase gradually irrespective of the
treatments. So as expected lower values of electrical conductivity was found in the first

month and higher values at the end of the storage period.
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In the first month of storage, electrical conductivity of seed leachate was found
to be highest in T4 (Thiourea at 1000 ppm for 24 h; 264.33 uS/cm), followed by Ti9
(MH at 40 ppm for 24 h; 264 uS/cm), Tiz (CCC at 100 ppm for 12 h] and control
(259.00 pS/cm) which were statistically on par with each other. The least value of seed
leachate (195.66 pS/cm) was observed in Tio (NAA at 100 ppm for 12 h) which was
on par with Ts (IAA at 50 ppm for 12 h; 209.00 uS/cm).

At the end of storage period, the highest value of electrical conductivity (404.67
uS/cm) was recorded in Ti7 (MH at 40 ppm for 12 h) which was statistically on par
with the control (402.33 pS/cm) and the lowest value was in Tg (IAA at 100 ppm for
24 h) followed by T3 (343.33 uS/cm), T4(345.67 uS/cm) and T11 (347.33 pS/cm) (all

were on par to each other).
4.2.2.7. Mean Germination Time (days)

It is evident from Table 11 that there was no significant influence of treatment
on mean germination time during the initial months of storage (first three months).
Significant variation on mean germination time was noticed between fourth and sixth
month of storage. A progressive increase in mean germination time with advancement

in storage period was observed in all treatments.

At the sixth month of storage, the highest value in mean germination time (4.17
days) was recorded in Ts (CCC at 100 ppm for 12 h) which was statistically on par
with T3 (4.15 days) and Te (4.14 days).

Highest mean germination time was recorded at the end of storage period in T2o
(4.21 days) and the lowest mean germination time was observed at the first month of

storage in T2 (3.06 days).
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4.2.2.8 Time taken for 50% germination (days)

Time taken for fifty percent germination was gradually increasing from the first
to the last month of storage. But there was no significant treatment influence in this

parameter during storage period except in the first month (Table 12)

In the first month more days were taken by To (NAA at 50 ppm for 12 h; 3.87
days), T1 and T3 (3.79) days which were statistically on par to each other and the lower
values were recorded in Ts (IAA at 50 ppm for 12 h) which was on par with control

(3.68 days)
4.2.2.9. Vigour index 1

It is clearly evident from Table 13 that there was a significant difference among
the treatments for seedling vigour index I throughout the storage period except during
the first month. The table clearly indicates that seedling vigour index gradually

declined over the storage period, irrespective of the treatments.

At the end of the storage period, significantly higher values for vigour index I
was recorded in T11 (NAA at 50 ppm for 24 h; 1407.01) which was statistically on par
with T3 (GAs at 50 ppm for 24 h; 1373.85) and T1o (NAA at 100 ppm for 12 h; 1367.57),
while the control (1143.98) was on par with the least value of 1104.76 (treatment T}7).

4.2.2.10. Vigour index II

The seedling vigour index II values obtained from the twenty five treatments
over seven months of storage are presented in Table 14. From the table it is evident
that seedling vigour index II was found to be non-significant in the initial two months
of storage. However significant differences were noticed among the treatments form

the third month of storage.
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Over the months of storage, seedling vigour index II declined gradually. At the
end of the storage period, vigour index II value was recorded significantly maximum
in T11 (NAA at 50 ppm for 24 h; 1.576) which was on par with T2 (NAA at 100 ppm
for 12 h; 1.55) and T3 (GA3 at 50 ppm for 24 h; 1.53), while the minimum was recorded

in Ty7 (1.22) and the control was statistically on par with the minimum
4.2.2.11. Seed moisture (%)

Seed moisture was estimated only at the start and end of storage (Table 15).
The seeds obtained from the twenty five treatments were dried up to a moisture level

of 7% and stored in polythene covers (700 G) under ambient condition.

At the end of the storage period, there was no significant treatment difference
in seed moisture content. However there was a slight increase in seed moisture content

in all treatments while compared to the values at the start of storage.
4.2.2.12 Seed microflora (%)

The effect of growth regulators on seed microflora was found to be non-
significant at the start and the end of the storage period. The per cent of seed infection
by seed micro flora increased at the end of storage, irrespective of the treatment effect.

The organism observed were Aspergillus flavus and Aspergillus niger (Table 16)
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A. Blotter paper method

B. Agar plate method

Plate 11. Seed micro flora study
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Discussion I



5. DISCUSSION

Seed plays a vital role in sustained growth of agriculture since it is the basic
and primary material for propagation. The importance of seed has been recognized
since time immemorial. Several techniques have been employed to improve the seed
yield and quality. Seed treatment with plant growth regulators is one such technology

which has consistently proven to improve seed quality.

The results of the present study entitled ‘Effect of seed treatments on growth,
seed yield and quality in okra (4belmoschus esculentus L. Moench)’, conducted at the
Department of Seed Science and Technology, College of Horticulture, Vellanikkara is

discussed in this chapter with the support of earlier scientific findings

5.1 Experiment 1: Effect of seed treatment with on growth, seed yield and quality.

The result of the study revealed that seed treatment with plant growth regulators
exerts significant effect on almost all characters under investigation like plant height,
nodes per plant, internode length, branches per plant, days to first flowering, branches
per plant, fruits per plant, fruit weight, seeds per fruit, shrivelled seeds per fruit, seed

yield per plant and hundred seed weight.
5.1.1 Plant height

Plant growth regulators had significant influence on plant height when
compared with control (To). The highest plant height was observed in in Tas i.e
treatment with thiourea 1000 ppm for 24 hours (72.34 cm) which was statistically on
par with T4 (GA3 at 100 ppm for 24 hours; 64.43 c¢cm), T17(63.93 cm) and T2 (60.54

cm).

Application of thiourea, enhanced cell division in plants leading to increased
leaf area which increased the net photosynthetic rates as well as the total chlorophyll

content in the leaves ultimately leads to increased plant height. Rawat and Makani
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(2015) opined that thiourea significantly increases nitrate reductase activity and
concentration of soluble proteins, playing a positive role in enhancing nitrogen

metabolism.

GAs3 at 100 ppm was statistically on par with thiourea in case of plant height.
Increased plant height is due to its effect on cell elongation and multiplication of cells
in sub-apical meristem which leads to stem elongation. Increase in plant height by GA3
application has been reported by Pawar et al. (1977), Naruka and Paliwal (2000), and
Bhagure and Tambe (2013).

5.1.2 Nodes per plant

The number of nodes per plant varied significantly among the treatments. Tie
(CCC at 150 ppm for 24 h; 17.06) recorded the highest number of nodes per plant
which was on par with Tis (16.40) and T4 (16.06), while the lowest number of nodes
per plant was recorded in Tz (11.20). The length of internodes decreased with the
application of cycocel at high concentrations. The reduced internodal length by
restricted cell division, increased the number of internodes, ultimately results in more
number of nodes per plant. The results of the present study are in conformity to the

reports of Mahorkar et al. (2007), Shinde (2010) and Kagwade (2012).
5.1.3. Internode length

Internode length varied significantly among the treatments from 3.99 cm (T20)
to 7.15 (T24) cm. The highest value for this trait was recorded in T4 (7.15 cm) which
was statistically on par with T2; (6.34 cm) and T3 (6.22 cm). The lowest internode
length was recorded in T2 (MH at 80 ppm for 24 h; 3.99cm) which was on par with
T4 (4.24 ¢cm) while the control recorded 5 cm internode length. It is evident from the

result that it was the thiourea treatments which had the highest internode length. But

76



sjuawijealdj

S AT O AP FT & FSSHE
oaoﬁ\v oooo & aoo& & ooos ROIRCICS ooos oooo oooy oooo °
R R R R R R R A R N

JOJ JOJ JOJ «OJ vOJ JOJ ¢OJ «O/. «Of ¢Ox ¢O/ ¢OJ ./JO/

PRI VAR LI S N VAT RO VR DRI R
98 S N OISO M MCCURSNCRII AR\ MRS
&S S O EEEEEE S W

V J J V J /Muv 4 J 4 /M«V /$V /./d ﬁuv
0
ot
0z

o o
< (a0]
(wo) ysizy ueld

(=)
(V3]

‘(w2) 3y3iay jue|d
08

vnjo u (wo) yySoy juepd uo siojemSoa gpmoas Jueld Yiim JusuI)EII) PIds Jo APY 314




the nodes per plant in these treatments were comparatively less (T4 had 11.80

nodes/plant), which obviously leads to more internodal length.

Maleic hydrazide and cycocel were effective in suppressing apical dominance
which restricts cell division and elongation in the apical meristem which leads to short
internodes. Similar results were obtained by Narase and Gowda (1980), Patil et

al,2008) and Kagwade (2012).
5.1.4. Branches per plant

The treatments significantly varied over control which recorded the least
number of branches per plant. Treating seeds with CCC at 150 ppm for 12 hours Ti4
(2.73) recorded the highest number of branches and it was on par with T1g (2.60), Tis
(2.46) and Tio (2.40). Control and T> recorded least number of branches per plant
(1.60). More number of branches per plant in seeds treated with cycocel may be due to
its action in suppressing apical dominance and promoting axillary buds and there by
more lateral branches. These results are in conformity with the findings of Narase and

Gowda (1980), Arora and Dhankar (1992), Bora and Sharma (2006).
5.1.5. Days to first flowering

Days taken for the emergence of first flower varied from 36.26 (T3) to 40.46
(Ts) days. Among the treatments T3 (GA3 50 ppm for 24 h) flowered early at 36.26 days
which was statistically on par with T17 (37.33), T2 (37.38) and Tis (37.43). Delayed

flowering was recorded in treatment Ts (40.60) and control (40.10).

The application of GA; induces early germination and remained
physiologically more active to build up adequate food reserves and better mobilization
of photosynthates at faster rate. This may be the reason in early transformation from
vegetative phase to reproductive phase. This result is in accordance with the findings

of Das and Patnaik (1971), Singh and Kumar (1998) and Vijayaraghavan (2000).
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5.1.6. Fruits per plant

Among the treatments fruits per plant varied from 9.7 (Ta4) to 6.46 (T7).
Treatments Tis (8.80), Ts (8.66) and Ta3 (8.60) were on par with T24 which recorded
the highest value for this trait while the control (7.13) was statistically on par with the

lowest number of fruits per plant 6.46 (T7).

Thiourea could have delayed leaf ageing and senescence and thus enhanced
photosynthetic efficiency leading to increase in growth and yield of plants. Thus,
thiourea application favourably affected both carbohydrate and nitrogen metabolism,
which in turn enhanced plant performance. Similar findings was reported by Mathur ez
al. (2006) in mung bean. Exogenous application of thiourea stimulated the effect of
natural occurring hormones that accelerated and modified the growth and development
of plants. Similar results were also reported by Sharma and Singh (2004), Yadav et al.
(2004) and Burman et al. (2006) in cluster bean.

5.1.7. Fruit length

The data pertaining to fruit length revealed that there exists a significant
difference among the treatments for the trait fruit length. The mean fruit length varied
from 15.29 cm (T17: MH at 40 ppm for 12 h) to 21.69 cm (T4: GA3 (100 ppm for 24 h).
Treatments T3 and Tas had also recorded higher values for this trait. Lower values

were recorded in T17 (15.29 cm) T (15.52 em) and T2 (15.72 cm).

Higher fruit length in GA3 treatments may due to the result of cell elongation
and cell enlargement by the supply of growth regulators within the plant. Similar results
were observed by Pawar er al. (1977), Singh and Kumar (1998) and Patil and Patel
(2010).
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5.1.8 Fruit weight

Mean fruit weight varied among the treatments from 15.24 g (T1o: MH at 40
ppm for 24 h) to 21.56 g (T11: NAA at SOppm for 24 h). Other significant treatments
include T12 (21.29 g), T3 (21.21 g) and T4 (21.18 g) while the control recorded a fruit
weight of 17.30 g. Treatments T (15.24 g), T2o (15.83 g) and Ti7 (16.34 g) recorded
the least values. Higher fruit weight in seed treated with NAA may be due to greater
mobilization of reserved food materials to the fruit and seed i.e. more than enough
carbohydrates synthesized for vegetative growth is diverted to reproductive growth.
These findings were in line with Pawar et al. (1977), Naruka and Paliwal (2000) and
Prasad ef al. (2013)

5.1.9. Estimated fruit yield

The higher values for the parameter estimated fruit yield was recorded in Ta4
(Thiourea 1000 ppm for 24 h) which was on par with Ty, T3, T4, Ti2 and all other
treatments of thiourea. While control (123.28 g) was statistically on par the lower value

103.75 g (T19).

Thiourea could have delayed leaf ageing and senescence and thus enhanced
photosynthetic efficiency leading to increase in growth and yield of plants. Thus,
thiourea application favourably affected both carbohydrate and nitrogen metabolism,
which in turn enhanced plant performance. Similar findings was reported by Mathur ez
al. (2006) that application of thiourea enhanced pod and seed yield of mung bean. In
case of GAs; and NAA the effective mobilization of the higher amount of
photosynthates produced and the accelerated reproductive phase ultimately resulted in

more fruit yield.
5.1.10. Seeds per fruit

Among the treatments, the mean number of seeds per fruit varied from 36.60

(T19) to 55.86 (T4). The highest of seeds per fruit was noticed in T4 (55.86) which was
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on par with T2 (54.80) and the least number of seeds per fruit was in Ti9 (36.60).

Meanwhile the number of seeds per fruit in control was 41.73.

Average number of seeds per fruit were significantly higher in GA3 at 100
ppm for 24 hours (Ts) and NAA at 50 ppm for 12 hours(T1o) than the control. This may
due to the effective mobilization of the higher amount of carbohydrate produced and
the accelerated reproductive phase which ultimately resulted in more number of seeds.
Similar results were obtained by Munda ef al. (2000), Kishan ez al. (2001) and Patil er
al. (2008).

5.1.11. Shrivelled seeds per fruit

The average shrivelled seeds per fruit ranged from 5.26 (T3 and Tig) to 7.86
(T4). The shriveled seeds per fruit was found to be lowest in T3 (CCC at 100 ppm for
12 h) and Tig (5.26) [Narase and Gowda (1980)]. Significantly higher shriveled seeds
per fruit was observed in T4 (7.86) which was statistically on par with T3, T23 (7.73),
T24 (7.53), T22 (7.33), T21 (7.20), T1 (7.13) and T (6.86).

5.1.12. Seed yield per plant (g)

There were significant differences among the treatments for this character. The
mean seed yield per plant varied from 15.52 g (T19) to 30.06 g (T24). The highest seed
yield per plant was obtained from T24 (Thiourea at 1000 ppm for 24 h; 30.06 g) which
was statistically on par with treatments T1; (NAA at 50ppm for 24 h), T3 (GA3 at 50
ppm for 24 h) and T12 (NAA 100ppm for 24 h) recorded a seed yield per plant of 28.58
g, 28.25 g and 28.24 g respectively.

Higher seed yield in thiourea could have been due to delayed leaf ageing and
senescence and enhanced photosynthetic efficiency which leads to increase in growth

and yield of plants. Thus, thiourea application favorably affected both carbohydrate
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and nitrogen metabolism, which in turn enhanced plant performance. Similar findings
were reported by Mathur ef al. (2006) that application of thiourea enhanced seed yield
of mung bean. The increased yield in NAA may due to greater mobilization of

photosynthates to fruit and seeds.
5.1.13. Hundred seed weight (g)

The average 100 seed weight ranged from 5.71 g (Tie) to 6.62 (T17) g. The
treatments T17 (MH at 40 ppm for 12 hours; 6.62 g) and T11 (6.54 g) were on par with
each other, while the lowest was recorded in Ti6 (5.71 g) which was on par with T3
(5.79 g). This might due to higher per cent of bold seeds coupled with increased
translocation of food reserves from source to sink (seed). The favourable effect of

cycocel is in conformity to the findings of Vijaykumar et al. (1988).
5.2. Experiment 2: Seed quality assessment during storage.

Quality seed is the most strategic resource for higher production and
productivity and this quality can be assessed by several seed quality parameters. One
of the most basic needs for higher productivity is the seed quality which is
characterized by vigour and viability of the seed. The results of the seed storage study

are discussed here under:
5.2.1. Initial seed quality assessment in okra.

It was clearly evident from the result, that there was no significant treatment
effect (effect of growth regulators as seed treatment) on initial seed quality parameters

of freshly harvested seeds except seedling shoot length.

Higher values for seedling shoot length was recorded in Ts (NAA at 50 ppm
for 12 hours; 21.21 c¢m) which was statistically on par with T2; (20.99 cm) and Tio
(20.91 cm), while the least value for seedling shoot length was observed in T; (19.61
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cm) which was statistically on par with the control (20.17 cm). Similar results were

obtained by Premchand etz al. (2013).
5.2.2. Seed quality assessment during storage

Results obtained from the seed quality parameters recorded at monthly intervals
for seven months of storage revealed that, there existed significant differences among
the various growth regulator treatments for seed quality parameters such as germination
per cent, seedling shoot length, seedling root length, seedling dry weight, seedling
vigour index I and II, mean germination time, time and electrical conductivity of seed

leachate.
5.2.2.1. Germination (%)

Significant treatment differences were observed in germination per cent from
second month onwards to the last month of storage (seventh month). During the course
of storage, irrespective of treatments the germination per cent declined gradually with
the advancement of storage. Such gradual and accelerated loss were also reported by
Navya (2016) and Sandhya (2016) in chilli, Shobha (2016) in ash gourd and Nagendra
(2017) in oriental pickling melon.

At the end of storage period (seventh month), T11(NAA at 50 ppm for 24 hours)
exhibited the highest germination per cent (66.66%) and which was significantly on
par with T3 (GA3 at 50 ppm for 24 hours; 64.66%). So, at the end of the storage period
only these two treatments (T11 and T3) retained the minimum seed certification standard

of okra (65%).

All treatments including the control maintained the MSCS (Minimum Seed
Certification Standard) of 65 per cent up to fifth month of storage. In the sixth month
the germination percent ranged between 60 per cent and 70 per cent and in the last

month all the treatments except T11 and Ts declined below MSCS.
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It is clearly evident from the result that exogenous application of GA3 and
NAA in experiment 1 resulted in the production of quality seeds with high germination
percent even in the last month of storage. Similar findings were reported by Sultana ef

al. (2006), Bhagure and Tambe (2013) and Premchand ef al. (2013)
5.2.2.3. Seedling shoot length (cm)

Seedling shoot length exhibited significant differences among the treatments
from third month of storage to sixth month of storage. In third month of storage,
significantly higher shoot length was observed in T23 (Thiourea at 1000 ppm for 12 h;
21.73 cm) which was statistically on par with Tio (NAA at 100 ppm for 12 h; 21.26
cm), Ta4 (Thiourea at 1000 ppm for 24 h; 21.18 cm).

At six months of storage higher seedling shoot length 0of 19.96 cm was recorded
in T11 (NAA at 50 ppm for 24 h) which was statistically on par with T10(19.66 cm) and
T4 (GA3 at 100 ppm for 24 h; 19.25 cm). The control (17.62 cm) was statistically on
par with the lowest seedling shoot length of 17.43 cm in T17.

Increased shoot length in treatments of NAA and GA3 in the last month of
storage might be due to the enhancement of seed quality in the seed produced by the
application of these growth regulators in field experiment. Supporting findings were

made by Premchand ef al. (2013), Priyanka et al. (2008), Yogananda et al. (2004)
5.2.2.4. Seedling root length (cm)

The seedling root length exhibited significant treatment effects in the fourth,
fifth and the last month of storage (seventh month). A gradual decline can be found in
the seedling shoot length with the advancement of storage period. This gradual decline
were observed in the findings of Aswathi (2015) in cowpea. It might be due to decline
in seedling vigour over the storage period as the seeds starts to ageing. Similar results

were observed by Shobha (2016)) and Nagendra (2017).
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At the end of storage period, T2 (GAs at 100 ppm for 12 h) recorded the highest
seedling root length of 3.75 cm which was on par with T (3.64 ¢cm) and T4 (3.60 cm)
while the treatment T19 (MH at 40 ppm for 24 h; 2.97 c¢m) recorded the least value for

this character which was statistically on par with the control (3.31 ¢cm).

All other treatments deteriorated including control at the end of storage, while
treatments of GA3 and NAA had a high vigour while comparing with other treatments.
This might be the reason for increased root length in T, T19 and Ta. The results were
in agreement with the findings of Yogananda ez al. (2004), Priyanka ef al. (2008),) and
Premchand et al. (2013).

5.2.2.6. Seedling dry weight (g)

Significant influence of growth regulators on seedling dry weight was less.
Over seven months of storage significant influence of treatments was noted only in

fourth and sixth month of storage.

Irrespective of treatment effect, seedling dry weight was found to be declining
over the period of storage. Similar observations were by Navya (2016) and Sandhya
(2016) in chilli and Shobha (2016) in ash gourd.

The maximum seedling dry weight (0.033 g) was recorded at the first month of
storage in T4 (GA3 at 100 ppm for 24 hours), Ts (IAA at 100 ppm for 12 h) and Tisg
(MH at 80 ppm for 12 h). These findings were in line with Yogananda er al., (2004)
and Rawat and Makani. (2015)

5.2.2.6. Electrical conductivity (uS/cm)

The electrical conductivity of seed leachate was found to be significantly
influenced by the treatments throughout the period of storage. Over the period of

storage, seed leachate was found to increase gradually irrespective of the treatments.
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At the end of storage period, the highest value of electrical conductivity (404.67
uS/cm) was recorded in Ti7 (MH at 40 ppm for 12 h) which was statistically on par
with the control (402.33 uS/cm) and the lowest value was in Tg (IAA at 100 ppm for
24 h) followed by T3 (343.33 uS/cm), T4 (345.67 pS/cm) and Ty (347.33 pS/cm) (all

are on par to each other).

Increased electrical conductivity in T17 (MH at 40 ppm for 12 h) may indicate
low seed vigour. Poor membrane structure and leaky cells are usually associated with
low vigour seeds results in a greater loss of electrolytes such as amino acids and organic
acids from imbibing seeds and increased conductivity of seed leachates (Matthews and
Brandnock, 1967). The lower values were in Tg, T3 and T4 which are expected to have
high vigour. The result of the present study agrees with the findings of Satheeshkumar
(2005).

5.2.2.7. Mean Germination Time (days)

There was progressive increase in mean germination time in all the treatments
with advancement in storage period. Similar observations was recorded by Nagendra
(2017). At the sixth month of storage, the highest value in mean germination time (4.17
days) was recorded in Ts (CCC at 100 ppm for 12 h) which was statistically on par
with T3 (4.15 days) and Ts (4.14 days). It indicates that treatments Tis, T13 and Te
takes more time to achieve mean germination which implies loss in vigour at the end

of storage.
5.2.2.8 Time taken for 50% germination (days)

Time taken for fifty percent germination was gradually increasing from the first

month of storage to the last month of storage. Progressive rise was observed in all
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treatments for this parameter with increase in storage period. Such gradual rise in this
trait also reported by Nagendra (2016) in oriental pickling melon. However, there was
no significant differences among treatments during storage period except the first

month.

In the first month more days were taken by To (NAA at 50 ppm for 12 hours;
3.87 days), T1 and T3 (3.79) days which were statistically on par to each other and the
lower value was recorded in Ts (IAA at 50 ppm for 12 h) which was on par with control

(3.68 days).
5.2.2.9. Vigour index I

It is clearly evident from the result that there was a significant difference among
the treatments for seedling vigour index I throughout the storage period except during
the first month. Seedling vigour index gradually declined over the storage period,

irrespective of the treatments. Similar observations are made by Narwal ef al. (1998)

At the end of the storage period, significantly higher values for vigour index I
was recorded in Ty (1407.01) which was statistically on par with T3 (1373.85) and Tio
(1367.57), while the control (1143.98) was on par with the least value of 1104.76
recorded in treatment T17. These results are in conformity with the findings of Sultana

et al. (2006) and Premchand et al. (2013)
5.2.2.10. Vigour index II

From the table it was evident that seedling vigour index II was found to be non-
significant in the initial two months of storage. However significant differences were

noticed among the treatments from the third month of storage.

Over the months of storage, seedling vigour index II declined gradually. Similar
findings were made by Narwal et al. (1998). At the end of the storage period, vigour

index II value was recorded significantly higher in Ty (1.576) which was on par with
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T2 (1.55) and T3 (1.53), while the minimum was recorded in T17(1.22) and the control
was statistically on par with the minimum. Similar findings were observed by Sultana

et al. (2006) and Premchand et al. (2013).
5.2.2.11. Seed moisture (%)

Seed moisture was estimated only at the start and end of the storage period. At
the end of storage period, there was no significant treatment on seed moisture but there
was a slight increase in seed moisture in all the treatments while comparing with the
seed moisture at the start of storage month. The moisture content plays a key role in

amplifying fungal biomass during storage period.
5.2.2.12 Seed microflora (%)

The effect of growth regulators on seed microflora was found to be non-
significant at the starting and the end of the storage period. But the percent of seed
infection by seed micro flora was increased at the end of storage period, irrespective of
the treatment effect. The most commonly infected seed storage fungi were Aspergillus
niger, Aspergillus flavus, and Pencillum spp. Similar results were obtained by
Kononkov and Dudina (1986) in tomato, Sandhya (2016) in chilli and Nagendra (2017)

in oriental pickling melon.
5.2.3. Scoring and ranking

The treatments undertaken in the present study were each effective for a few of
the characters studied. Hence in order to identify treatments effective for improving
seed yield and seed longevity ranking was undertaken for all the traits in experiment I
and for seed germination and seed vigour index I of experiment II. For each character
the genotypes were ranked in descending order except for days to first flowering and
shriveled seeds per pod where the treatments were ranked in ascending order. The total
score for each treatment was arrived at by summing up the ranks obtained for all the

fourteen characters studied.
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The score obtained from the table 17 clearly indicates that the growth
parameters which influence vegetative growth, flowering, fruit development and
subsequently leads to fruit yield (Rank I) were found to be best in treatment Tas
(Thiourea at 1000 ppm for 24 hours) followed by T3 (GAs at 50 ppm for 24 hours), T4
(GAs3 at 100 ppm for 24 hours), T1o (NAA at 100 ppm for 12 hours) and T11 (NAA at
50 ppm for 24 hours).

Based on the score for seed yield and seed quality parameters (Rank II)
treatment T11 (NAA at 50 ppm for 24 hours) was considered the best followed by T2
(NAA at 100 ppm for 24 hours), T3 (GA3 at 50 ppm for 24 hours, Tio (NAA at 100
ppm for 12 hours) and T24 (Thiourea at 1000 ppm for 24 hours).

The total score by summing up the ranks obtained for all the fourteen characters
studied for each treatment reveals that, the growth, yield and seed quality of okra was
best in T11 (NAA at 50 ppm for 24 hours) which was followed by T3 (GA3 at 50 ppm
for 24 hours), Tio (NAA at 100 ppm for 12 hours),T24 (Thiourea at 1000 ppm for 24
hours) and T4 (GAs at 100 ppm for 24 hours).It was noticed that all the superior

treatments were subjected to a soaking period of 24 hours.

Seed treatment with thiourea at 1000 ppm for 24 hours could maintain the
MSCS level (65 %) only for five months of storage, even though it was found best in
increasing the growth parameters and fruit yield. While seed treatment with NAA and
GAs3 at 50 ppm for 24 hours not only increased the growth and yield of okra but also
enhanced the seed quality and longevity for a period of seven months in storage. Hence
it can be concluded that seed treatment with NAA and GAj3 at 50 ppm for 24 hours is

more effective in improving seed yield and quality in okra.
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Summary



6. SUMMARY

The present investigation entitled “Effect of seed treatments on growth, seed

yield and quality in okra (Abelmoschus esculentus L. Moench) was carried out in the

Department of Seed Science and Technology, College of Horticulture, Vellanikkara,

Kerala Agricultural University with an objective to find the effect of growth regulators

on growth, seed yield and quality in okra and delineate their effect on seed quality and

longevity. the salient findings of the study are summarized here under.

Experiment 1: Effect of Seed treatments with plant growth regulators on growth,

seed yield and quality

1.

The experiment was laid out in a Randomised Block Design with three
replications and twenty five treatments including control. Treatments included
treating freshly harvested okra seeds of variety Arka Anamika, with different
concentrations of growth regulators namely GA3 IAA, NAA, Cycocel, Maleic

hydrazide and Thiourea for two different time periods (12 hours and 24 hours).

. Observations on plant height, nodes per plant, internode length, branches per

plant, days to first flowering, fruits per plant, fruit length, fruit weight,
estimated fruit yield, seeds per fruit, shrivelled seeds per fruit, seed yield per

plant and 100 seed weight were recorded.

The results revealed that seed treatment with different plant growth regulators

exhibited significant differences for all the characters studied.
Growth and yield characters like plant height, internode length, number of fruits

per plant, estimated fruit yield and seed yield per plant were found to be high
in T24 (Thiourea 1000 ppm for 24 hours), while Tis (CCC at 150 ppm for 24
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hours) and T14 (CCC at 150ppm for 12 hours) registered higher values for nodes
per plant and branches per plant respectively.

Higher values for fruit length and seeds per fruit were recorded in GA3 100 ppm
for 24 hours (T4) and fruit weight was found to be higher in NAA 100 ppm for
24 hours (T11).

Among the treatments T3 (GA3 50 ppm for 24 hours) flowered early at 36.26
days and lower number of shrivelled seeds was recorded in T13 and Tis.

In order to arrive at the best treatments ranking was undertaken for each
character. The total score for each treatment was obtained by summing up the
ranks obtained for all the characters studied.

The score obtained clearly indicates that growth parameters influence fruit
development subsequently leading to increased fruit yield.

Treatment T4 (Thiourea at 1000 ppm for 24 hours) followed by T3 (GA3 at 50

ppm for 24 hours) were ranked as best treatments to improve fruit yield.

Experiment II: Seed quality assessment during storage.

1.

The seeds obtained under the field experiment were used to conduct the seed

storage studies.

The seeds from each treatment of experiment I were dried separately to a
moisture content of less than 8 per cent and packed in 700G polythene bags and
sealed. Seeds were stored under ambient conditions and seed quality parameters
evaluated at monthly intervals for a period of seven months. Experiment I was
laid out following a Completely Randomized Design (CRD) with twenty five

treatments (To to T2s) as in experiment [ and three replications.

Observations on seed germination (%), shoot length(cm), root length(cm),

seedling dry weight(g), EC of leachate(dSm™), mean gemination time (days),
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time taken for 50 % germination (days) were taken at the start of storage and
subsequently at monthly intervals whereas observations on seed moisture and

seed microflora were taken at the start and the end of storage period.

Significant differences existed among the treatments for all seed quality
parameters studied except time taken for 50% germination, seed moisture and

seed microflora.

. From the storage studies, it was clearly evident that as storage period increases

the seed quality decreases, irrespective of the treatments.

In germination, all treatments including the control maintained the Minimum
Seed Certification Standard (MSCS) of 65 per cent up to fifth month of storage.
At the end of the storage period (7 MAS) only two treatments (T11 —NAA
50ppm for 24 hours and T3 —GA3 50ppm for 24 hours) retained MSCS (65%).

Vigour index I and IT had higher values in NAA 50ppm for 24 hours which was

23 per cent and 16 per cent increase over control respectively.

Seed quality parameters such as germination, vigour indices and seedling dry
weight have decreased with the advancement of the storage period, whereas EC
of seed leachate, germination time, time taken for 50% germination increased

over the storage period.

The effect of growth regulators on seed microflora was found to be non-
significant at the start and at the end of the storage period. However, there was
an increase in the per cent of seed infection by seed microflora at the end of

storage period, irrespective of the treatments.
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10. Ranking of seed yield contributing characters in experiment I along with

1.

12.

germination per cent and vigour index I of experiment Il was undertaken to
identify the superior treatments for improving the seed yield, quality and
longevity.

Based on the score for seed yield and seed quality parameters treatment NAA
at 50 ppm for 24 hours was considered the best followed by NAA at 100 ppm
for 24 hours and GA3 at 50 ppm for 24 hours.

Considering the total score from both experiments it was found that seed
treatment with NAA and GAs3 at 50 ppm for 24 hours not only increased the
growth and yield of okra but also enhanced the seed quality and longevity for a
period of seven months in storage. Hence, it can be concluded that seed
treatment with NAA and GAs at 50 ppm for 24 hours is more effective in

improving seed yield and quality in okra.

Future line of work

Study the effect of foliar application of same growth regulators at the same

concentration

Seed storage and assessment of quality should be studied at different storage

conditions and containers

The same experiment should be conducted at different growing season

recommended by KAU

Study the effect of seed treatment with growth regulators on other vegetable

crops
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Abstract

The research work ‘Effect of seed treatments on growth, seed yield and quality
in okra (Abelmoschus esculentus L. Moench)’, was conducted in the Department of
Seed Science and Technology, College of Horticulture, Vellanikkara, during 2017-18
with an objective to find the effect of seed treatment with growth regulators on growth,
seed yield and quality in okra and to delineate their effect on seed quality and
longevity.

Two separate experiments were conducted. Freshly harvested okra seeds of
variety Arka Anamika, were treated with different concentrations of growth regulators
namely GA3 IAA, NAA, Cycocel, Maleic hydrazide and Thiourea for two different
time period (12 hours and 24 hours) and used to conduct the field experiment
(Experiment 1) immediately. The experiment uses the treated seeds was laid out in
Randomised Block Design with three replication and twenty five treatments including
control. Observations on growth and yield parameters were recorded at appropriate
stages.

The results revealed that seed treatment with different plant growth regulators
exhibited significant differences for all the characters studied. Growth characters like
plant height, internode length, number of fruits per plant and seed yield per plant were
found to be high in T4 (Thiourea 1000 ppm for 24 hours), while Tis (CCC at 150 ppm
for 24 hours) and T4 (CCC at 150ppm for 12 hours) registered higher values for nodes
per plant and branches per plant respectively. Among the treatments T3 (GA3 50 ppm
for 24 hours) flowered early at 36.26 days. Higher values for fruit length and seeds per
fruit were recorded in GAs 100 ppm for 24 hours (T4) and fruit weight was found to be
higher in NAA 100 ppm for 24 hours (T11).

The seeds obtained under the field experiment were used to conduct the seed
storage studies (Experiment II). The seeds from each treatment of experiment I were
dried separately to a moisture content of less than 8 per cent and packed in 700G

polythene covers and sealed. Seeds were stored under ambient conditions and seed



quality parameters evaluated at monthly intervals for a period of seven months.
Experiment II was laid out following a Completely Randomized Design (CRD) with
twenty five treatments (To to T2s) as in experiment I and three replications.
Significant differences existed among the treatments for all seed quality
parameters studied except time taken for 50% germination, seed moisture and seed
microflora. It was clearly evident from the storage study that, as storage period
increases the seed quality decreases irrespective of the treatments. In case of
germination, all treatments including the control maintained the Minimum Seed
Certification Standard (MSCS) of 65 percent up to fifth month of storage. At the end
of the storage period (7 MAS) only two treatments (T11 -NAA 50ppm for 24 hours and
T3 —GA3 50ppm for 24 hours) retained MSCS (65%). Vigour index I and II had higher
values in Ti; which was statistically on par with Ti2, Tio, T3 and Ta4. Seed quality
parameters such as germination, vigour indices and seedling dry weight decreased with
the advancement of storage period, whereas EC of seed leachate, germination time,

time taken for 50% germination increases over the storage period.

The effect of growth regulators on seed microflora was found to be non-
significant at the start and the end of the storage period. But the per cent of seed
infection by seed microflora increased at the end of storage period, irrespective of the

treatments.

Ranking of characters in experiment I along with germination percent and
vigour index I of experiment II was undertaken to identify the superior treatments.
Based on the total score obtained GA3 at 50 ppm for 24 hours (T3) was adjudged as the
best treatment followed by NAA at 50 ppm for 24 hours (T11).

Hence it is concluded that soaking seeds with GA3 at 50 ppm and NAA at 50
ppm effectively enhances the growth, fruit and seed yield, seed quality and longevity

in okra.
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