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	ABSTRACT	
Seed	is	the	key	input	on	which	�inal	yield	of	the	crop	depends.	Plant	growth	regulators	and	micronutrients	are	well	known	agriculture	
inputs	used	for	improving	crop	growth,	yield	and	quality.	To	improve	the	seed	quality	of	okra	a	two	year	�ield	experiment	was	carried	
out	in	the	vegetable	research	farm,	College	of	Horticulture	and	Forestry,	Pasighat	in	the	rainy	season	of	the	year	2018	and	2019	to	
evaluate	 the	 effect	 of	 growth	 regulators	 (Auxin	 &	 Gibberellins)	 in	 two	 different	 concentration	 of	 50	 ppm	 and	 100	 ppm	 and	
micronutrients	like	zinc	and	boron	which	were	used	in	three	different	concentration	(0.5,	1.0	and	1.5%)	sole	and	in	combinations.	
Pooled	data	showed	that	among	the	different	treatments	of	growth	regulators	application	of	GA 	@	100	ppm	recorded	signi�icantly	3

highest	test	weight,	germination	percentage,	protein	content,	seedling	length,	fresh	and	dry	seedling	weight,	Vigour	index-I	and	
Vigour	 index-II.	 In	 case	 of	 applications	 of	 different	 concentration	 of	 micronutrients,	 the	 signi�icantly	 highest	 test	 weight,	
germination	percentage,	seedling	length,	fresh	and	dry	seedling	weight,	Vigour	index-I	and	Vigour	index-II	were	recorded	with	borax	
application	@	1.0	%	whereas,	in	case	of	protein	content	of	seed	zinc	@	1.0	%	recorded	the	highest	value.	Interaction	between	growth	
regulators	and	micronutrient	showed	non-signi�icant	difference.
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Introduction
Okra is a warm-season vegetable crops belonging to the family 
Malvaceae popularly known as lady �ingers. It is grown for its 
immature pod in tropical and sub-tropical parts of the world. 
Okra pods are considered nutritious, providing some important 
human supplementary vitamins such as vitamin C, A, B complex, 
potassium, calcium, iron and other minerals [1,2]. Okra pod 
have many nutritional compositions which are considered 
important for human health. One hundred gram of fresh pod has 
around moisture (89.6 %), K (103 mg), Ca (90 mg), Mg (43 mg), 
P (56 mg), vitamin C (18 mg) and some important metals such as 
iron and aluminium [3].
Growth and yield of okra depend upon several factors including 
seed quality, nutrition, climatic, cultural practice and plant 
growth regulators are one of them [4]. Growth regulators are 
substances which promote, inhibit or modify the physiological 
processes of plant. It increases the yield and improves the 
quality of the vegetables by altering the behaviour of plant and 
various physiological processes in plant system.
Micronutrients are essential for plant life cycle but are required 
in relatively smaller quantities by the crop. Micronutrients are 
usually required in minute quantities, nevertheless, are vital to 
the growth of plants. 

Vegetable crops suffer extensively by zinc de�iciency followed by 
boron, copper, manganese, iron and molybdenum [5]. They 
improve general condition of plants and are known to act as 
catalysts in promoting organic reactions taking place in plant. 
Foliar application of micronutrients to crop plants is gaining 
popularity in increasing crop yield and quality with improved 
shelf life of the produce. Spraying of minor elements corrects the 
nutritional disorders.
 Seed is very key input on which the �inal yield of the crops 
depends. Currently, quality seeds are met to the extent of 20 per 
cent only. Okra seed production is a pro�itable enterprise. 
Judicious application of NPK, growth regulators and 
micronutrients like zinc and boron plays a vital role in the seed 
production of okra.

Material	and	Methods
The experiment was conducted at Vegetable Research Farm, 
College of Horticulture and Forestry, Central Agricultural 
University, Pasighat, East Siang, Arunachal Pradesh. The 
experiment was laid in a randomized block design (RBD) with 
three replications in which the treatments comprised of two 
levels each of NAA (50 and 100 ppm), GA  (50 and 100 ppm) and 3

three levels of micronutrients i.e. Zinc sulphate (0.5. 1.0 and 
1.5%) and Borax (0.5. 1.0 and 1.5%) respectively and compared 
with control. 
Standard agronomical practices followed throughout the crop 
duration. The growth regulators and micro-nutrients were 
sprayed on foliage in aqueous form by using fresh solution at 
each spray. Spraying was done with a knapsack sprayer and the 
leaves were wetted thoroughly with �ine mist. 
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First foliar spray was applied at 30 days after sowing and the 
second sprays at 60 days after sowing. For better absorption of 
spray solution by okra leaves, a pinch of sticker (Tipol) was 
added to the spray solution before spraying. The spraying was 
done during evening hours. 
For recording test weight 1000 seeds of each replication and 
treatments were counted and weighted in electronic balance 
and observation was recorded as test weight. For germination 
percent, 100 seeds of each treatment were kept in three 
replications subjected to between paper method as suggested 
by ISTA [6]. Seeds were kept for incubation at 25±2°C. 
Germination seeds were counted at �inal count day. Finally, 
average germination (%) was worked out for each treatment. In 
case of protein content of seed one random sample of mature 
fruits from each replication for each treatment was taken and 
seeds were removed, dried, grinded and two samples of this 
powder were used for nitrogen estimation and conversion 
factor 6.25 was used to calculate the amount of protein in 
various samples. To record the length of the seedling ten normal 
seedlings in each treatment were randomly selected from the 
germination test for measuring the seedling length on �inal 
count day of germination. The seedling length was measured 
from the top of the shoot region to the bottom of the root. 
Average seedling length was computed and expressed in 
centimetres. For calculating the fresh seedling weight, the fresh 
seedlings were removed on �inal count day from blotting paper 
and randomly selected ten seedling weight was recorded and 
mean of fresh seedling weight was calculated. The seedling 
which was used for recording the fresh weight, were packed in a 
butter paper bag and dried for 24 hours in hot air oven 
maintained at 60 ºC. Then the seedlings were taken out from the 
oven and cooled in desiccators for 30 minutes. Then the weight 
of each sample was recorded for calculating dry seedling weight. 
The vigour index values were calculated as per the method 
prescribed by Abdul-Baki and Anderson[7] and expressed in 
whole numbers. 

1.	Vigour index-I = Germination (%) × mean seedling length 
(cm) 
2. Vigour index-II = Germination (%) × mean seedling dry 
weight (g)

Results	and	Discussion
Effect	of	growth	regulators
The pooled data of seed quality parameters presented in the 
tables (Table 1, 2 & 3) showed that the application of growth 
regulators signi�icantly in�luenced the seed quality of okra 
seeds. Amongst the different treatments the highest 1000 seed 
weight (71.51 g), germination percentage (92.02%), seedling 
length (21.06 cm), fresh seedling weight (4.65 g), dry seedling 
weight (0.2441 g), vigour index- I (1937.46) and vigour index- II 
(22.459) were found highest when plant received gibberellins 
treatment (GA - 100 ppm). The other treatments also 3

signi�icantly improved the quality characters of the seed as 
compared to the control. The increase in 1000 seed weight of 
okra seed might be due to the result of better diversion of 
photosynthates to the fruit and better accumulation of fruit 
reserves into the seed. Similar �indings were also reported by 
Patil et	 al. [8], Ravat and Makani [9], Maity et	 al. [10] and 
Sanodiya et	al. [11] in okra, Panda et	al. [12] in coriander, Gour et	
al. [13]in fenugreek, Priya et	 al. [14] in chilli. Increase in 
germination percentage might be due to application of 
gibberellins which increases the amino acid content of the 
embryo which helps in release of hydrolytic enzyme responsible 
of digestion of starch during seed germination [15]. 

Many researchers also reported that gibberellin is involved in 
cell division, cell elongation and increases cell wall extensibility 
thus, increasing the length and weight of seedlings. The results 
were in accordance to the �indings of Sanodiya et	al. [11] in okra 
and Jadhav et	al. [15] in black gram. The vigour and viability of 
seeds depends upon proper growth and development of 
embryo. Propionate use of growth regulators might have 
increased the vigour of the seed. Similar result was recorded by 
Sanodiya et	al. [11] in okra, Singh et	al. [16] in coriander and 
Jadhav et	al. [15] in black gram.
 The data regarding seed protein content of okra seed in�luenced 
by different growth regulators presented in the table (Table 3) 
ranged from 21.65% to 22.63%. From the data it is clear that 
application of different growth regulators signi�icantly 
in�luenced the protein content of okra seed. Increase in the 
protein content of seed might be due to fact that application of 
growth hormones increased the amino acid content of seed 
which are the pre requisite for protein synthesis [17]. The 
results were in agreement with the �indings of Jadhav et	al. [15] 
in black gram.

Effect	of	micronutrients
It was clear from the data presented in table (Table 1, 2 & 3) that 
micronutrients at different concentration showed signi�icant 
differences among different quality characters of seed. The 
highest increase in seed quality character like 1000 seed weight 
(68.28 g), germination percentage (89.27%), seedling length 
(20.40 cm), fresh seedling weight (4.47 g), dry seedling weight 
(0.2368 g), vigour index- I (1821.87) and vigour index- II 
(21.158) were recorded with application of boron (borax-
1.0%). It was observed that the application of micronutrients 
(boron and zinc) in the form of borax and zinc sulphate from 
0.5% to 1.0% concentration showed an increasing trend in 
respect to quality parameters of plant but showed negative 
trends when concentration increased from 1.0% to 1.5%. This 
might be due to toxic effect of micronutrients (zinc and boron). 
Similar �indings were also reported by Sharma [18] in tomato, 
Bhat and Jandial [19] in potato. Application of boron might have 
helped in ef�icient translocation of food material from source to 
sink thus resulting in increasing the 1000 seed weight by 
increasing the number of bold seed as reported byHamsaveni et	
al.	[20] in tomato and Rahman et	al.	[21] in okra. The increase in 
germination percentage of seed by application of boron might 
be due to the fact that boron play an important role in many 
catalytic reactions which in turn helped in the release of 
complex substances like starch to simpler substances like 
sugars, and amino acids which are prerequisite for seed 
germination [22]. Improvement of other quality parameters of 
seed like seedling length, fresh seedling weight, dry seedling 
weight, vigour index- I and vigour index- II due to application of 
boron might be due to the fact that boron is associated with the 
development of cell wall and cell differentiation. Boron is also 
involved in tissue expansion of root and shoot region thus 
helping in increasing the vigour of the seed [23]. The results 
were in close conformity with the �indings of Rahman et	al.	[21] 
in okra, Hamsaveni et	al.	[20] in tomato, Deepika and Pitagi [24] 
in radish. 
Foliar applications of micronutrients also seemed to increase 
the protein content of seed as compared to the control. Among 
the different treatments the highest protein content of seed 
(22.67%) was found with the zinc sulphate @ 1.0% which was 
found to be statistically at par	with zinc sulphate @ 0.5 %) 
having protein content of 22.51%. 
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Table	1:	Effect	of	different	level	of	growth	regulators	and	micronutrient	on	sees	quality	parameters	of	okra

Zinc is one of the important micronutrient which is associated 
with a number of dehydrogenase and proteinase enzymes 
involved in protein synthesis. A similar �inding was reported by 
Zaver [25] in okra. Hajiboland and Amirazad [26] suggested that 
de�iciency of zinc caused stress to the plant which might reduce 
or inhibit the number of antioxidant enzymatic activities, 
resulting in oxidative damage of protein and nucleic acid. 
Similar results were also reported by Zaver [25], Alrawi and 
Aljumail [27] in okra Sachdev et	al. [28] in chickpea and Sonune 
et	al. [29] in soybean.

Interaction	effect	of	growth	regulators	and	micronutrients
The perusal of data presented in the table (Table 1, 2 & 3) 
revealed that the combine application of growth regulators and 
micronutrients was found to be non-signi�icant regarding seed 
quality parameters of okra seed.

Conclusion	and	future	line	of	work
From the abhove result it may be concluded that application of 
growth regulators and micronutrients signi�icantly in�luenced 
the seed quality parameters of okra. 

Among the different  growth regulators ,  increasing 
concentration of gibberellic acid improves the seed quality of 
okra as compared with auxin.  Similarly,  increasing 
concentration of micronutrients improves the seed quality. 
Application of boron improves seed quality more ef�iciently as 
compared with zinc. It has also been observed that continuous 
increase in concentration of micronutrients impact negatively 
on the seed quality. 
In future different combination of growth regulators and 
micronutrients can be tried by the researchers for better result. 
A comparative study of seed treatment, soil and foliar 
application can also be done.
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Table	2:	Effect	of	different	level	of	growth	regulators	and	micronutrient	on	sees	quality	parameters	of	okra

NS=	Non-signi�icant

Table	3:	Effect	of	different	level	of	growth	regulators	and	micronutrient	on	seed	quality	parameters	of	okra

NS=	Non-signi�icant
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