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ABSTRACT: A field experiment was conducted during kharif 2014 at College of Agriculture, UAS, 'Ralchur
with an objective to study the influence of seed polymer coating and foliar spray with micronutrients on
yield and lint quality of Bt cotton hybrid. The experiment consisted of seventeen different seed polymer
coating and foliar spray treatments with micronutrients in three replications laid out in Randomized Block
Design. The experimental results revealed that, seed polymer coating with ZnSO, + FeSO, + MgSO, + MnSO,
each@4g kg"] of seed along with two foliar sprays (0.5 % + 0.5 % + 1 % + 0.5 %, respectively, in EDTA form
except MgSO,) at an interval of ten days during flowering stage (65 AND 75 DAS) recorded significantly
higher plant height (156.2 cm), chlorophyll content (45.20 SPAD values) at 90 DAS, number of bolls (41.57),
boll weight (5.54 g), seed index (13.57 g) and seed cotton yield (29.03 q) compared to all other treatments and
control (129.5 cm 38.90 SPAD values, 36.83,4.35 g, 11.37 g and 24.77 q, respectively). The lint quality parameters
did not show anjr significant difference due to seed polymer coatingand foliar spray with micronutrients in

Bt cotton hybrid.
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Cotton is one of the important commercial crops
playing a key role in the economic, social and
political affairs of the country. Globally cotton is
cultivated in an area of 29.8 million hectares with
a production of 25 million tonnes and productivity
of 830 kg ha”' [1]. India ranks first in acreage,
with an area of 11.69 million hectare and third in
production (36.59 million bales), with productivity
of 532 kg per ha' [2]. In Karnataka, cotton
occupies an area of 0.59 million hectare with
production of 1.4 million bales and productivity of
401 kg ha~ [2], where all the four cultivated
species of cotton viz., Gossypium arboreum, G.
herbaceum, G. hirsutumand G. barbadense are
cultivated, with Gossypium hirsutum based hybrids
occupying the lion share. Cotton is also known as
white gold and king of fibre crops. It is an important
cash crop and forms the backbone of textile
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industries. It is an important raw material,
supplying about 65 per cent requirement of the
Indian textile industry. It earns about 27 per cent
of total foreign exchange [3]. The Indian textile
industry thus, occupies a significant place in the
country’s economy with over 1500 mills, four
million handlooms, 1.7 million power looms and
thousands of garments hosiery and processing
units, providing employment directly or indirectly
to about 35 million people [4].

Any crop, for its effective growth and
development, requires 17 essential elements. Out
of these, the elements which are required in
relatively high amount are called macronutrients.
The micronutrients are required in relatively
smaller quantities by the plants but, they are as
important as macronutrients. If any element is
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lacking in the soil or not adequately balanced with
other nutrients, plant growth suppression or even
complete inhibition may occur [5]. The
micronutrients often act as cofactors in enzyme
systems and participate in redox reactions, in
addition to having several other vital functions in
plants such as respiration, meristematic
development, chlorophyll formation,
photosynthesis, energy release, protein and oil
synthesis, gossypol, tannin and phenolic
compounds production etc. [6]. Most importantly
micronutrients are involved in the key physiological
processes of photosynthesis and respiration [5, 7]
and their deficiency can impede these vital

physiological processes, thus limiting the yield
gain.

Improving plant micronutrient status in
situations where micronutrient nutrition is
inadequately supplied from the soil would increase
the yield. This however, requires application of
higher doses of fertilizer to soils because of low
nutrient-use efficiency [8]. In crop plants,
micronutrients may be applied to the soil, foliar
sprayed or through seed treatments. Although in
most of the cases the required amounts of
micronutrients are being supplied by foliar sprays,
which have been more effective in yield
improvement and grain enrichment, but foliar
application occurs at later growth stages when
crop stands are already established. However, the
micronutrients are also required to secure uniform
emergence, rapid seedling growth and healthy
plant stand at initial stages [9]. Seed polymer
coating is a physiological method of seed
invigoration that enriches the endogenous level of
newly bioactive substances, whereby better
establishment and improved crop productivity can
be achieved. This technology helps in precise and
uniform application of fungicides, insecticides,
micronutrients, colours and other additives [10].
Hence, in the present investigation attempts were
made to supply these micronutrients by both seed
treatment through seed polymer coating and foliar
spray in order to find out its influence on yield
and quality of Bt-cotton hybrid.

MATERIALS AND METHODS

A field experiment was carried out at the
Department of Seed Science and Technology farm,

93

College of Agriculture, University of Agricultural
Sciences, Raichur to study the influence of seed
polymer coating along with foliar spray with
micronutrients, on yield and lint quality of Bt
cotton (Gossypium hirsutum L.) hybrid Jadhu (a
commercial hybrid of Kaveri Seed Compamy,
Hyderabad), during kharif 2014. In the present
investigation, four different micro nutrients viz.,
ZnSO, FeSO, MgSO, and MnSO, were used, both
as seed coating (each @ 4 g/kg seed) using polymer
(8ml/kg seed) and as folair spray also (0.5 % + 0.5
% + 1% + 05 % respectively, in EDTA form,
except MgSO,). These micronutrients were coated
to the seed either individually or in combination,
as per the below mentioned treatments, by using 8
ml polymer (Disco Agro DC Red L-603 procured
from Incotec Pvt. Ltd. Ahmedabad, Gujarat) after
dissolving in 30 ml water per kg of seed
(standardized in the preliminary experiment) in a
rotary seed coating machine. The coated seeds were
properly dried in shade and sown in three
replications using randomized block design, with
spacing of 90 x 60cm. The experiment consisted of
total 17 different seed polymer coating along with
foliar spray treatments viz. T, (control), T, (only
polymer @ 8 ml/kg of seed), T, (ZnSO,@ 4 g
kg™ of seed), T, (FeSO, @ 4 g kg of seed), Ty
(MgSO, @ 4 g kg 'of seed), T, (MnSO,@ 4 g kg ' of
seed), T, (T;+Tp), Tg (T;+Ty), Ty (Ty+Ty), T
(T#To), Ty (T+Ty), Ty (To+Ty), Tpu(Ty+T+Ty),
T,y (Ty4+T 4Ty, Tyt (T3+T+TY), Ty (T+T+T,) and
T, (T4+T+T,+Ty). Further, during flowering stage
(65 and 75 DAS) the micronutrients as mentioned
above were sprayed either individually or in
combination two times at an interval of 10 days

(05% +05 % +1 % + 0.5 % respectively, in EDTA
form, except MgSO,).

The observations on plant height and
chlorophyll content (Soil Plant Analytical Device -
SPAD) were recorded at 90 days after sowing. The
observations on leaf area index (Ceptometer),
stomatal conductance and resistance (Leaf
Porometer) were recorded at vegetative (45 DAS),
flowering (65 DAS) and boll development (90 DAS)
stages. The yield attributing parameters viz.,
number of bolls per plant, boll weight, ginning
percentage, seed index and seed cotton yield, were
recorded at harvesting stage. The lint from all the
treatments (replication wise) after picking, were
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analyzed for various lint quality parameters viz.,
2.5 per cent span length, uniformity ratio,
micronaire value and fibre strength, as per the
standard procedureusing high volume instrument
(HVI) available at ARS, Hebballi Farm, University
of Agricultural Sciences, Dharwad, Karnataka. The
statistical analysis was done as per the procedure
described by Panse and Sukhatme [11].

RESULTS AND DISCUSSION

Among the different treatments, significantly higher
plant height (156.2cm) was recorded by T,
(ZnSO,+ FeSO,+ MgSO,+ MnSO,each @ 4g per kg
of seed) along with two foliar sprays (0.5 % + 0.5
% + 1 % + 0.5 % respectively, in EDTA form, except
MgSO,) at an interval of ten days during flowering
stage compared to all other treatments and control
(129.5 cm), at 90 DAS (Table 1). This might be due
to the favorable effect of the above mentioned

combination of micronutrients which improved
growth through cell elongation and division,
enhanced plant growth through development of
vigorous and stronger root system thereby enabling
the plant to derive available soil moisture and
nutrients resulting in better seedling establishment
and hence resulted in increased plant height.
Similar results were also reported by Zayed et al.
[12] in rice with Zn (16 %) + Mn (14 %) + Fe (12
%) micronutrient combination as foliar spray. This
may be also due to the involvement of zinc in
enhancing seedling establishment through various
metabolic activities, nitrogen metabolism [13], as
well as biosynthesis of plant hormones like IAA
and auxin which stimulated the growth as
observed by Ponnuswamy and Vijaya [14] in
cowpea, Rathinavel and Dharmalingam [15] in
cotton due to seed pelleting with the combination
of micronutrients, Ramesh and Thirumurugan [16]

Table 1. Influence of seed polymer coating with micronutrients and foliar spray on plant height, chlorophyll content,
number of bolls, boll weight and ginning percentage in Bt cotton hybrid

Treatments

Plant height Chlorophyll No. of bolls/ Boll weight Ginning
(cm) content plant (g) (%)
(SPAD reading)

T,: Control 129.5 38.90 36.83 4.35 36.83
T,: Only polymer 132.8 40.77 37.43 443 36.89
;s: i::(()% @@ :g perll:g off see;i 136.9 41.63 38.07 453 36.62

& , @ 4g per kg of see 131.7 39.57 37.73 441 36.46
Ts5: MgSO, @ 4g per kg of seed 135.7 41.60 37.97 4.49 36.53
T, MnSO, @ 4g per kg of seed 134.1 41.03 37.90 4.48 36.61
T, T+ T, 137.1 41.83 38.33 4.60 36.28
TgT,+ T, 139.7 42.33 39.93 4.75 36‘93
TeT AT, 139.5 42.23 39.50 473 36.
Ty T+ T, 137.5 41.82 38.47 4'63 o
T :T,+T, 138.3 41.87 38.83 4‘66 .
T T;+T, 139.1 42.05 39.17 4.68 e
Ty T+ T,+ T, 141.3 43.23 40.27 | oo
T T3+ T+ T, 140.3 4290 40.1 3 o -
Ty T Toe T, 149.9 43.80 40‘73 7 o
T T+ Ty+T, 1423 4333 105 o o1
Ty T+ T+ T,+ T, 156.2 45.20 41.50 i S
Mean 138.9 42.01 7 5.54 36.14
SEms 19 ia 39.02 4.70 36.50
CD@5% 54 110 o 017 i
NS : Non-significant . - Sl e
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in soybean due to application of combinations of
ammonium molybdate (250 mg/kg of seed) + FeSO,
(500 mg/kg of seed), Ratna Kumari and Flema [17]
in cotton due to foliar spray of MnSO, at 0.2 per
cent or 0.4 per cent and Arunakumar [18] in sesame
due to seed pelleting with ZnSO, at 300 mg per kg
of seed.

Leaf area index (LAI) is one of the most
important and commonly used indices to analyze
the growth of any crop plant. It depends on the
percent of expansion of crop canopy to utilize the
sunlight for photosynthesis. In the present
investigation, significantly higher LAI (2.171, 5.024
and 4.550) was recorded in T,, compared to all
other treatments and control (0.906, 3.812
and3.483) at 45 DAS, 65 DAS and 90 DAS,
respectively (Fig. 1). This might be due to the
involvement of micronutrients in chloroplast
formation, nitrogen and carbohydrate metabolism
which had stimulatory effect on photosynthesis
[13], because of which the canopy established in a
better way and ultimately led to more LAL Similar
results were reported by Zayed et al. [12] in rice
with Zn +Mn + Fe micronutrient fertilization at
(16, 14 AND 12 %) respectively and Soleymani
and Shahrajabian [19] in sorghum due to foliar
application of Zn + Fe + Mn atl0, 12 and5 %
respectively.

Chlorophyll content, stomatal conductance and
stomatal resistance were significantly influenced
due to seed polymer coating with micronutrients
and foliar spray. Among the different treatments,
T,, recorded higher chlorophyll content (45.20
SPAD values) at 90 DAS (Table 1), higher stomatal

-4—Vegetative

=i=Flowering

conductance (837.3, 351.3 and 309.5 M mol/m’s)
(Fig. 2) and lower stomatal resistance (1.18, 2.86
and 3.24 m’s/mol) at 45 DAS, 65 DAS and 90
DAS (Fig. 3) compared to control, which recorded
the lowest chlorophyll content (3890 SPAD value),
lowest stomatal conductance (615.0, 1375 and
113.8 M mol/m?’) and higher stomatal resistance
(2.73, 6.57 and 7.41 m?s/mol). This variation in
chlorophyll content due to micronutrients rnight
be due to decreased chlorophyll degradation and

increased chlorophyll biosynthesis because of

combined effect of micronutrients [20]. Further, the
micronutrients also act as main component of some
antioxidant enzymes which are involved in the
protection of chloroplasts from free radicals [17]. It
may also be due to the action of iron which is
constituent of the heme group that acts as a
precursor of chlorophyll [21], thereby increasing
the chlorophyll content, which further might have
increased the photosynthetic activity with higher
intake of carbon dioxide due to higher stomatal
conductance and reduced resistance. Similar
results were reported by John et al. [22] in maize
with micronutrient mixture (0.1 % of zinc,
manganese and iron, and 0.5 % copper, boron and
molybdenum per kg of seed), Srimathi et al. [23] in
green gram due to hardening with 1 per cent
Prosopis leaf extract + pelleting with DAP (40 g) +
MnSO, (100 mg) + FeSO, (100 mg) + ammonium
molybdate (250 mg) per kg of seed and Zayed et
al. [12] in rice with Zn + Mn + Fe micronutrient
fertilization at (16, 14 and 12 %) respectively.

Significantly higher number of bolls (41.57
plant'l) were recorded due to seed polymer coating

== Boll development
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Fig. 1. Influence of seed polymer coating with micronutrientsand foliar spray on leat area index at ditferent growth

stages of Bt cotton hybrid
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with ZnSO,+ FeSO,+ MgSO,+ MnSO,each @ 4';:,
per kg of seed along with two foliar sprays (0.5 %
+05% + 1% + 05 % respectively, in EDTA form,
except MgSO,) at an interval of ten days during
flowering stage, compared to all other treatments
and control (26.30 plant™) (Table 1). This might be
due to better utilization of all the micronutrients
leading to increased translocation of photosynthates
from source and sink [24]. The micronutrients act
as a catalyst in enzymatic reactions and are
required for plant metabolic activities such as
respiration, meristematic development, chlorophyll
formation, photosynthesis, energy system functions,
protein synthesis and oil content. Similar results
were reported in cotton by Ahlawat [25] due to
foliar application of MgSO,, Rathinavel et al. [26]
due to soil application of zinc sulphate (50 kg/ha)
and borax (10 kg/ha), Yallappa [27] due to
application of MgSO, (1%) at 60 DAS in
combination with Boron (0.1%) at 75 DAS,
Basavarajappa et al. [24] due to soil and foliar
fertilization with FeSO, at 20 and 5 kg per hectare
respectively and Ratna Kumari and Hema [17] due
to foliar spray of MgSO, at 0.5 and 1.0 per cent
and MnSO, at 0.2 per cent.

Increased seed cotton yield is mainly achieved
through improvement in yield attributing characters
like boll weight. The boll weight was significantly
increased (5.54 g) by seed polymer coating with
the combination of ZnSO,+ FeSO,+ MgSO,+
MnSO, each @ 4g per kg of seed along with two
foliar sprays (0.5 % + 05 % + 1 % + 05 %
respectively, in EDTA form, except MgSO,) at an
interval of ten days during flowering stage
compared to all other treatments and control (4.35)
(Table 1). This may be due to increase in the plant
metabolic activities, meristematic development,
energy system function and protein synthesis [28]
which improved mobilization of photosynthates
from source to sink and directly influenced the
seed weight and boll weight. The variation with
respect to boll weight and seed weight per boll
may also be due to the numerical variation in the
number of seeds per boll and also due to better
development of individual seed within the boll
(higher seed index). Yadav et al. [29] observed a
positive correlation between the number of seeds
per boll and seed weight per boll. Similar results

were made in cotton by Rathinavel et al. [26] due

to soil application of zinc sulphate (50 kg/t'\a)
and borax (10 kg/ha), Hanumantharcd.dy I‘3()l Wfth
foliar of application of NAA in c.omblnanmj wﬁ;th
MgSO, and Yallappa [27] with foliar ()Af ap'phcall’on
of MgSO, (1%) at 60 DAS in <7nmbmat1(;m with
Boron (0.1%) at 75 DAS (3.02g), Basavarajappa‘ et
al. [24] due to soil and foliar fcrtilizat'ion with
FeSO, at 20 and 5 kg per hectare, respectively aﬁnd
Gokhale et al. [31] with application of RDF + Zn,
Fe and B.

Ginning percentage (Table 1) did not sh.ow
significant influence due toseed polymer coating
with micronutrients and foliar spray. The results
are in agreement with the findings of Suresh and
Kumar [32] with application of magnesium and
zinc and Ratna Kumari and Hema [17] due to
foliar application of MgSO, at 0.5 and 1.0 per cent
and MnSO, at 0.2 per cent in cotton. Seed index
(Table 2) was significantly higher (13.57 g) in T,
compared to all other treatments and control (11.37
g)- The increased seed index might be due to
increased amino acid synthesis by activating a
number of enzymes, particularly decarboxylases
and dehydrogenases of the tricarboxylic acid cycle
[7, 33] translocation of photoassimilates from
source to sink and conversion of sugars from
complex form to simpler form due to the
involvement of micronutrients. The results are in
line with the findings of Ashoub et al. [34] in
maize by seed coating with Mn, Rathinavel ef al.
[26] in cotton due to foliar spray of zinc sulphate
@ 0.5 per cent, Ananda and Patil [35] in wheat
with application of RDF + FYM + Zn at 25 kg per
hectare + Fe at 25 kg per hectare, Masuthi et al.
[36] in cowpea due to seed pelleting with ZnSO A
+ borax + arappu leaf powder at (250 mg, 100 mg
and 250 g/kg of seeds), Zayed et al. [12] in rice
with Zn + Mn + Fe micronutr
(16, 14 and12 %) as folair Spray respectively and
Salem and Gizway [37] in maize due to foliar

application in combination (Zn, Mn and Fe) at 85
mg per litre.

ient fertilization at

Significantly higher seed cotton yield (Table 2)
was recorded by T,, (29.03 Q) compared to all other
treatments and control (24.77). This was due to
enhanced seed vigour, resulting in better seedling
est‘ablishment [22] which led to increased plant
?\elght, better leaf canopy and thereby, leading to
increased leaf area index. Due to the higher leaf
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area index, there might have been increased
photosynthetic activity and with enhanced
stomatal conductance, the uptake of carbon dioxide
might be more leading to higher production of

there was increased seed index, which further
might have increased the boll weight and finally
increased the seed cotton yield. Nageshwara Rao
[38] reported an increase in seed cotton yield to an

carbohydrates and better translocation of these
metabolites to reproductive parts. Due to
translocation of carbohydrates from photo
synthetically active leaf (source) to boll and inturn
accumulation of these carbohydrates in seed (sink),

extent of 26, 16 and 21 percentage with soil
application of B, Zn and Fe over control and the
results were also supported by Dastur and Singh
[39], Anderson and Fred [40], Matocha and
Sorenson [41] in cotton with application of Fe, Zn

Table 2. Influence of seed polymer coating with micronutrients and foliar spray on seed index, seed cotton yield, 2.5 % span

length, uniformity ratio, micronaire and fibre strength of Bt cotton hybrid

Treatments Seed Seed 2.5 % span Uniformity Micronaire Fibre
index cotton length ratio (inch™) strength
(g yield (q/ha)  (mm) (%) ( (g tex™)
T,: Control 11.37 24.77 31.40 46.00 5\.1‘0— 20.53
T,: Only polymer 11.60 24.97 31.47 46.00 4.97 21.00
T,: ZnSO, @ 4g per kg of seed 12.10 25.48 31.70 45.33 5.10 20.43
T, FeSO, @ 4g per kg of seed 11.53 25.33 3187 46.33 5.00 21.17
T MgSO, @ 4g per kg of seed 12.00 25.47 31.03 46.33 5.07 20.67
T,: MnSO, @ 4g per kg of seed 11.67 25.40 31.37 46.67 5.07 20.90
T Ty+ T 12.07 25.63 31.03 46.67 5.08 21.30
Tg: Ty + T 12.80 26.70 31.20 46.00 4.93 21.30
Ty: T, + T, 12.60 26.52 31.70 45.00 5.13 20.60
T,y Ty+ Ts 12.07 25.80 31.27 45.33 5.30 20.47
Tt Ty ot T 12.10 26.00 31.13 46.33 5.33 20.47
T, To + T, 12.17 26.35 31.03 46.00 4.90 21.27
T, T+ T, + Tg 13.07 27.00 31.20 46.00 4.63 21.70
Teip Ty + T+ Ty 13.03 26.60 31.37 45.67 4.83 21.73
Ty T, + Ty + Tg 13,37 27.17 31.00 46.33 4.93 21.13
T, T, + To+ T 13.31 27.13 31.10 46.33 5.10 20.87
T, T, + T, + Ts + Tg 13.57 29.03 31.30 45.00 5.13 20.50
Mean 12.38 26.20 31.27 45.96 5.03 20.94
SEmz+ 0.40 0.63 0.35 0.43 0.12 0.38
CD @ 5% 1.16 1.81 NS NS NS NS

NS : Non-significant
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Fig. 2. Influence of seed polymer coating with micronutrients and foliar spray
m?s) at different growth stages of Bt cotton hybrid
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Fig. 3. Influence of seed polymer coating with micronutrients and foliar spray on stomatal resistance (m’s/mol) at

different growth stages of Bt cotton hybrid

and Mn, Hanumanthareddy [30] with foliar of
application NAA in combination with MgSO, (1
%), Rathinavel et al. [26] due to soil application of
zinc sulphate (50 kg/ha) and borax (10 kg/ha),
Ratna Kumari and Hema [17] due to foliar
application of MgSO, at 0.5 and 1.0 per cent and
MnSO, at 0.2 per cent, Nayarain Jazy and
Naderidarbaghshahi [42] with foliar application
of micronutrients (Zn 4% + Fe 4% + Mn 3% + Cu
0.5% + B 1.5% + Mo 0.05% + Mg 1.3% + S 1.3%).

The lint quality parameters viz., 2.5 per cent
span length, uniformity ratio, micronaire value and
fibre strength of lint had no significant
va'riationdue to seed polymer coating with
micronutrients and foliar spray (Table 2). The
results were in line with the findings of Anderson

and Fred [40] in cotton due to soil application of
Manganese (2.23 kg/ha) along with Boron (0.45
kg/ha), Matocha and Sorenson [41] with
application of Fe, Zn and Mn, Suresh and Kumar
[32] with magnesium and zinc fertilization and
Ratna Kumari and Hema [17] due to foliar
application of MgSO, at 0.5 and 1.0 per cent and
MnSO, at 0.2 per cent, who also did not reportany
significant difference with respect to lint qualit;l
parameters due to application of micronutrients.

CONCLUSION

Seed polymer coating with ZnSO+ FeSO,+ MgSO,+
MnSO, each @ 4g/ kg of seed along with two foliar
Sprays (0.5 % + 0.5 % + 1 % + 0.5 % respectively,
in EDTA form, except MgSO4) at an interval of fe,“
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days during flowering stage (65 and 75 DAS)
resulted in maximum growth, yield and yield
attributing characters in Bt cotton hybrid without
any influence on lint quality parameters.

ACKNOWLEDGMENT

The authors sincerely acknowledge Rashtriya
Krishi Vikas Yojana (RKVY), GOK, and University
of Agricultural Sciences, Raichur for the financial
assistance.

REFERENCES

1.

10.

11.

12.

ANONYMOUS (2014a). Outlook for world cotton
supply and use: International cotton advisory.

ANONYMOUS (2014b). Agricultural statistics at a
glance. Oxford University press, New Delhi, p. 120

ANONYMOUS (2014c). A brief report on textile
industry in India. www.cci.in, pp. 1.

ASHOK SK, Y MADHULKAR, DADA BHAU, P
YANDA AND M MAYURAY (2004). Cotton
scenario in India.Cur. Sci., 87(1): 8.

MENGEL K, EA KIRKBY, H KOSEGARTEN AND
T APPEL (2001). Principles of Plant Nutrition.
Kluwer Academic Publishers, Dordrecht,
Netherland.

ANONYMOUS (1995). Hybrid cotton production
technology. National Level Training Manual,
Agricultural Research Station, Dharwad, pp. 4.

MARSCHNER H (1995). Mineral nutrition of higher
plants. 2" edn. Academic Press, London, UK.

SINGH MV (2007). Efficiency of seed treatment
for ameliorating zinc deficiency in crops. In: Zinc
Crops 2007, Improving Crop Production and Human
Health, 24-26 May, 2007, Istanbul, Turkey.

SINGH B, SKA NATESAN, BK SINGH AND K
USHA (2003). Improving zinc efficiency of cereals
under zinc deficiency. Cur. Sci., 88: 36.

BHARTHI A AND ] SRINIVASAN (2010). Polymer
seed coating. Seed quality enhancement principles
and practices. Scientific Publishers, pp. 233.

PANSE VG AND PV SUKHATME (1985). Statistical
Methods for Agricultural Workers. ICAR
Publication, New Delhi (India). pp. 167.

ZAYED BA, AKM SALEM AND HM EL-
SHARKAWY (2011).Effect of different
micronutrient treatments on rice (Oryza sativa L.)
growth and yield under saline soil conditions.
World J. Agril. Sci., 7(2): 179.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

KALEESWARI RK, R RAJESWARI AND ]
PRABHAHARAN (2013). A handbook of soil fertility.
Satish serial publishing house.

PONNUSWAMY AS AND T VIJAYA (1998). Effect
of seed fortification and pelleting on crop growth
and yield in cowpea. Madras Agric. |., 84(7): 393.

RATHINAVEL K AND C DHARMALINGAM
(1999). Effect of seed pelleting on elite seedling
production in cotton cv. MCU 7 (Gossypium
hirsutum L.). Crop Res., 18(1): 137.

RAMESH K AND V THIRUMURUGAN (2001).
Effect of seed pelleting and foliar nutrition on
growth of soybean. Madras Agric. J., 88(7-9): 465.

RATNA KUMARI S AND K HEMA (2009).
Influence of foliar application of certain nutrients
on yield and quality of cotton in black cotton soils
under rain fed conditions. J. Cotton Res. Dev., 23(1):
88.

ARUNA KUMAR (2010). Studies on the effect of
seed pelleting on seed yield, quality and storability
of sesame (Sesamum indicum L.). M. Sc. (Agri.)
Thesis, Univ. Agril. Sci., Raichur (India).

SOLEYMANI A AND MH SHAHRAJABIAN
(2012). The effects of Fe, Mn and Zn foliar
application on yield, ash and protein percentage
of forage sorghum in climatic condition of
Esfahan. Int. J. Bio., 4(3): 92.

KRASICHKOVA GV, LM ASOEVA, EYU-GILLER
AND BS SINGINOV (1989). Photosynthetic
system of G. barbadense at the early stages of
development. DokladyVsesovuznoi Ordena
Trudovogo Krasnogo Znameni Akademii Sel
Skokhozyalstvennykh Nauk Imen V. I. Lemina, 12: 9.

BARKER AV AND DJ PILBEAM (2007). Handbook
of plant nutrition. New York, USA, pp. 613.

JOHN SS, P BHARATI, P NATESAN AND K RAJA
(2005). Seed film coating technology for
maximizing the growth and productivity of
maize. Karnataka. J. Agric. Sci., 18(2): 349.

SRIMATHI P, S KAVITHA AND ] RENUGADEVI
(2007). Influence of seed hardening and pelleting
on seed yield and quality in greengram {Vigna
radiata (L.) hepper} cv. Co 6. Ind. J. Agric. Res.,
41(2): 122.

BASVARAJAPPA R, VR KORADDI, KS KAMATH
AND MB DODDAMANI (1997). Response of
cotton cv. Abadhita (Gossypium hirsutum L.) to soil
and foliar application of micronutrients under
rainfed conditions. Kar. J. Agric. Sci., 10(2): 287.

AHLAWAT IPS (1974). A note on response of
cotton (Gossypium hirsutum) to soil and foliar

Scanned with ACE Scanner



100

26.

29.

30.

31.

32.

33.

34.

Seed Research

application of micronutrients. Ind. |. Agron., 19:
71.

RATHINAVEL K, C DHARMALINGAM AND S
PANEERSEWAM (1999). Effect of micronutrient
on the productivity and quality of cotton seed cv.
TCB 209 (Gossypium barbadense L.). Madras Agril.

J.. 86: 313.

YALLAPPA (2006). Effect of foliar application of
micronutrients on seed yield and quality of cotton
hybrid DHH-11. M. Sc. (Agri.) Thesis, Univ. Agril.
Sci., Dharwad (India).

SINGH J, M SINGH, A JAIN, S BHARDWA], A
SINGH, DK SINGH, B BHUSHAN AND SK
DUBEY (2014). An introduction of plant nutrients
and foliar fertilization: A review, Precision farming:
A new approach. Daya publishing house, pp. 283.

YADAV IS, ID SINGH, GS SANDHU AND
BYADAV (1998). Correlation studies of seeds per
bolls with other traits in cotton. J. Cotton Res.
Dev., 12(1): 104.

HANUMANTHAREDDY LP (1999). Impact of
nutrients and growth regulators on drying of
reproductive structures in cotton (Gossypium
barbadense). M. Sc. (Agri.) Thesis, Univ. Agril. Sci.,
Dharwad (India).

GOKHALE DN, VS SHINDE, GD GADADE,
SAWARGAONKAR AND KK ZADE (2011).
Sustaining rainfed Bt cotton (Gossypium hirsutum
L.) productivity through moisture conservation
and integrated nutrient management techniques.
J. Cotton Res. Dev., 25(2): 197.

SURESH S AND SD KUMAR (2005). Magnesium
and zinc effects on yield and nutrients uptake by
cotton. Adv. Pl. Sci., 18(1): 249.

KABATA-PENDIAS A AND H PENDIAS (1999).

Biogeochemistry of trace elements. PWN, Warsaw
(Poland).

ASHOUB MA, AM ESMAIL, OA OSMAN AND AS

35.

36.

37.

38.

39.

40.

41.

42.

OSMAN (1998). Effect of some rpicroele?ments
application methods under irrigation regime on
growth and yield of maize. Arab Univ. |. Agric.
Sci. Ain Shams Univ. Cario, 6(1): 183.

ANANDA N AND BN PATIL (2005). Influence of
zinc, iron and time of nitrogen application on
growth, yield and quality of durum wheat. Kar.
J. Agric. Sci., 18(3): 599.

MASUTHI AD, BS VYAKARANAHAL AND VK
DESHPANDE (2009). Influence of pelleting with
micronutrients and botanical on growth, seed
yield and quality of vegetable cowpea. Kar. |.
Agric. Sci., 22(4): 898.

SALEM HM AND N GIZWAY (2012). Importance
of micronutrients and its application methods for
improving maize (Zea mays L.) yield grown in
clayey soil. American-Eurasian J. Agric. Environ,
Sci., 12(7): 954.

NAGESHWARA RAO P (1977). Effect of Mg, Fe,
Zn and Boron on yield of irrigated cotton in black
soil of Nagarjuna project. Cotton Dev., 6: 11.

DASTUR RH AND K SINGH (1953). A study on
the effect of trace elements on the growth and
yield of American cottons. Indian Cotton Growing
Review, 7: 56.

ANDERSON OE AND GB FRED (1968). Boron and
manganese effect on cotton yield, lint quality and
earliness of harvest. Agron. ., 60: 488.

MATOCHA JE AND DR SORENSON (1985).
Influence of certain micronutrients on cotton
grown on alkali soils. Proc. Beltwide Cotton
Production Research Conferences, Ed. Nelson, T.
C., pp. 307.

NAYERAIN-JAZY AH AND MR
NADERIDARBAGHSHAHI (2012). Seed chemistry
and biological parameters of cottonseed
(Go§sypium hirsutum L. N200 cultivar) as affected
bY 1rrigation regimes and foliar application of
micronutrients. Int. J. Agri. Sci., 2(10): 976.

Scanned with ACE Scanner



