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Abstract

A field experiment was conducted during Rabi 2022, to study the influence of zinc, copper, manganese
and boron on wheat. The experiments was laid down in randomized block design with twelve treatments
and three replications at research farm of Botany Section College of Agriculture, Nagpur. The aim of this
work was to study the effect of foliar application of zinc, copper, manganese and boron at T1 (control), T2
(1% CuSOs), Ts (1% ZnSOa), T4 (1% MnSOa4), Ts (1% Boron), Ts (1% CuSOs +1% ZnSOs), T7 (1%
CuSO4 +1% MnS0O4), Ts (1% CuSO4 +1% Boron), To (1% ZnSO4 + 1% MnSOs), T10 (1% ZnSO4 + 1%
Boron, Tiu1 (1% MnSO4 +1% Boron) and Ti2 (1% CuSO4 +1% ZnSOs +1% MnSO4 +1% Boron) on
biochemical parameters and yield in wheat. Spraying of zinc, copper, manganese and boron was done
two times i.e.,, on 25 and 40 DAS. Observations about biochemical parameters like leaf chlorophyll,
nitrogen content in leaves and protein content in seed were also estimated. Observation on yield
contributing parameters like number of spikelets ear?, spike length, number of grain ears, grain weight
ear?, 1000 grain weight, seed yield plant? (g), plot? (kg) and ha? (g), harvest index recorded. Foliar
sprays of 1% CuSOs4 +1% ZnSO4 +1% MnSO4 + 1% Boron followed by 1% ZnSOs4 + 1% Boron
significantly enhanced biochemical parameters and yield contributing parameters when compared with
control and rest of the treatments under study.
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Introduction

Wheat is a self-pollinated crop originated from south-western Asia, is considered as the second
most important cereal crop in the world after rice. It has been described as the ‘King of
cereals’ because of the acreage it occupies, high productivity and the prominent position it
holds in the international food grain trade. It belongs to genus ‘Triticum’ of poaceae
(Gramineae) family and there are 17 different species. Most of the cultivated wheat varieties
belongs to three main species of the genus Triticum. These are the hexaploid, T. aestivum L.
(bread wheat), the tetraploid, T. durum and the diploid, T. dicocum. Globally, T. aestivum
wheat is the most important species which covers 95 percent of the area. Second popular wheat
being durum wheat which covers about 4 percent while, T. dicoccum wheat cover less than one
percent of the total area.

Wheat is one of the most essential foods in the world. To increase its productivity, nutrient
management is one of the most important factors. In wheat production, micronutrients play a
vital role in the yield improvement.

Materials and Methods

The project entitled “Influence of zinc, copper, manganese and boron on morpho-physiological
parameters and yield in wheat (Triticum aestivum L.)” was carried out during Rabi 2022-23 in
the field area of section of Agricultural Botany, College of Agriculture, Nagpur in a
Randomized Block Design with twelve treatments and three replications. Treatments consists
T1 (control), T2 (1% CuSOQs), T3 (1% ZnS04), T4 (1% MnSOQa), Ts (1% Boron), Ts (1% CuSO4
+ 1% ZnS0s), T7 (1% CuSO4 +1% MnSO.), Ts (1% CuSO4 +1% Boron), Ty (1% ZnSO4 + 1%
MnS0s), T1o (1% ZnSO4 + 1% Boron, T11 (1% MnSO. +1% Boron) and T12 (1% CuSQO4 +1%
ZnS0O4 +1% MnSO4 +1% Boron) were tested. The gross plot size 2 m x 2.5 m and net plot size
was 1.8 m x 2.3 m with spacing line sowing at 20 cm.
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Five plants from each plot were selected randomly and data
were collected at 30, 50 and 70 DAS on total chlorophyll
content, nitrogen content in leaves and protein content in
seeds were calculated 70 DAS. Total chlorophyll content of
oven dried leaves was estimated by colorimetric method as
suggested by Bruinsma (1982) [, Nitrogen content in leaves
was estimated by micro Kjeldahl’s method as given by
Somichi et al., 1972 P Protein content in seed plant?,
number of spikelets ear?, spike length, number of grain ears,
grain weight ear?, 1000 grain weight, seed yield plant?(g),
ploti(kg) and ha %(qg), harvest index and B:C ratio were
calculated after harvest. Data was estimated by to statastical
analysis as per method suggested by Panse and Sukhatme
(1958) 161,

Results and Discussion

Chlorophyll content

At this stage 30 DAS total chlorophyll content in leaves
ranged between 1.24 — 1.46 mg g Significantly highest
chlorophyll content was observed in treatment T1 (1% CuSQO4
+ 1% ZnSO4 + 1% MnSO4 + 1% Boron) and Tio (1% ZnSO4
+ 1% Boron), Ty (1% ZnSO4 + 1% MnSOy), Ts (1% CuSO4 +
1% ZnS0Oa), T7 (1% CuSO4 + 1% MnSO,) and Tg (1% CuSO4
+ 1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSO.)
are found at par with T12 when compared with control and rest
of the treatments. Whereas the treatments T2 (1% CuSQy), T4
(1% MnSQy) and Ts (1% Boron) significantly higher in total
chlorophyll content in leaves at compare to control (T1).

At this stage 50 DAS total chlorophyll content in leaves
ranged between 1.37 — 1.61 mg g Significantly highest
chlorophyll content was observed in treatment T1 (1% CuSQO4
+ 1% ZnSO4 + 1% MnSO4 + 1% Boron) and T (1% ZnSO4
+ 1% Boron), Tg (1% ZnSO4 + 1% MnSOsy), Ts (1% CuSO4 +
1% ZnSOs), T7 (1% CuSO4 + 1% MnSO,) and Tg (1% CuSO,
+ 1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSO.)
and T2 (1% CuS0O,) are found at par with T1, when compared
with control and rest of the treatments. Whereas the
treatments T4 (1% MnSO,) and Ts (1% Boron) significantly
higher in total chlorophyll content in leaves at compare to
control (T1).

At this stage 70 DAS total chlorophyll content in leaves
ranged between 1.25 — 1.52 mg g Significantly highest
chlorophyll content was observed in treatment T1o (1% CuSO4
+ 1% ZnSO, + 1% MnSO4 + 1% Boron) and T1o (1% ZnSO4
+ 1% Boron), Ty (1% ZnSO4 + 1% MnSOy), Ts (1% CuSO4 +
1% ZnS0s4), T7 (1% CuSO4 + 1% MnSO4) and Ts (1% CuSO4
+ 1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSO.)
and T2 (1% CuS0O,) are found at par with T1, when compared
with control and rest of the treatments. Whereas the
treatments T4 (1% MnSO,) and Ts (1% Boron) significantly
higher in total chlorophyll content in leaves at compare to
control (T1). These results are in conformity with the finding
Pise et al. (2020) [l where they found significant effect of
foliar application of micronutrient mixture (ZnSO. 0.5%.
FeSO. 0.5%) on chlorophyll contents of wheat.

These results are also in conformity with the findings of
Farhan et al. (2021) ! where they found significant effect of
foliar application of different times of boron application on
chlorophyll contents of wheat.

Protein content in seeds

Data revealed that significantly higher protein content was
observed Treatments considering for evaluation of this study
were found significantly superior over control. However,

https://www.thepharmajournal.com

treatment However, treatment T12 (1% CuSOs + 1% ZnSO. +
1% MnSO, + 1% Boron), recorded the highest protein content
i.e.,, 11.13%, while control (Ti) (water spray) treatment
recorded minimum i.e., 9.64%. Data regarding protein content
was significantly increased in treatment T12 (1% CuSO. + 1%
ZnSO4 + 1% MnSO. + 1% Boron) and treatments Tio (1%
ZnS04 + 1% Boron), Te (1% ZnSO4 + 1% MnSOs), Te (1%
CuSOs + 1% ZnS04), T7 (1% CuSO4 + 1% MnSOs), Ts (1%
CuSO4 + 1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1%
ZnS04), Ts (1% Boron) are found at par with Ti, when
compared with control and rest of the treatments. Whereas the
treatments T2 (1% CuSO4) and T4 (1% MnSOQy) significantly
higher in protein content in seed as compare to control (T3).
Similar result where reported by Tahir et al. (2021) 2% where
they obtained significant effect of Zn, B, Fe, Mn and Cu has
the highest protein content in wheat.

Leaf nitrogen content

Scrutiny of the data revealed marked effect of foliar spray of
ZnS04, MNSO4, CuSO4 and boron on the nitrogen content of
wheat at 30, 50 and 70 DAS.

At 30 DAS nitrogen content in leaves is differed among the
treatments and ranged from 3.90 — 4.75%. The best and
significant results were obtained in Ti2 (1% CuSO4 + 1%
ZnS0O4 + 1% MnSO4 + 1% Boron) and treatments T11 (1%
MnSQ4 + 1% Boron), T1o (1% ZnSO4 + 1% Boron), Tg (1%
ZnS0O4 + 1% MnSOs), Ts (1% CuSO4 + 1% Boron), Ts (1%
CuSO4 + 1% 2ZnSOy), Ts (1% Boron), T3 (1% ZnSO4) are
found at par with T2 when compared with control and rest of
the treatments. Whereas the treatments T; (1% CuSOs4 + 1%
MnSQa), T2 (1% CuSO4) and T4 (1% MnSOs) significantly
higher in nitrogen content in leaves at compare to control (T1).
At 50 DAS nitrogen content in leaves is differed among the
treatments and ranged from 3.01 — 4.29%. The best and
significant results were obtained in Ti2 (1% CuSO4 + 1%
ZnS04 + 1% MnSO4 + 1% Boron) and treatments T11 (1%
MnSOQO4 + 1% Boron), Ty (1% ZnSO4 + 1% MnSOs), Ts (1%
CuSO4 + 1% Boron), Tes (1% CuSO4 + 1% ZnSOa), Ts (1%
Boron) and T3 (1% ZnSQ,) are found at par with T12 when
compared with control and rest of the treatments. Whereas,
the treatments T1o (1% ZnSO4 + 1% Boron), T7 (1% CuSO, +
1% MnSO4), T, (1% CuSO;) and Ts (1% MnSOy)
significantly higher in nitrogen content in leaves at compare
to control (T1).

At 70 DAS nitrogen content in leaves is differed among the
treatments and ranged from 2.44-3.41%. The best and
significant results were obtained in Ti2 (1% CuSO4 + 1%
ZnS04 + 1% MnSO4 + 1% Boron) and treatments Tio (1%
ZnS0O4 + 1% Boron), Tg (1% ZnSO4 + 1% MnSQa), T11 (1%
MnSQ4 + 1% Boron), Ts (1% CuSQO4 + 1% Boron), Ts (1%
CuSO4 + 1% ZnSQy), Ts (1% Boron) and T3 (1% ZnSO4) are
found at par with T2 when compared with control and rest of
the treatments. Whereas the treatments T; (1% CuSOs + 1%
MnSQa), T2 (1% CuSO4) and Ts (1% MnSO.) significantly
higher in nitrogen content in leaves at compare to control (T1).

Number of spikelets ear?

Significantly and highest number of spikelets ear? was
recorded by the application Ti2 (1% CuSO4 + 1% ZnSO, +
1% MnSO, + 1% Boron) and treatments T1o (1% ZnSO4 + 1%
Boron), T (1% ZnSO4 + 1% MnSO4), Ts (1% CuSOs + 1%
ZnS04), T7 (1% CuSO4 + 1% MnSO.) and Tg (1% CuSOs +
1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSQOy), T,
(1% CuSOQy) are found at par with T1, when compared with
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control and rest of the treatments. Whereas the treatments T,
(1% MnSO4) and Ts (1% Boron) significantly higher in
number of spikelets ear! at compare to control (T1). These
results are also in conformity with the findings of Javed et al.
(2023) ™ where they obtained significant effect of foliar
application of zinc (Bo: 0 g ha, B1: 50 g ha?, B,: 60 g ha
and Bs: 70 g ha?) on number of spikelets of wheat. These
results are also in conformity with the findings of ljaz et al.
(2023) B where they found significant effect of foliar
application of micronutrient mixture (Zn + Fe + Cu + B) on
number of spikelets of wheat.

Spike length: Significantly and highest number of spike
length was recorded by the application T12 (1% CuSQO4 + 1%
ZnSO; + 1% MnSO. + 1% Boron) and treatments Tio (1%
ZnSO4 + 1% Boron), Tg (1% ZnSO4 + 1% MnSO.), Ts (1%
CuSOs + 1% ZnS0s4), T7 (1% CuSO4 + 1% MnSOy4) and Tsg
(1% CuSO4 + 1% Boron) and T11 (1% MnSO4 + 1% Boron)
are found at par with T12 when compared with control and rest
of the treatments. Whereas the treatments T3 (1% ZnSQy), T2
(1% CuSOs), T4 (1% MnSOs) and Ts (1% Boron)
significantly higher in spike length at compare to control (T1).
These results are also in conformity with the findings of Javed
et al. (2023) M where they found significant effect of foliar
application of zinc (Bo: 0 g ha, B1: 50 g ha, B2 60 g ha*
and Bs: 70 g ha?) on spike length of wheat. These results are
also in conformity with the findings of ljaz et al. (2023) EI
where they found significant effect of foliar application of
micronutrient mixture (Zn + Fe + Cu + B) on spike length of
wheat.

Number of grains ear™

Number of grains ear? increased significantly and it was
maximum in treatment T12 (1% CuSO4 + 1% ZnSO4 + 1%
MnSQ,4 + 1% Boron). Next to this treatment, treatments Ti»
(1% CuSO4 + 1% ZnSO4 + 1% MnSO, + 1% Boron) and
treatments T1o (1% ZnSO4 + 1% Boron), Te (1% ZnSO. + 1%
MnSQO,) are found at par with Ti» when compared with
control and rest of the treatments. Whereas the treatments Te
(1% CuSO4 + 1% ZnSOy), T7 (1% CuSO4 + 1% MnSOa), Ts
(1% CuSO4 + 1% Boron), T11 (1% MnSO4 + 1% Boron), T3
(1% ZnS0.), T2 (1% CuSOs), T4 (1% MnSO4) and Ts (1%
Boron) significantly higher in number of grains ear-1 at
compare to control (T1). These results are also in conformity
with the findings of Javed et al. (2023) [ where they found
significant effect of foliar application of zinc (Bo: 0 g ha?, By:
50 g hal, B2: 60 g ha'and Bs: 70 g ha*) on number of grains
of wheat. These results are also in conformity with the
findings of ljaz et al. (2023) B where they found significant
effect of foliar application of micronutrient mixture (Zn + Fe
+ Cu + B) on number of grains of wheat.

Grain weight ear”

Grain weight ear-t was significantly highest in T, (1%
CuSO;4 + 1% ZnS04 + 1% MnSO4 + 1% Boron) and T1o (1%
ZnS04 + 1% Boron), Tg (1% ZnSO4 + 1% MnSOs), Te (1%
CuSOs + 1% ZnSO0s), T7 (1% CuSO4 + 1% MnSOy), Ts (1%
CuSO4 + 1% Boron), T11 (1% MnSO4 + 1% Boron), Tz (1%
ZnS0y), T2 (1% CuSOs), T4 (1% MnSO.) and Ts (1% Boron)
are found at par with T1> when compared with control and rest
of the treatments.

https://www.thepharmajournal.com

1000 grain weight

Significantly highest 1000 grain weight was noted in
treatment T12 (1% CuSO4 + 1% ZnSO4 + 1% MnSOs + 1%
Boron) and T1o (1% ZnSO. + 1% Boron) are found at par with
T12 when compared with control and rest of the treatments.
Whereas, the Treatments Tg (1% ZnSO,; + 1% MnSOQs), Ts
(1% CuSOg4 + 1% ZnS04), T7 (1% CuSO4 + 1% MnSOy), Ts
(1% CuSO4 + 1% Boron), T11 (1% MnSO4 + 1% Boron), Ts
(1% ZnS0.), T2 (1% CuSO4), T4 (1% MnSOs4), Ts (1%
Boron) significantly higher in 1000 grain weight at compare
to control (T1). These results are also in conformity with the
findings of ljaz et al. (2023) ! where they found significant
effect of foliar application of micronutrient mixture (Zn + Fe
+ Cu + B) on 1000 grain weight of wheat.

Seed yield plant?

Seed vyield plant® was significantly highest in treatment T,
(1% CuSO4 + 1% ZnSO4 + 1% MnSO4 + 1% Boron) and Tio
(1% ZnSO4 + 1% Boron), T (1% ZnSO4 + 1% MnSOs), Ts
(1% CuSOg4 + 1% ZnS0y), T7 (1% CuSO4 + 1% MnSOy), Ts
(1% CuSO4 + 1% Boron) are found at par with T1> when
compared with control and rest of the treatments. Whereas,
the treatments T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSQOy),
T, (1% CuSOs), T4 (1% MnSOs) and Ts (1% Boron)
significantly higher in seed yield plant™ at compare to control
(T1). These findings are also consistent with the results
obtained by Shahgholi et al. (2023) ! found Fe + Zn + B had
the highest seed yield compared to single micronutrients
treatment.

Seed yield plot™* and ha?

Significantly maximum seed yield plot™ and ha! was recorded
in treatment T12 (1% CuSO4 + 1% ZnSO4 + 1% MnSO4 + 1%
Boron) and Tio (1% ZnSO4 + 1% Boron), Te (1% ZnSO4 +
1% MnSOs), Ts (1% CuSO4 + 1% ZnS0.), T7 (1% CuSO4 +
1% MnSOs), Ts (1% CuSOs4 + 1% Boron) are found at par
with T when compared with control and rest of the
treatments. Whereas, the treatments Ti: (1% MnSOs + 1%
BOTOI’I), Ts (l% ZHSO4), T> (1% CUSO4), Ts (1% MHSO4) and
Ts (1% Boron) significantly higher in seed yield plot™ and ha-
! at compare to control (T:). These results are also in
conformity with the findings of Karad et al. (2021) B! where
they found significant effect of foliar application of
micronutrient mixture (0.5% FeSO4 + 0.5% ZnSO,4) on seed
yield of wheat.

Harvest Index

The range of harvest index obtained was 26.25 in control to
36.99% in treatment receiving T12 (1% CuSO4 + 1% ZnSO4 +
1% MnSO, + 1% Boron). The treatment T1o (1% ZnSOs4 + 1%
Boron), T (1% ZnSO4 + 1% MnSO4), Ts (1% CuSOs + 1%
Boron), T7 (1% CuSO4 + 1% MnSO,) and Ts (1% CuSO, +
1% Boron), T11 (1% MnSO4 + 1% Boron), T3 (1% ZnSQOy), T»
(1% CuSOQy) are found at par with T1, when compared with
control and rest of the treatments. Whereas, the treatments T4
(1% MnSO4) and Ts (1% Boron) significantly higher in
harvest index at compare to control (T1). These results are
also in conformity with the findings of ljaz et al. (2023) [
where they found significant effect of foliar application of
micronutrient mixture (Zn + Fe + Cu + B) on harvest index of
wheat.
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Table 1: Effect of zinc, copper, manganese and boron on total chlorophyll content in leaves (mg g1), nitrogen content in leaves (%) and protein

content in seeds (%) a

t harvest

Biochemical analysis
Treatments Total chlorophyll content (mg g) [N content in leaves (%) |Protein Content in seeds (%)
30DAS | 50 DAS | 60 DAS |30 DAS50 DAS60 DAS At harvest

Ti1 (Control) 1.24 1.37 1.25 390 | 3.01 | 244 9.64
T2 (1% CuSOQ4) 1.33 1.46 1.38 391 | 3.06 | 246 9.82
T3 (1% ZnS0q) 1.35 1.50 1.40 428 | 3.78 | 3.04 10.58
T4 (1% MnSO4) 131 1.45 1.36 396 | 3.32 | 251 9.93
Ts (1% Boron) 1.29 1.42 1.34 452 | 398 | 3.23 10.82
Te (1% CuSO4 + 1% ZnS04) 141 1.58 1.46 438 | 3.88 | 3.10 10.75
T7 (1% CuSO4 + 1% MnSO4) 1.40 1.56 1.45 399 | 343 | 255 10.39
Ts (1% CuSO4 + 1% Boron) 1.38 1.53 1.44 422 | 3.75 | 3.00 10.58
To (1% ZnSO4 + 1% MnSO4) 1.42 1.59 1.47 468 | 419 | 331 10.99
T10 (1% ZnSO4 + 1% Boron) 1.43 1.60 1.48 459 | 412 | 3.24 10.92
Tu (1% MnSO4 + 1% Boron) 1.36 151 141 415 | 359 | 2.87 10.55
Tiz (1% CLSOu + 1% ZnS0u + 13 MnSOu + 1% | 45 161 152 | 475 | 429 | 341 11.13
SE(m) + 0.04 0.05 0.05 0.20 | 0.20 | 0.18 0.31
CD at 5% 0.12 0.15 0.14 0.60 | 0.60 | 0.53 0.92

Table 2: Effect of zinc, copper, manganese and boron on number of spikelets ear, spike length, number of grain ears, grain weight ear, 1000
grain weight, seed yield plant*(g), plot(kg) and ha'(q), and harvest index (%)

Treatments N_umber of_1 Spike | Number ojgrain Grain vv_i:ight ear 1000_grain
spikelts ear length ears weight
T1 (Control) 15.99 7.67 32.10 1.86 39.25
T2 (1% CuSO4) 18.60 7.77 34.00 2.71 41.22
T3 (1% ZnSOq) 18.80 8.20 34.23 2.73 41.22
T4 (1% MnSOq) 18.12 7.60 33.73 2.61 41.14
Ts (1% Boron) 17.78 7.80 33.47 2.57 41.02
Ts (1% CuSOs + 1% ZnSO4) 19.85 8.93 35.30 2.83 41.30
T7 (1% CuSO4 + 1% MnSO4) 19.73 8.80 35.07 2.82 41.64
Ts (1% CuSO4 + 1% Boron) 19.68 8.60 34.37 2.81 41.62
To (1% ZnSO4 + 1% MnSOq) 19.81 9.17 35.83 2.84 42.66
T10 (1% ZnSO4 + 1% Boron) 20.45 9.47 36.30 2.85 45.86
T11 (1% MnSO4 + 1% Boron) 19.15 8.43 34.27 2.74 41.58
T12 (1% CuSO4 + 1% ZnS0O4 + 1% MnSO4+ 1% Boron 20.70 9.63 37.13 2.89 46.99
SE(m) 0.80 0.34 0.87 0.12 1.23
CD 2.35 1.01 2.57 0.35 3.62

Table 3: Effect of zinc, copper, manganese and boron on seed yield plant(g), plot(kg) and ha(q), and Harvest index (%) at harvest

Treatments Seed yield plant*(g) | Seed yield plot?(g) | Seed yield Ha'(g) | Harvest index (%)

T1 (Control) 5.89 1.22 29.43 26.25

T2 (1% CuSO4) 4.0. 1.27 30.69 29.98

T3 (1% ZnSO4) 6.25 1.29 31.23 30.29

T4 (1% MnSOq) 6.10 1.26 30.49 28.14

Ts (1% Boron) 5.92 1.24 30.08 27.88

Te (1% CuSO4 + 1% ZnSO4) 6.71 1.38 33.53 35.52

T7 (1% CuSO4 + 1% MnSO4) 6.56 1.36 32.81 35.33

Ts (1% CuSO4 + 1% Boron) 6.30 1.34 32.48 34.06

To (1% ZnSO4 + 1% MnSO4) 6.84 141 34.07 36.22

T10 (1% ZnSO4 + 1% Boron) 6.86 1.42 34.32 36.24

T11 (1% MnSO4 + 1% Boron) 6.26 1.32 32.08 33.02

T12 (1% CuSO4 + 1% ZnS0O4 + 1% MnSO4+ 1% Boron 6.94 144 34.69 36.99

SE(m) 0.25 0.05 1.16 2.31

CD 0.72 0.15 341 6.78

Conclusion References
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MnSOs + Boron) to increase chlorophyll content of leaves at
all stages i.e., 30, 50 and 70 DAS and T (1% ZnSO4 + 1%
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increase leaf nitrogen content at all stages i.e., 30
DAS and protein content of seed in wheat.
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