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INFLUENCE OF FERROUS SULPHATE AND ZINC SULPHATE
ONMORPHO - PHYSIOLOGICAL PARAMETERS AND YIELD
IN CHICKPEA (Cicer arietinum L.)

Vinita Sudam Karad', P. V. Shende?, A. P. Kesarkar’, R. D. Deotale* and V. S. Madake’

ABSTRACT

Field trial was conducted at College of Agriculture, Nagpur during rabi season of
2020-2021 to study the probable response of ferrous sulphate and zinc sulphate for improving
morpho-physiological and yield parameters in chickpea (Cicer arietinum L.). The experiment
was laid out in randomized block design with three replications. Research design comprised
of ten treatments of ferrous sulphate (0.25%, 0.5% and 1.0%) and iron sulphate (0.25%,
0.5% and 1.0%) sprayed individually and in their combination. The foliar sprays at 25 and
45 DAS showed significant changes in all the growth parameters i.e. plant height, number
of branches plant’, days to flower initiation, days to maturity, total dry matter production
plant’, leaf area, leaf area index, RGR, NAR, CGR, seed yield plot'and harvest index.
Application of 0.5% FeSO, + 0.5 % ZnSO, gave significantly higher results in all parameters

studied.

(Key words; Ferrous sulphate, zinc sulphate, chickpea, morpho-physiological, spray,

parameters)

INTRODUCTION

Chickpea is one of the most important pulses in the
world and also in India. (Cicer arietinum L.) (2n=16) belongs
to genus Cicer, tribe cicereae, family Leguminosae and
subfamily Papilionaceae. The genus Cicer comprises one
cultivated species, the chickpea (Cicer arietinum L.) and 42
wild species. Chickpea probably originated from South East
Turkey (Ladizinsky, 1975). The major chickpea growing
continents are Asia, Africa, and Australia. The major chickpea
producing countries are India, Pakistan, Australia, and Turkey.
India ranked first in area and production in the world, but the
highest productivity observed in China. Due to low production
cost, wide climate adaptation, use in crop rotation, and
atmospheric nitrogen fixation ability, chickpea is an important
legume plant in a sustainable agricultural system (Farshadfar
and Farshadfar, 2008).

Iron is an unavoidable and one of the most prominent
constituents of many proteins and enzymes that play important
roles in key metabolic processes, including cellular respiration,
oxygen transport, lipid metabolism, the tricarboxylic acid (TCA)
cycle, gene regulation, synthesis of metabolic intermediates,
and DNA biosynthesis as well as making it essential for
photosynthesis and chlorophyll biosynthesis (Jeong and
Connolly, 2009).

Zinc plays an eminent role in cell division, cell

expansion, and protein synthesis and carbohydrate, nucleic
acid and lipid metabolism. It also plays an important role in
auxin metabolism (Oguchi et al., 2004). Sulphur plays a pivotal
role in regulating the metabolic and enzymatic processes
including photosynthesis, respiration and legume rhizobium
symbiotic nitrogen fixation, energy transformation, activation
of enzymes and also carbohydrate metabolism which reflected
inincreased yield.

MATERIALS AND METHODS

A field experiment was conducted at farm of Botany
section, College of Agriculture, Nagpur in a Randomized
Block Design with ten treatments and three replications.
Treatments consists of T1- Control, T2- 0.25% FeSO,, T3-
0.5% FeSO, T4-1.0% FeSO,, T5- 0.25% ZnSO,, T6- 0.5%
ZnSO,, T7-1.0% ZnSO,, T8-0.25% FeSO, + 0.25% ZnSO,,
T9-0.5% FeSO, +0.5% ZnSO, and T10- 1.0% FeSO, + 1.0%
ZnS0,. The gross plot size was 2.10 m x 2.20 m and net 1.50
m x 2.00 m with spacing of 30 cm x 10 cm. Two foliar sprays
of ferrous sulphate and zinc sulphate were given at 25 and
45 DAS. Five plants from each plot were selected randomly
and data were collected at 25, 45, 60 and 75 DAS on plant
height, number of branches plant’', number of leaves
plant”, days to flower initiation, total dry matter production
plant’, days to maturity, leaf area and leaf area index of
plant. RGR, NAR and CGR were calculated at 25-45, 45-60
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and 60-75 DAS. Seed yield plot' was recorded after harvest.
Harvest index was also calculated. Data were analysed by
statistical method suggested by Panse and Sukhatme (1954).

RESULTS AND DISCUSSION

Plant height

Plant height is one of the visible measurements
and is a function of internodes and leaf emergence. Since
leaves are born on stem, leaf area development and biomass
production show a close relationship with plant height. It is
the shortest distance between the upper boundary of the
photosynthetic tissue on a plant and ground level, expressed
in centimeters or meters.

At 75 DAS the range of plant height was observed
42.80-50.63 cm. The significantly superior plant height was
registered in treatment T, (0.5% FeSO, + 0.5% ZnSO,)
followed by treatments T, (0.25% FeSO, + 0.25% ZnSO,), T,
(0.5% ZnS0O,), T, (0.5% FeSO,) and T (1.0% FeSO,+ 1.0%
ZnS0,) over control and rest of the treatments under study.
But, treatments T,(0.25% ZnSO,), T, (0.25% FeSO,), T, (1.0%
ZnS0,) and T, (1.0% FeSO,) were found at par with control.

The increase in plant height might be due to an
increase in the photosynthetic activity, chlorophyll
formation, nitrogen metabolism and auxin contents in the
plants which ultimately improving the plant height.

Similar results were reported by Saini and Singh
(2017) on green gram that maximum plant height recorded
by the application of 40 kg S ha' as gypsum + 0.5% FeSO,
foliar spray at 25 DAS. However, Purushottam ez al. (2018)
found more plant height at 90 DAS by the foliar application
of 0.5 % ZnSO, on chickpea (Cicer arietinum L.) and Pal er
al. (2019) found maximum plant height of 65.1 cm in the first
year and 66.5 cm in the second year with the application of
ZnSO, (25 kgha™) at sowing + foliar spray of ZnSO, (0.5%)
at flowering and pod formation stages in chickpea and it
was statistically at par with other ZnSO, application methods
during both the years but significantly higher than control.
Number of branches plant!

Branches are the sites of leaves, flowers and pod
formation. Hence, they are closely associated with the
photosynthetic activity and yield of the plant. So, a number
of branches are a desirable attribute for higher biomass
production and yield.

At 75 DAS effective enhancement in number of
branches plant” was obtained in treatment T, (0.5% FeSO, +
0.5% ZnS0,) followed by treatments T, (0.25% FeSO, +0.25%
ZnS0,), T, (0.5% ZnSO,), T, (0.5% FeSO,) and T, (1.0%
FeSO,+ 1.0% ZnSO,) over control and remaining treatments.
But, treatments T (0.25% ZnSO,), T,(0.25% FeSO,), T, (1.0%
ZnS0,) and T, (1.0% FeSO,) were found at par with control.

Positive effect of foliar application of zinc and iron
interaction with RDF on metabolic activities like a synthesis
of IAA, metabolism of auxins and synthesis of nitrate
reductase enzyme in the leguminous crop increased the

availability of other nutrients and accelerated the
translocation of photo assimilates.

These results are in accordance with Ali and
Mahmood (2012), who found that foliar application of zinc
(500 ppm) on mungbean significantly increased number of
branches plant' when compared with control plants. Sale
and Nazirkar (2013) investigated the effect of different
micronutrients on growth traits of soybean under rainfed
conditions in vertisol. Foliar application of zinc (0.5%) and
iron (0.5%) with seed fortification of molybdenum showed
an increase in the branching of soybean.

Days to flower initiation

Flower initiation is the physiological process in
the plant by which the shoot apical meristem becomes
competent to develop flowers. The days to flower initiation
was determined by recording the number of days after
sowing to at least one open flower.

The data recorded about days to flower initiation
were found statistically significant. The range of days to
flower initiation recorded was 34.93-39.33 days. The number
of days for flower initiation was recorded lowest with the
treatment T, (0.5% FeSO, + 0.5% ZnSO,) followed by
treatments T, (0.25% FeSO, + 0.25% ZnSO,), T, (0.5%
ZnS0,), T,(0.5% FeSO,) when compared control and rest of
the treatments. Next to these treatments significantly lower
days for flower initiation was also recorded in treatments
T, (1.0% FeSO,+ 1.0% ZnSO0O,), T,(0.25% ZnSO,) and T,
(0.25% FeS0O,) when compared with control. But treatments,
T, (1.0% ZnSO,) and T, (1.0% FeSO,) were found at par with
control.

Days to Maturity

The result obtained during investigation of days
to maturity found significantly increased in the treatment
T, (0.5% FeSO,+ 0.5% ZnSO,) followed by treatments T,
(0.25% FeSO, +0.25% ZnS0O,), T, (0.5% ZnSO,) over control
and other treatments. Next to these treatments the treatment
T,(0.5% FeSO,) also showed increased in days to maturity
content significantly over treatment T, (control). Similarly
treatments T, (0.25% ZnS0O,), T, (0.25% FeSO,), T, (1.0%
ZnS0,) and T, (1.0% FeSO,) were also found at par with
control (T)).

Kobraee (2019) found that the spraying of 0.5%
Zn and 0.5% Mn elements have a significant effect on the
time from emergence to maturation in chickpea.

Total dry weight plant™

At 45 DAS the range of dry matter production
recorded was 1.07-1.73 g. Significantly maximum dry matter
plant was noticed with the foliar application of 0.5 % FeSO,
+0.5 % ZnSO, (T,) followed by treatment T, (0.25% FeSO, +
0.25% ZnSO,) when compared with control (T,) and the
rest of the treatments under study. Similarly treatments T,
(0.5% ZnS0O,), T,(0.5% FeSO,) and T, (1.0% FeSO,+ 1.0%
ZnS0,) also significantly increased total dry weight plant’!
when compared with treatment T, (control) and rest of the
treatments under study. Similarly, treatments T, (0.25%
7ZnS0,), T,(0.25% FeSO,) and T, (1.0% ZnSO,) also recorded
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significantly maximum dry matter production plant™ in a
descending manner when compared with control (T ). But
treatment T, (1.0% FeSO,) was found at par with treatment
T, (control) in dry matter production.

At 60 DAS highest dry matter production plant™
was recorded under the treatment T, (0.5% FeSO,+ 0.5%
ZnS0,) followed by treatments T, (0.25% FeSO, + 0.25%
7ZnS0,), T, (0.5% ZnSO,) and T, (0.5% FeSO,) when
compared with treatment control and rest of the treatments.
But treatments, T (1.0% FeSO,+ 1.0% ZnSO,), T.(0.25%
ZnS0,), T,(0.25% FeSO ), T, (1.0% ZnSO,) and T, (1.0%
FeSO,) were found at par with control.

Observations recoded at 75 DAS indicated
significant variation. The most pronounced effect observed
in plant exposed to the treatment T, (0.5% FeSO, + 0.5%
ZnS0,) followed by treatments T, (0.25% FeSO, + 0.25%
ZnS0,), T, (0.5% ZnS0O,) and T, (0.5% FeSO,) in total dry
weight plant” over control and rest of the treatments under
study. Treatments T (1.0% FeSO,+ 1.0% ZnSO,), T_(0.25%
7ZnS0,), T,(0.25% FeSO ), T, (1.0% ZnSO,) and T, (1.0%
FeSO,) were found at par with control.

Dry matter production and its partitioning towards
reproductive parts is an important attributing character and
a basic vegetative phase is essential for the development of
the reproductive parts. Although the dry matter production,
in general, is inductive of the efficiency of genotype, the
pattern in which it is distributed in different plant parts that
do more towards the reproductive parts would give a better
understanding of its productivity potential. The application
of nutrients and plant growth regulators helps in improving
the canopy structure and also increases productivity
through the manipulation of the source-sink relationship.
These might be the reasons for the increase in dry matter
production in the present investigation.

Similar results were also discovered by many
scientists in their experiments. Purushottam et al. (2018)
found that foliar application of zinc sulphate @ 0.5%
significantly enhanced dry matter accumulation (216.96 g
m?) at 90 days after sowing in chickpea. Blesseena er al.
(2020) studied the significant and beneficial effect of two
foliar sprays of 100 ppm tocopherol + 0.5% ZnSO, at 25 and
40 DAS on dry matter production of chickpea (Cicer
arietinum L.) at 85 DAS over the control.

Leaf area plant™

Leaf area is an important variable affecting light
interception and hence increased photosynthesis and
carbohydrate production. Area of leaf depends upon the
number and size of leaves. It is an important parameter in
determining plant productivity.

Observations recoded at 45 DAS indicated
significant variation. The most pronounced effect observed
in plant expose to the treatment T, (0.5% FeSO, + 0.5%
ZnS0,) followed by treatments T, (0.25% FeSO, + 0.25%
ZnS0,), T, (0.5% ZnSO,), T,(0.5% FeSO,) and T  (1.0%
FeSO,+ 1.0% ZnSO,) in leaf area plant” over control and

rest of the treatments under study. But treatments T, (0.25%
ZnS0,), T,(0.25% FeSO,), T, (1.0% ZnSO,) and T, (1.0%
FeSO,) were found at par with control.

The significantly highest leaf area plant! over
control was observed at 65 DAS in treatment T, (0.5% FeSO,
+0.5% ZnSO,) followed by treatments T, (0.25% FeSO, +
0.25% ZnS0O,), T, (0.5% ZnSO,), T,(0.5% FeSO,) and T
(1.0% FeSO,+ 1.0% ZnSO,) in a descending manner over
control and other treatments. Next to these treatments
significantly more leaf area plant' was also recorded in
treatments T, (0.25% ZnSO,) over control. But treatment T,
(0.25% FeSO,), T, (1.0% ZnSO,) and T, (1.0% FeSO,) were
found at par with control.

At 75 DAS significantly highest leaf area plant’
was registered in treatment T, (0.5% FeSO,+ 0.5% ZnS0O,)
followed by treatments T, (0.25% FeSO, +0.25% ZnSO,), T,
(0.5% ZnS0O,) and T, (0.5% FeSO,) over control and rest of
the treatments under study. Next to these treatments
significantly more leaf area was recorded in a treatments T |
(1.0% FeSO,+ 1.0% ZnS0,), T, (0.25% ZnSO,) and T, (0.25%
FeSO,) when compared with control. But treatments T, (1.0%
ZnS0O,) and T, (1.0% FeSO,) were found at par with control.

Leaf area was significantly increased by zinc and
iron possibly because it helps in greater assimilation of
food material by the plant which resulted in greater
meristematic activities of cells and consequently the number
of leaves, length and width of the leaf of the plant.

A field experiment was conducted by Mondal et
al. (2013) studied the effect of 0.1% foliar Zn application on
leat area of mung bean and reported significantly higher
leaf area over control.Lakshmi ez al. (2017) studied the effect
of foliar sprays of secondary nutrients and zinc nutrition on
the growth of black gram. The data revealed that combined
spray of nutrients i.e. T, (RDF + Foliar application of 1%
each of CaNO,, MgNO, and Sulphur) + foliar application of
ZnSO, @ 0.2 per cent (TS) treatment recorded highest leaf
area.

Leaf Area Index

Leaf Area Index is the ratio of the total area of all
leaves on a plant to the area of ground covered by the
plant. LAI is related to photosynthesis and biomass
production.

The data recorded about the LAI were found
statistically significant at 45 DAS. The range of LAI
recorded was 0.316-0.677.Significantly maximum LAI was
noticed in treatment T, (0.5% FeSO, +0.5% ZnS0O,) followed
by treatment T, (0.25% FeSO, + 0.25% ZnSO,) when
compared with treatment T (control) and other treatments.
Treatments T, (0.5% ZnSO,), T (0.5% FeSO,), T  (1.0%
FeSO,+1.0% ZnS0,), T (0.25% ZnSO,) and T, (0.25% FeSO,)
also increased LAI significantly when compared with control.
But treatments T_ (1.0% ZnSO,) and T, (1.0% FeSO,) were
found at par with control.

At 60 DAS the range of leaf area index recorded
was 1.030-1.480 g. Significantly maximum LAT was registered
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in treatment T, (0.5% FeSO,+ 0.5% ZnSO,) followed by
treatments T, (0.25% FeSO, + 0.25% ZnSO ), T, (0.5%
ZnS0,), T,(0.5% FeSO) and T (1.0% FeSO,+ 1.0% ZnS0O,)
over control and rest of the treatments. But, treatmentsT,
(0.25% ZnS0O,), T,(0.25% FeSO,), T, (1.0% ZnSO,) and T
(1.0% FeSO,) were found at par with control.

At 75 DAS the range of LAI recorded was 1.670-
2.620 g. Significantly maximum LAI was registered in
treatment T, (0.5% FeSO, +0.5% ZnSO,), T, (0.25% FeSO, +
0.25% ZnSO,), T, (0.5% ZnS0,), T, (0.5% FeSO,), T, (1.0%
FeSO, + 1.0% ZnS0,) and T,(0.25% ZnS0O,) when compared
with treatment T, (control) and rest of the treatments. Also,
treatment T, (0.25% FeSO,) was found significant over
treatment T, (control) in LAL But, treatments T, (1.0%
ZnS0,) and T, (1.0% FeSO,) were found at par with control.

These results are in accordance with the findings
of the following scientists. Nandan er al. (2018) examined
the influence of zinc and iron fortification on the growth of
chickpea (Cicer arietinum L.). The treatment RDF followed
by foliar application of Zn (0.5%) and Fe (0.05%) at pre-
flowering and pod formation stages recorded a significantly
higher value of leaf area index at 90 DAS. Gowthami and
Rao (2014) investigated a field experiment to study the effect
of foliar application of potassium, boron and zinc on the
growth analysis of soybean. The results exhibited that foliar
application of potassium nitrate @ 2 % + boric acid @ 50
ppm + zinc sulphate @ 1% at 30 and 60 DAS was found to
be superior in increasing the LAL

Growth analysis

Plant growth analysis provides an
explanatory, holistic and integrative approach to interpreting
plants form and function. It uses simple primary data such
as weight, area, volume and content or plant components
to investigate processes within and involving the whole
plant or crops. The productivity of crops may be related to
the parameters such as RGR, NAR, CGR and partitioning of
total photosynthates into the economic and non- economic
sink.

Relative growth rate (RGR)

Relative growth rate RGR expresses growth in terms
of rate of increase in size unit' of time so that this was
originally termed as “efficiency index”. It represents total
dry weight gained over the existing dry weight in unit time.
As such, it permits more equitable comparisons between
organisms than does absolute growth rate. Normally, relative
growth rate deals with total dry weight of plant’, through
other measures of size have also been used. Data revealed
that RGR was more during the period of 45-60 DAS.

Considering all treatments under study,
significantly maximum RGR was observed in treatment T,
(0.5% FeSO,+0.5% 7ZnS0,) i.e., 0.0327 g g day at 25-45
DAS, 0.0449 g g day'at 45-60 DAS, 0.0238 g ¢! day' at 65-
75 DAS respectively. But it was lowest in control i.e 0.0202g
g day'at 25-45 DAS, 0.0390g g day' at 45-60 DAS and
0.0189 g ¢! day'at 60-75 DAS.

At first stage i.e. 25-45 DAS range of RGR recorded
was 0.0202-0.0327 g g'! day . Significantly highest RGR was
registered in treatment T, (0.5% FeSO, + 0.5% ZnSO,)
followed by treatments T, (0.25% FeSO, +0.25% ZnSO,), T,
(0.5% ZnS0,), T,(0.5% FeSO,), T, (1.0% FeSO, + 1.0%
ZnS0,), T.(0.25% ZnSO,) and T, (0.25% FeSO,) over control
and rest of the treatments. But, treatments T. (1.0% ZnSO,)
and T, (1.0% FeSO,) were found at par with control.

At second stage i.e. 45-60 DAS range of RGR
recorded was 0.0390-0.0449 g g day'. Significantly maximum
RGR was noticed in treatment T, (0.5% FeSO, +0.5% ZnSO,)
over control and rest of the treatments. But, treatmentsT,
(0.25% FeSO, +0.25% ZnS0,), T, (0.5% ZnSO,), T, (0.5%
FeSO,), T, (1.0% FeSO,+ 1.0% ZnS0,), T,(0.25% ZnSO,),
T, (0.25% FeSO,), T, (1.0% ZnSO,) and T, (1.0% FeSO,)
were found at par with control.

At60-75 DAS RGR was significantly influenced
by different treatments. The range of RGR recorded was
0.0189-0.0238 g g' day'. At this stage significantly maximum
RGR was observed in treatment T, (0.5% FeSO, + 0.5%
ZnS0,), T, (0.25% FeSO, + 0.25% ZnSO,) and T, (0.5%
ZnS0O,) when compared with treatment T, (control) and rest
of the treatments under study. But treatmentsT, (0.5%
FeSO,), T, (1.0% FeSO,+ 1.0% ZnSO,), T, (0.25% -ZnSO“),
T, (0.25% FeSO,), T, (1.0% ZnSO,) and T, (1.0% FeSO,)
were found at par with each other in RGR.

Gowthami and Rao (2014) found that foliar
application of potassium nitrate @ 2% + boric acid @ 50
ppm + zinc sulphate @ 1% (T,) at 30 and 60 DAS was found
to be superior in increasing the RGR in soybean.
Whereas,Raut er al. (2019) investigated the effect of ascorbic
acid and zinc as a foliar application on chickpea and recorded
significant increase in relative growth rate by the application
of 200 ppm ascorbic acid + 0.5% ZnSO,

Net assimilation rate (NAR)

Net assimilation rate (NAR), synonymously called
as unit leaf rate expresses the rate of dry weight increase at
any instant on a leaf area basis with leaf representing an
estimate of the size of the assimilatory surface area. An
increase in NAR during reproductive phases might be due
to increasing efficiency of leaves for photosynthesis as a
response of photosynthetic apparatus to increase demands
for assimilates by growing seed fraction and also due to
photosynthetic contribution by pod and sink demand on
the photosynthetic rate of leaves.

NAR was significantly maximum in treatment T,
(0.5% FeSO +0.5% FeSO,) i.e.,0.0209 g dm™* day ' at 25-45
DAS, 0.0548 g dm™ day™' at 45-60 DAS and 0.0396 g dm™
day'at 60-75 DAS. But it was lowest in control i.e. 0.0157 g
dm day'at 25-45 DAS, 0.0452 g dm? day' at 45-60 DAS
and 0.0280 g dm? day™' at 60-75 DAS.

At first stage i.e. 25-45 DAS range of NAR recorded
was 0.0157-0.0209 g dm™ day™'. Significantly highest NAR
was registered in treatment T, (0.5% FeSO,+0.5% ZnS0O,)
followed by treatment T, (0.25% FeSO, + 0.25% ZnS0O,)
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over control and rest of the treatments. But, treatmentsT
(0.5% ZnSO,), T,(0.5% FeSO)), T, (1.0% FeSO,+ 1. 0%
ZnS0,), T,(0.25% ZnSO) T, (0. 25% PeSO) T, 0% ZnS0,)
and T (1 0% FeSO,) were found at par w1th each other in
NAR.

At second stage i.e. 45-60 DAS range of NAR
recorded was 0.0452-0.0548 g dm? day'. Significantly
highest NAR was observed in treatment T, (0.5% FeSO, +
0.5% ZnS0,) followed by treatment T, (0.25 % FeSO, +0. 25%
ZnS0,), T, (0.5% ZnSO,) and T, (0. 5% FeSO }over control
and rest of the treatment. But, treatments T, (l 0% FeSO, +

1.0% ZnS0,), T, (0.25% ZnS0O,), T, (0.25% FeSO,), T, (1 (}%
ZnS0,) and T, (l 0% FeSO,) were found at par with comrol

At third stage i.e. 60-75 DAS range of NAR
recorded was 0.0280-0.0396 g dm™ day'. Significantly
highest NAR was observed in treatment T, (0.5% FeSO, +
0.5% ZnS0,) followed by treatment T, (0.25% FeSO, +0.25%
ZnS0,), T, (0.5% ZnSO,) and T, (0.5%FeSO,) over control
and rest of the treatment. But, treatments T, (1.0% FeSO, +
1.0% ZnSO )T (0.25% ZnSO )T, (0.25% FeSO ). T, (1 0%
ZnSO )andT (l 0% FeSO )were found atparwnh comrol

Blesseena et al. (2019) examined the impact of 4 —
tocopherol and zinc on chickpea. The study showed that
highest net assimilation rate obtained by the application of
100 ppm tocopherol + 0.5 % ZnSO, over control and rest of
the treatments.

Crop growth rate (CGR)

CGR is asimple and important index of agricultural
productivity or rate of dry matter production. Itis unit weight
land! area time™.

CGR was significantly highest in treatment T, (0.5%
FeSO,+0.5% ZnSO,) i.e. 2.1331 g m™ day' at 25-45 DAS,
11.066 g m? day' at 45-60 DAS and 15.2429 g m™ day™' at 60-
75 DAS, while the values under control were 1.067 g m™
day™ at 25- 45 DAS, 7.621 g m? day™' at 25- 45 DAS and
10.577 g dm™ day' at 60-70 DAS respectively.

At 25-45 DAS significantly maximum CGR was
recorded in treatment T, (0.5% FeSO,+ 0.5% ZnS0O,) followed
by treatment T, (0.25% FeSO, + 0.25% ZnSO0,), T, (0.5%
ZnS0,), T,(0.5% FeSO) and T (1.0% FeSO,+1.0% ZnSO,)
when compared with treatment T, (control) and remaining
treatments under study. Next to these treatments, T_(0.25%
ZnS0,) and T, (0.25% FeSO,) were also found significantly
superior when compared with control (T,). Similarly
treatments T, (1.0% ZnSO,) and T, (1.0% FeSO,) were found
at par with control.

At45-60 DAS significant rise in CGR was observed
in treatment T, (0.5% FeSO, + 0.5% ZnSO,) followed by
treatment T, (0.25% FeSO, +0.25% ZnSO,), T, (0.5% ZnS0O,),
T,(0.5% FeSO,) and T, (1.0% FeSO,+ 1.0% ZnS0,) when
compared with treatment T, (control) and rest of the
treatments under observation. Whereas, treatments T,
(0.25% ZnS0,), T,(0.25% FeSO,), T, (1.0% ZnSO,) and T,
(1.0% FeSO,) and T, (control) were found at par with each
other in CGR.

At 60-75 DAS significantly maximum CGR was
noted with the foliar application of 0.5% FeSO, (T,) followed
by foliar application of 0.25% FeSO +0.25% ZnSO, (T,),
0.5% ZnSO,(T,), 0.5% FeSO, (T, )and 1.0% FeSO, + 1 0%
ZnSO, (T, ) was also noted 31gn1flcamly more CGR when
compared w1th control.

The result obtained was in accordance with the
findings of Gowthami and Rao (2014). They found that
treatment of potassium nitrate @ 2 % + boric acid @ 50 ppm
+zinc sulphate @ 1% (T,) when sprayed at 30 and 60 DAS
increased the CGR in soybean.

Seed yield plot! (kg)

Seed yield is a quantitative trait which is final result
of physiological activities of plant. Seed yield is the
combined effect of yield attributes and physiological
efficiency of plant during the present investigation. It is the
economic yield which is final result of physiological
activities of plant. Economic yield is the part of biomass
that is converted into economic product. Seed yield is the
economic yield which is final result of physiological
activities of plant.

Foliar application of ferrous sulphate and zinc
sulphate significantly increased seed yield plot”' over
control. The highest seed yield (0.74 kg plot™') was recorded
in treatment T, (0.5% FeSO, + 0.5% ZnSO,) as compared to
treatment T, control (0.49 kg plot”).

Among the entire treatments superior seed yield
plot” manifested in treatment T, (0.5% FeSO, + 0.5% ZnSO,)
followed by T, (0.25% ZnSO,+ 0.25% FeSO,), T, (0.5%
ZnSO,) and T, (0.5% FeSO ) and T, (1.0% FeSO, + 1.0%
7ZnS0O,) over control and rest of the treatments. But,
treatments T, (0.25% ZnSO, 0.4%), T, (0.25% FeSO,), T,
(1.09% ZnSO ) and T, (1.0% FeSO ) could not achlevecl thelr
target and were found at par w1th treatment T, (control).

Field experiments were conducted by Anitha et al.
(2005) reported the response of cowpea to zinc and iron
fertilization for augmenting the crop productivity. Results
of the study indicated that foliar application of
micronutrients like iron and zinc had significant influence
on the yield of cowpea. Combined spraying of 0.5% FeSO,
and 0.5% ZnSO, at 45 DAS proved most effective and
increased the seed yield by 43.09 per cent when compared
with control followed by combined spraying of 0.5% FeSO,
and 0.5% ZnSO,at 25 DAS (40.14 %).

Sale and Nazirkar (2013) studied the effect of
different micronutrients on yield of soybean and observed
that the Zn (0.5%) and Fe (0.5%) combined application
increased yield in comparison to their separate application
of Zn, Fe and seed fortification of Mo (0.66 g kg™' seed).
Harvest Index

Harvest index (HI) is the genetic character of the
crop and varies with cultivar. The harvest index of the crop
generally remains unchanged but some crucial management
practices make some changes in HI.

Data regarding harvest index was found statistically
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significant. The range of harvest index was significantly
maximum in treatment T, (0.5% FeSO, +0.5% ZnSO,) and
minimum in T, (control). The range of increased harvest
index was 37.42% in treatment T, (0.5% FeSO, +0.5% ZnSO,)
t027.1% in T, (control).

Harvest index was significantly increased and was
highest in treatment T, (0.5% FeSO, +0.5% ZnS0O,) followed
by treatments T (0.25% ZnSO,+ 0.25% FeS0O,), T, (0.5%
ZnS0,) and T, (0.5% FeSO,) over control and rest of the
treatments. But, treatments T, (0.25% ZnSO,), T, (0.25%
FeS0,), T, (1.0% ZnSO,) and T, (1.0% FeSO,) were found at
par with treatment T, (control).

Purushottam ef al. in 2018, concluded that spraying
of zinc sulphate at branching and pre flowering @ 0.5%
probably helped the crop to produce good growth and
development of chickpea and thereby, it recorded maximum
seed yield (840 kg ha') and stalk yield (1444 kg ha™').

Saini and Singh (2017) showed that maximum grain
yield (716.67 kg ha') and stover yield (1372.67 kg ha'') were
recorded under treatment T, (40 kg S ha™ as gypsum + 0.5%
FeSO, foliar spray 25 DAS) in green gram. Pisetal. (2019)
also reported that foliar application of 0.5% ZnSO4 to 0.5%
FeSO, at 25 and 40 DAS significantly enhanced yield of
Lathyrus.

The highest per cent increase in yield (52.53%)
over control was observed by the application of 0.5% FeSO,
+0.5% ZnSO, as foliar spray at 25 and 45 DAS. Next to this
treatment foliar spray of 0.25% ZnSO + 0.25% FeSO, also
enhanced yield by (39.82%) over control. From overall results
it can be stated that foliar application of ferrous sulphate
and zinc sulphate with different concentrations improved
the morpho-physiological, biochemical and yield and yield
contributing characters and ultimately yield.
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