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ABSTRACT

The present study entitled “Biofortification of zinc and iron in Soybean
(Glycine max (L.) Merrill) under foothill of Nagaland” was conducted in two
experiments. The Experiment | was conducted during 2018 and 2019 at the Research
farm of SASRD, Nagaland University, Medziphema. The field experiment was laid
out in factorial RBD in three replications consisted of three (3) varieties viz., JS-335,
JS-97-52 and local cultivar with seven (7) zinc treatments viz., Zo (control), Z1 (Soil
application of Zn @ 5 kg ha™* through ZnS04.7H20), Z2 (Soil application of Zn @ 5 kg
ha through ZnO), Z3 (Soil application of Zn @ 5 kg ha™ through ZnS04.7H20 + Two
foliar spray application of ZnSO4 @ 0.25%), Z4 (Soil application of Zn @ 5 kg ha!
through ZnO + Two foliar spray application ZnO @ 0.25%), Zs (Three foliar spray
applications of ZnS04.7H20 @ 0.5%) and Zs (Three foliar spray applications of ZnO
@ 0.5 %). The results of the experiment revealed that varieties differed significantly in
some of the important growth and yield parameters, where JS 97-52 was found
superior in almost all aspects. Seed yield was recorded significantly higher in JS 97-52
(1.88, 1.69 t hal) than JS-335 (1.49, 1.52 t ha'!) and local cultivar (1.29, 1.24 t ha®).

Among the zinc fertilization treatments, Zs was found most effective and was
at par with Zz in many parameters in enhancing growth, yield, nutrient uptake and
grain quality of soybean. Zinc sulphate (ZnSO4.7H20) was found more effective and
convenient zinc fertilizer source when compared to ZnO. Seed yield was found to
increase (19.70, 20.88%) from (1.38, 1.32 t hal) in control to (1.65,1.59 t ha*) under
Zs treatment which was effective as Zs (1.62, 1.55 t ha®l). With respect to
biofortification and zinc content in grain, it was observed that JS-335 and local
cultivar was slightly higher over JS-97-52 (9% and 8% higher zinc content). However,
significantly higher phytic acid content was observed in grain of local cultivar which is
an antinutritional factor having a negative effect on zinc bioavailability. Phytic acid
content in local cultivar (718.71 mg/100 g) was 24.53% and 16.64 % higher than JS-
335 (577.12 mg/100 g) and JS 97-52 (616.18 mg/100g) and this implies that zinc
bioavailability in local cultivar was much lower. However, desirable parameters like
agronomic use efficiency and biofortification recovery efficiency were higher in JS-
335 and JS 97-52. Considering the comparatively higher grain quality like protein, oil
with lower phytic acid content alongside with it significantly higher seed yield, JS 97-



52 can be considered a better option among the varieties. Among zinc treatments, Zs
(Three foliar applications of zinc sulphate @ 0.5%) found to have the highest value of
biofortification recovery efficiency, partial factor productivity and agronomic use
efficiency with the maximum BC ratio. With respect to zinc content in grain, Zsand Z3
were the two most effective zinc application treatments with the highest zinc density
enhancement of 29.20% and 24.60%, respectively. These are the suitable factors for
considering the choice for effective recommendation of zinc agronomic
biofortification programmes.

The Experiment Il was conducted as pot experiment to study the
biofortification of iron in soybean with same varieties and with six iron fertilization
treatments laid out in Factorial CRD, simultaneously with the experiment I. Six (6)
iron treatments viz., Feo as Control, Fe: (Foliar spray application of FeSO4.7H.0 @
0.5%), Fe» (Foliar spray application of FeSO4.7HO0 @ 1%), Fes (Foliar spray
application of FeSO4.7H20 @ 1.5%), Fes (Foliar spray application of FeSO4.7H.0 @
2%), Fes (Soil application of FeSO4.7H,0 @ 10 kg ha). Two foliar applications of
each foliar treatments were applied at pre-flowering stage of the crop. Many growth
parameters were significantly affected by varieties and Fe fertilization. Fes (Foliar
spray application of FeSO4.7H.0 @ 1.5%) was found most effective treatment for
enhancing growth, yield and quality of soybean in both the years. With foliar
application of 1.5% iron sulphate (Fes) it was found to enhance seed yield by 27.60%,
protein content by 8.50%, oil content by 6.20% and most importantly the Fe content in
grain by 18.51% over the control. One of the important observations with this Fe
treatment (Fes) was that phytic acid and phytic acid: Fe molar ratio was found to
reduce by 13.43% and 27.41%, respectively over the control. Hence, it is concluded
that foliar application of 1.5% iron sulphate can be recommended as an effective
biofortification strategy for enhancing iron content of soybean seed and

simultaneously improving its grain yield and quality as well.

Key words: Biofortification, Soybean, Zinc, Iron, Yield, Quality
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INTRODUCTION

Soybean (Glycine max L.) is considered to be the miracle crop of the 21
century due to its high content in protein (42-45%), oil (22%) and starch content
(21%), good source of vitamin B complex, particularly thiamine and riboflavin.
Soybean’s protein, being rich in valuable amino acids like lysine (5%), low
saturated fat content with no cholesterol; omega-3 fats along with minerals
including calcium, magnesium, ferrous and selenium. Soybean is considered the
world’s most important seed legume crop and it shares 25% of the global edible
oil and contributes almost two-thirds of protein concentrate required for
livestock feed production globally. Being a crop with sustainable yield, higher
economic return, and its contribution towards maintaining soil health has further
increase its importance agriculture widely.

In India the area, production and productivity were reported to be 11.40
m ha, of 10.90 mt and 1049 kg ha*, respectively (Anon., 2020). India is also the
4™ largest producer of soybean in the world. Soybean is also considered to be an
important crop in the North-Eastern states of India. This crop has been part and
parcel of the farming communities. Although, soybean being categorized as an
oilseed crop, however cultivated as a pulse crop and a major source of vegetable
protein. The crop has always been an integral part in the culture and farming
systems of different ethnic groups and farming communities of North-Eastern
India in general and Nagaland in particular. Soybean has been traditionally
known be an invaluable item of different cuisines and local delicacies of almost
all communities of the region. It is consumed roasted, fermented, fresh pods as
vegetable and local preparations by almost all the tribal communities of this
region. In the state of Nagaland many tribes have been using soybean as an
important ingredient for many local delicacies especially in fermented forms.
Akhoni, a local fermented soybean of Sema tribe of Nagaland is a favoured
preparations liked by many tribes of the Northeast. It is also well recommended

owing to its high nutritious value and good sources of quality protein,



minerals and vitamins. The area, production and productivity of soybean in
Nagaland was reported to be 2424 ha, 2510 mt and 1032 kg ha™, respectively
(Anon., 2010). In recent decades many efforts have been taken to popularize
soybean crop through various governmental programmes and intensive varietal
trials under varied cropping systems and climatic situations with an aim to
expand the area of the crop and improve its productivity in the state.

Currently, one of the major concerns on public health and socio-
economic issue particularly developing countries is zinc and iron deficiency
(Welch & Graham, 2004). Through recent reports, around 5000 children below
the age of 5 years die every year (Black et al., 2010). According to an estimate
that of the world’s total population, it was found that 60-70% has iron
deficiency and more than 30% has zinc deficiency. India accounts for more than
27% of the world’s undernourished population which is 230 million people
under the category (Chakraborti et al., 2011). According to Stoltzfus and
Dreyfuss (1998), iron deficiency is one of the most prevalent micronutrient
deficiencies in the world, affecting an estimated two billion people. According
to WHO (2002), iron deficiency is ranked 6™ among the risk factors for death
and disability in developing countries. The recommended daily allowance of
iron is 13 mg per day for children, 17 mg per day for adult and that of zinc is 7
mg per day for children, 12 mg per day for adult. Unfortunately, in India, due to
lack of nutritional diversity deficiency in micronutrients, iron and zinc are
prevalent (Anon., 2009). Zinc deficiency is also estimated to affect billions of
people, affecting growth and development, and most importantly their immune
systems.

Zinc is a structural constituent of proteins or a catalysing co-factor which
involved for the functioning of many enzymes such as the RNA polymerase,
cellular signalling proteins, superoxide dismutase, having important role in
multiple biological functions (Johnson & Giulivi, 2005; Oteiza & Mackenzie,

2005). In most case zinc deficiency is associated with poor diets which are
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highly dependent on cereal-based food products which often have low zinc
content and bio-availability as well (Wessells & Brown, 2012; Clemens, 2014).

Approximately 50% of the cereal-growing areas in the world are often
confined to soils with low plant available Zn (Cakmak, 2002). Indian soil as a
whole is known to be deficient in zinc, which according to Sharma (2008) is
estimated to be 49% which will likely to increase to 63% by 2025. Soil analysis
reports demonstrated that approximately 12% of Indian soils are Fe deficient.
Almost 70% of the total geographical area of North-Eastern region has acidic
soils. Zinc deficiency of acidic soils of NE region was also explained by Sarkar
and Singh (2003), who reported that zinc deficiency is predominant with the
highest rate of 57% in acid soils of Kerala and Meghalaya. The available
DTPA-extractable zinc and iron in Dimapur, Nagaland was reported to be 1.20
and 107.10 mg kg soil respectively (Anon., 2017). Bandyopadhay et al. (2014)
reported that available Zn in Dimapur area mostly in the sufficient zone
covering 74.40% (in the range of 0.6-1.2 and above 1.2 mg kg™) of the TGA of
the district. Similarly, the available Fe was in sufficient concentration in 98% of
TGA.

Among micronutrients, zinc and iron is known to play a crucial role in
their health and well beings. Zinc is an exceptional micronutrient regarding its
relevance in biological systems because it is the only metal represented in all
classes of enzyme (Broadley et al.,, 2007). Zinc is involved in several
physiological processes of the plant growth and metabolism like enzyme
activation, protein synthesis, carbohydrates metabolism, auxins, lipids, nucleic
acids, reproductive development, gene expression and regulation etc. (Cakmak,
2000). It is found to involve in the activity of more than hundred enzymes that
are part of the major metabolic pathways that is vital in many biochemical,
immunological and clinical functions (Hotz & Brown, 2004). Iron is a structural
component of porphyrin molecules, cytochromes, hematin, ferrichrome and
leghaemoglobin involved in oxidation reduction reactions in respiration. Iron is

an important constituent element for the nitrogenase enzyme which plays an
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important role in N-fixation through the N-fixing bacteria and also in the
chloroplast for photosynthetic reduction processes. Human requirement of zinc
or iron is derived from his food which in turn derives from the soil-plant system
and in case if deficiency is observed in that system, it will be reflected in human
health as zinc or iron malnutrition.

In the past 30 years there has been a serious issue to address dietary
micronutrient deficiency in a more preventive and holistic approach through
agriculture aiming at combating food and human micronutrient deficiency
concurrently (Rouse & Davis, 2004; Burchi et al., 2011). For alleviating the
problem of zinc and iron deficiency in humans, strategies comprising of zinc
and iron supplementation, fortification, dietary diversification/ modification and
biofortification can be deployed. The approach through ‘biofortification’
gradually has gained global attention (Graham et al., 2001). Biofortification is
defined as ‘the process of increasing the bioavailable concentrations of essential
elements in edible portions of crop plants through genetic selection or
agronomic intervention’ (White & Broadley, 2005).

Biofortification of food crops has been considered to be the most cost-
effective approach to addressing micronutrient malnutrition (Qaim et al., 2007;
Stein et al., 2007). Among those, agronomic bio-fortification is considered most
sustainable, easy and cost-effective approach. Agronomic bio-fortification is
defined as the process of increasing the bioavailable concentrations of an
element in edible portions of crop plants through agronomic intervention by
application of nutrients through various external approaches (White &
Broadley, 2005). In the recent past many agronomic biofortification
programmes have been mainly emphasized on major cereals or staple food
crops like wheat, maize and rice which indeed gave encouraging results for
enhancing zinc and iron density in grain. Hence, the concept has since been
gradually extended to different crops based on preferences or location specific.
So, the idea of ferti-fortification of zinc and iron on soybean crop being a

commonly cultivated crop in the state of Nagaland has been considered in this
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research programme. Although soybean is a pulse crop it is also known to be a
good source of many essential minerals and vitamins, but unfortunately their
bioavailability is relatively very low due to the presence of anti-nutrient factors.
Agronomic biofortification could be an alternative tool to improve
bioavailability of these micronutrients in such crops. This approach could
possibly be a practicable means of reaching a wider population in rural areas or
financially weaker sections with a goal to deliver naturally-fortified foods who
have limited access to costly fortified foods without compromising crop yield or
change their dietary preference.

Hence, a study that will take into account a crop like soybean which has
not only been traditionally-cultivated but also has shown its vital importance in
the state of Nagaland with the objective to enhance its grain quality viz., zinc
and iron content and simultaneously improve its yield as well. Apart from that,
very limited number of studies and information available related to this aspect
in the region which could benefit for future researches. Keeping in view of the
above points, the present experiment entitled “Biofortification of zinc and iron
in Soybean (Glycine max (L.) Merrill) under foothill of Nagaland” was
proposed with the following objectives:

1. To study the effect of zinc and iron application on growth and yield of
soybean

2. To assess the zinc and iron application on biofortification of soybean
cultivars

3. To work out the economics of zinc and iron treatment under study
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REVIEW OF LITERATURE

2.1 Genotypic response to Zn and iron application and their efficiency
Graham et al. (1992) reported that there were differences in varieties and
strains of crops in their efficiency to take up zinc from their environment where
it was found out that zinc efficient ones able to take more zinc even under low
zinc availability and accumulate more dry matter compared to zinc inefficient

ones, but may not always produce high zinc concentration.

Graham et al. (1997) also observed that there was large variation in iron
and zinc content in grains of rice varieties. The aromatic cultivars have
consistently higher concentration of iron and zinc in grain than the non-aromatic
types Zn-efficient varieties with Zn-dense seeds are higher yielding in Zn-

deficient soils.

Khoshgoftarmanesh et al. (2004) studied the Zn efficiency of five wheat
cultivars on saline calcareous soil at Iran and reported that variation among
wheat cultivars was found in relation to grain yield and Zn use efficiency. They
found that the most efficient cultivar was Cross and the most inefficient one was
Dur-3 whereas cultivars Kavir, Falat and Rushan were intermediate in Zn use

efficiency.

Joshi et al. (2010) studied the effect of genotype x environment
interaction in Eastern Gangetic plains for variation in Fe and Zn concentrations
of wheat grains and reported that micronutrient density in grain is highly
variable for different genotypes sown at different locations. Hussain et al.
(2010) elaborated that there are differences in endurance among crop genotypes
towards zinc levels in soils, despite optimum zinc amount applied as

accumulation in grains is higher than the plants growth requires.

Hossain et al. (2011) reported that in his experiment on maize

responsiveness to zinc addition found that varieties were not equally responsive



hybrids as well as composites and suggests that BARI Hybrid Maize-3 and

BARI Maize-6 were the most Zn responsive (Zn efficient) varieties.

2.2 Crop growth
2.2.1 Effect of zinc nutrition on crop growth

Shukla and Warsi (2000) recorded significantly more leaf area index,
crop growth rate, net assimilation rate, relative growth rate, dry matter
accumulation, grain yield, and harvest index as compared to control treatment

with soil application of 25 kg ZnSO4 ha*,

Sangwan and Raj (2004) also reported a similar kind of finding with
respect to branching in chickpea, clusterbean, mungbean and pigeonpea with
the application of zinc at a magnitude of 15 kg Zn ha, 5 kg Zn hat, 10 kg Zn
hatand 5 mg kg™.

Ghatak et al. (2005) reported that Zn fertilizer application (ZnSO4.H20
or ZnO) significantly increased the plant height and effective tillers of rice
plants. Similarly, Sharma et al. (2009) in their work in Karnataka, recorded
significantly higher plant height (184.09 cm) of pigeonpea under combined
application of ZnSOs @ 15 kg ha and FYM @ 5t ha'.

Naik and Das (2007) reported that the performance of split applications
of ZnSO4 was found to be significantly better than the corresponding basal
application and no Zn application, in terms of growth characteristics Zn
fertilizer application significantly increased maize (Zea mays L.) dry matter

yield compared with the control treatment.

Khan et al. (2008) conducted experiment on wheat with 0 (Control), 5,
10, 15, 20, 25 and 30 kg zinc sulphate ha™. Result revealed that leaf area index
increased with each of the zinc applications. Maximum LAI’s obtained were in
the range 2.0 to 2.5 at ear emergence with the application of 30 kg zinc sulphate

hal.



Sharma et al. (2009) also reported that the application of FYM @ 5t ha™
+ ZnSO: @ 15 kg ha' to pigeonpea showed significantly higher primary
branches (12.34) and secondary branches (7.86 plant') as compared to the
treatment without FY M.

Shivay et al. (2010) in his experiment on rice observed that Zn
fertilization significantly increased the plant height and other growth parameters

of rice over no Zn application.

Kulhare et al. (2014) in their investigation at Jawaharlal Nehru Krishi,
Vishwa, Vidyalaya during 2007-2009, observed that with the application of Zn
@ 5 kg ha! incubated with 200 kg of cow dung significantly increased plant

height of soybean over control at all the growth stages.

Shivay et al. (2016) in the experiment conducted in New Delhi to
compare the effect of zinc sulphate heptahydrate and Zn—-EDTA on growth,
yield and zinc concentration of rice, it was reported that foliar spray does not
have much significant difference when compared with soil application
especially on single foliar spray. When it comes to zinc concentration and
uptake by rice, three foliar applications of 0.5% solution of ZnSHH (Zinc
sulphate hepta hydrate) recorded significantly much higher Zn concentration in

grain and straw than soil applied treatment.

Tayyeba et al. (2017) in the investigation in Pakistan on mungbeans with
various concentrations of Zn they found that the application of Zn @ 2uM

significantly improved the plant height.

2.2.2 Effect of iron nutrition on crop growth

Bhanavase et al. (1994) reported that soil application of ferrous sulphate
at 25 kg ha in soybean crop increased nodule number, nodule dry weight and
dry matter accumulation when compared to control. Also, Mundra and Bhati
(1991) in their experiment on cowpea found that soil application of ferrous

sulphate at 10 kg ha! increased the number of branches plant, dry matter
8



accumulation and nodulation.

Farhan and Al-Dulaemi (2011) conducted a pot experiment on wheat to
study the effect of foliar application of microelements (Cu, Zn and Fe) on
growth and productivity. They reported the results revealed that all
microelement treatments showed significant increase in height of plant, leaf
number, leaf area, branch number, total dry weight for shoots and roots,
chlorophyll content, concentrations of N, P, K, Fe, Zn, Cu, starch, protein in
grains, 1000-grain weight and grain yield. Also results showed that application
of Fe gave increases in grain yield, protein and starch in grains by 29, 30 and

6%, respectively compared to the control treatment.

Trivedi et al. (2011) conducted investigation on the effect of iron and
sulphur application on growth and yield of soybean where two levels of iron (15
and 20 mg kg soil) and sulphur (40 and 80 mg kg soil) were applied on
soybean individually and in combination. It was reported that positive effect of
iron and sulphur application was observed on different parameters viz, plant
height, number of leaves plant® root length, chlorophyll content,
nitrogen content of leaf, number of pods plant?, pod length, growth parameters,

100 seed weight and protein content.

Abbas et al. (2012) reported that applications of Fe affected the yield and
growth parameter of wheat and NPK uptake. Application rate of doses 12 kg Fe
ha! improved the number of tillers per square meter, straw yield, spike length,
1000-grain weight and grain yield of wheat in first year, whilst in second year it
increased the spikelets per spike, spike length, 1000-grain weight and grain

yield on recommended NPK.

Rawashdeh and Sala (2014) in their field experiment which was carried
out to evaluate the influence of foliar application of Fe-chelate on growth and
physiological parameters of wheat at various growth stages. Results showed that

using foliar application of Fe at different growth stages significantly increased
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and improved the plant height, number of plants per square meter, flag leaf area

and flag leaf chlorophyll content as compared to without Fe application.

2.3 Yield and yield attributes
2.3.1 Effect of Zinc on yield and yield attributes

Saxena and Chandel (1997) in their study in highly Zn-deficient soils of
Pantnagar, reported that application of 10 kg Zn ha* increased soybean yield by
more than 50%. Soybean (JS-335) seed yield was significantly high (2.59 t ha?)
at high levels of Zn while it was lower (2.10 t ha?) in control.

Brennan et al. (2001) in their investigation on zinc fertilization chickpea
which reported that there were significant differences in pods plantand 1,000-
seed weight and significant differences in yield between Zn treatments. The
smallest number of pods plant? (5.90 pods plant?) but the highest 1,000-seed
weight (374.80 g) was obtained in ZnO treatment. The lowest yield (2.65 ¢

plant?) was obtained when no Zn was applied.

Dube et al. (2001) in the investigation onPigeonpea (Cajanus cajan L.
Millsp.) in Western UP. The increase in height, branching, production of pods
and harvest index of pigeonpea was highest at 5 mg kg™ Zn added soil which
raised DTPA extractable soil Zn from 0.41 to 1.23 mg kg™*.

Nayyar et al. (2001) reported that ZnO was inferior to Zn sulphate with
respect to grain yield of rice. Hence, due to better solubility, Zn sulphate-
enriched urea produced more grain yield than Zn oxide-enriched urea at the

same level of Zn enrichment.

Rattan and Sharma (2004) reported that the Zn oxide was inferior to Zn
sulphate both in grain yield and N uptake. However, the degree of influence
varied depending upon the soil type, weather condition, and duration of the

crop, method of rice culture and application of Zn fertilizers.
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Kanase et al. (2008) conducted a field experiment during Kharif 2001-02
to study response of soybean to application of Zn in an Inceptisol. The results
revealed that the application of Zn 7.5 kg ha* through zinc sulphate recorded
the highest grain yield (3958 kg ha') and on par with 5 and 10 kg ha* (3955 kg
ha!). The results also specified that the application of Zn increased the uptake
of the NPK and micronutrient at harvest and zinc sulphate was superior to zinc

oxide.

Shivay et al. (2008b) reported that the highest grain and straw yields
were recorded with 2.0% Zn-coated urea irrespective of the Zn sources i.e.,

ZnS0O4 or ZnO. It was concluded that ZnSO4 showed superiority over ZnO.

Valenciano et al. (2009) in the pot experiment on chickpea in Spain
reported that plants fertilized with Zn resulted in greater value of total dry
matter production mainly due to increments in pods weight. The lowest yield
(2.65 g plant®) was obtained from 0 mg Zn pot?, while the highest yield (3.52 ¢
plant™) was recorded at 4 mg Zn pot™. The increased yields in Zn applied plants

were the result of increased number of pods plant™.

Sharma et al. (2010) revealed that the seed yield was significantly higher
with RDF + ZnSOs @ 15 kg ha? (13.73 g ha?!) followed by RDF + ZnSOs @
25 kg hat (13.53 g ha?). All the yield contributing characters viz., number of
pods plant?, number of seeds pod, 100-seed weight and protein content were

increased significantly over control.

Nasri et al. (2011) conducted an experiment on Phaseolus vulgaris to
determine the effect of Zn foliar application under different levels of N and K
fertlizers in Iran. Data showed that N, K and Zn-foliar application significantly
affected Zn in pod, nitrate in pod, carbohydrate percentage, carbohydrate yield,
protein percentage, protein yield, chlorophyll of leaf, number of pods in plant,
number of pods in m?, number of seeds pod*, 100 seed weight, fresh pod yield,

seed yield, biological yield, harvest index and plant height.
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Nadergoli et al. (2011) conducted a field experiment on the effect of zinc
and Mn on common bean in Iran under different stages of crop as foliar
application. Results showed that the highest plant height, number of seeds pod-,
number of pods plant?, shilling percentage, yield and harvest index were
obtained by foliar application at shooting, flowering and podding stages,
respectively. The highest 100 kernel weight was obtained by foliar application

at shooting, flowering and podding stages with manganese sulphate.

Pable and Patil (2011) conducted an experiment to study the effect of
sulphur and zinc on nutrient uptake and yield of soybean crop var. JS-335 on
vertisol during 2009. Results revealed that application of 30 kg ha* of sulphur
and 2.5 kg ha! of zinc with fertilizer dose of 30:75:0 kg NPK ha! recorded

higher seed and straw vyield.

Singh et al. (2012) found that application of ZnSOs @ 25 kg ha*
combined with 5t ha' FYM increased number of pods plant? in chickpea.
Foliar application of 0.2% ZnSO4 at seed filling stage in chickpea showed
significantly higher number of seeds plant™ (83.92) in chickpea as compared to

no foliar application (Habbasha et al., 2013).

Kumar et al. (2016) stated that deficiency of zinc, boron, molybdenum is
one of the major factors constraining crop production on acidic soils of
Northeast India. To assess the criticality of micronutrients’ application on these
soils, a greenhouse experiment on an acid Alfisol where French bean
(Phaseolus vulgaris L.), a micronutrient-sensitive crop, was grown with seven
combinations of macro and micronutrients. The results suggested that on acidic
soils, micronutrients application is indispensable for improving growth and

yield of crops, particularly pulses, which are more sensitive to micronutrients.

2.3.2 Effect of iron on yield and yield attributes
Ziaeian and Malakouti (2001) found that Fe, Mn, Zn and Cu fertilization

significantly increased grain yield, straw yield, 1000 grain weight, and the
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number of grains per spikelet in calcareous soil. Also, they reported that grain
yield increases 20.80% with rate of Fe application 20 kg ha' compared to
without Fe. Also showed that application of Fe significantly increased the
concentration and total uptake of Fe in grain, flag leaves grain protein contents

as well.

Gupta et al. (2003) in the experiment at Kota (Rajasthan) on mungbean
found that application of Fe either through soil (2.20 and 5.00 mg kg?) or foliar
application of 0.5% FeSOs increased the grain yield when compared to the

control.

Kumar et al. (2009) in his experiment in Kanpur, India on chickpea
found that the number of branches plant™®, number of pods plant?, number of
grains pod™ and test weight were found to be significantly increased with levels

of Fe up to 10 kg ha over control.

Farhan and Al-Dulaemi (2011) conducted a pot experiment on wheat to
study the effect of foliar application of microelements (Cu, Zn and Fe) on
growth and productivity. It was reported that that all microelement treatments
showed significant improved growth parameters, protein in grains, 1000-grain
weight and grain yield. Also results showed that application of Fe increased
grain yield, protein and starch in grains by 29, 30 and 60%, respectively

compared to the control treatment.

Habib (2012) in the field experiment which was conducted on clay-loam
soil at Parsabad Moghan region, Iran to investigate the effect of foliar
application of zinc, iron and urea on wheat yield and quality at filling stage. It
was found that that foliar application of Zn and Fe increased seed yield and its
quality when compared with the control. Foliar feeding with urea increased seed
yield and yield component, but Fe, Zn and Cu concentration reduced them, as

compared to other foliar feeding methods.
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Kumar et al. (2015) in their field experiment which was conducted to
study iron fertilization on aerobic rice (Oryza sativa L.) varieties during the
rainy (kharif) seasons of 2011 and 2012 at the research farm of the IARI, New
Delhi. Their results revealed that the highest dry-matter accumulation and
number of effective tillers/m?and grain yield were recorded with 3 foliar sprays
of 2.0% iron sulphate followed by 3 foliar sprays of 0.5% iron chelate. They
reported that the highest grain yield was recorded from the 3 foliar sprays of
2.0% iron sulphate followed by three foliar sprays of 0.5% iron chelate, two
foliar sprays of 2.0% iron sulphate and two foliar sprays of 0.5% iron chelate,

whereas the lowest grain yield was recorded in the control plot.

2.3.3 Cumulative effect of zinc and iron nutrition on crop growth, yield and
quality
Anitha et al. (2005) has indicated that foliar application of micronutrients
like iron and zinc has significant influence on the yield of cowpea. It was also
found that the combined spraying of 0.5% FeSO4 and 0.5% ZnSO4 at 45 DAS

confirmed most effective and increased the seed yield by 43.09%.

Patel et al. (2009) reported that foliar spraying of 0.5% ZnSO; at 25 and
45 DAS gave significantly higher grain and straw yield of cowpea (1451 and
2011 kg ha') over control. They also reported that spraying of 0.5% FeSO4
spray at 25 and 45 DAS gave significantly higher seed and straw yields of
cowpea (1377 and 1918 kg ha*) over control.

Ghasemian et al. (2010) reported that yield and vyield attributes of
soybean is affected by application of iron, zinc and manganese. It was stated
that those applications improved yield and yield components like number of
pods, pod weight plant?, biological yield and seed yield kg ha™.

Heidarian et al. (2011) reported that application of Zn + Fe as combined
treatment on soybean had significant effect on grain yield, number of pods

plant® (p<0.01). The timing of foliar application on number of pods per plant
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(<0.05) and 1000 grain weight (p<0.01) was found to be significant. Also, with
foliar application of zinc higher values of crop growth rate (CGR) and net

assimilation rate (NAR) were recorded.

Kobraee et al. (2011a) conducted an experiment at Research Farm,
Islamic Azad University of Kermanshah during 2010. Three levels of Zn (0, 20,
40 kq), Fe (0, 25, 50 kg) and Mn (0, 20, 40 kg) having source of ZnSO4, FeSO4
and MnSOq respectively, were tested. Results indicated that applying zinc to
soybean resulted in increase in plant height, number of pods plant?, biological

yield, harvest index and grain yield.

Mostafavi (2012) indicated that combined application of Zn + Fe on
soybean registered maximum yield which was 15.75 t hat. Zn treatment and Fe
treatment separately yielded 25 and 11.41 % higher than control treatment in

soybean, respectively.

Naz et al. (2015) conducted a pot experiment to assess the
biofortification potential of wheat crop by exogenously applied Fe and Zn. Soil
and foliar application with two levels of Fe and Zn (2 ppm and 4 ppm) were
applied at milking stage of wheat. Results showed that soil application at level 4
ppm of Fe and Zn is significant effect on plant available nutrients and nutrient
concentration in wheat straw and grain. Application of Fe and Zn also increased

and improved growth parameters.

Pal et al. (2019) in the experiment biofortification of Zn and Fe on
chickpea at Punjab, India found that soil application of ZnSO4 @ 25 kg ha' +
foliar spray of ZnSOs @ 0.5% at flowering and pod formation stages resulted in
the highest Zn (45.06 & 44.69 mg Zn kg grain). It was also reported that grain
yield with the application of ZnSOs @ 25 kg ha at sowing combined with
foliar spray of Zn at flowering and pod formation stages, which was 14.20%

and 10.60% higher than control treatment.
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Soni and Kushwaha (2020) in the field trial on mungbean with foliar
spray of zinc and iron found that plant height, number of nodules plant?* and
branches plant® were not influenced significantly by foliar spray of zinc and
iron. Yield attributes viz., pods plant? was significantly improved with 0.5%
FeSO4 spray at flower initiation. Application of 0.5% ZnSO4 spray at flower
initiation and pod initiation stage resulted in maximum seed yield of mung (571
kg ha') and pod length (6.30 cm).

Hafeez et al. (2021) conducted field-based experiments to study the
Impact of agronomic biofortification of two wheat cultivars with zinc and iron.
Two spring-planted bread wheat cultivars Zincol-16 (Zn-efficient) and Anaj-17
(Zn-inefficient with high-yield potential) were treated with either zinc (10 kg
hal), iron (12 kg ha'), or their combination. Maximum proteins were recorded
in Anaj-17 under control treatments. Zincol-16 produced maximum ionic
concentration, starch contents, and wet gluten as compared to Anaj-17.
Combined application of Zn and Fe resulted in significant enhancement of yield

and growth attributes as compared to the sole application of Zn or Fe.

2.4 Effect on nodulation, chlorophyll content and phenology
2.4.1 Effect on Nodulation

Balachander et al. (2003) reported that the application of Fe at 2 kg ha*
through ferrous sulphate significantly increases the number and weight of
nodules, biomass production, plant height and grain yield of black gram over

control.

Goudar et al. (2008) reported that there was a significant increase in the
nodule number, nodule dry weight and nodule N content in soybean due to seed
treatment with Bradirhizobium japonicum strains along with the combination of

zinc and molybdenum.

Kobraee et al. (2011b) reported that there were significant differences in

the number, fresh and dry weight of nodules plant?® due to different levels of
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zinc, iron and manganese application. The maximum number of nodules plant?

was obtained from 4, 8 and 30 mg Zn, Fe and Mn kg soil, respectively.

Pooladvand et al. (2012) in their investigation suggested that FeSO4
increased seed production, nodule formation and the number of pods and leaves.
But there is negative impact of excessive application of ferrous sulphate as with

higher concentrations of FeSO4 reduced nodules and leaf numbers.

Ismail and Tariq (2018) on the experiment on mungbean in Pakistan
found that application of various levels of both iron and zinc significantly
increased the nodules number as well as nodules weight. With Fe application of
5 kg ha? has resulted for a maximum number of nodules plant?, similarly Zn
application also improved the no of nodules plant? linearly from 24 at 0 kg ha*
to 30 at 10 kg ha™.

2.4.2 Effect on Chlorophyll

Ebrahim and Aly (2004) conducted a pot experiment on wheat plants,
grown in sandy soil and two times applied with Zn at concentrations of 25 and
50 mg L. This treatment significantly increased the photosynthetic criteria
(Chlorophyll “a” and “b” "concentration and PS II activity) as well as the
metabolite (Soluble sugars, polysaccharides and total-soluble proteins)

accumulation in shoots.

Janakiraman et al. (2005) reported that in Zn-deficient soils, application

of Zn increased the nodulation, chlorophyll content and pod yield of groundnut.

Ahmed et al. (2022) in his experiment on rice to find out the effect of
zinc deficiency on chlorophyll content. It was reported that the highest level of
Zn significantly enhanced chlorophyll a (134 and 65%), chlorophyll b (143 and
43%), total chlorophyll (142 and 60%), in both Super Basmati (SB) and KSK-

434 rice varieties.

2.4.3 Effect on Phenology
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Adams et al. (2000) reported that in zinc, iron and manganese deficiency
conditions, leaf chlorophyll concentration also found to be reduced. Metal such
as Zn, Fe and Mn are required in the biosynthetic pathway and essential for the
synthesis of chlorophyll (Pushnik & Miller., 1989).

Jalivand et al. (2014) reported that balanced fertilization of Fe and Zn
promotes early tillering, early booting and early anthesis. Hafeez et al.
(2013) also reported early anthesis with Zn application. Vigorous crop growth
rate and their effect on the earliness of anthesis might be attributed to
physiological role of Zn in pollen formation and carbohydrate metabolism
(Reddy, 2004).

Keram et al. (2014) reduction in days to 50% flowering with the
increasing Zn level could be due to the role of Zn in regulating the synthesis of
auxin that promotes flowering. They elaborated that early flowering in wheat
crop might also be due to the fact that Zn which helps in the activation of
enzymes that are involved in maintenance of cellular membrane integrity,

synthesis of auxin and protein.

Tayade et al. (2018) in the experiment to study the effect of foliar
application of zinc and iron on flowering and quality of tuberose found that
foliar application of 0.4% ZnSOs recorded significantly minimum days to
initiation of first spike (95.38 days), days to opening of first pair of florets
(13.60 days), days to 50% flowering (106.32 days) and days to first harvesting
(104.45 days) when compared to the control.

Narahari et al. (2018) reported that application of (0.8% Zinc + 0.8%
Boron) in Gooseberry, resulted in early flowering and fruiting. This early
flowering might be due to rapid initial plant growth because of favourable
environment and due to proper and appropriate concentrations of

micronutrients. Earliness (Flowering and fruiting) might be because of better
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absorption of the nutrients which involved in the metabolic activity and also

activated the hormone which influence the earliness.

Ali et al. (2021) on their agronomic biofortification study with zinc and
iron for the improvement of wheat phenology, revealed that there was
significant effect of foliar Zn and Fe application on the days to anthesis. Control
plots showed delayed anthesis (121 and 119 days), while earlier anthesis (118
and 119 days). It was also observed that the anthesis in wheat was delayed by
about three days in unsprayed check plots (120 days) over the rest treatments
(117 days). Similarly, higher doze of foliar Fe spray also delayed the anthesis
across the experimental period. Application of 6 kg ha™ Fe resulted in inducing
earlier anthesis (116 days) while plots treated with water spray only delayed the
anthesis (118 days).

2.5 Effect on Zinc and Iron concentration and uptake (Biofortification)
2.5.1 Zinc biofortification and uptake

Cakmak (2008) in Turkey reported that the soil and foliar application of
zinc fertilizers were the most effective method for increasing Zn in grain that

resulted in about 3.5 folds increases in the grain Zn concentration.

Sahrawat et al. (2008) reported that the grain and straw quality of maize
crop improved with the application of zinc to maize crop as compared to control
treatment. Zinc concentration in maize grain also increased significantly due to

applied zinc in maize crop.

Shivay et al. (2008) conducted field experiments at the IARI, New Delhi
and reported that application of Zn in the form of 0.5 to 2% of Zn enriched urea
significantly increased yield attributes, grain and straw yield, Zn concentrations
in the grain and straw and Zn uptake in spring wheat. It was found that ZnSO4
and ZnO were equally effective in increasing the grain yield of wheat. Zn
enrichment of urea with ZnSO4 gave significantly higher agronomic efficiency
than ZnO.
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Dhaliwal et al. (2009) on his experiment of biofortification of zinc and
iron in wheat in Punjab found that foliar spray application of Zn and Fe
significantly increased the Zn density of the grain by 17.3-38.8% and 13.1-
30.3% with Fe through inorganic sources of Zn (ZnS04.2H,0) and Fe
(FeS04.2H20), respectively.

Habib (2009) reported that foliar application of Fe and Zn at tillering and
heading stage increased Fe and Zn concentration from 84.93 to 139.60 and
12.17 to 20.27 mg kg™ respectively, compared with control and consequently

increased grain yield.

Kumar et al. (2011) reported that N and Zn content of grain and straw
increased significantly with the application of increasing levels of Zn and the
highest contents were observed with the application of 30 kg ha' ZnSQy, it was

at par with the application of 20 kg ha* ZnSO..

Lu et al. (2011) conducted a field experiment in China to study the effect
of combined P and Zn fertilization on the Zn nutritional quality of wheat grown
on potentially Zn-deficient calcareous soil. It was reported that Zn fertilization
increased grain Zn concentrations by 13% and 15% in two years experiment. It
was also found that with the application of 200 kg P.Os ha* combined with Zn
fertilizer has reduced grain Zn concentrations by 38% and 17% in both the years

compared with the control.

Ram et al. (2011) reported that application of zinc either through soil or
foliar or both have significant effect on increasing zinc concentration in wheat
grain. The grain Zn significantly increased (from 29.36 to 224% higher) with

Zn application (Soil + foliar) over no Zn application.

Wen et al. (2011) concluded from his experiments at China that foliar Zn
application at the early grain development stage increased grain Zn

concentration and decreased the phytic acid concentration and the phytic acid to
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Zn molar ratio thereby improving the bioavailability in wheat grown on
potentially Zn-deficient calcareous soil.

Zhang et al. (2011) studied the effect of Zn biofortification of wheat
through fertilizer application on different locations of China and results showed
that foliar Zn application was much more effective than soil Zn application in
enrichment of wheat grain with Zn as compared to no foliar Zn application.
Foliar application of 0.4% ZnS04.7H,O application resulted in grain Zn with
58% increase in whole grain Zn, 76% increase in wheat flour Zn and up to 50%

decrease in the molar ratio of phytic acid to Zn in flour.

2.5.2 Iron biofortification and uptake

Dhaliwal et al. (2013) in the experiment conducted on maize at
fertifortification of maize -cultivars with iron found that increased the
concentration of Fe at knee high, pre-tasseling, post-tasseling and maturity
stages. The results further reported that foliar application of Fe (FeS04.7H20)
@ 1.0% significantly increased the plant height, SPAD value and grain yield of
maize compared with unsprayed control. Among different maize cultivars, per
cent increase in Fe concentration was higher in PMH-1 (62%) cultivar which
was followed by Prabhat (40%) and Navjot (39%) cultivars. On the other hand,
JH-3459 and Navjot cultivars reported almost equivalent concentrations of Fe

as 39.90 and 39.57 mg kg* respectively.

Yadav et al. (2013) in the field experiment at New Delhi to study the Fe
density and uptake in aerobic rice as influenced by mulching and iron nutrition.
It was reported that mulching improved the iron concentration and uptake in
grain and straw in paddy rice where the application of 2.0% FeSO4 (Three foliar
sprays) recorded higher Fe concentration at the same time enhanced the Fe
uptake by grain as well as in straw. There was also improvement of Fe
concentration in grain and straw from 5.40 to 19.90% in grain and 5.80 to

13.30% straw of aerobic rice. It was also reported that application of Fe
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fertilizer increased the grain and straw yield 4.00 to 8.20% and 2.70 to 6.70%

over control, respectively.

Hanumanthappa et al. (2018) in the study which was conducted to
evaluate the effect of micronutrient fertilization on increasing iron and zinc
content of pigeonpea genotypes at Karnataka, India Fe and Zn content of
pigeonpea through foliar spray of Fe @ 0.5 per cent and Zn @ 0.5 per cent at
pod setting stage. It was reported that when compared to control that, foliar
application of Fe @ 0.5 per cent and Zn @ 0.5 per cent at the time of pod
setting stage significantly increased Fe concentration of pigeonpea by 71.29%
and Zn by 26.52%.

Dhaliwal et al. (2022) in the three-year experiment at Ludhiana, Punjab
on biofortification of soybean with FeSO4 to observe the application rate and
number of sprays application reported that due to the enhanced enzymatic
activity of Fe-containing enzymes has resulted to beneficial impacts on number
of parameters. It was reported that, among various treatments, application of
0.5% FeSO4 application at 30, 60 and 90 DAS resulted in the maximum grain
and straw yield (3064 and 9341 kg ha?, respectively) over the control (2397 and
6894 kg hal, respectively). Similar results were attained for grain Fe
concentration (69.9 mg kg') and Fe uptake in grain and straw (214 and 9088 g

hal, respectively).

2.5.3 Zn and Fe biofortification and uptake

Kumar et al. (1999) noticed a significant increase in Zn uptake with
every increase in the level of Zn application. Zn removal by rice ranged from
0.04 to 0.06 kg Zn tonne™ of grain yield, with an average of 0.05 kg Zn tonne™.
A rice crop yielding of 6 tonnes ha! takes up about 0.3 kg Zn ha?, of which
60% remain in the straw at maturity (IRRI, 2000).

Habib (2009) investigated the effect of foliar application of Zn and Fe on
wheat yield and quality which he found that foliar application of (Fe + Zn) at
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tillering and heading stage increased Zn concentration up to 20.27 from 12.17
mg kg*. Iron concentration increased by using (Fe + Zn) compared with control
(from 84.93 to 139.6 mg kg™?).

Dhaliwal et al. (2010) in an experiment at Punjab, India on ferti-
fortification of Zn and Fe on rice reported that 0.5% foliar application of Zn and
Fe resulted in 7.00 and 8.60% increase in rice yield respectively. Also, it was
observed that 0.5% Fe foliar application increased rice yield from 6.90-10.30%.
Irrespective of cultivars, foliar application of ZnSO4.7H,0 and FeSO..7H20
resulted in 30.80-44.80% increase in Zn concentration and 22.30-38.20% of Fe
concentration respectively. It was also observed the cultivars differed in their
response to foliar Zn application; the increase was 44.80% in PR 116, 42.40%
in PR 115, 40.60% in PR 114, 39.30% in PASU 201 and 30.80% in PR 113.
The Zn concentration in rice grain was 47% in Zn fertilized crop as against

33.80% in no Zn control.

Darwesh (2011) conducted a pot experiment to investigate the influence
of two different Fe sources (Fe-EDTA and FeEEDDHA) were sprayed on to the
leaves and applied to the soil in levels were involved 0, 10, 20 and 30 ppm, both
fertilizers were applied to leaves at two times on lentil plant (Lens esculenta L.).
The results indicated that there was significant effect of the combination among
two types, concentration, and method of Fe application on total dry matter and

on the concentration of N, P, Ca, Mg, K and Fe in plant.

Kobraee et al. (2011 c) reported that the application of micro-nutrient
such as Zn, Fe and Mn increased the Zn content in different plant part. Zn
application of 0, 20 and 40 kg ha! increased Zn content in seed by 21.70, 32.60
and 40.30 mg kg, respectively in soybean in silty clay soil.

Yadav et al. (2013) in the field experiment at New Delhi to study the Fe
density and uptake in aerobic rice as influenced by mulching and iron nutrition

reported that mulching improved the iron concentration and uptake in grain and
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straw in paddy rice where the application of 2.0% FeSO4 (Three foliar sprays)
recorded higher Fe concentration at the same time enhanced the Fe uptake by
grain as well as in straw. There was also improvement of Fe concentration in
grain and straw from 5.40 to 19.90% in grain and 5.80 to 13.30% straw of
aerobic rice. It was also reported that application of Fe fertilizer increased the
grain and straw vyield 4.00 to 8.20% and 2.70 to 6.70% over control,

respectively.

Ali et al. (2014) reported increased Fe concentration (46%) in
mungbeans upon foliar application of Fe. Similarly, foliar application of Fe and
Zn significantly increased the concentration of these minerals along with

agronomic efficiency in seeds of cowpeas (Salih, 2013).

Shivay et al. (2014) reported that there were differences in the effect of
chickpea varieties and zinc levels on yield, zinc uptake and grain zinc
concentration. It was found that variety Pusa 372 showed the highest zinc
concentration in grain with increased level of zinc from 2.5 kg ha*to 7.5 kg ha-
1 It was also found that the highest zinc grain density was recorded in case of

zinc application at 7.5 kg ha'™.

Sunder et al. (2017) in their experiment on the effect of ZnSO4 and
FeSO4 separately or in combination as foliar spray application on gerbera leaf
nutrient content. They have reported that the combined application of ZnSO4
and FeSO4 0.2% each has registered the highest range of nutrient content in
leaves of Fe, Zn, N and K.

Pal et al. (2019) in the experiment biofortification of Zn and Fe on
chickpea at Punjab, India found that soil application of ZnSO4 @ 25 kg ha' +
foliar spray of ZnSOs @ 0.5% at flowering and pod formation stages resulted in
the highest Zn (45.06 and 44.69 mg Zn kg grain).

2.6 Effect of zinc and iron fertilization on NPK Uptake

24



Mundra and Bhati (1991) conducted a field experiment at Jobner
(Rajasthan), revealed that the application of 10 and 20 kg FeSOs hal
significantly reduces P and Mn concentration in seed and its uptake but

increased the uptake of N and Fe compared to control.

Singh and Tiwari (1992) reported that the concentration and plant uptake
of Zn were increased by Zn application while plant concentration of P, Fe and
Cu were generally decreased due to Zn application in chickpea crop. Pande et
al. (1993) revealed that the foliar spray of 3% FeSO4 to groundnut increased
uptake of N, K and Fe as compared to foliar sprays of 0.5, 1.0 and 2.0% and soil
applied FeSO4 @ 25 and 50 kg ha™.

Khan et al. (2003) reported that the uptake of nutrients by a crop depends
upon the total biomass production and nutrient concentrations in plant parts
which in turn are influenced by soil, climate, and cultural practices, level of
nutrients applied and age of the plant. N concentration in paddy straw and roots
increased significantly with the application of Zn over control). Nayyar et al.
(2001) from Punjab showed that ZnO was inferior to Zn sulphate in relation to

N uptake by rice grain and straw.

Abbas et al. (2012) in their experiment to study the influence of effects
of Iron on take up of phosphorus, potassium and nitrogen on wheat yield.
Results of the different studies conducted showed that application of Fe
increased NPK uptake and their concentration in soil significantly over control.
Soil application of 50 kg FeSO4 ha* significantly increased content and uptake

of Fe, P and N by chickpea over control (Singh et al., 2004).

Fageria (2001) reported that the application of 30 kg ZnSO4 ha? resulted
into highest value of uptake of N and K by rice plants as compared to other
treatments. Swami and Shekhawat (2009) found that the uptake of N, P and K
by rice increased significantly with application of ZnSO4 over control (No Zn

application).
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Pooniya and Shivay (2011) reported that the application of 2.0% Zn-
enriched urea with ZnS04.H.O recorded significantly higher N uptake by
Basmati rice as compared to 2.0% Zn-enriched urea with ZnO, soil application
of 5 kg Zn ha! of ZnSO4.H,O or ZnO, ZnO slurry and control (No Zn

application) treatments.

2.7 Quality parameters
2.7.1 Effect on protein content and oil content

Majumdar et al. (2001) studied in their experiment at Umiam,
Meghalaya, on the individual and interactive effect of phosphorus and zinc on
groundnut in phosphorus and zinc deficient Ustic Haplustalf. It was reported
that phosphorus and Zn application significantly increased the protein and oil
content of groundnut and their interaction effect was also impressive. They also
found that the yield, number of pods plant? and shelling percentage increased

significantly with increasing doses of phosphorus and zinc.

Janakiraman et al. (2005) reported that in Zn-deficient soils, application
of Zn increased the nodulation, chlorophyll content and pod yield of groundnut.
With The application of ZnSO4 at 5 kg ha! + FeSOs at 10 kg ha* + boron (B) at
1 kg ha?! with the recommended dose of NPK (Nitrogen, phosphorus,

potassium) showed significantly highest pod yield, oil content and seed quality.

Sharma et al. (2010) in his experiment on zinc application on soybean he
reported that soil application of RDF + ZnSO4 @ 5 kg ha! and RDF + ZnSO4
@ 25 kg ha! gave significantly higher protein content in pigeon pea seed over
control and RDF.

Trivedi et al. (2011) conducted investigation on the effect of iron and
sulphur application on growth and yield of soybean where two levels of iron (15
and 20 mg kg soil) and sulphur (40 and 80 mg kg soil) were applied on
soybean individually and in combination. It was reported that positive effect of

iron and sulphur application was observed on different parameters viz., shoot
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height, root length, number of leaves plant?, chlorophyll content, leaf
nitrogen content, seed protein content.

Yasari and Vahedi (2012) reported micronutrient zinc has many effects
on soybean (Glycine max. Merrill) with respect to qualitative and quantitative
traits. Their findings were that foliar application of zinc (0.2%) has increased
pod plant? (56.64-68.33) as compared to absolute control. The effects of foliar
application of zinc increased oil percentage (25.03%) and oil yield (366.18 kg
hat) by spraying zinc (0.2%) on the crop.

Kumar (2013) carried out an experiment on effect of zinc, iron and
manganese levels on growth, yield and quality of rice (Oryza sativa L.) which
was therefore carried out at the Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi. It was reported that iron and zinc have a synergistic
interactive effect in increasing the Zn, Fe and Mn content of grain, while zinc
10 kg ha! and manganese @ 5 kg ha combinedly increased the Fe content of

grain.

Abdel et al. (2014) reported that combined foliar application treatment of
micronutrients Fe + Zn in soybean produced the highest values of plant height
at harvest, number of branches plant*, number of pods plant?, 100-seed weight,
seed yield plant?, seed yield (kg ha?), oil content, oil yield, protein content and

protein yield compared with control treatment.

Khattak et al. (2015) reported that the following zinc sulphate treatment
receiving ZnS0O. as 5 kg ha soil + 1.0% foliar, 15 kg ha* soil + 1.0% foliar
and 5 kg ha* soil + 0.5% foliar application recorded 29.50, 29.00 and 27.50%

higher protein contents, respectively over the control.

Pal et al. (2019) in the experiment biofortification of Zn and Fe on
chickpea at Punjab, India found that the highest protein content which was
found in the treatment of soil application of ZnSOs @ 25 kg ha* + foliar spray

of ZnSO4 @ 0.5% at flowering and pod formation stages (21.80% and 22.20%
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in grain and 10.10% and 10.30% in straw) though it was found to be statistically
similar with ZnSO4 @ 25 kg ha! + foliar spray of ZnSOs @ 0.5% at flowering

stage alone.

2.7.2 Phytic acid content and molar ratio

Oberleas et al. (1961) explained the presence of inhibitory effect of
phytate on the estimated bioavailability of zinc was determined by measuring
their molar ratios. Due to high phytate content it may affect the bioavailability
of the minerals in the body. Phytic acid is an essential food component that has
crucial negative impact on the absorption of Zn and Zn concentration in grains
increased linearly with increasing Zn application rate in the soil and P

concentration as phytate decreased directly with increased zinc levels.

Graham (1984) has explained on the importance of Phytate: zinc or
phytate: Fe ratio on their bioavailability to human system for considering their
quality. He concluded that Phytate: zinc ratio of < 5:1, 5-15 and > 15:1 is
considered an index of bioavailability high, medium and low, respectively. If
phytate is more than >15:1 the absorption in human system is considered to be

low.

Chitra et al. (1995) in the study on variability in phytic acid content,
protein and total phosphorus in different genotypes of legumes viz., chickpea,
pigeonpea, urd bean, mung bean and soybean. It was found that phytic acid (mg
g1) varied significantly among and within these species. It was observed that
the phytic acid content was highest in soybean (36.40) followed by urd bean
(13.70), pigeon pea (12.70), mungbean (12.00) and chickpea (9.60). According
to the findings it was revealed that soybean genotypes differed significantly in

phytic acid content ranging from 13.9-23.0 mg g*.

Cakmak et al. (1999) in his trials in Central Anatolia, he reported that
zinc application through soil and foliar application significantly decreased

phytate to zinc molar ratios in grain in both durum and bread wheat.
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Erdal et al. (2002) conducted a field experiment of wheat cultivars under
zinc deficient soil in Turkey with zinc applied and no zinc added treatments.
The findings were that with zinc fertilization there was reduction of seed
concentration of P and phytic acid in all the cultivars. With zinc fertilization,
there was reduction of phytic acid from 3.90 to 3.50 mg g for P and from
10.70 to 9.10 mg g*. With concurrent decrease in phytic acid in grain and
increasing zinc concentration, the phytic acid to molar ratio reduced
proportionately. On average for all cultivars, phytic acid to Zn molar ratios

decreased from 126 to 56 with Zn fertilization.

Kumar et al. (2005) studied the phytic acid of 80 cultivars /strains of
Indian soybean as to identify the genotypes with lower level of phytic acid. It
was found that the variations of phytic acid were from 28.60-46.40 mg g*. As
per the results accumulation of phytic acid found in soybean not only affected
by the genetic make-up of the genotype but also soil characteristics and soil
environment too play a big factor on the phytic acid concentration in soybean

grain.

Oberleas and Harland (2005) explained that determination of the phytate:
Zn molar ratio is commonly used to estimate zinc bioavailability in food. The

same can be applied in case of iron bioavailability.

Mirvat et al. (2006) and Cakmak (2008) indicated that applying zinc to
plants under potentially zinc deficient soils is effective in reducing uptake and
accumulation of phosphorus and thus phytate. This agronomic side effect of
zinc fertilization resulted in better bioavailability of zinc in human digestive

system.

2.8 Zinc use Efficiency indices
Prasad et al. (2000) revealed that the Partial factor productivity value of
Zn is comparatively very high when compared to that of nitrogen. They

reported that partial factor productivity of Zn (Soil applied) was high and varied
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from 984-3,367 kg grain kg Zn whereas that of N were about 82-84 kg grain
kg N. Similar was the case of agronomic efficiency (AE) of Zn which varied
from 212-311 kg grain kg™* N as against 13-22 reported for N.

Prasad (2005) reported that the apparent recovery efficiencyof soil
applied Zn varied from 9-20% as against 33-40% reported for N in rice. The
main cause of low RE for Zn is due to its rapid adsorption over soil organic
matter and clay minerals (Hazra & Mandal, 1995) and its subsequent slow
desorption (Mandal et al., 2000).

Shivay et al. (2007) and Shivay et al. (2008a) reported that the partial
factor productivity, agronomic efficiency, apparent recovery efficiency and
physiological efficiency of applied Zn in a rice-wheat cropping system
decreased significantly with each successive increase in the level of Zn-
enrichment of urea. They also reported that the Zn sulphate was a superior
coating material for urea to supply Zn compared to Zn oxide with respect to

nutrient use efficiencies.

Shivay et al. (2010) also reported that physiological efficiency (PE) of
Zn was also high (6,384-17,077 kg grain kg Zn) as against a value of 37 to 44
reported for N (Prasad et al., 2000). These high values of PFP, AE and PE and
Zn-harvest index were due to very small amount of Zn needed for rice growth

and grain production as compared to N.

Jat et al. (2011) reported the highest agronomic efficiency (AE) of
applied Zn in aromatic rice was obtained with the application of 2% Zn-

enriched urea with ZnS0O4.H20 over all other treatments

Shivay et al. (2016) in the experiment on various levels, sources and
methods of application of zinc on rice crop, zinc use efficiency indices was
computed to compare among the treatments. As per the results it was found that
soil or foliar applications of ZnSO4 or Zn-EDTA has no significant influence on

the Zinc harvest index (ZnHI) and Zinc mobilization index (ZnMEI) but Zinc
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Agronomic efficiency (Zn AE) revealed that Zn—EDTA was significantly higher
than ZnSO, for both soil and foliar applications. The value of Zn AE was 4-27
folds of that obtained with soil application. With respect to Zinc crop recovery
efficiency (Zn CRE) value was much higher when applied to foliage (10-20

folds) than the treatment applied on soil.

2.9 Soil Properties
2.9.1 Post-harvest soil chemical properties

Chitdeshwari and Krishnaswami (1998) conducted an investigation in a
greenhouse experiment in two Zn deficient soil Typic Ustorthent and Vertic
Aguic Ustropep. They observed that the application of zinc increased the
DTPA-Zn (Diethylene triamine penta acetic acid) in the soil, application of 54
mg Zn kg*? soil, increased the DTPA-Zn content in all stages. The higher
solubility, diffusion and mobility of the applied inorganic Zn fertilizer might be

reason for increasing Zn status,

Shivay et al. (2008b) reported that the DTPA extractable Zn was
significantly higher with the application of ZnO over ZnS0O4.H0O to soil and
control (No Zn applied) after 6 weeks of incubation. They also observed that
ZnS04.H20 resulted to significantly higher amount of DTPA extractable Zn
after 8 weeks of incubation over ZnO and control. It was also observed that the
DTPA-Zn after rice harvest increased from original value of 0.60 mg kg™ to
0.87, 1.70 and 2.59 mg kg!, respectively with the application of 5.60, 11.20 and
16.80 kg Zn ha'™,

Thenua et al. (2014) conducted a field experiment during kharif season
at Agronomical Research Farm of Amar Singh College Lakhaoti, Bulandshahr
(CCS University, Meerut) with four levels of zinc (0, 10, 20 and 30 kg Zn ha?)
to study the availability status in the soil. The highest yield of soybean was
recorded under application of Zinc @ 30 kg ha™ as compared to its lower levels.
The availability status of Zn in soil after harvest of soybean crop was found

non-significant.
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Ghoneim (2016) conducted a field experiment on rice in Egypt to
evaluate the effects of different methods of Zn application on rice growth, yield,
nutrients dynamics in soil and plant. Among the different of Zn application,
soil application of 15 kg ha* as ZnS04.H-0 caused highest increase in total N,
K and available Zn content in both grain and straw, however, the percentage of
total P decreased significantly. Zinc content in soil after harvesting was
significantly affected by Zn application. Different methods of Zn tend to
increase the total N and total K contents of soil but decreased P concentration

significantly.

Goverdhan et al. (2017) in the field experiment conducted during 2015-
16 at Rajendranagar, India revealed that application of recommended NPK +
basal application of FeSOs @ 25 kg ha! + ZnSO, @ 25 kg ha* fb foliar spray
of 0.5% FeSO4 and 0.2% ZnSO4 at 20, 40 and 60 DAS and 0.2% ZnSO; at 20,
40 and 60 DAS resulted in significant increase in DTPA-Available zinc over the
other treatments. But available NPK after harvest did not cause significant

changes from the initial values upon imposition of those treatments.

2.9.2 Soil biological properties

Dhull et al. (2004) in their experiment on the effect of chemical
fertilizers and organic amendments on soil chemical and microbiological
properties. It was reported that microbial biomass C increased significantly with
the combined application of chemical fertilizers and organic amendments, in
comparison to soils receiving chemical fertilizers alone. Dehydrogenase and
alkaline phosphatase activities also increased with the application of farmyard
manure and Sesbania aculeata green manure. The results indicated that there is
improvement in soil organic matter, microbial activities and crop yields due to

the use of chemical fertilizers along with organic manures.

Pooniya and Shivay (2012) found that with application of application of
2.0% Zn-enriched urea (ZEU) as ZnS04.H,O was found to be best with respect

to soil biological properties, especially enhanced alkaline phosphatase,
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dehydrogenase, fluorescein diacetate activities and microbial biomass-C
compared to Zn-enriched urea with ZnO, dipping of rice seedlings in ZnO

slurry or control.

2.10 Effects of zinc and iron nutrition on economics

Ghatak et al. (2005) revealed that net return was maximum (34,832 hat)
when recommended doses of NPK fertilizers were applied with 30 kg ZnSO4
hat application in transplanted rice. It was observed that successive increase in
grain yield was seen with each incremental dose of Zn reaching the threshold
level of ZnSO4 at 22.5 kg ha'™.

Jain and Dahama (2006) conducted a field experiment and reported that
there was significant increase in net return and benefit: cost ratio with the
application of zinc up to 6 kg ZnSO4 ha*. Net return increased up to magnitude

of 33.50% over control.

Pooniya and Shivay (2012) reported that application of 2.0% Zn-
enriched urea with ZnSO4.H,O to Basmati rice resulted in significantly higher
B:C ratio over other Zn sources control (No Zn enrichment to urea). Similar

findings were also reported by Jat et al. (2011)

Durgude et al. (2014) in the experimental results effect soil and foliar
application of Fe>SO4 and ZnSO4 on Bt cotton at the Micronutrient Research
Farm, MPKYV, Rahuri, revealed that treatment of soil application of Fe2SOs @
25 kg ha! + ZnSO4 @ 20 kg ha* + Recommended Dose as per STCR recorded
the highest gross return (X 1,66,297/-), net monetary return (X 96,037/-) and B:
C ratios (2.37). B:C ratio value was also found to be high (2.27) in the case of
foliar spray of Fe,SO4 @ 0.25% + ZnSO4 @ 0.25%.

Kumar et al. (2015) in their field experiment which was conducted to
study iron fertilization on aerobic rice (Oryza sativa L.) varieties during the
rainy (kharif) seasons of 2011 and 2012 at the research farm of the IARI, New

Delhi. The benefit: cost ratio was recorded the highest with three foliar sprays
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of 2.0% iron sulphate followed by two foliar sprays of 2.0% iron sulphate and

found significantly higher over all other treatments.

Baishya et al. (2019) conducted a field experiment at Jharnapani,
Nagaland, during kharif season to study the effect of Zn and Fe content on
productivity and profitability of rice. The result revealed that foliar application
of 2% ZnS04 (0.5%) at tillering + 0.5% at stem elongation + 0.5% at booting +
0.5% at grain filling) enhanced the economics of rice production (Return/rupee
invested up to 2.32), crop profitability up to Rs.123.54 ha-'day* over the control
(No foliar spray). On the other hand, foliar application of 1.5% FeSO4 (0.5%
tillering + 0.5% at booting + 0.5% at grain filling) also enhanced the economics
of rice production (Return/rupees invested upto 2.24) and crop profitability up
to % 91.09 haday.

Shivay et al. (2019) conducted three field trials on aromatic rice to test
boron-coated urea (BCU), sulphur-coated urea (SCU), and zinc-coated urea
(ZnCU) in 2013 and 2014. The findings of this study suggested that 0.5%
boron, 5.0% sulphur, or 2.5% zinc-coated urea show improvement in returns

and benefit-cost ratio in aromatic rice of western Indo-Gangetic Plains.

Sai et al. (2021) in their field experiment on foliar application of iron and
zinc on yield and economics finger millets reported that higher gross returns (2
87,573.33/-), net return (X 56639.80/-) and benefit cost ratio (B:C 1.83)
wasobtained with foliar application of 0.6% Zinc sulphate + 0.5% Ferrous

sulphate, which was significantly superior over rest of the treatments.
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MATERIALS AND METHODS



MATERIALS AND METHODS

The experiment entitled “Biofortification of zinc and iron in Soybean
(Glycine max (L.) Merrill) under foothill of Nagaland” were conducted during
the kharif seasons of 2018 and 2019 in the Agronomy experimental farm of
School of Agricultural Sciences and Rural Development (SASRD), Nagaland
University, Medziphema Campus, Nagaland. The details of the materials used
and methods adopted during the course of investigation have been discussed in

this chapter.

3.1 General information
3.1.1 Location

The experiment was conducted at the experimental farm located at
Medziphema, in foot hill situation of Nagaland at an altitude of 310 meters
above mean sea level (MSL) with the geographical location at 25°45/ 43/ North
latitude and 95°53' 4 East longitude.

3.1.2 Climatic condition
Annexure | and Figure 3.1 & 3.2 showed the monthly average
atmospheric temperature, rainfall, relative humidity and sunshine hour during

the period of field experiments.

3.1.2.1 Rainfall

From the recorded meteorological data, it has been found that the crop
received total rainfall of 785.30 mm and 1017.70 mm in the year of 2018 and
2019, respectively during the period of experimentation. However, highest
rainfall occurred in August (302.80 mm) during 2018 and in August (274.30
mm) in the year of 2019 respectively. Minimum rainfall received in the month
of November (13.30 mm) during 2018 and December (0.90 mm) during 2019.

3.1.2.2 Temperature
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Fig 3.1 Graphical presentation of meteorological data during the period of

investigation (July 2018 to December 2018)
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During the period of field experiment, highest monthly average
maximum temperature was recorded in the month of April (35.80°C) and lowest
maximum temperature (36.80°C) was in August during the first experimentation
year (2018). In 2019, highest average maximum temperature was recorded in
the month of August (37.70°C) and lowest monthly mean minimum temperature
(7.30°C) was observed in December. The maximum monthly average
temperature ranged between 27.90°C-37.70°C and minimum monthly average

temperature ranged between 7.30°C-23.8°C during study period.

3.1.2.3 Relative Humidity

Regarding relative humidity (RH) it was found that the highest monthly
relative humidity was recorded in November, 2018 (96.73%) while, the lowest
monthly mean minimum relative humidity was in November, 2018 (53.50%)
during the first study year. However, during second year, the highest monthly
mean maximum relative humidity was in November (97.40%) and the lowest

monthly mean minimum relative humidity was in December (62.16%).

3.1.3 Previous cropping history of the experimental field:

The crops grown in the experimental field (Table 3.1.) were as follows:

Table 3.1 Previous cropping history of the experimental field

Crops grown

vear Pre-kharif Kharif Rabi
2014-2015 Fallow Pigeon pea -
2015-2016 - Pigeon pea -
2016-2017 - Fallow Fallow
2017-2018 Fallow Fallow Fallow

3.1.4 Soil condition
The soil of the experimental plot was categorized as sandy loam and well
drained. To ascertain the fertility status of the soil, respective samples of soils

from a depth of 0-15 cm were taken from different locations with the help of
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soil auger, which was processed and analysed by methods of mechanical and
chemical analysis.

Table 3.2 Initial physico-chemical properties of experimental soil

A. Physical properties Value Method followed

Core sampler method

i -1
1. Bulk density (g cc™) 1.52 (Dastane, 1972)

Sandy clay Bouyoucos Hydrometer

2. Soil textural class loam method (Piper,1966)

B. Chemical properties 2018 2019 Method followed

Blackman’s pH

1. Soil pH 4.85 4.90 gg:gﬂg meter method
y (Jackson,1967)
Walkley and Black
2. Organic carbon (%) 1.48 1.51 High method (Walkley &

Black, 1934)

Modified Macro-
Kjeldhal distillation
method (Jackson,
1967)

3. Available nitrogen (kg ha) 531.28 526.70 Medium

Brays and Kurtz

. 1 :
4. Available phosphorus (kg ha™)  36.81 32.80  High method (1945).

Flame photometric
5. Available potassium (kg ha?) 286.64 264.82 High method (Jackson,
1967)

3.2 Details of the experiment

The research programme was divided into two main experiments viz.,
Experiment I was conducted at the field as “Biofortification of zinc in Soybean
(Glycine max (L.) Merrill) under foothill of Nagaland” and experiment II
“Biofortification of iron in Soybean (Glycine max (L.) Merrill) under foothill of
Nagaland” was conducted in pot experiment in the both years 2018 and 20109.
Under the experiment I, three varieties of soybean viz., JS-335, JS-97-52 and
local check was selected under different zinc application doses with
ZnS04.7H20 and ZnO used as sources. Similarly, in the pot experiment 11, three
same varieties of soybean which was used in field experiment were used under
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different concentrate of iron as foliar applications. The source of Fe was
FeS04.7H20.

3.2.1 Experiment |

The field experiment was conducted for two years during kharif 2018
and 2019 at Agronomy farm of SASRD, Nagaland University, Medziphema,
Nagaland, where three selected varieties of soybean was sown according to the
recommended package of practices. Sowing of the crop was carried out on 2"
week of July, 2018 and repeated in the subsequent year. Recommended dose of
NPK (RDF) of 20-60-40 kg ha* NPK (in the form of Urea, SSP and MOP) was
imposed along with FYM @ 10 t ha! as general dose for all plots irrespective
of treatments. The source of zinc as zinc sulphate (ZnS04.7H20) with 21% zinc

and zinc oxide (80% zinc) in the experiment | was used.

3.3 Experimental details of field experiment (Experiment I)

= Variety of soybean : 3

= Zinc levels 7

= Treatment combinations » 21

= Number of replications ;3

= No. of plots . 63

= Experimental design . Factorial Randomized Block Design (FRBD)
= Plot size © 45mX3m

= Spacing . 45cm X 10cm
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Table 3.4 Treatment details of the Experiment |

Treatment No.

I. Varieties Treatments
V1 JS-335
V2 JS-97-52
V3 Local cultivar
Il. Levels of Zinc  Treatments
Zo Control
Z1 Soil application of Zn @ 5 kg ha through ZnS04.7H-0
*Z> Soil application of Zn @ 5 kg ha through ZnO
Soil application of Zn @ 5 kg ha* through ZnS04.7H,0 + Two
Z3 foliar spray application of ZnSO4@ 0.25% at pre-flowering and
pod formation stages
Soil application of Zn @ 5 kg ha* through ZnO + Two foliar
*Z4 spray application ZnO @ 0.25% at pre-flowering and pod
formation stages
Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5% at
Zs maximum vegetative stage, pre-flowering and pod formation
stage.
7 Three (3) foliar spray applications of ZnO @ 0.5% at maximum

vegetative stage, pre-flowering and pod formation stage.

*In these treatments additional sulphur will be applied.

3.2.2 Experimental details of pot experiment (Experiment I1)

Pot experiments were conducted to study the biofortification effect of

iron and varieties on soybean for consecutive years 2018 and 2019 at the farm

premises. Sowing of the crop was carried out on 16" July, 2018 and repeated in
the subsequent year. Recommended dose of NPK (RDF) of 20-60-40 kg ha* (in
the form of Urea, SSP and MOP) was given along with FYM @ 10 t ha as

general dose for all plots irrespective of treatments. Fertilizer as well as FYM

calculation on weight basis of soil in the pot was done. Iron sulphate

(FeSO4.7H20) was used as iron source in the experiment.
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Fig. 3.1: Field layout of the experiment in Factorial Randomized Block Design (FRBD)



= Varieties of soybean .3

= Levels of Fe 6

= Number of replications : 3

= Number of treatments : 18

= Experimental design . Factorial Completely Randomized Design (FCRD)
= Number of pots 54

Table 3.5 Treatment details of the Experiment 11 (Pot culture experiment)

Treatment No.

I. Varieties Treatments
V1 JS-335
V> JS-97-52
V3 Local cultivar
Il. Levels of Fe  Treatments
Feo Control
Fe, Foliar application of FeS04.7H,0 @ 0.5% at pre-flowering
stage
Fe2 Foliar application of FeSO4.7H.0 @ 1% at pre-flowering stage
Fes Foliar application of FeS04.7H,0 @ 1.5% at pre-flowering
stage
Fes Foliar application of FeSO4.7H20 @ 2% at pre-flowering stage
Fes Soil application of FeSO4.7H,0 @ 10 kg ha't

3.3 Cultivation details

3.3.1 Selection of variety

Agronomic characters of crop variety
JS 97-52: The variety JS 97-52 has been evolved during 2008 from the

selection of a cross between PK 327 x LI 29 at Jawaharlal Nehru Krishi Vishwa

Vidyalaya, Jabalpur. It is a high yielding variety with 3-4 seeds per pod. The

plants are 60-80 cm tall with tawny colour pubescence on the stem. Growth

habit of the variety is semi determinate. Flowers are white and initiates in 45

days after sowing and ceases in about 75 days. The variety matures within 98-
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Fig. 3.2: Field layout of the experiment in Factorial Completely Randomized Design (FCRD)



102 days. Seeds are greenish yellow, lustrous with blackish hilum. The seed
size is medium with 100 seed weight of nearly 10-12 g. The variety is resistant
to major diseases and abiotic stress. The yield potential of the variety is 2.5-3.0
tha™.

JS-335: It was developed from JNKVV. Till 2002, JS 335 alone was a ruling
variety among farmers of low rainfall and upland areas. The soybean cultivation
reached to its height with the release of this early duration and very high
yielding variety. It possesses wide adaptability, good germinability, semi dwarf
habit, non-lodging, and non-shattering characteristics. It has resistance against
girdle beetle and stem fly and tolerance to moisture stress conditions. This has
occupied most of the soybean growing areas created mono-culturing. However,
it has become susceptible to several diseases and insect pests. The yield

potential of the variety is 2.7-3.0 t ha™.

Local cultivar: The local cultivar was collected from Mon District, Nagaland.
It is long duration landrace which usually takes 130-140 days to mature. It is a
tall statured and bushy cultivar proned to lodging. It is a small seeded variety
with approximate yield of 1.5-1.8 t ha..

3.3.2 Preparation and properties of Zn sources
Zinc sulfate: Zinc sulfate (ZnSO4) monohydrate is produced by adding sulfuric
acid to ZnO (Zn oxide), followed by dehydration to form ZnSO4.H>O. Most

sources contain about 33% total Zn and 98% water-soluble Zn.

Zinc oxide: Zinc oxide (ZnO) is a common inorganic salt of Zn derived from
many industrial processes. ZnO can range from 70 to 80% total Zn but is less
soluble than ZnSO4.

3.3.3 Application of Zinc treatments in Experiment |
Since two sources of zinc fertilizers was used viz., ZnS0O4.7H20 and ZnO
which has 21% and 80% zinc content respectively and accordingly applied in

different treatments and the calculation of quantity is shown in table 3.6. As
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ZnS04.7H20 contains 10% sulphur so extra sulphur must be compensated by
external application of sulphur. In this experiment we have accordingly added
bentonite (90% S) in ZnO treatments.

Table 3.6 Calculation of Zinc fertilizers and zinc nutrient applied under different

treatments
Calculation of fertilizer use Quannty_ of
Treatment Zinc nutrient
per ha i
(only) applied
Zo Control 0 0 kg hat
Z1 Soil application of Zn @ 5 23.80 kg hat ZnS04.7H,0 5 kg ha'
kg ha* through ZnS04.7H,0
*Z, Soil application of Zn @ 5 6.25 kg ha'ZnO 5 kg ha'

kg ha* through ZnO
Z3 Soil application of Zn @ 5 Soil application of Zn @ 5 kg

kg ha through ZnS04.7H.0 ha* through ZnS04.7H,0= 5.63 kg hat
+ Two foliar spray 23.80kg
application of ZnSO4 @ hat
0.25% at pre-flowering and 2 foliar sprays of ZnS04.7H20
pod formation stages =1.5 kg x 2 sprays= 3
kg hat

Total = 26.80kg ha'
*Z4 Soil application of Zn @ 5 Soil applicationof Zn @ 5kg  7.40 kg ha'
kg hatthrough ZnO + Two  ha*through ZnO = 6.25 kg ha!
foliar spray application ZnO * 2 foliar sprays of ZnO @

@ 0.25% at pre-flowering 0.25%=
and pod formation stages =1.5 kg x 2 sprays= 3 kg ha’
1Zno
Total ZnO =6.25 + 3 kg=9.25
kg hat
Zs Three (3) foliar spray 3 foliar spray applications of 1.89 kg hat

applications of ZnSO4.7H,O0  ZnS04.7H,0 @ 0.5%=3 kg ha’
@ 0.5% at maximum !

vegetative stage, pre- Total ZnS04.7H,0 used is 3 kg
flowering and pod formation x 3 foliar sprays=
stage. 9 kg ha'zZnS04.7H,0
*Zs Three (3) foliar spray 3 foliar spray applications of 7.20 kg hat
applications of ZnO @ 0.5%  ZnO @ 0.5 %= 3 kg ha'zZnO
at maximum vegetative (for 1 foliar spray)
stage, pre-flowering and pod Total ZnO used is 3 kg x 3
formation stage. foliar sprays= 9 kg ha'zZnO
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3.4 Selection and preparation of the field

The field experiment was carried out in the experimental field in
Agronomy block at SASRD farm, Medziphema. The experimental field was
ploughed with tractor drawn disc plough in the last week of April followed by
harrowing in the first week of May and levelled properly. All the stubbles were
removed and then the field was laid out to the plan and design of the

experimental field.

3.4.1 Preparation of pots

Soil from the top 15 cm was collected randomly from same field in
which field experiment was conducted. The soil was mixed thoroughly to make
a uniform medium in all respects and shade dried. 12 kg of soil was filled in
pots of 20 L capacity each. Each treatment was given to the pots in triplicate
and the experiment was laid out in Factorial Completely Randomized Design
(FCRD). The pots were given small quantity of water daily to avoid leaching of
nutrients. The N, P and K fertilizer was given to each pot as the recommended

dose fertilizers on soil weight basis.

3.5 Manures and fertilizers
3.5.1 Seed and Sowing

Healthy and clean seeds were sown in the open furrows in lines by
dibbling 2 seeds per hill with a spacing of 45 cm x 10 cm at the depth of 3-5

cm.

3.5.2 Intercultural operations

Gap filling was done at 10 DAS to maintain the optimum plant
population in the field. Similarly, thinning was carried out at 15 DAS keeping
one plant with a view to obtain optimum plant population. Hand weeding was
done with the help of khurpi whenever required. Earthing up was done at 30
DAS.
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Table 3.7 Details of field operation carried out during the period of

experimentation

Sl . . Date
Field oprations
No. 2018 2019
1 | Land preparation 29-06-2018 20-06-2019
a | Primary tillage harrowing 18-07-2018 28-06-2019
with cultivator
p, | Secondary tillage 20-07-2018 10-07-2019
harrowing with rotovators
c. | Layout of the experiment 25-07-2018 15-07-2019
2. | Application of fertilizers 27-07-2018 18-07-2019
3 | Seed treatment and sowing 27-07-2018 18-07-2019
4 | Weeding 25-08-2018 20-08-2019
5 | Zn foliar application 16-09-2018 onwards 20-09-2019
6 | Harvestin 30/10/2018 till 02/11/2019
g 8/12/2018 10/12/2018
7 | Threshin 10/11/2018 till 1/11/2019 till
g 20/12/2018 24/12/2019

3.5.3 Insect pests and disease management

Furadan @ 2-3 granules were applied on the top leaf whorl to control
shoot borer at 20-30 DAS supplemented by two chlorpyriphos spray application
at 40 and 50 DAS.

3.5.4 Harvesting

Harvesting was done manually treatment wise when the pods turned
golden brown and when leaves dried completely. Manually threshed and
sundried to safe moisture content.
3.6 Biometrical observation (For field experiment)
3.6.1 Growth attributes

For recording the growth attributes, five plants were selected randomly
from each plot.

3.6.2 Plant height (cm)
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Plant height from the five randomly selected plants from the middle rows
was recorded at 30,60 and 90 days after sowing (DAS) and at harvest. Plant
height was measured by linear scale from the ground level to the terminal apex.

The mean height from the selected plants was taken as the score for each plot.

3.6.3 Number of branches plant
Number of branches per plant of five (5) randomly selected and tagged
plants was counted at 30,60 and 90 days after sowing (DAS) and at harvest. The

average number of branches of five plants was worked out.

3.6.4 Number of green leaves plant
The number of leaves per plant was determined by counting the leaves of
the five tagged plants from the middle row at 30, 60, 90 DAS and at harvest and

average values were taken to compute the score.

3.6.5 Dry matter accumulation

The randomly five (5) plants from each plot were carefully uprooted.
The uprooted samples were kept separately in paper bags and oven dried at 60
'C for 48 hours. After 48 hours each sample attains a constant dry weight. Each
sample was weighed and dry matter accumulation was recorded at 30, 60, 90

DAS and at harvest stage.

3.6.6 Leaf Area

It is calculated by conventional length-width method with a factor is
derived using graph paper. Leaf area of each individual leaf of plant was added
up to determine leaf area plant™. Area of each individual leaf was determined in
cm? The measured factor is different for the three varieties. Leaf area of five (5)
plants samples which is used for dry matter accumulation is washed properly
with clean water. The mean of leaf area of the five (5) plants is expressed as
cm? plant™?,
3.6.7 Leaf Area Index (LAI)
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The LAI was worked out using the formula (Watson, 1947). The LAI of
the five (5) tagged plants were taken at 30, 60 and 90 DAS.

Leaf area (cm?)

LAI =
Unit ground area (cm?)

3.6.8 Crop growth rate (CGR)

It is the rate of growth in an interval of time. Leopold and Kridemann
(1975) suggested the following formula to calculate the value of CGR. CGR is
expressed as g plant! day?. The crop growth rate was calculated by the dry
matter accumulated at 0-30 DAS, 30-60 DAS, 60-90 DAS, and 90-harvest

stage.
W,—- W,
-t

CGR =

Where, CGR= Crop growth rate
W>-W1= Dry matter accumulation at definite time intervals

to-t1= Time intervals in days

3.6.9 Relative growth rate (RGR)

This parameter indicates rate of growth per unit dry matter. The unit of
RGR is g gt plant? day™. The relative growth rate was computed at 30-60 DAS,
60-90 DAS and 90-harvest

logeW,—-loge W4
t,—ty

RGR =

Where, RGR= Relative growth rate
W>-W1=Dry matter accumulation at definite time intervals

to-t1= Time intervals in days

3.6.10 Nodulation studies
Randomly selected five (5) plants were removed along with the soil from

each plot with the help of fork and khurpi and then dipped in water for
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separation of nodules from soil and washed gently with the help of sieve to
avoid washing over of nodules. Number of nodules was recorded at most active
stage at 45 DAS and 60 DAS. The nodules collected is then taken for fresh

weight and later shade dry and further dried in an oven for nodules dry weight.

3.6.11 Chlorophyll content
The procedure developed by Witham et al. (1971) was followed for

estimation of chlorophyll content of leaves.

3.6.12 Days to 50% flowering
Number of days taken from the date of sowing to 50% of plants plot?
recorded flowering. The average of three replicates was calculated and

expressed as days to 50% flowering.

3.6.13 Days to maturity

The stage when most of the leaves turned yellow, desiccated and 95% of
the pods last green colour and attained mature pod colour, was designated as
full maturity. The number of days taken for full maturity in each treatment was
recorded and days were calculated from the date of sowing. The average days to
maturity over three replications was calculated and expressed as days to full

maturity.

3.7 Biometrical observation (For pot experiment)
3.7.1 Growth attributes

Initially five (5) plants were strictly allowed to maintain plant population
per pot. Therefore, non-destructive parameters like plant height, number of
branches plant™®, number of leaves plant were taking from the two (2) tagged
plants till harvest of the crop. Whereas, parameters like leaf area, dry matter
yield, nodulation and chlorophyll content were taken from each plant pot? per
replication at different crop stages following the same procedure as in the field

experiment.

3.8 Yield attributes
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3.8.1 Number of pods plant™*
The number of pods per plant was counted from the tagged plants in each

plot and the average was recorded as the numbers of pods plant.

3.8.2 Number of seeds pod*
The number of seeds per pod was counted from five (5) tagged plants

from each plot and mean was calculated for statistical analysis.

3.8.3 Seed index ()
The hundred seeds were randomly taken from the finally cleaned
produce of each plot for recording test weight. Then weight of 100-seeds of

each plot was recorded separately on an electrical balance.

3.8.4 Biological yield (t hat)
1 m? quadrate is used to harvest soybean from each treatment and the
harvest is sun dried properly. The whole weight is measured using digital

hanging balance and converted in tonnes ha™* basis.

3.8.5 Seed yield (t hat)
The seed yield per sq. meter area was recorded after winnowing the seed
with the help of digital balance. Finally, seed yield of each plot was converted

into seed yield per hectare by multiplying it with appropriate conversion factor.

3.8.6 Stover yield (t ha?)

The stover yield per sg. meter area was determined by subtracting seed
yield (Economical yield) of each plot from biological yield (Bundle weight) of
the same plot. This was later on converted into stover yield per hectare by
multiplying with the same conversion factor which was used in case of seed

yield per hectare.

3.8.7 Harvest index

It is the ratio of economic yield to the biological yield. It was determined

with the help of following formula and expressed in percentage as follows:
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) Economic yield (seed yield)
Harvest index = — : . . x 100
Biological yield (seed and stover yields)

3.9 Chemical analysis of soil samples
3.9.1 Collection and preparation of soil samples

After the harvest of crop, the soil samples were collected from all the
treatments (0-15 cm) and brought to the laboratory in polythene bags. The soil
samples were dried under shade and ground with wooden pestle and mortar and
sieved through 2 mm sieve. The processed soil samples were analyzed for pH,
EC, available N, P, K, Zn and Fe. The powdered soil samples were again
powdered in an agate mortar and passed through 0.2 mm sieve for organic
carbon analysis. The procedure of analysis carried out for various characteristics

in initial soil and post-harvest soil samples are same and given below:

3.9.2 Soil pH
The soil pH was determined in 1:2:5 water suspensions and analyzed

using glass electrode pH meter (Richards, 1954).

3.9.3 Electrical conductivity (EC)
The electrical conductivity (EC) was determined using conductivity
bridge (Richards, 1954).

3.9.4 Organic carbon

Organic carbon in soil was determined using alkaline potassium
permanganate method outlined by Walkey and Black (1934) and expressed in
percentage as described by Jackson (1973).

3.9.5 Available Nitrogen

Available nitrogen in the soil was estimated by alkaline potassium
permanganate method (Subbiah & Asija, 1956). The soil was treated with
alkaline KMnOs and distilled. The organic matter present in the soil was

oxidized by the nascent oxygen liberated by KMnOs in the presence of NaOH
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and thus, the ammonia released was distilled and absorbed in a known volume

of boric acid and stannous mixed indicator and titrated with a standard acid.

3.9.6 Available Phosphorus

Available phosphorus was extracted with 0.03N NH4F in 0.025N HCI
Solution. The procedure is primarily mean for soils which are moderate to
strongly acidic pH and determined by Brays and Kurtz method (1945).

3.9.7 Available potassium

The available potassium content in soil was extracted wih neutral normal
ammonium acetate (pH 7.0). The potassium content in the extract was
determined by flame photometer (Jackson, 1973).

3.10 Soil microbial activity
3.10.1 Soil microbial biomass carbon

Soil microbial biomass-C was determined by fumigation-extraction
method (Vance et al., 1987). Microbial biomass-C was expressed as pug C g*
soil.

3.10.2 Dehydrogenase Activity
Dehydrogenase activity was determined bythe procedure given Casida et
al., 1964 expressed as ug TPFg™soil hr.

3.10.3 Fluorescein diacetate
It was determined by the procedure given Adam and Duncan (2001)

expressed as g fluorescein/g dry soil/0.5 hr.

3.11 Chemical analysis of plant samples

The grain and stover samples were oven dried at a temperature of 60 C + 2'C
for 6 h to attain a constant weight. The dried seed and stover samples were then
ground and sieve by passing through 40 mesh sieve and kept in polythene bags
for chemical analysis. The powdered seed and stover samples were analysed for
N, P, K, Zn and Fe content.
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3.11.1 Digestion of plant samples for nutrients

Half a gram powdered sample was pre-digested with concentrated HNO3
overnight. Further pre-digested sample was treated with di-acid (HNO3: HCIO4
in the ratio 10:4) mixture and kept on hot plate for digestion till colourless
thread like structures was obtained. After complete digestion precipitate was
dissolved in 6N HCL and transferred to the 100 ml volumetric flask through
Whatman No. 42 filter paper and finally the volume of extract was made to 100

ml with double distilled water and preserved for further analysis.

3.11.2 Nitrogen

Half a gram powdered sample was digested with concentrated H2SOs in
presence of digestion mixture (CuSO4 + K2S0Os) till the digest gave clear bluish
green colour. The digested sample was further diluted carefully with distilled
water to know volume. Then a known volume of aliquot was transferred to
distillation unit (Micro Kjeldahl-apparatus) and liberated ammonia was trapped
in boric acid containing mixed indicator. Later it was titrated against Standard
H>SO4 and the amount of ammonia liberated was estimated in the form of

nitrogen as per the procedure given by Black (1965)

3.11.3 Nitrogen content and uptake

Nitrogen content was estimated by digesting 0.50 g sample with 10 ml
concentrated sulphuric acid and digestion mixture. Total nitrogen was
determined by modified Kjeldahl method. N uptake was calculated by
multiplying grain and straw yields with corresponding values of N
concentration and expressed in as kg ha’. N uptake in grain and straw was

added to compute the total N uptake in respective treatments.

The nutrient uptake by soybean at harvest was worked out using the

following equations:

Nutrient content (%) x Dry matter yield (kg ha™1)
100

Macronutrient uptake (kg ha*) =
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Nutrient content (mg kg™*) x Dry matter yield (kg ha™?)
1000

Micronutrient uptake (kg hat) =

3.11.4 Phosphorus content and uptake

Phosphorus content of ground samples of rice and was determined by
“Vanado-Molybdo-phosphoric acid yellow colour method” using systronics
spectrophotometer after digestion in tri acid mixture (HNO3z: HCIO4: H2SO4
at the rate of 10:4:1). Subsequently phosphorus uptake was calculated by
multiplying grain and straw yields with corresponding values of P
concentration and expressed in as kg ha*. P uptake in grain and straw was

added to compute the total P uptake in respective treatments

3.11.5 Potassium content and uptake

K content (%) in the plant sample was determined by flame
photometer (Jackson, 1973). K uptake was calculated by multiplying grain
and straw yields with corresponding values of K concentration and expressed
in as kg ha*. K uptake in grain and straw was added to compute the total K

uptake in respective treatments.

3.11.6 Zinc/iron concentration and uptake

The Zn and Fe content in dry matter of soybean grains and straw were
determined as per the procedure described by Prasad (2006) using Atomic
Absorption Spectrophotometer (AAS). The Zn, content was expressed as mg
kg?. The Zn uptake was calculated by multiplying the grain and straw yields
with their respective Zn concentration and expressed in g ha. The total Zn
uptake was determined by adding Zn uptake in grain and straw for the

individual treatment.

3.11.7 Protein content
The protein content in seeds was calculated for each treatment by

multiplying the seed N by a factor of 6.25.
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3.11.8 Oil content

Seed samples of 5 g each from all the treatments (plot wise) were taken
for extraction of oil. The crushed samples were placed in a thimble and
extracted with light petroleum ether for 6 hours in a soxhlet extraction unit as
per method described by AOAC (1960). The extract was transferred to weight
flask, the solvent distilled of and the last traces of solvent and moisture being
removed by treating the flask at 100-150°C. Then, the flask was cooled and

reweighed; the formula used for calculation of per cent oil in seed was as

follows:
Per cent oil = (Wa— V\)l(l) x 100
Where, W>= Weight of the empty flask (g)

W= Weight of empty flask + weight of oil (g)
X = Weight of sample taken for extraction (g)

3.11.9 Phytic acid
Phytic acid is determined by procedure given by Sadasivam and
Manickam (1996).

3.11.10 Phytic: Zinc/lron molar ratio
g/kg phytate g/kg phytate

660 (Molecular weight of phytate) 65.4 (atomic weight of Zinc)

3.12 Zinc use indices

The estimated values of partial factor productivity (PFP), agronomic
efficiency (AE), crop recovery efficiency (CRE), physiological efficiency (PE),
zinc harvest index (ZHI) and zinc mobilization efficiency index (ZMEI) of
applied Zn were computed using the following expressions as suggested by
Fageria and Baligar (2003), Dobermann (2005) and Shivay and Prasad (2012).

3.12.1 Partial factor productivity (PFP)
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The Partial factor productivity (PFP) of applied Zn was calculated as the

equation given below:

Y
PFP =—-

Zny
Where, Y: = Yield under treatment (kg ha)
Zna = Amount of nutrient (Zn) added (kg ha?)

3.12.2 Agronomic use-efficiency (AE)
The Agronomic use-efficiency (AE) is expressed as kg grain increase per
kg a particular nutrient applied and was calculated as the equation given below:

R
—

AE

Where, Y: = Yield under test treatment (kg ha?)
Yo = Yield under control (kg ha)
At = Units of nutrient (Zn) applied in the test treatment (kg ha™)

3.12.3 Physiological efficiency (PE)
The Physiological efficiency (PE) of applied Zn/Fe will be calculated as
the equation given below:

Where, Y: = Yield under test treatment (kg ha?)
Y, = Yield under control (kg ha)
Ut = Uptake of nutrient (Zn) in test treatment (kg ha?)

U, = Uptake of nutrient (Zn) in control (kg ha?)

3.12.4 Crop recovery efficiency (CRE)
The Crop recovery efficiency (CRE) of applied Zn will be calculated as

the equation given below and was expressed in percentage terms.

N+—N
CRE :% x 100

a

Where,
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Nt = Amount of nutrient taken (Zn) from test treatment plot (kg ha)
No = Amount of nutrient taken (Zn) from the control plot (kg hat)
Na = Amount of nutrient (Zn) added (kg ha)

3.12.5 Zinc harvest index (ZnHI)
The zinc harvest index (ZnHI) will be calculated as the equation given

below and was expressed in percentage terms.

Z
ZnHI =—= x 100
Znt

Where, Zns = Zn uptake by grain at harvest

Zny = Zn uptake by whole crop (grain + straw) at harvest

3.12.6 Zinc mobilization efficiency index (ZnMEI)
The zinc mobilization efficiency index (ZnMEI) will be calculated as the
equation given below:

Zn concentration in grain (mg kg~1 grain
ZME] = g (mg kg™ grain)

Zn concentration in straw (mg kg1 straw)

3.13 Economics of the Treatments

The economic analysis of the treatments is very important to assess the
practical utility of treatments for farmers’ point of view. Therefore, economics
of different treatments were worked out in terms of cost of cultivation, gross
monetary returns (GMR), net monetary returns (NMR) and benefit-cost ratio
(B:C) on per hectare area basis to ascertain the economic viability of the
treatments. The details for determination of economics are given in Appendix I1-

11 for reference.

3.13.1 Cost of cultivation
The cost of cultivation for each treatment is determined on the basis of
different inputs used for raising the crop under different treatments on one

hectare area basis.
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3.13.2 Gross monetary returns (GMR)

The values realized from the produce obtained under each treatment was
computed on the basis of existing market price of the produce (both seed and
stover) as the gross monetary returns (GMR) per hectare under different
treatments.

Gross monetary returns = Value of seed + Value of stover

3.13.3 Net monetary returns (NMR)

The net monetary returns (NMR) per hectare under each treatment were
determined by subtracting the cost of cultivation of a particular treatment from
the GMR of the same treatment.

Net monetary returns = Gross monetary returns -Total cost of cultivation

3.13.4 Benefit-cost ratio (B: C)
To estimate the benefits obtained under different treatments for each
rupee of expenditure incurred, B: C ratio of each treatment was calculated as

below: -

Gross monetary returns

B: C ratio :Total cost of cultivation
3.14 Statistical analysis

The collected data was processed, classified, tabulated systematically
and statistically analysedby using two-way analysis of variance (ANOVA).
Further, differences between treatments were analysed by using ANOVA at a
significance level of 0.05 and the significant of different source of variations
was tested by ‘F’ test to find out the significant differences between mean
values (Gomez & Gomez, 1984).
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RESULTS AND DISCUSSION



RESULTS AND DISCUSSION

4.1 Experiment I: “Biofortification of zinc in Soybean (Glycine max (L.)
Merrill) under foothill of Nagaland”

The results obtained during the experimental studies have been presented

in this chapter under appropriate headings through data, Tables and illustrations

wherever necessary.

4.1.1 Growth parameters
4.1.1.1 Plant height

Data pertaining to plant height at different crop stages as influenced by
varieties and zinc fertilization is presented in Table 4.1.1 and illustrated in Fig
4.1.1 & Fig4.1.2.

The data indicated that plant height at early crop stages at 30 days after
sowing (DAS) did not show any significant differences among varieties in both
the years. However, at 60 DAS significant difference among varieties was
observed where local cultivar (V3) recorded the highest value (65.18, 51.19 cm),
followed by JS-97-52 (45.93, 47.34 cm) and least in JS-335 (35.62, 36.44 cm).
The same trend was observed in plant height among the varieties at 90 DAS and
harvest. At harvest, the local recorded the highest value (66.76, 65.67 cm)
followed by JS 97-52 (53.30, 48.64 cm) and least in JS-335 (40.58, 40.47 cm).
The difference among varieties in plant height was solely due to genetic
makeup and morphological difference of each cultivar. In most cases, improved

varieties are shorter in stature compared to local cultivars.

Zinc fertilization failed to show any significant variations in plant height
at early crop stages (30 and 60 DAS). At 90 DAS three foliar applications of
ZnS04.7H0 @ 0.5% (Zs) recorded the maximum plant height (57.19, 57.55
cm) and least was recorded in control (49.63, 48.71 cm). Similar trend was also

observed at harvest with respect to zinc applications. The significant increase in
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Table 4.1.1 Effect of varieties and zinc fertilization on plant height (cm) in soybean

30 DAS 60 DAS 90 DAS At harvest
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 27.06 25.16 26.11 35.62 36.44 36.03 40.80 41.87 41.33 40.36 40.58 40.47
V2 28.42 25.22 26.82 45.93 47.34 46.63 50.86 51.77 51.32 53.30 48.64 50.97
V3 27.09 26.03 26.56 65.18 51.19 58.19 65.60 62.95 64.28 66.76 65.67 66.21
SEmz 0.69 0.56 0.44 1.05 0.75 0.65 0.94 1.08 0.72 1.29 1.08 0.84
CD at 5% NS NS NS 3.00 2.15 1.96 2.70 3.10 2.19 3.68 3.09 2.56
Zinc fertilization
Zo 27.27 25.59 26.43 46.04 43.68 44.86 49.63 48.71 49.17 49.50 48.57 49.03
Z1 26.84 24.10 25.47 49.02 44.05 46.54 53.70 50.81 52.25 52.65 52.08 52.36
Z2 27.39 24.81 26.10 48.55 43.03 45.79 50.00 50.57 50.29 50.24 49.37 49.80
Z3 26.87 26.03 26.45 49.90 46.89 48.39 52.34 53.32 52.83 56.73 53.42 55.08
Zs 27.51 25.95 26.73 48.97 44.97 46.97 49.76 52.06 50.91 53.17 50.14 51.66
Zs 28.15 25.53 26.84 51.21 47.81 49.51 57.19 57.55 57.37 58.08 57.37 57.72
Zs 28.61 26.28 27.45 48.69 44.50 46.60 54.34 52.34 53.34 53.95 50.48 52.21
SEmz+ 1.05 0.86 0.68 1.60 1.15 0.99 1.44 1.66 1.10 1.97 1.65 1.29
CD at 5% NS NS NS NS NS NS 4.13 4.73 3.09 5.63 4.73 3.62
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Fig 4.1.1 Effect of varieties on plant height of soybean at different stages of crop
during 2018 and 2019
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—H#— Z2: Soil application of Zn @ 5 kg ha-1 through ZnO

—a— Z3:Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
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—e— Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%
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Fig 4.1.2 Effect of zinc application on plant height of soybean at different stages
of crop during 2018 and 2019




plant height with zinc application irrespective of the sources might be due to
more availability and absorption of Zn from soil solution which caused more
auxin metabolism, faster cell division and cell elongation and root and shoot
development ultimately increased plant height of soybean. Zinc might have
stimulated the enzymatic and hormonal activity resulting in vegetative and
meristematic growth that might have enhanced more cell elongation. The results
were in close conformity with the findings of many other reports in India and
abroad where significant response of zinc fertilization on plant height reported
by Ghatak et al. (2005), Shivay et al. (2010) and Kulhare et al. (2014), Tayyeba
et al. (2017). Zinc is known to involve in the hormone synthesis, hence
indirectly related to translocation and metabolism of carbohydrate finally
contributing to additional growth compared to control (Deotale et al., 1998).
Habbasha et al. (2013) had earlier indicated in their work on chickpea that foliar
application of 0.2% ZnSO4 at seed filling stage increased plant growth which

supports present findings.

4.1.1.2 Number of leaves per plant

The perusal of data in the number of leaves plant™is presented in Table
4.1.2. The number of leaves plant? varied significantly among varieties at
different crop stages. It reached the maximum value at 60 DAS in JS 97-52
(24.77, 20.51 cm) and JS-335 (17.26, 17.32 cm) and declined at 90 DAS.
Whereas, in the case of local cultivar it was observed have the highest number
of leaves at 90 DAS (29.86, 25.69 cm). The variation among varieties in
number of leaves was mainly due to their genetic and morphological
differences. The two improved varieties viz., JS 97-52 and JS-335 which are
short duration tend to reach physiological maturity early thereby we observed
early leaf senescence while local cultivar is a long duration cultivar had their

maximum number of leaves at 90 DAS.

Significant variations in number of leaves plant™ upon zinc fertilization

was observed only at 60 DAS stage where the maximum value was observed at
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Table 4.1.2 Effect of varieties and zinc application on number of leaves in soybean

30 DAS 60 DAS 90 DAS
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 7.86 7.72 7.79 17.26 17.32 17.29 9.61 11.29 10.45
V2 10.09 9.36 9.72 24.77 20.51 22.64 16.39 15.71 16.05
V3 8.50 9.42 8.96 19.45 19.80 19.62 29.86 25.69 271.77
SEmz+ 0.24 0.18 0.15 0.51 0.41 0.33 0.53 0.61 0.41
CD at 5% 0.70 0.51 0.46 1.47 1.16 1.00 1.52 1.75 1.23
Zinc fertilization
Zo 8.78 8.62 8.70 18.84 16.87 17.86 17.27 18.29 17.78
Z1 9.04 8.62 8.83 20.82 19.58 20.20 18.84 21.29 20.07
Z> 8.38 8.42 8.40 19.47 17.42 18.44 18.64 18.73 18.69
Z3 9.29 8.91 9.10 21.60 20.27 20.93 18.44 20.58 19.51
Zs 9.00 8.80 8.90 21.04 18.38 19.71 18.64 18.91 18.78
Zs 8.87 9.22 9.04 22.62 21.71 22.17 19.58 21.33 20.46
Zs 8.33 9.43 8.88 19.04 18.49 18.77 18.91 19.60 19.26
SEmz 0.37 0.27 0.23 0.78 0.62 0.50 0.81 0.93 0.62
CD at 5% NS NS NS 2.24 1.78 1.41 NS NS NS
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Fig 4.13 Effect of varieties on number of leaves plant of soybean at different

stages of crop during 2018 and 2019
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Fig 4.1.4 Effect of zinc application on number of leaves plant™ of soybean at
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Zs (Three foliar spray applications of ZnS04.7H.O @ 0.5%) (22.62, 21.71)
which was statistically significant over control and at par with Z; (19.58, 20.20),
Z3 (21.60, 20.27) and Z4 (21.04, 18.38). Zinc nutrition in plant might have
stimulated the enzymatic and hormonal activities which indirectly led to more
translocation and metabolism of carbohydrate contributed for more leaf area of
crops which was supported by the findings reported by Deotale et al. (1998).

The interaction effect of cultivar and zinc application was found non-

significant in both the years of experimentation.

4.1.1.3 Number of branches

The data pertaining to the number of branches plant? as influenced by
varieties and zinc fertilization is presented in Table 4.1.3a. As revealed by the
results there were no significant effect of cultivar on the number of branches at
early crop stage (30 DAS). The number of branches plant varied significantly
among varieties from 60 DAS onwards. At 60 DAS the maximum value was
observed in JS 97-52 (4.46, 3.39) which was statistically at par with local
cultivar (3.42, 3.88) and the lowest value was observed in JS-335 (2.45, 2.93).
At harvest of the crop the highest number of branches was recorded in local
cultivar (4.50, 3.61) which was statistically at par with JS 97-52 (4.43, 3.42) and
least branch was recorded in JS-335 (2.51, 2.93). The significant variations in
the number of branches among varieties were due to genetic and morphological

differences among them.

Zinc fertilization significantly influenced the number of branches
irrespective of varieties. At early crop stage (30 DAS) no significant difference
was observed with zinc application. Significant variation was observed in the
second year of the experiment at 60 DAS and 90 DAS. At 60 DAS the highest
value was observed in Zs and Zs and the least value in control. At harvest stage
the maximum branching was recorded in Zs (4.16, 3.76). The other zinc

treatments were significantly higher over control plots. The reason for more
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Table 4.1.3 Effect of varieties and zinc fertilization on number of branches in soybean

30 DAS 60 DAS 90 DAS At harvest
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 1.19 1.16 1.17 2.45 2.93 2.69 2.51 2.93 2.72 2.51 2.93 2.72
V2 1.28 1.27 1.27 4.46 3.39 3.92 4.43 3.42 3.93 4.43 3.42 3.93
V3 1.15 1.17 1.16 4.34 3.42 3.88 4.41 3.53 3.97 4.50 3.61 4.06
SEmz 0.04 0.04 0.03 0.08 0.09 0.06 0.07 0.08 0.06 0.06 0.08 0.05
CD at 5% NS NS NS 0.23 0.26 0.18 0.20 0.24 0.17 0.16 0.23 0.15
Zinc fertilization

Zo 1.13 1.13 1.13 3.64 2.80 3.22 3.71 2.98 3.34 3.69 3.02 3.36
Z1 1.22 1.24 1.23 3.69 3.09 3.39 3.78 3.13 3.46 3.82 3.18 3.50
Z2 1.24 1.24 1.24 3.67 3.02 3.34 3.69 3.07 3.38 3.78 3.09 3.43
Z3 1.18 1.20 1.19 3.67 3.67 3.67 3.62 3.69 3.66 3.64 3.71 3.68
Zs 1.27 1.20 1.23 3.73 3.58 3.66 3.82 3.60 3.71 3.84 3.62 3.73
Zs 1.16 1.13 1.14 4.11 3.67 3.89 4.11 3.71 3.91 4.16 3.76 3.96
Zs 1.24 1.27 1.26 3.73 3.20 3.47 3.76 3.27 3.51 3.78 3.31 3.54
SEmz+ 0.06 0.06 0.04 0.12 0.14 0.09 0.11 0.13 0.08 0.09 0.12 0.08
CD at 5% NS NS NS NS 0.39 0.26 NS 0.37 0.24 0.25 0.36 0.21




branches on zinc fertilization might be due to improved uptake of nutrients from
the soil or foliar applied which might have enhanced the overall crop growth
and metabolic processes which leads to increased cell division thereby resulting
to higher number of branches (Hugar & Kurdikeri, 2000). With foliar
application of zinc there is enhancement in branching in pulses which is mainly
attributed to the promotion of bud and branch development by the auxins and
upon Zn application resulted upon in increase availability of other nutrients and
accelerated the translocation of photo assimilates (Guhey, 1999). However,
application of foliar spray solely or combined with soil application resulted in
significantly more branching which is supported by the findings reported by
Sangwan and Raj (2004), Khorgamy and Farmia (2009) and Singh et al. (2012)

on chickpea, cluster bean, mungbean and pigeonpea.

At 90 DAS the maximum number of branches was recorded in the
combination of local cultivar and Zs (Table 4.1.3b). The same combination was

observed to be superior at harvest of the crop.

4.1.1.4 Dry matter accumulation

The data on dry matter accumulation (DMA) of soybean as influenced by
varieties and zinc fertilization are presented in Table 4.1.4a and illustrated in
Fig 4.1.5 & Fig 4.1.6. Dry matter accumulation is the total accumulation of
photosynthates and total nutrient uptake by the plant up to stimulated growth
period. It indicates the photosynthetic efficiency of crop. Among soybean
varieties there were significant differences on dry matter accumulation at all
crop stages except at the second year of the 30 DAS. Local cultivar was found
dominant in dry matter accumulation at all crop stages. At harvest, the local
cultivar registered the highest dry matter weight per plant in both the years
(29.34, 19.69 g plant) which proceeded JS 97-52 (26.17, 17.76 g plant?) and
JS-335 (18.67, 14.55 g plant). This was mainly due to varietal difference.
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Zinc fertilization significantly influenced on the dry matter accumulation
in all the crop stages except 30 DAS. It was observed that Zs and Zs were
significantly superior over the others treatments and both remained at par with
each other in all the stages. At harvest the dry matter accumulation was
maximum in Zs (26.68, 18.62 g plant™) and Z3(26.46, 18.85 g plant?) with the
least value in control (21.00, 15.93 g plant?). The improvement in dry matter of
soybean with zinc fertilization might be due to enhanced value of crop growth
rate and net assimilation rate. This might have attributed to significant increase
in leaf expansion due to better growth of plants as affected by Zn application at
early growth stages of crop which finally increased the dry matter of plant. Zn is
required for the biosynthesis of plant growth regulator (IAA) and auxin is
known to maintain the higher rate of photosynthesis which contributed to higher
dry matter which was an indicator of current photosynthesis (Upadhyay, 2002).
The results on the improvement of DMA upon zinc application were
corroborated by the findings of many workers in the past (Obrador et al., 2003;
Arif et al., 2006; Kobraee et al., 2011). Positive dry matter production response
to Zn application was also reported by Slaton et al. (2005a) and Obrador et al.
(2003). Brennan et al. (2001) explained that dry matter production at higher Zn
supply increased mostly due to greater pod bearing. Zs (Three foliar spray of
ZnS04.7H,0 @ 0.5%) and Zs (Soil application of Zn @ 5 kg ha* through
ZnS04.7TH20 + Two foliar spray of ZnSOs4 @ 0.25%) resulted in numerical
superiority in dry matter accumulation. This could be due to the effectiveness of
foliar application over soil application. Foliar application of zinc led to better
crop response as the applied zinc was readily absorbed by the crop through

leaves. Similar results have been reported by Pandey and Gupta (2012).

The interaction effect of varieties and zinc applications did not show any
significant effect at 30 DAS in both the years (Table 4.1.4b). However, the

interaction effect showed significant effect from 60 DAS onwards particularly
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Table 4.1.4a Effect of varieties and zinc fertilization on dry matter accumulation (g) in soybean

30 DAS 60 DAS 90 DAS At harvest
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 1.64 1.57 1.61 13.72 8.93 11.33 17.52 13.63 15.58 18.67 14.55 16.61
V2 1.90 1.55 1.72 22.48 15.97 19.23 25.23 18.71 21.97 26.17 17.76 21.96
V3 2.05 151 1.78 24.53 16.21 20.37 27.60 21.27 24.44 29.25 19.69 24.47
SEmz+ 0.03 0.04 0.03 0.41 0.29 0.25 041 0.29 0.25 0.44 0.17 0.24
CD at 5% 0.09 NS 0.08 1.17 0.82 0.76 1.18 0.84 0.77 1.26 0.49 0.72
Zinc fertilization
Zo 1.72 1.44 1.58 17.72 11.74 14.73 20.63 15.46 18.05 21.00 15.93 18.46
Z1 1.82 1.44 1.63 19.73 13.16 16.44 23.07 17.92 20.49 24.48 17.60 21.04
Z2 1.94 1.51 1.73 19.44 1251 15.98 23.20 16.72 19.96 24.69 17.08 20.89
Z3 1.87 1.58 1.73 22.13 14.36 18.24 25.18 18.21 21.69 26.46 18.85 22.65
Zy 1.93 1.56 1.75 19.08 14.10 16.59 22.58 17.99 20.28 24.08 16.13 20.11
Zs 1.88 1.66 1.77 23.31 15.76 19.54 25.54 20.20 22.87 26.68 18.62 22.65
Zs 1.90 1.58 1.74 20.30 14.29 17.30 23.95 18.58 21.27 25.48 17.14 21.31
SEmz+ 0.05 0.06 0.04 0.62 0.44 0.38 0.63 0.45 0.39 0.68 0.26 0.36
CD at 5% NS NS NS 1.78 1.26 1.08 1.80 1.28 1.09 1.93 0.75 1.02




99

Table 4.1.4b Interaction effect of varieties and zinc fertilization on dry matter accumulation (g) in soybean

V xZn 60 DAS 90 DAS at harvest
Interaction 2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
V12 12.34 7.64 9.99 15.82 11.88 13.85 14.20 13.20 13.70
V1iZ; 13.25 8.33 10.79 16.70 13.50 15.10 17.05 14.18 15.62
V1Z; 12.28 7.70 9.99 16.50 12.86 14.68 17.92 13.77 15.84
V1iZ3 14.50 8.92 11.71 18.48 13.22 15.85 20.60 16.38 18.49
V1Z,4 13.22 9.75 11.49 17.31 13.74 15.53 19.52 13.04 16.28
V1iZs 16.56 10.36 13.46 20.15 16.02 18.09 22.03 16.75 19.39
V1Zs 13.92 9.80 11.86 17.68 14.18 15.93 19.40 14.56 16.98
V22 17.68 14.15 15.92 20.14 16.70 18.42 20.54 16.55 18.55
V2Z; 21.32 15.73 18.53 24.27 18.55 21.41 26.98 18.47 22.73
V22, 22.96 15.05 19.01 27.52 17.67 22.60 28.62 18.32 23.47
V2Z3 26.24 16.15 21.19 29.43 18.60 24.02 29.70 19.56 24.63
V2Z,4 20.92 15.56 18.24 23.97 18.55 21.26 25.17 16.60 20.88
V2Zs 25.70 18.19 21.95 26.19 21.12 23.65 27.08 17.52 22.30
V2Zs 22.55 16.96 19.76 25.07 19.80 22.44 25.07 17.32 21.20
V3Z, 23.15 13.44 18.30 25.95 17.81 21.88 28.24 18.05 23.15
V3Z; 24.60 15.43 20.02 28.23 21.70 24.97 29.42 20.14 24.78
V3Z, 23.07 14.79 18.93 25.57 19.64 22.61 27.53 19.17 23.35
V3Z3 25.65 18.00 21.83 27.61 22.82 25.21 29.07 20.60 24.84
V3Z, 23.10 16.99 20.04 26.45 21.68 24.07 28.23 18.76 23.49
V3Zs 27.68 18.72 23.20 30.28 23.46 26.87 30.94 21.58 26.26
V3Zs 24.44 16.12 20.28 29.12 21.77 25.44 31.95 19.56 25.76
SEmz+ 1.08 0.76 0.66 1.09 0.78 0.67 1.20 0.46 0.64
CD at 5% 3.09 NS 1.86 3.11 NS NS 3.42 1.30 1.80
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in the first year. At 60 DAS the interaction effect V3Zs (27.68 g plant™) was the

highest value.

4.1.1.5 Leaf area

Data on leaf area at different growth stages of soybean as influenced by
cultivar and Zn fertilizer application are presented in Table 4.1.5a and
illustrated in Fig 4.1.7. & Fig 4.1.8 Among the varieties, local cultivar recorded
the highest leaf area which was statistically superior over the other varieties in
both the years and in all crop stages. At 30 DAS, local cultivar had leaf area of
(499.59, 336.18 cm? plant), JS-97-52 (378.13, 307.64 cm?plant?) followed by
JS-335 with value of (279.95, 275.37 cm? plant?). Similarly, the same trend
followed at 60 DAS and 90 DAS stage. At 60 DAS stage, local cultivar
registered the highest leaf area (1815.94, 1835.94 c¢cm? plant) followed by JS-
97-52 (1448.51, 1169.21 cm? plant?). There was a drastic decline in leaf area
JS-335 and JS-97-52 at 90 DAS stage. The local cultivar was at its peak of
vegetative stage at 90 DAS. At 90 DAS maximum leaf area was recorded by
local cultivar (2576.49, 2526.89 cm? plant™). This difference was mainly due to
typical varietal characteristics and genetic makeup of each cultivar. Usually,
local landraces are long duration and have more vegetative growth with lesser

economic yield.

Zinc fertilization significantly influenced the leaf area of soybean after
60 DAS onwards. Maximum leaf area plant was observed in Zs which was at
par with Zi1, Z», Zzand Z4 in the first year but significantly higher than the rest
in the seond year. Similar trend was also observed at 90 DAS where three foliar
spray applications of ZnSO4.7H.O @ 0.5% (Zs) registered the highest leaf area.
Higher value of leaf area and LAI was observed in zinc treatments particularly
in folair application of zinc sulphate was due to better absorption and
translocation of foliar applied nutrients leading to delayed senescence and
abscission. Foliar application increases enzymes activities which lead to higher

crop production and leaf area (LA) expansion (Zayed et al.,
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Table 4.1.5a Effect of varieties and zinc fertilization on leaf area (cm?) in soybean

30 DAS 60 DAS 90 DAS
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 279.95 275.37 277.66 994.90 1077.41 | 1036.15 572.95 553.78 563.37
V2 378.12 307.64 342.88 144851 | 1169.21 | 1308.86 | 1090.84 | 1133.72 | 1112.28
V3 501.97 336.18 419.08 1815.94 | 1835.94 | 1825.94 | 2576.49 | 2526.89 | 2551.69
SEmz 9.96 6.40 5.92 29.98 37.89 24.16 27.14 30.78 20.52
CD at 5% 28.47 18.29 18.00 85.69 108.31 73.44 77.57 87.96 62.37
Zinc fertilization
Zo 367.75 297.15 332.45 1297.33 | 1175.99 | 1236.66 | 1281.00 | 1302.98 | 1291.99
Z1 366.24 296.39 331.31 1437.12 | 1368.78 | 1402.95 | 1403.18 | 1380.18 | 1391.68
Z> 406.16 296.81 351.49 1467.13 | 1302.32 | 1384.73 | 1341.34 | 1360.84 | 1351.09
Z3 402.13 328.32 365.22 1468.54 | 1317.98 | 1393.26 | 1469.35 | 1397.83 | 1433.59
Zy 378.59 304.30 341.44 1360.06 | 1386.50 | 1373.28 | 1373.91 | 1416.11 | 1395.01
Zs 406.96 322.65 364.80 1501.51 | 1572.96 | 1537.24 | 1626.66 | 1549.62 | 1588.14
Zs 378.95 299.16 339.06 1406.80 | 1401.44 | 1404.12 | 1398.55 | 1426.01 | 1412.28
SEmz+ 15.22 9.77 9.04 45.80 57.88 36.90 41.46 47.01 31.34
CD at 5% NS NS NS 130.90 165.44 103.86 118.49 134.37 88.20




Table 4.1.5b Interaction effect of varieties and zinc fertilization on leaf area (cm?)

in soybean
) 60 DAS 90 DAS
V x Zn Interaction

2018 2019 Pooled 2018 2019 Pooled

V1Zo 881.86 986.90 934.38 564.29 587.12 575.70
V12, 1039.90 | 1083.47 | 1061.68 | 565.45 569.01 567.23
V1iZ; 1031.27 | 993.00 | 1012.13 | 541.17 513.05 527.11
V1Z3 1108.40 | 1081.98 | 1095.19 | 639.95 560.65 600.30
V1Z4 946.05 | 1094.15 | 1020.10 | 559.70 478.60 519.15
V1Zs 1072.80 | 1281.54 | 1177.17 | 650.15 568.07 609.11
V1Zs 884.02 | 1020.82 | 952.42 489.97 599.96 544.96
V2Zo 1378.10 | 1113.70 | 1245.90 | 1004.50 | 1081.77 | 1043.13
V2Zy 1604.07 | 1051.15 | 1327.61 | 969.05 | 1108.03 | 1038.54
V22, 1512.38 | 1231.26 | 1371.82 | 1209.72 | 114250 | 1176.11
V223 1531.26 | 1181.45 | 1356.35 | 1035.30 | 1122.58 | 1078.94
V2Z4 1218.44 | 1158.92 | 1188.68 | 971.72 | 1138.40 | 1055.06
VoZs 1449.82 | 1262.75 | 1356.28 | 1310.00 | 1244.62 | 1277.31
V2Zs 144550 | 1185.22 | 1315.36 | 1135.57 | 1098.15 | 1116.86
V3Zo 1632.03 | 1427.37 | 1529.70 | 2274.20 | 2240.05 | 2257.12
V3Zy 1667.40 | 1971.71 | 1819.56 | 2675.03 | 2463.50 | 2569.27
V3Z; 1857.75 | 1682.70 | 1770.23 | 2273.12 | 2426.98 | 2350.05
V3Z3 1765.96 | 1690.52 | 1728.24 | 2732.80 | 2510.27 | 2621.53
V3Z4 1915.70 | 1906.42 | 1911.06 | 2590.32 | 2631.32 | 2610.82
V3Zs 1981.92 | 2174.60 | 2078.26 | 2919.84 | 2836.17 | 2878.01
V3Zg 1890.86 | 1998.28 | 1944.57 | 2570.12 | 2579.92 | 2575.02
SEm#+ 79.32 100.25 63.92 71.81 81.42 54.28
CD at 5% 226.72 NS 179.89 NS 232.73 152.77
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2011). Also, an increased leaf area index by Zn application might be due to
increase in tryptophan amino acid and indole acetic acid hormone which are two

main factors in leaf area expansion (Seifi-Nadergholi et al., 2011).

The interaction effect between varieties and zinc application was found
significant effect at 60 DAS (Table 4.1.5b). In the first year there was
significant effect and the combination of local cultivar and three foliar spray

applications of ZnS04.7H.O @ 0.5% registered the highest value of leaf area.

4.1.1.6 Leaf area Index

As leaf area index (LAI) is derivative of the leaf area, therefore the same
trend seen in the above parameter will also be seen in the LAI (Table 4.1.6a).
Higher the LAI, higher will be the PAR interception which is the source of
energy for the process of photosynthesis, which accumulates more
photosynthates for translocation to grains resulting in higher yield. The LAI
value was significantly higher in local cultivar as compared to JS-335 and JS
97-52 at all crop stages and the lowest LAI was recorded in JS 335. At 60 DAS
the maximum LAI was recorded in local cultivar (4.04, 4.08) and lowest was
recorded in JS-335 (2.21, 2.39). The same trend was observed at 90 DAS where
the highest LAI was recorded in local cultivar (5.73, 5.62).

Zinc fertilization failed to show any significant difference in LAI at 30
DAS. However, with progress of crop stage the effect on LAI was apparent
where maximum value at 60 DAS was recorded in Zs (3.34, 3.50). The rest of
zinc treatments remained at par with each other. The same trend was also
observed at 90 DAS with the same treatment Zs being superior (3.61, 3.44). The
present observations on the significant increase in leaf area index was in
accordance with Khan et al. (2008), Abdoli et al. (2014) and Zayed et al., 2011)
who also reported an increase in leaf area index through zinc application.
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Table 4.1.6a Effect of varieties and zinc fertilization on leaf area index in soybean

30 DAS 60 DAS 90 DAS
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 0.62 0.61 0.62 2.21 2.39 2.30 1.27 1.23 1.25
V2 0.84 0.68 0.76 3.22 2.60 2.91 2.42 2.52 2.47
V3 1.12 0.75 0.93 4.04 4.08 4.06 5.73 5.62 5.67
SEmz 0.02 0.01 0.01 0.07 0.08 0.05 0.06 0.07 0.05
CD at 5% 0.06 0.04 0.04 0.19 0.24 0.16 0.17 0.20 0.14
Zinc fertilization

Zo 0.82 0.66 0.74 2.88 2.61 2.75 2.85 2.90 2.87
Z1 0.81 0.66 0.74 3.19 3.04 3.12 3.12 3.07 3.09
Z> 0.90 0.66 0.78 3.26 2.89 3.08 2.98 3.02 3.00
Z3 0.89 0.73 0.81 3.26 2.93 3.10 3.27 3.11 3.19
Zy 0.84 0.68 0.76 3.02 3.08 3.05 3.05 3.15 3.10
Zs 0.90 0.72 0.81 3.34 3.50 3.42 3.61 3.44 3.53
Zs 0.84 0.66 0.75 3.13 3.11 3.12 3.11 3.17 3.14
SEmz+ 0.03 0.02 0.02 0.10 0.13 0.08 0.09 0.10 0.07
CD at 5% NS NS NS 0.29 0.37 0.23 0.26 0.30 0.20
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Table 4.1.6b Interaction effect of varieties and zinc fertilization on LAI at 30, 60 and 90 DAS in soybean

. 60 DAS 90 DAS
V x Zn Interaction
2018 2019 Pooled 2018 2019 Pooled
V1Zo 1.96 2.19 2.08 1.25 1.30 1.28
V1Z1 2.31 2.41 2.36 1.26 1.26 1.26
V12> 2.29 2.21 2.25 1.20 1.14 1.17
V123 2.46 2.40 2.43 1.42 1.25 1.33
V1Z4 2.10 2.43 2.27 1.24 1.06 1.15
V1Z5 2.38 2.85 2.62 1.44 1.26 1.35
V1Zs 1.97 2.27 2.12 1.09 1.33 1.21
V2Zo 3.06 2.47 2.77 2.23 2.40 2.32
V2Z1 3.56 2.34 2.95 2.15 2.46 2.31
V22> 3.36 2.74 3.05 2.69 2.54 2.61
V2Z3 3.40 2.63 3.01 2.30 2.49 2.40
V2Z4 2.71 2.58 2.64 2.16 2.53 2.34
V2Zs 3.22 2.81 3.01 2.91 2.77 2.84
V2Zs 3.21 2.63 2.92 2.52 2.44 2.48
Vs3Zo 3.63 3.17 3.40 5.05 4.98 5.02
V3Z1 3.71 4,38 4,04 5.94 5.47 571
Vs3Z2 4.13 3.74 3.93 5.05 5.39 5.22
V3Z3 3.92 3.76 3.84 6.07 5.58 5.83
V3Z4 4.26 4,24 4.25 5.76 5.85 5.80
V3Zs 4.40 4,83 4.62 6.49 6.30 6.40
V3Zs 4.20 4.44 4.32 571 5.73 5.72
SEmz 0.18 0.22 0.14 0.16 0.18 0.12
CD at 5% 0.50 NS 0.40 0.46 NS 0.34




The interaction effect was observed the first-year experiment at 60 DAS
and 90 DAS (Table 4.1.6b). The highest value of LAI at 60 DAS was observed
V3Zs (4.40) and the least was observed in V1iZo (1.96). The same treatment
combinations also displayed significant result at 90 DAS. The local cultivar at
90 DAS was at its peak growing stage with maximum vegetative growth which
thereby possessed the maximum leaf area or LAI. With the foliar application of
three foliar sprays of ZnS04.7H.O @ 0.5% might have attributed and enhanced

the overall performance of the crop at this stage.

4.1.1.7 Crop Growth Rate

The data on Crop Growth Rate (CGR) at 30-60 DAS and at 60-90 DAS
as influenced by varieties and zinc fertilization are presented in Table 4.1.7a
and illustrated in Fig 4.1.9. It revealed that crop growth rate (CGR) at 30-60
DAS was significantly higher in local cultivar (1.647, 1.125 mg day* cm?)
when compared to JS 97-52 (1.54, 1.07 mg day* cm2) and JS-335 (0.89, 0.56
mg day! cm?) in both the years of experimentation. With progress in crop
stages the CGR value started to decline drastically as observed at 60-90 DAS.
The CGR was found significantly higher in JS-335 (0.281, 0.319 mg daycm?)
over JS 97-52 with the least value (0.204, 0.203 mg day* cm). The higher
value of CGR at 30-60 DAS in local cultivar and JS 97-52 was due to
exponential increase in crop growth or increase in dry matter accumulation from
30 DAS to 60 DAS in these two varieties when compared to JS-335. The main
reason for higher CGR at 60-90 DAS in JS-335 over the other two varieties was
mainly due to the significant increase in dry matter yield from 60 DAS to 90
DAS or the difference in DMA.Varieties have differences in their growing

nature which is purely the variability in their genetic makeup.

73



Plate 3 Soybean crop under different varieties and zinc treatments (Experiment I)



Zinc fertilization resulted to significant variation in CGR during both the
periods of 30-60 DAS and at 60-90 DAS in the two years of experimentation.
Foliar spray applications of ZnS04.7H.0 @ 0.5% (Zs) recorded the highest
CGR at 30-60 DAS (1.52, 1.04 mg day* cm) which was statistically at par
with Zz (1.48, 0.95 mg day‘cm2). The value of CGR in the first year was
observed higher compared to the second year owing to congenial environment
for better crop performance which was depicted in the dry matter accumulation.
As depicted in the Table 4.1.7a the highest CGR at 60-90 DAS was observed in
(Zs) (0.255, 0.329 mg day*cm2). The result on the effect of zinc nutrition on
increase in CGR was supported by the finding reported by Heidarian et al.
(2011). Safyan et al. (2012) reported increase in leaf area index (LAI) of maize
with foliar applied Zn. Further, enhanced value of crop growth rate and net
assimilation rate might have attributed to significant increase in leaf expansion
due to better growth of plants as affected by Zn application at early growth

stages of crop which finally increased the dry matter of plant.

4.1.1.8 Relative Growth Rate
The data pertaining to relative growth rate (RGR) at 30-60 DAS and 60-
90 DAS are given in Table 4.1.7a and illustrated in Fig 4.1.10.

The relative growth rate was found significantly influenced among
varieties in both the years and stages. RGR at 30-60 DAS was significantly
higher in local cultivar (35.79, 34.88 mg g*) and JS 97-52 (35.82, 33.83 mg g?)
which remained at par with each other. It was observed to have significant in
the first year and non-significant in the second year of experimentation. The
RGR value at 60-90 DAS was much lesser compared to the previous crop stage.
Highest value of RGR was observed in JS-335 (3.57, 5.62 mg g) which was
significantly higher than JS 97-52 (1.68, 2.31mg g) and local cultivar (1.63,
3.18 mg gl).

Zinc fertilization did not significantly influence the RGR value of 30-60
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Table 4.1.7a Effect of varieties and zinc fertilization on CGR, RGR and NAR in soybean

Crop growth rate (mg day‘cm)

Relative growth rate (mg g?)

Net assimilation rate

(mg cm?)
Treatments 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS 30-60 DAS
2018 | 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 089 | 056 | 0.73 | 0.281 | 0.319 | 0.300 | 30.70 | 25.37 | 28.04 | 357 | 562 | 459 | 1.73 | 097 | 1.35
V2 154 | 1.07 | 1.30 | 0.204 | 0.203 | 0.203 | 35.82 | 33.83 | 34.82 | 168 | 231 | 199 | 2.09 | 1.73 | 1.91
Vs 165 | 1.12 | 139 | 0.214 | 0.303 | 0.258 | 35.79 | 34.88 | 3533 | 163 | 3.18 | 240 | 1.86 | 1.14 | 150
SEm+ 002 | 002 | 0.02 | 0.009 | 0.012 | 0.008 | 0.36 | 047 | 030 | 0.08 | 0.16 | 0.09 | 0.06 | 0.04 | 0.04
CDat5% | 0.07 | 006 | 0.05 | 0.027 | 0.034 | 0.023 | 1.04 | 136 | 091 | 024 | 046 | 028 | 018 | 0.13 | 0.2
Zinc fertilization

Zo 1.19 | 0.81 | 1.00 | 0.216 | 0.242 | 0.229 | 33.39 | 30.61 | 32.00 | 238 | 366 | 3.02 | 181 | 128 | 155
Z1 1.33 | 0.88 | 1.10 | 0.223 | 0.262 | 0.243 | 34.13 | 3164 | 32.88 | 224 | 373 | 299 | 175 | 126 | 151
Z> 1.32 | 0.87 | 1.10 | 0.246 | 0.241 | 0.243 | 33.08 | 30.83 | 31.95 | 255 | 353 | 3.04 | 176 | 120 | 1.48
Z3 1.48 | 095 | 122 | 0.225 | 0.269 | 0.247 | 35.18 | 31.30 | 3324 | 210 | 360 | 285 | 197 | 135 | 1.66
Zs 1.32 | 093 | 1.12 | 0.243 | 0.288 | 0.265 | 33.25 | 3153 | 3239 | 245 | 371 | 3.08 | 1.98 | 1.26 | 1.62
Zs 152 | 1.04 | 128 | 0.255 | 0.329 | 0.292 | 35.64 | 32.13 | 3388 | 2.14 | 392 | 3.03 | 202 | 127 | 164
Zs 136 | 094 | 115 | 0.221 | 0.293 | 0.257 | 34.06 | 31.49 | 32.77 | 217 | 376 | 297 | 198 | 131 | 1.65
SEm+ 004 | 0.03 | 0.02 | 0.014 | 0.018 | 0012 | 055 | 072 | 046 | 013 | 024 | 014 | 010 | 0.07 | 0.06
CDat5% | 0.10 | 0.09 | 0.07 NS | 0.052 | 0.033 | 1.59 NS NS NS NS NS NS NS NS




9.

Table 4.1.7b Interaction effect varieties and zinc fertilizationon CGR, RGR and NAR in soybean

VX Zn Crop growth rate (mg day* cm) Relative growth rate (mg g?) N:?;taes(?:]rgélr?]t_lz())n
Interaction 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS 30-60 DAS
2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled
ViZo 0.81 0.49 0.65 0.26 0.28 0.27 | 31.01 | 2485 | 2793 | 3.60 5.51 4.56 1.79 0.92 1.35
ViZ, 0.86 0.51 0.69 0.26 0.30 028 | 30.36 | 24.81 | 2759 | 3.37 5.72 4.54 1.53 0.86 1.20
ViZ; 0.79 0.49 0.64 031 0.29 0.30 | 28.93 | 23.76 | 26.34 | 4.29 5.68 4.98 1.44 0.89 1.17
ViZs 0.94 0.54 0.74 0.29 0.32 031 | 30.43 | 24.70 | 27.56 | 3.51 5.70 4.61 1.60 1.00 1.30
ViZs 0.85 0.60 0.73 0.30 0.30 030 | 29.48 | 25.83 | 27.66 | 3.92 5.02 4.47 1.73 1.00 1.37
ViZs 1.10 0.65 0.88 0.27 0.42 034 | 32.75 | 27.30 | 30.03 | 2.84 6.33 4.58 1.95 0.94 1.45
ViZs 0.92 0.61 0.76 0.28 0.32 030 | 31.93 | 26.35 | 29.14 | 3.46 5.35 4.40 2.07 1.13 1.60
V2Zo 1.17 0.94 1.06 0.18 0.19 019 | 3290 | 3342 | 3316 | 1.89 241 2.15 1.68 1.61 1.65
V2Z, 1.45 1.06 1.26 0.22 0.21 021 | 36.19 | 3559 | 35.89 | 1.88 2.42 2.15 1.68 1.96 1.82
V22, 1.63 1.01 1.32 0.21 0.19 020 | 36.15 | 3395 | 3505 | 1.66 2.33 2.00 2.07 1.52 1.80
V2Zs 1.80 1.07 1.44 0.19 0.18 0.18 | 38.09 | 32.66 | 35.38 | 1.33 2.05 1.69 2.29 1.70 2.00
VaZs 1.55 1.03 1.29 0.20 0.22 021 | 35.67 | 3251 | 34.09 | 1.63 2.55 2.09 2.56 1.66 2.11
V2Zs 1.64 1.22 1.43 0.23 0.22 0.23 | 37.01 | 33.75 | 3538 | 1.79 2.16 1.98 2.23 1.82 2.02
V2Zs 1.52 1.14 1.33 0.19 0.21 020 | 34.72 | 34.90 | 3481 | 155 2.25 1.90 2.15 1.82 1.98
VsZo 1.58 0.98 1.28 0.21 0.26 0.23 | 36.25 | 3356 | 3491 | 1.65 3.07 2.36 1.97 1.30 1.64
VsZ, 1.67 1.07 1.37 0.19 0.28 024 | 3582 | 3453 | 3518 | 1.48 3.05 2.26 2.04 0.96 1.50
VsZ; 1.55 1.11 1.33 0.21 0.24 022 | 34.16 | 34.78 | 3447 | 1.68 2.56 2.12 1.77 1.20 1.48
VsZs 1.71 1.23 1.47 0.19 0.31 025 | 37.01 | 36.53 | 36.77 | 1.46 3.04 2.25 2.02 1.34 1.68
VsZ4 1.55 1.15 1.35 0.22 0.35 029 | 3459 | 36.25 | 3542 | 1.79 3.55 2.67 1.64 1.12 1.38
VsZs 1.82 1.26 1.54 0.27 0.35 031 | 37.15 | 3533 | 36.24 | 1.81 3.28 2.54 1.87 1.06 1.46
VsZs 1.65 1.07 1.36 0.20 0.34 0.27 | 3553 | 3321 | 3437 | 151 3.69 2.60 1.73 0.98 1.35
SEm+ 0.06 0.06 0.04 0.02 0.03 0.02 0.96 1.25 0.79 0.22 0.42 0.24 0.16 0.12 0.10
CD at 5% 0.18 NS 0.12 NS NS NS NS NS NS NS NS NS 0.47 NS 0.28
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Fig 4.1.9 Effect of varieties and zinc application on crop growth rate (CGR) of
soybean at different stages of crop during 2018 and 2019
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Fig 4.1.10 Effect of varieties and zinc application on relative growth rate (RGR)
of soybean at different stages of crop during 2018 and 2019
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Fig 4.1.11 Effect of varieties and zinc application on net assimilation rate of soybean at 30-60 DAS during 2018 and 2019




DAS and 60-90 DAS although significant effect was observed in the first-year
experiment of 30-60 DAS.

The interaction effect of varieties and zinc fertilization was non-

significant in both the years of study.

4.1.1.9 Net Assimilation Rate 30-60 DAS (mg cm?)

The data on net assimilation rate (NAR) at 30-60 DAS is presented in
Table 4.1.7a and Fig 4.1.11. The data revealed that varieties have significant
effect on NAR value. The highest NAR was observed in JS 97-52 (2.09, 1.73
mg cm2) which was significantly higher than local cultivar (1.86, 1.14 mg cm-
2) and least in JS-335 (1.73, 0.97 mg cm2). The higher value of NAR in JS 97-
52 might be due to much higher increase in dry matter accumulation as well as
leaf area from 30 DAS to 60 DAS stage. The difference in these parameters
which is purely morphological characteristics of varieties depend on the
genetic make of the cultivar.

NAR was found to remain non-significant upon zinc fertilization in
both the years of experimentation although slight improvement in the value

was observed in zinc treated plots when compared to control.

4.1.1.10 Chlorophyll content at 30 and 60 DAS

The data pertaining to the chlorophyll content (Chlorophyll a, b and
total chlorophyll) at 30 DAS and 60 DAS are presented in Table 4.1.8a. and
Fig 4.1.12 which revealed that there were significant differences among
varieties with respect to chlorophyll content at 30 and 60 DAS in both the
years of experimentation. Cultivar JS 97-52 (0.87 mg g!) was statistically at
par with JS-335 (0.86, 0.88 mg g*) in chlorophyll “a” content at 30 DAS
stage. Similarly, the two varieties were at par with each other in chlorophyll
“b” at 30 DAS stage where JS-335 and JS 97-52 recorded (0.53, 0.56) and
(0.54, 0.53 mg g?) respectively. The highest total chlorophyll at 30 DAS was
recorded by JS-335 (1.39, 1.44 mg g) which was statistically at par with JS
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97-52 (1.41, 1.36 mg g'). Similar trend was also observed at 60 DAS where
the total chlorophyll was recorded highest in JS 97-52 (1.66, 1.70 mg ¢g*?)
which was at par with JS-335 (1.64, 1.67 mg g'). Local cultivar recorded the
lowest total chlorophyll content (1.41, 1.37 mg g!) in both the years of study.
The difference in chlorophyll content among varieties is mainly attributed by

the genetic difference which is the characteristics of particular cultivar.

Zinc fertilization resulted in significant difference at 60 DAS but
remained non significant at 30 DAS. At 60 DAS all the zinc treated plots
recorded significantly higher chlorophyll “a” and chlorophyll “b” content over
control plots. The highest total chlorophyll content at 60 DAS was observed in
Z3(1.71, 1.73 mg g!). The rest of zinc treated plots were statistically at par

with each other but significant over the control plot.

Zinc is a metal which acts as a structural and catalytic component of
proteins, enzymes and as co-factor for normal development of pigment
biosynthesis like chlorophyll in plant systems. Micronutrients such as Zn, Fe
and Mn are required in the biosynthetic pathway and essential for the synthesis
of chlorophyll. At low level of zinc or at zero zinc application there is
reduction of photosynthesis observed in zinc deficient plants might have been,
in part, due to decrease in chlorophyll content and the abnormal structure of
chloroplasts. The reduction of photosynthesis observed in zinc deficient plants
might due to decrease in chlorophyll content and the abnormal structure of
chloroplasts. With increasing level and quantity of zinc plants show
progressing increase in photosynthetic criteria (Chlorophyll a and chlorophyll
b concentration) which was also reported by Ebrahim and Aly (2004) and
Maurya et al. (2010) in their pot experiment on wheat. Ahmed et al. (2022)
intheir experiment on rice found that the higher level of zinc application
enhanced the chlorophyll content differently based on the different varieties of

the same crop which is in confirmation of the results in this experiment.
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6.

Table 4.1.8a Effect of varieties and zinc fertilization on chlorophyll content (mg g) in soybean

at 30 DAS at 60 DAS
Treatments Chlorophyll ‘a’ Chlorophyll ‘b’ Total chlorophyll Chlorophyll ‘a’ Chlorophyll ‘b’ Total chlorophyli
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties

V1 086 | 0.88 | 087 | 053 |05 | 054 | 139|144 | 141 |103|105| 104 | 061|062 | 062 | 164 | 1.67 | 165
V2 087 | 083 | 08 | 054 |053| 05 |141 136 | 139 |101|104| 103 | 065|066 | 065 | 166 | 1.70 | 1.68
V3 0.77 | 083 | 080 | 046 | 053 | 050 |123 136 | 129 | 088 |08 | 086 | 054|053 | 053 |141 | 137 | 139
SEmz 001001 001 [001|001| 001 |002002| 001 [002]002| 001 |001|001| 001 |0.02]0.02]| 0.01
CDat5% | 0.04 | 0.04 | 0.03 | 0.02 | NS 0.02 | 005|005 | 0.04 |005]|005| 004 |002)|002| 002 |0.06|0.06| 0.04

Zinc fertilization
Zo 080 082 | 081 | 049 | 053 | 051 |129 135 | 132 [ 090|090 | 090 | 057|057 | 057 | 147 | 147 | 147
Z: 083 087 | 08 | 051|055 | 053 |13 142 | 138 | 098|097 | 098 | 060 | 0.60 | 0.60 | 159 | 1.57 | 1.58
Z2 084 | 082 | 083 | 052|055 | 053 |136 137 | 137 | 097|100 | 098 | 060 | 0.61 | 0.61 | 157 | 161 | 1.59
Z3 086 | 088 | 087 | 053|055 | 054 | 139|143 | 141 |105|107| 106 | 066 | 0.66 | 066 | 1.71 | 1.73 | 1.72
Zs 083 | 083 | 083 | 051 |053| 052 |134 136 | 135 |[098|099| 098 | 060 | 0.60 | 0.60 | 158 | 1.59 | 1.58
Zs 086 | 088 | 087 | 053 | 055 | 054 | 139|143 | 141 | 097|101 | 099 | 058 | 060 | 059 | 156 | 161 | 1.58
Zs 080 082 | 081 | 049 | 051 | 050 |130 133 | 131 [ 094|092 | 093 | 058|059 | 058 |151|150| 151
SEmz+ 0.02 | 002 | 0.02 |001|001| 001 |002|003| 002 |0.03]|003| 002 |001|001| 001 |0.03]0.03| 0.02
CD at 5% NS | NS NS NS | NS NS | 0.07 | NS 0.05 | 0.07 | 008 | 0.05 | 0.03 | 0.03| 002 | 0.09 | 0.09 | 0.06




Table 4.1.8b Interaction effect of varieties and zinc application on chlorophyll content

(mg g1) in soybean

at 60 DAS
Vxzn Chlorophyll ‘a’ Chlorophyll ‘b’ Total chlorophyll
Interaction orophyll ‘a orophy otal chlorophy

2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
ViZo 098 | 1.00 | 099 | 0.60 | 061 | 061 | 1.58 | 1.61 | 1.59
ViZ1 105 | 1.00 | 1.02 | 060 | 062 | 061 | 1.65 | 162 | 163
ViZ, 098 | 1.05 | 1.02 | 058 | 0.60 | 059 | 1.56 | 1.65 | 1.60
ViZs 109 | 115 | 112 | 0.64 | 066 | 065 | 1.74 | 181 | 1.77
ViZs 1.06 | 1.08 | 107 | 064 | 065 | 065 | 169 | 1.73 | 171
ViZs 107 | 1.09 | 1.08 | 061 | 062 | 061 | 168 | 1.71 | 169
V1Zs 096 | 098 | 097 | 059 | 061 | 060 | 156 | 159 | 157
V2Zo 097 | 096 | 096 | 062 | 063 | 062 | 158 | 1.59 | 158
2 098 | 1.07 | 1.03 | 065 | 066 | 065 | 1.63 | 1.73 | 168
2 102 | 1.06 | 1.04 | 068 | 069 | 069 | 1.70 | 1.75 | 1.72
VaZs 108 | 1.09 | 108 | 071 | 0.72 | 072 | 1.78 | 1.82 | 1.80
VoZs 101 | 1.05 | 1.03 | 061 | 062 | 062 | 162 | 167 | 165
VaZs 104 | 1.09 | 107 | 066 | 067 | 067 | 1.70 | 1.77 | 1.73
VZs 097 | 097 | 097 | 0.60 | 061 | 060 | 1.57 | 1.58 | 1.58
VaZo 077 | 0.74 | 075 | 048 | 046 | 047 | 1.25 | 1.20 | 1.2
2 092 | 0.85 | 0.88 | 056 | 052 | 054 | 149 | 1.37 | 143
VaZ, 090 | 090 | 090 | 055 | 054 | 054 | 1.45 | 1.44 | 1.44
VaZs 099 | 096 | 098 | 061 | 060 | 061 | 1.60 | 1.56 | 158
VaZs 0.88 | 083 | 086 | 055 | 052 | 054 | 1.43 | 1.36 | 1.39
VaZs 0.80 | 0.85 | 083 | 049 | 050 | 049 | 129 | 1.35 | 132
VaZs 0.87 | 081 | 084 | 054 | 054 | 054 | 141 | 1.34 | 1.38
SEm:+ 004 | 005 | 003 | 002 | 002]| 001 | 005/ 005/ 004

CDat5% | NS | NS | NS | 006 | 005 | 004 | NS | NS | NS
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Fig 4.1.12 Effect of varieties and zinc application on total chlorophyll of soybean at 60 DAS during 2018 and 2019




The interaction effect of varieties and zinc fertilization was significant
only in chlorophyll “b” content at 60 DAS. The treatment combinations, V2Z3
(0.71, 0.72) and V2Z> (0.68, 0.69) were found highly significant over other

treatments while they remained statistically at par with each other.

4.1.1.11 Days to 50% flowering and days to maturity

The data pertaining to days to 50% flowering and days to maturity are
presented in Table 4.1.9 and Fig 4.1.13. It was revealed that among the varieties
local cultivar recorded the longest number of days to attain 50% flowering
(68.40, 74.10 days) which was statistically higher value when compared to JS-
335 (41.70, 41.00 days) and JS 97-52 (45.00, 46.80 days) in both the years.
Similar trend was also observed among varieties towards attaining maturity
period. JS-335 (97.50, 107.00 days) took the least number of days to reach
maturity which was statistically at par with JS 97-52 (99.10, 109.00 days) and
superior as compared to local cultivar (126.90, 137.50 days). It is a common
characteristic that local landrace to take much longer time to flower and mature
compared to improved varieties. Our results were corroborated by the findings
of Muhammad et al. (2003) and Bhatia et al. (1999). This is mainly due to

varietal difference and genetic characteristics of the variety or cultivar.

Zinc fertilization significantly influenced the number of days to 50%
flowering as well as days to maturity irrespective of varieties in both the years
of experimentation. Zinc application significantly reduced the number of days
to achieve 50% flowering. Control treatment took the longest time to achieve
flowering (52.60, 55.10 days) while zinc treatments, Z», Z3, Z4 and Zs recorded
lesser number of days to 50% flowering. Similar was the case in days to
maturity where Zz (117.30, 112.10 days) took the least number of days to
maturity compared to control (119.60, 114.70 days). Zinc application treatments
have no significant effect on the days to 50% flowering in both the years,
although there was slight delay in flowering in control treatments as compared

to the zinc treated plots. Similarly, many other workers have reported that zinc

81



could significantly affect the crop duration for achieving maturity time who
have reiterated the fact that zinc application either foliar or soil (Masoud et al.,
2012; Hafeez et al., 2013; Ali et al. 2021). The reason for early flowering in
case of zinc application to crops might be due to rapid initial plant growth
because of favourable environment and due to proper and appropriate
concentrations of micronutrients. Upon zinc application, the crop might have
experienced better absorption of the nutrients which involved in the metabolic
activity and activated the hormone which influences the earliness. The foliar
application of zinc enhanced the metabolic activities of the plant which
increased cell enlargement and cell elongation due to which the rate of
photosynthesis increased and plant produced early flowering. Days to 50%
flowering was reduced with the increasing Zn level could be due to the role of
Zn in regulating the synthesis of auxin that promotes flowering (Keram et al.,
2014). A minor reduction in flowering time with application of zinc nutrition
supported a comparative lengthier grain filling duration. These findings were in
agreement to the one reported by Abdoli et al. (2014) as they also related
increase in yield components and grain zinc components with reduced days to
flowering. This led to lengthier grain filling duration which finally influenced
the reproductive attributes of the crop. Similar results on zinc effect on 50%
flowering were obtained by researchers in different crops (Narahari et al., 2018;
Hussain et al., 2020; Ali et al., 2021; Keram et al., 2014).

4.1.1.12 Number of nodules

The data on the effect of varieties and zinc application on the number of
nodules plant* have been presented in Table 4.1.10a and Table 4.1.10b. At 45
DAS varieties significantly differed with respect to the number of nodules plant
! Local cultivar (V3) recorded the highest number of nodules plant? (21.55,
21.76) at 45 DAS which was significantly higher when compared to JS-97-52
(16.19, 17.14) and JS-335 (15.59, 16.45) in both the years. The same trend was
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Table 4.1.9 Effect of varieties and zinc application on 50% flowering and days to

maturity of soybean

Days to 50% flowering

Days to maturity

freaiments 2018 2019 Pooled 2018 2019 Pooled
Varieties

V1 41.70 41.00 41.30 97.50 107.00 102.30

V2 45.00 47.00 46.00 99.10 109.00 104.10

V3 68.40 74.10 71.20 126.90 137.50 132.20
SEmz 0.26 0.28 0.19 0.48 0.39 0.31
CD at 5% 0.74 0.81 0.58 1.37 1.11 0.94

Zinc fertilization

Zo 52.60 55.10 53.80 109.80 119.60 114.70

Z1 51.70 53.70 52.70 107.90 117.60 112.70

Z 51.90 53.20 52.60 108.70 117.90 113.30

Z3 51.00 54.10 52.60 106.80 117.30 112.10

Zs 51.20 53.90 52.60 107.80 118.10 112.90

Zs 51.10 54.30 52.70 106.90 116.80 111.80

Zs 52.20 53.80 53.00 106.90 117.90 112.40
SEmz+ 0.39 0.43 0.29 0.73 0.60 0.47
CD at 5% NS NS 0.82 NS NS 1.33
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Fig 4.1.13 Effect of varieties and zinc application on days to 50% flowering and days to maturity of soybean during 2018 and 2019



also followed at 45 DAS where local cultivar found to have the maximum
number of nodules plant? (33.31, 35.50) significantly higher than JS-335 (23.1,
28.70) and JS 97-52 (24.39, 23.47) while the two were statistically at par with

each other.

The application of zinc significantly influenced on the number of
nodules plant? in both the years of study. Among the treatments, Zs (Soil
application of Zn @ 5 kg ha? through ZnSO4.7H,O + Two foliar spray
application of ZnSOs @ 0.25%) recorded the highest number of nodules plant*
(20.22, 20.44) which was significantly higher than the other zinc treatments.
The data depicted that increasing level of zinc enhanced the nodulations and it
was more prominent in the case where soil application was imposed. The
findings were in agreements with those reported by Awlad et al. (2003), Goudar
et al. (2008), Kobraee et al. (2011b) and Chauhan et al. (2013) who reported
91% higher nodulation in soybean under the application of Zn @ 5 kg ha* in
consecutive years of study which revealed with increasing zinc nutrition
increased the number of nodules. The enhancement in nodulation at low levels
of Zn was probably associated with its role in auxin production through
tryptophan synthesis. It was also observed that foliar application of Zn (Zs and
Zs) did not differ significantly on the number of nodules of soybean and this

result is supported by the finding of Soni and Kushwaha (2020).
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Table 4.1.10a Effect of varieties and zinc application on nodulation of soybean at 45 and 60 DAS

No. of nodules plant at

Nodules dry weight at

No. of nodules plantat

Nodules dry weight at

Treatments 45 DAS 45 DAS (g plant?) 60 DAS 60 DAS (g plant?)
2018 | 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 1559 | 16.45 16.02 0.43 0.61 0.52 23.12 28.70 25.91 0.64 0.32 0.48
V2 16.19 | 17.14 16.67 0.42 0.64 0.53 24.39 23.47 23.93 0.64 0.45 0.55
V3 21.55 | 21.76 21.66 0.52 0.74 0.63 33.31 35.50 34.41 0.75 0.55 0.65
SEmz 0.37 0.35 0.25 0.01 0.01 0.01 0.55 0.86 0.51 0.01 0.01 0.01
CD at 5% 1.05 1.01 0.77 0.04 0.04 0.03 1.56 2.46 1.55 0.04 0.04 0.03
Zinc fertilization

Zo 1593 | 17.11 16.52 0.39 0.59 0.49 23.49 24.29 23.89 0.62 0.35 0.48
Z1 17.96 | 18.36 18.16 0.45 0.69 0.57 27.13 27.20 27.17 0.66 0.42 0.54
Z2 17.80 | 18.38 18.09 0.47 0.72 0.59 27.00 28.89 27.94 0.69 0.42 0.56
Z3 20.22 | 20.44 20.33 0.47 0.69 0.58 30.62 32.56 31.59 0.74 0.54 0.64
Zs 18.13 | 18.96 18.54 0.49 0.69 0.59 27.44 31.24 29.34 0.64 0.42 0.53
Zs 17.44 | 18.04 17.74 0.45 0.65 0.55 26.56 32.24 29.40 0.71 0.46 0.58
Zs 16.96 | 17.87 17.41 0.48 0.62 0.55 26.36 28.16 27.26 0.70 0.45 0.57
SEmz+ 0.56 0.54 0.39 0.02 0.02 0.01 0.83 1.32 0.78 0.02 0.02 0.02
CD at 5% 1.60 1.54 1.09 0.06 0.06 0.04 2.38 3.76 2.19 0.06 0.06 0.04




Table 4.1.10b Interaction effect of varieties and zinc application on nodulation
of soybean at 45 and 60 DAS

No. of nodules plant* at Nodules dry weight at
VxZn 60 DAS 60 DAS (g plant™)
Interaction  ™"5018 | 2019 | Pooled | 2018 | 2019 | Pooled
ViZo 2060 | 24.00 | 2230 | 0.59 0.28 0.43
ViZi 2340 | 25587 | 2463 | 0.63 0.28 0.45
ViZs 2200 | 2420 | 2310 | 0.71 0.29 0.50
ViZs 26,60 | 29.47 | 2803 | 0.70 0.35 0.53
ViZ, 2440 | 3580 | 30.10 | 0.54 0.33 0.43
ViZs 2180 | 34.33 | 28.07 | 0.66 0.34 0.50
ViZs 23.07 | 27.27 | 2517 | 0.64 0.39 0.51
VoZo 2047 | 19.67 | 20.07 | 0.62 0.37 0.50
VoZs 2360 | 1960 | 2160 | 0.64 0.38 0.51
2 2227 | 2380 | 2303 | 0.60 0.47 0.53
VoZs 2607 | 2653 | 2630 | 0.70 0.54 0.62
VoZs 2700 | 2500 | 26.00 | 0.55 0.47 0.51
VoZs 26.13 | 2520 | 2567 | 0.70 0.46 0.58
VoZs 2520 | 2447 | 2483 | 0.70 0.44 0.57
VsZo 2940 | 2920 | 2930 | 0.64 0.41 0.53
2 3440 | 3613 | 3527 | 072 0.60 0.66
VsZ, 36.73 | 38.67 | 37.70 | 0.77 0.50 0.64
VaZs 39.20 | 41.67 | 40.43 | 081 0.72 0.77
VsZ, 3093 | 3293 | 3193 | 081 0.48 0.65
VsZs 31.73 | 37.20 | 3447 | 0.76 0.58 0.67
VsZs 3080 | 3273 | 3177 | 0.76 0.53 0.64
SEmz 1.44 2.28 1.35 0.04 0.04 0.03
CD at 5% 4.12 NS 3.80 NS 0.10 0.07
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4.1.1.13 Dry weight of nodules

The data on the effect of varieties and zinc application on dry weight of
nodules plant™ have been presented in Table 4.1.10a and Table 4.1.10b. The dry
weight of nodules at 45 DAS was found to be significantly higher in local
cultivar (0.52, 0.74 g plant?) as compared to JS 335 (0.42, 0.64 g plant™) and JS
97-52 (0.61, 0.52 g plant™). Similarly, the nodules dry weight at 60 DAS was
observed to be significantly higher in local cultivar (0.76, 0.55 g plant) while
JS 335 and JS 97-52 were at par with each other in the first year.

Zinc fertilization found to significantly have influenced on the dry
weightof nodules plant?. Zs resulted inhigher value of nodule dry weight (0.74,
0.54 g plant?) followed by Zs and lowest being the control treatment (0.62, 0.35
g plant?). At 60 DAS also, Z3 found significantly superior (30.62, 32.56 g plant
1) over other treatments. This result was supported by the finding reported by
Bhanavase et al. (1994) and Ismail and Tarig (2018).

4.1.2 Yield attributing characters
The data pertaining to yield attributes as affected by different varieties

and zinc levels is presented in Table 4.1.11.

4.1.2.1 Number of pods plant?

The data on number of pods plant™ revealed that there were significant
variations among varieties. The highest value was recorded in JS 97-52 in both
the years (71.81, 53.53 pods plant?) followed by local cultivar (36.67, 36.42
pods plant™) and JS-335 (30.35, 33.39 pods plant™).

Zinc applications too significantly influenced the number of pods per
plant in both the years. Zs (Three foliar spray applications of ZnS04.7H.0 @
0.5%) recorded the highest pods plant™? (49.84, 44.31 pods plant?) which was
statistically at par with Z3 (47.22, 43.00 pods plant?) and Z4 (47.20, 43.02 plant
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Table 4.1.11 Effect of varieties and zinc application on yield attributes of soybean

No. of pods plant* No. of seeds pod Pod length 100-seed weight
Treatments (cm) (9)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties

V1 30.35 33.39 31.87 2.50 2.42 2.46 3.41 3.45 3.43 10.00 10.01 10.01

V2 71.43 53.53 62.48 2.61 2.58 2.60 3.09 3.08 3.08 8.01 8.25 8.13

V3 35.95 36.42 36.19 2.53 2.43 2.48 3.40 3.37 3.39 6.55 6.58 6.56

SEmz 0.92 0.80 0.61 0.05 0.05 0.04 0.04 0.03 0.03 0.20 0.18 0.13

CD at 5% 2.64 2.28 1.86 NS NS NS 0.11 0.10 0.08 0.56 0.52 0.41

Zinc fertilization

Zo 41.67 36.42 39.04 2.47 2.33 2.40 3.23 3.27 3.25 7.88 8.05 7.97

VA 45.73 40.22 42.98 2.49 2.53 2.51 3.38 3.38 3.38 8.53 8.48 8.50

Z> 43.96 40.36 42.16 2.64 2.51 2.58 3.22 3.24 3.23 8.41 8.53 8.47

Z3 47.22 43.00 45.11 2.58 2.60 2.59 3.41 3.33 3.37 8.50 8.43 8.47

Z4 47.20 43.02 45.11 2.53 2.33 2.43 3.33 3.31 3.32 8.05 8.32 8.19

Zs 49.84 44.31 47.08 2.60 2.58 2.59 3.30 3.30 3.30 8.11 8.25 8.18

Zs 45.76 40.47 43.11 2.53 2.44 2.49 3.25 3.26 3.26 7.84 7.87 7.86

SEmz+ 1.41 1.22 0.93 0.07 0.08 0.05 0.06 0.05 0.04 0.30 0.28 0.20

CD at 5% 4.03 3.49 2.62 NS NS NS NS NS NS NS NS NS




1. All the treatments were statistically superior over control. Yield of legumes
highly depends on the number of pods plant™ which is mostly correlated with
yield. Therefore, pods plant? is the most effective and significant yield attribute
and at the same time the most variable component. The main reason for higher
value of this yield attribute upon zinc application might be due to the significant
role of Zn in the synthesis and production of indole acetic acid (IAA) which
resulted in higher number of pods plant™. It can also be explained by the role of
micronutrients in increasing the number of branches due to the formation of
stamens and pollens (Nadergoli et al., 2011). Zn is an important element and
shows a key role in regulating the auxin concentration throughout the plant
body, biosynthesis of indole acetic acid. Zn also controls the physiological and
biochemical processes and stimuli for the initiation of primordia regarding
reproductive growth. It has a positive influence on the translocation of required
metabolites from the source to the sink of plants. Several workers have reported
the effect of micronutrient on enhancing the number of pods plant™? (Heidarian
et al., 2011; Quddus et al., 2011). Our result was also supported by the findings
of Kobraee et al. (2011) in soybean and Seifi-Nadergholi et al. (2011) in
common bean who indicated that the number of pods plant* was enhanced by
zinc foliar application. The increasing values of yield attributes upon zinc
application (Soil or foliar or combined) to these pulses could be due to the
favourable influence of the Zn application to crops on nutrient metabolism,
biological activity and growth parameters and hence, applied zinc resulted in
taller plants and higher enzyme activity which in turn encourage vegetative

branches and pods plant.

The interaction effect between varieties and zinc treatments was found

non-significant during both the years.

4.1.2.2 Number of seeds pod*
The data pertaining to the number of seeds pod are presented in

4.1.11. The data shows that there was no significant effect of varieties on the
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number of seeds per pod. The number of seeds per pod was found to be slightly
more in JS-97-52 (2.61, 2.58 seeds pod™) which was followed by local (2.53,
2.43 seeds pod?) and JS-335 (2.50, 2.42 seeds pod?). The significant variation
in yield attributing characters likepods plant, seeds podand seed index were
observed among the three varieties which was purely a varietal characteristic

and due to difference in their genetic makeup.

There was no significant difference on the number of seeds pod with
the application of zinc during both the years of study. Although there was non-
significant difference in the number of seed pod under zinc fertilization,
however when compared to control plots the zinc treated plants tend to have
higher value. Similar results have also been reported by Heidarian et al. (2011),
Nadergoli et al. (2011) in common bean and Nasri et al. (2011) on Phaseolus

vulgaris.

The interaction effect between varieties and zinc treatments on number

of seeds pod was found non-significant during both the years.

4.1.2.3 Pod length (cm)

The results of pod length of soybean have been presented in Table
4.1.11. The data revealed that pod length differed significantly among varieties,
and it was found to be significantly higher in JS-335 (3.41, 3.45 cm) which was
statistically at par with the local cultivar (3.40, 3.37 cm) and least in JS-97-52
(3.09, 3.08 cm).

The zinc treatments did not cause any significant difference in pod length
of soybean in both the years. The interaction effect too found non-significant in

both the years.

4.1.2.4 Seed index
It is apparent from the Table 4.1.11 that the maximum seed index was
recorded in JS-335 (10.00, 10.01 g) which was statistically superior over the

other varieties. Local cultivarrecorded a barely low value of seed index (6.55,
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6.58 g). All the varieties varied significantly among each other on this yield
attribute. Seed index and seed boldness is purely a varietal characteristics and
genetic makeup of the particular cultivar so therefore improved varieties were
selected to have higher seed index or more seed boldness for better seed yield.
The highest 100-seed weight was observed in Z; (8.53, 8.48 g) and least in
control (7.88, 8.05 g).

Zinc fertilization failed to produce a significant difference on seed index
of soybean in both the years. External application of zinc fertilizers has very
negligible role or non-significant effect in altering such varietal characteristic of
the crop. Although non-significant difference observed in 100-seed weight there
was higher value in zinc fertilized plants compared to control. This increase in
100-seed weight can be explained by the fact Zn is an important element and
shows a key role in regulating the auxin concentration throughout the plant
body, biosynthesis of indole acetic acid. It is also reported that photosynthesis
and respiration rates is enhanced and improved physiological and biochemical
processes were observed by the application of Fe, Zn, and Mn (Zeidan et al.,
2010). Similar results on the effect of zinc in enhancing seed index have been
reported by Sharma et al. (2010), Farhan and Al-Dulaemi (2011) and Abdel et
al. (2014).

4.1.3 Yield
4.1.3.1 Seed yield

The seed yield of a crop is the net result of interaction of various factors
and is a valid criterion for comparing the efficacy of various treatments. The
data on seed yield as influenced by varieties and zinc fertilization is presented in
Table 4.1.12 and Fig 4.1.14. All the three varieties varied significantly among
each other on seed yield in both the years. JS 97-52 registered the highest seed
yield (1.88, 1.69 t ha't) followed by JS-335 (1.49, 1.52 t ha!) and the least was
recorded in local cultivar (1.29, 1.24 t hal). In this study, the yield achieved

from the two the improved varieties were much lower than their yield potentials
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Table 4.1.12 Effect of varieties and zinc fertilization on seed yield, stover yield, biological yield and harvest index in soybean

Seed yield Stover yield Biological yield i
Treatments (tha') (tha') tha?) Harvest index (%)
2018 2019 | Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 1.49 1.52 1.51 1.49 1.39 1.44 2.98 2.91 2.94 0.50 0.52 0.51
V2 1.88 1.69 1.79 1.91 1.78 1.84 3.78 3.47 3.63 0.50 0.49 0.49
V3 1.29 1.24 1.27 1.78 1.96 1.87 3.07 3.20 3.14 0.42 0.39 0.40
SEmz 0.02 0.01 0.01 0.04 0.03 0.03 0.05 0.04 0.03 0.00 0.01 0.00
CD at 5% 0.05 0.04 0.04 0.11 0.10 0.08 0.13 0.11 0.09 0.01 0.01 0.01
Zinc fertilization
Zo 1.38 1.32 1.35 1.55 1.54 1.54 2.93 2.85 2.89 0.47 0.46 0.47
Z1 1.54 1.46 1.50 171 1.70 1.71 3.25 3.16 3.21 0.47 0.46 0.47
Z2 1.50 1.46 1.48 1.60 1.66 1.63 3.10 3.12 3.11 0.48 0.47 0.48
Z3 1.65 1.59 1.62 1.80 1.76 1.78 3.45 3.35 3.40 0.48 0.48 0.48
Za 161 1.50 1.56 1.80 1.75 1.77 3.41 3.25 3.33 0.47 0.47 0.47
Zs 1.62 1.55 1.59 1.86 1.84 1.85 3.48 3.40 3.44 0.46 0.46 0.46
Zs 1.57 151 1.54 1.75 1.71 1.73 3.32 3.22 3.27 0.47 0.47 0.47
SEmz 0.03 0.02 0.02 0.06 0.05 0.04 0.07 0.06 0.05 0.01 0.01 0.01
CD at 5% 0.08 0.06 0.05 0.16 0.15 0.11 0.20 0.16 0.13 NS NS NS
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Seed yield

Fig 4.1.14 Effect of varieties and zinc application on seed yield of soybean during 2018 and 2019




(2.7-3.0 t ha) which could be due to many factors viz., climatic, soil factors
and genotype x environment interaction which eventually determined and
reflected on their economicyield. The superiority of the variety JS 97-52 could
be due to its higher potential yield and suitability in the location. One of the
major factors for superiority of this variety was due to it significantly higher
number of pods plant?! and 100-seed weight which has cumulatively attributed

on overall yield dominance over to the other varieties.

Zinc fertilization significantly influenced on the seed yield of soybean
during both the years of experimentation. All the zinc fertilization treatments
were significantly higher than the control in seed yield. Zinc treatment, Z3 (Soil
application of Zn @ 5 kg ha? through ZnSO4.7H,O + Two foliar spray
application of ZnSO4 @ 0.25% at pre-flowering and pod formation stages)
registered the highest seed yield (1.65, 1.59 t ha!) which was statistically at par
with Zs (Three foliar spray applications of ZnSO4.7H.O @ 0.5%) (1.62, 1.55t
hal). Similar trend was also observed in the pooled data. The seed vyield
increased by (19.70, 20.88%) from control (13.79, 13.15 t ha't) to (16.51, 15.90
q ha?) in Zs. Similarly, the enhanced seed yield in Zs over the control was
(17.70, 18.03%) which was followed by Z4 (16.56, 14.42%) in both the years.

The increase seed yield as observed in the experiment upon progressive
increment of zinc nutrient quantity was likely due to abundant supply of Zn
nutrition, which increased the protoplasmic constituents, helping the process of
cell division and elongation, photosynthetic processes, respiration other
biochemical and physiological activities (Maurya et al., 2010). The overall
increase of these processes that involved in the plant systems might have
improved the values of all growth and vyield attributing parameters, which
finally reflected in increased grain and straw yield. With zinc application there
was an increase in yield attributes, grain and stover yield which might be due to
higher uptake of zinc which led to higher biomass production as elaborated by

Shivay et al. (2008a) and Pooniya et al. (2012) and more photosynthates
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translocation to reproductive parts (Ozkutlu et al., 2006). As zinc helps in
pollen germination and seed formation there could be more seed formation
which resulted from increased fertility percentage under Zn applied plots. Zinc
sulphate (ZnSO4.7H.0) was superior to zinc oxide (ZnO) in the effective
enhancement of seed yield. This result was supported by the findings of Kanase
et al. (2008) and Shivay et al. (2008b) in their experiments. Nayyar et al. (2001)
also elaborated the same reasons that ZnO was inferior to Zn sulphate with
respect to seed yield of rice which could be due to better solubility of
ZnS04.7H20. The superiority of treatment Zz over Zs could be due to more
assimilation of zinc nutrient to plant systems when higher amount of zinc
supplied (5.63 kg ha') as compared to sole foliar application of ZnSO4 (1.89 kg
hal) treatments. The two foliar sprays coincided with flowering and pod
formation stage of soybean could have improved Zn nutritional status of plant,
thus filling the gap created in plant which was due to translocation effect and
this helped in enhancing the seed yield which was observed in treatments with
soil and two foliar spray applications. The increase in seed yield may be due to
the higher efficiency of enzymatic activities which ultimately influenced the
plant as Zn is an important component of all classes of enzymes that encourages
growth and yield components. Through foliar application, the plant absorbed the
applied nutrients via the stomata of the leaves faster and efficiently than the one
applied through the soil which was similar to the results of Smolen (2012) as
foliar uptake of mineral nutrients is ranged from 8 to 20 times more efficient
than soil application.

The interaction effect between varieties and zinc fertilization was found

non-significant in both the years of experimentation.

4.1.3.2 Stover yield
The data on stover yield of soybean as influenced by cultivar and zinc
fertilization are presented in the Table 4.1.12. There was significant difference

among varieties on the stover yield of soybean in both the years. Local cultivar
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recorded the highest stover yield (1.78, 1.96 t ha') followed by JS 97-52 (1.91,
1.78 t ha') which was significantly higher than and JS-335 (1.49, 1.39t hal).
Higher stover yield in local cultivar and JS 97-52 was mainly due to the varietal
charactertic of the two for having more vegetative biomass as compared to JS-
335.

Stover yield significantly differed in zinc applications in both the years.
Among the different zinc fertilization treatments, Zs (Three foliar spray
applications of ZnSO4.7H.0 @ 0.5%) recorded the highest stover yield (1.86,
1.84 t hal) which was statistically at par with almost all zinc treated plants.
With application of zinc there was an increase in the values of all growth and
yield attributing parameters, which finally reflected in increased both grain and
straw yield. The results observed was in conformity with the findings of
Nandanwar et al. (2007) where grain and straw yield of soybean increased
significantly with Zn 5.0 kg Zn application as compared to control. Kanase et
al. (2008) also reported that zinc application increased straw yield of soybean

over control.

The interaction effect between varieties and and zinc fertilization on

stover yield was found to be non-significant in both the years.

4.1.3.3 Biological yield

The data pertaining to biological yield are presented in Table 4.1.12. The
biological yield of soybean significanty varied among varieties in both the years
of study. The highest biological yield was recorded in JS 97-52 (3.78, 3.47 t ha
1) which was followed by local cultivar (3.07, 3.20 t ha). The lowest value was
observed in JS-335 (2.98, 2.91 t ha'!). The higher value of seed yield and stover
yield in JS 97-52 cumulatively enhanced the biological yield. Whereas in the
case of local cultivar owing to its high stover yield which is a common
characteristic of local landraces resulted in increased biological yield when zinc

fertilization significantly enhanced the biological vyield of soybean
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(3.48, 3.40 t hal) and the lowest recorded in control (2.93, 2.85 t ha'). The
result revealed that three foliar spray applications of zinc sulphate @ 0.5%
slightly have higher biological yield than the rest might be due to better
assimilation of zinc nutrient applied when compared to the other treatments.
The increase in the values of biological yield with progressive increase in zinc
application resulted the enhancement in biological yield could be due to the role
of zinc that has catalytic and constructive role in the physiological and
biochemical activities and in respiration and photosynthesis processes and thus
resulting in higher economical yield. Our finding was supported by the result of
the previous studies given by Ghasemian et al. (2010) and Kobraee et al.

(2011a) in their experiments on soybean.

However, the interaction between varieties and zinc fertilization on

biological yield was found non-significant in both the years.

4.1.3.4 Harvest Index

The harvest index was found to be significantly higher in JS-335 (0.50,
0.52) and JS 97-52 (0.50, 0.49) as compared to local cultivar (0.42, 0.39). Much
lower value of harvest index in case of local cultivar was due to very low seed
yield and comparatively high value of stover yield which is basically the

character of the local cultivar.

Zinc fertilization failed to produce any significant influence on the
harvest index of soybean in both the years of study. The present results on non-
significant increase in harvest index were in agreement with the work of
Hussain et al. (2005) and Abdoli et al. (2014) while it was contrary to the
findings of Kobraee et al. (2011a); Nadergoli et al. (2011) and Hafeez et al.
(2021).

Similarly, the interaction effect of cultivar and zinc application was

found to be non-significant.
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4.1.4 Nutrient concentration and uptake
4.1.4.1 Nitrogen content in grain

The perusal of data of nitrogen content in grain as influenced by varieties
and zinc fertilization is presented in Table 4.1.13 and illustrated in Fig 4.1.15.
Varieties did not vary significantly on nitrogen content in both the years of
experiment. Although non-singificant the nitrogen content was numerically
higher in JS 335 (6.19, 6.15%) followed by JS 97-52 (6.09, 6.10%).

Zinc fertilization resulted to significant difference in the N content in
grain in both the years of experimentation. The highest N concentration was
observed in Zs (Three foliar spray applications of ZnSO4.7H.0 @ 0.5%) (6.36,
6.30%) which remained at par with the rest of zinc treatments but statistically
superior over the control (5.74, 5.71%). The percentage increase in N
concentration in grain of soybean with Zs over control was (10.82, 10.31%),
(9.48, 10.09%) in Zzand (6.32, 7.70%) in Zsin both the years. The result of this
investigation was in conformity to the study reported by Zhao et al. (2009) and
Gomez-Beccera et al. (2010) who stated that there is a close relationship
between Zn, Fe, N, P and K. Shivay et al. (2015) reported that with soil and
foliar zinc biofortification resulted in enhancement of rice grain with N, P, K
and Fe. The higher content of N in grain upon zinc application might be due the
role of zinc in enhancing photosynthesis which resulted in higher nutrient
accumulation. The finding is supported by those reported by Kobraee et al.
(2011), Salih (2013) and Jat et al. (2021).

The interaction effect of cultivar and zinc application has no significant

effect on N concentration in grain in both the years of study.

4.1.4.2 Nitrogen content by stover
The perusal of data of nitrogen content in stover as influenced by
varieties and zinc fertilization is presented in Table 4.1.13. Nitrogen content in

stover did not significantly differ among varieties. The N content in stover of
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Table 4.1.13 Effect of varieties and zinc fertilization on N content in grain and stover and their uptake in soybean

N content in N content in stover (%) N uptake ir_l grain N uptake in_ stover '_I'otal N uptake _
Treatments grain (%) (kg ha?) (kg hat) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
V1 6.19 6.15 6.17 2.04 2.09 2.07 | 92.33 | 93.39 | 9286 | 30.45 | 29.00 | 29.73 | 122.79 | 122.38 | 122.59
V2 6.09 6.10 6.10 1.91 1.96 194 |114.19 | 103.48 | 108.84 | 36.58 | 34.96 | 35.77 | 150.77 | 138.44 | 144.61
\& 6.00 5.99 6.00 2.02 2.05 204 | 77.42 | 7458 | 76.00 | 36.01 | 40.48 | 38.25 | 113.43 | 115.06 | 114.24
SEmz 0.09 0.08 0.06 0.04 0.04 0.03 1.43 1.49 1.03 0.97 0.97 0.68 1.88 1.82 1.31
CD at 5% NS | NS NS NS NS 0.09 4.09 4.25 3.13 2.76 2.77 2.08 5.36 5.19 3.97
Zinc fertilization
Zo 5.74 571 5.72 1.96 1.91 193 | 7948 | 75.28 | 77.38 | 30.21 | 29.27 | 29.74 | 109.69 | 104.56 | 107.12
Z: 6.11 6.13 6.12 1.93 1.98 196 | 93.83 | 90.00 | 91.91 | 33.15 | 33.55 | 33.35 | 126.98 | 123.54 | 125.26
Z2 6.03 6.08 6.06 1.91 1.97 194 | 90.47 | 8854 | 89.50 | 30.61 | 32.61 | 31.61 | 121.08 | 121.15 | 121.11
Z3 6.28 6.29 6.29 2.01 2.13 2.07 |103.72 | 99.79 | 101.76 | 35.85 | 37.50 | 36.68 | 139.57 | 137.29 | 138.43
Zs 6.10 6.15 6.13 2.06 2.01 2.04 | 98.19 | 9295 | 95,57 | 36.72 | 35.15 | 35.93 | 134.91 | 128.10 | 131.51
Zs 6.36 6.30 6.33 2.11 2.26 219 |103.15| 97.30 | 100.23 | 39.25 | 41.65 | 40.45 | 142.41 | 138.95 | 140.68
Zs 6.01 5.92 5.96 1.97 1.99 198 | 93.68 | 89.52 | 91.60 | 34.65 | 33.95 | 34.30 | 128.33 | 123.47 | 125.90
SEmz 0.13 0.13 0.09 0.06 0.06 0.05 2.18 2.27 1.58 1.48 1.48 1.05 2.86 2.77 1.99
CD at 5% 0.38 0.37 0.26 NS 0.19 0.13 6.24 6.49 4.43 4.22 4.23 2.94 8.19 7.93 5.61
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Fig 4.1.15 Effect of varieties and zinc application on N uptake by grain in soybean during 2018 and 2019




JS-335 (2.04, 2.09%), local cultivar (2.05, 2.04%) and JS 97-52 (1.91, 1.96%)

was recorded.

Zinc fertilization did not significantly influence the N content in grain in
the first year whereas in the second-year experiment and on the pooled data
significant difference was observed. The treatment, Zs (Three foliar sprays of
ZnS04.7H0 @ 0.5%) (2.11, 2.26%) was statistically at par with Z3, Z: and Z4
and significantly higher than the control (1.96, 1.91%).

The interaction effect was non-significant during both the years.

4.1.4.3 Nitrogen uptake by grain

The nitrogen uptake in grain as influenced by varieties and different zinc
treatments are presented in Table 4.1.13. Nitrogen uptake is the product of
multiplication between yield (Grain or straw) and nitrogen content. The data
revealed the grain N uptake differed significantly among varieties for both the
years of study. Grain N uptake by the variety JS 97-52 (114.19, 103.48 kg ha)
was significantly higher than JS-335 (92.33, 93.39 kg ha') and local cultivar
(77.42, 74.58 kg ha*). Owing to significantly higher grain yield in JS 97-52 the

uptake of N was also correspondingly increased.

There was significant difference on the effect of zinc fertilization on N
uptake. The zinc treatment Zs observed the highest grain N uptake (103.72,
99.79 kg hal) in both the years which was statistically at par with Zs(103.15,
97.30 kg hal). The percentage increase in N uptake by (30.50, 32.56%) due to
the treatment Z3 (Soil application of Zn @ 5 kg ha through ZnSO4.7H,0 + two
foliar spray application of ZnSOs @ 0.25%) over control in both the years.
Similarly, Zs, Z4 and Z: increased by (29.79, 29.26%), (23.54, 223.48%) and
(18.06, 19.55%) respectively. Previous research works were supporting that
application of Zn enhance the N, P and K content. A close relationship between
Zn, Fe, N, P and K has been reported by some studies (Zhao et al., 2009;
Gomez-Beccera et al., 2010). Shivay et al. (2015) had earlier indicated that Zn
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application increased Fe, N, P and K content and uptake in rice. Potarzycki and
Grzebisz (2009) also reported that zinc foliar application increased nitrogen
uptake and protein quality which ultimately improved growth and vyield
components of the crop.

The interaction effect between varieties and zinc fertilization on grain N

uptake was observed to be non-significant in both the years.

4.1.4.4 Nitrogen uptake by stover

The perusal of data in Table 4.1.13 shows that all the three varieties were
significantly different from each other for stover N uptake. The highest value of
stover N uptake was recorded by soybean cultivar JS 97-52 (36.58, 34.96 kg ha
1) which was statistically at par with local cultivar (36.01, 40.48 kg ha?), but
both varieties were significantly higher than JS 335 (31.81, 29.00 kg ha™)
during both years of study.

There was significant difference on the N uptake by stover upon zinc
fertilization in both the years of experiment. The highest N uptake was observed
in Zs (39.25, 41.65 kg ha') while the other zinc treatments were statistically at
par with each other. The lowest value was observed in control (30.21, 29.27 kg
ha't).

The interaction of varieties and zinc application was found to be non-

significant in both the years of study.

4.1.4.5 Total N uptake by soybean

The data on total N uptake in soybean is been presented in Table 4.1.13.
Total N uptake differed significantly among varieties in both the years of study.
Total N uptake by the cultivar JS97-52 (150.77, 138.44 kg ha?) was
significantly higher than JS-335 (124.14, 122.38 kg ha') and least in local
cultivar (113.43, 115.06 kg ha'). The percentage difference in total N uptake by
JS 97-52 was higher than local cultivar (32.92, 20.32%) and JS-335 (21.45,

17.31%).
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The data revealed that there was significant difference in total N uptake
under the effect of zinc fertilization. Among zinc treatments, Zsi.e., three foliar
spray applications of ZnS0..7H.0 @ 0.5% (143.78, 138.95 kg ha') was
statistically at par with and Z3 (139.92, 137.29 kg ha) but superior to other
treatments in both the years. The increased of total N uptake by Zs, Z3, and Z4
over control was (31.07, 32.84%), (27.55, 31.26%), (22.98, 22.47%) in both the
years. In general observation the increased uptake of nitrogen, phosphorus and
potassium content in seed and stover could be due to the fact that uptake of
nutrient is a product of biomass and nutrient content. This can also be explained
due to the synergistic interaction between zinc and nitrogen. The higher value of
nitrogen content and uptake in seed and stover could be due to the reason that
zinc is essential for synthesis of DNA and RNA and for metabolism to produce
carbohydrate, lipids and proteins. Our result is supported by the findings of
Keram et al. (2013) who stated that the increase could be attributed to the
synergistic effect between N and Zn which might be due to increase enzymatic

activity by zinc application.

The uptake of N, P, K by grain and stover was higher with applications
of ZnS04.7H20 than with other ZnO. The ZnO was less effective Zn source in
affecting the macronutrient uptake during both the year which was reflected by
poorer performance in many growth and yield parameters. The results might be
due to increase in nutrients availability by application of zinc and the higher
yield ultimately leads to higher nutrients uptake by crops. This is also
corroborated by the results reported by Khan et al. (2003), Afra and Mozafar
(2017), Souza et al. (2019), Leite et al. (2020) and Meena et al. (2022) from the
findings of different experiments. Pooniya et al. (2012) and Pooniya and Shivay

(2013) also reported the similar findings.

4.1.4.6 Phosphorus content in grain
The data on phophorus (P) content in grain under the effect of varieties

and zinc fertilization is presented in the Table 4.1.14. The data revealed that P
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content in grain varied significantly among the three varieties in both the years.
The P content in grain was in the order of Local > JS 97-52 > JS-335 where the
P content in local cultivar (0.39%) was significantly higher than JS-335 (0.35%)
and JS 97-52 (0.37%) and the two were at par with each other. Local cultivar or
landraces tend to have more ability to accumulate phytate which is a storage
form of phosphorus in grain for which local cultivar has more P content in

grain.

There was no significant difference on the P content in graindue to zinc
treatments although the highest value was observed in Z1 (Soil application of Zn
@ 5 kg ha! through ZnS0..7H20) and Zs (Three foliar spray applications of
ZnO @ 0.5%). Lower value of P content was observed in Zs and Zs as
compared to other treatments. With increase in zinc application there was a
decline in P content in grain. This can be explained by the fact that zinc has
antagonistic effect on P absorption in grain which infact is the phytate content
in grain (Mirvat et al., 2006 and Cakmak. 2008). While the control one with no
zinc absoption accumulated slighty more P in the grain. Antagonistic effects of
Zn and phosphorous has been reported by several workers (Chaudhry et al.,
1992; Yaseen et al., 1999).

The interaction effect was found non-significant in both the years.

4.1.4.7 P concentration in stover

Similar trend was also observed in the P content in stover as in grain.
There was a significant difference among the varieties in the first year of the
experiment although the highest P content was observed in local cultivar (0.32,
0.33%) and least was in JS-335 (0.28, 0.30%) in both the years.

There was no significant difference on P content in stover under different
zinc applications and also the interaction effect between varieties and zinc

fertilization was found non-significant during both years of experimentation.
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Table 4.1.14 Effect of varieties and zinc fertilization on P content in grain and stover and their uptake in soybean

P content in P content in stover (%) P yptake ir! P uptake in_ Total P uptake _
Treatments grain (%) grain (kg hal) stover (kg hat) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
V1 0.35 0.36 0.36 0.28 0.30 0.29 5.28 5.47 5.38 417 4.17 417 9.45 9.64 9.55
V2 0.36 0.37 0.37 0.30 0.31 0.30 6.83 6.33 6.58 5.66 5.50 558 | 12.49 | 11.82 | 12.15
\& 0.39 0.39 0.39 0.32 0.33 0.33 5.05 4.99 5.02 5.68 6.49 6.09 | 10.73 | 11.48 | 11.11
SEmz 0.01 0.01 0.01 0.01 0.01 0.01 0.14 0.15 0.10 0.17 0.19 0.13 0.23 0.30 0.19
CD at 5% 0.02 0.03 0.02 0.02 NS 0.02 0.39 0.44 0.31 0.48 0.55 0.39 0.65 0.86 0.57
Zinc fertilization
Zo 0.39 0.40 0.39 0.30 0.31 0.30 5.35 5.20 5.28 4.66 4.75 471 | 10.02 | 9.95 9.98
Z: 0.38 0.39 0.38 0.30 0.31 0.31 5.87 5.59 5.73 5.12 5.40 526 | 10.99 | 10.99 | 10.99
Z2 0.38 0.39 0.39 0.30 0.33 0.32 5.71 5.70 5.70 4.84 5.48 516 | 1055 | 11.18 | 10.86
Z3 0.35 0.36 0.36 0.28 0.29 0.29 5.77 5.74 5.75 5.07 5.18 512 | 10.84 | 10.92 | 10.88
Zs 0.37 0.39 0.38 0.31 0.33 0.32 5.92 5.88 5.90 5.54 5.87 571 | 1147 | 11.75 | 11.61
Zs 0.35 0.35 0.35 0.30 0.28 0.29 5.56 5.37 5.46 5.58 5.23 540 | 11.14 | 10.59 | 10.87
Zs 0.37 0.38 0.38 0.31 0.34 0.32 5.85 5.71 5.78 5.39 5.79 559 | 11.23 | 1150 | 11.37
SEmz 0.01 0.01 0.01 0.01 0.01 0.01 0.21 0.23 0.16 0.25 0.30 0.20 0.35 0.46 0.29
CD at 5% NS NS NS NS NS 0.03 NS NS NS NS NS NS NS NS NS
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Fig 4.1.16 Effect of varieties and zinc application on P uptake by grain in soybean during 2018 and 2019




4.1.4.8 P uptake by grain

The data pertaining to P uptake by grain is presented in Table 4.1.14.
There was significant variation among varieties on P uptake in grain and it
was revealed that the cultivar JS 97-52 (6.91, 6.35 kg ha') was significantly
higher than JS-335 (5.31, 5.47 kg ha') and which was at par with local
cultivar (5.02, 4.97 kg ha't) for both the years. The variation in P uptake was
mainly due to significant difference in seed yield which was significantly

superior in JS 97-52 compared to the other two.

P uptake by grain did not differ significantly upon zinc fertilization.
Although non-significant in P uptake but numerically zinc treated plots have
higher P uptake by grain in both the years of experiment. The highest P uptake
was observed in Z4 (5.92, 5.88 kg ha) while lowest was in control (5.35, 5.20
kg ha!). Although the P content in grain was low in zinc treated plot but the
uptake was found to be the highest as the low content was compensated by the

higher seed yield offsetting the negative antagonistic effect.

4.1.4.9 P uptake by stover

The data pertaining to P uptake by stover is presented in Table 4.1.14.
There was significant variation among varieties in P uptake by stover in both
the years of study. The P uptake by stover was highest in local cultivar (5.68,
6.49 kghal) which was at par with JS 97-52 (5.66, 5.50 kg ha’) and
significantly higher than JS-335 (4.17, 4.17 kg ha'). The order in superiority
of P uptake by stover was local cultivar > JS 97-52 > JS-335 with P uptake
values of 6.49, 5.50 and 4.17 kg ha* respectively.

Zinc treatments resulted in no significant variations in P uptake in
stover. The highest value was observed in Zs (Three foliar spray applications
of ZnS04.7H20 @ 0.5%) which was followed by Z4 (Soil application of Zn @
5 kg ha*through ZnO + Two foliar spray application ZnO @ 0.25%) and Zs
(Three foliar spray applications of ZnO @ 0.5%) with P uptake values of 5.58,
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5.54 and 5.39 kg ha. This trend was not the same in the second year of the
uptake was higher in zinc treated plots over the control was due to the
significant yield improvement upon zinc application which offset the negative
effect of zinc on P content. This result was in line with the one reported by
Shivay et al. (2008b).

4.1.4.10 Total P uptake by soybean

The data pertaining to total P uptake by grain+stover is presented in
Table 4.1.14. The total P uptake significantly differed among vaieties in both
the years of study. Significantly higher total P uptake was observed in JS 97-
52 (12.5, 11.8 kg ha') followed by local cultivar (10.70, 11.50 kg ha) and
least was in JS-335 (9.40, 9.60 kg ha™t).

When it comes to zinc application treatments there was non-significant
effect on the total uptake. Although P content in grain and straw was reduced
upon increasing Zn applications, however the P uptake increased due to
overwhelming effect of increase in grain and straw vyield. This result
confirmed the findings of Shivay et al. (2008b). Yang et al. (2011) reported
that with increasing P application, the proportion of Zn and P content in the
grain relative to the whole plant decreased. Moreover, P and Zn acted

antagonistically in roots and excess P inhibited Zn uptake in roots.

The interaction effect between varieties and zinc fertilization on total P

uptake was non-significant in both the years of study.

4.1.4.11 Potassium content in grain

The data of K content in grain is presented in Table 4.1.15. It was
revealed that there was no significant effect of varieties on K content in grain
in both the years of experiment. The highest K content was in local (1.44,
1.47%) and lowest was in JS-335 (1.42, 1.40%).

Zinc treatments failed to produce any significant difference with

respect to resulted to K content in grain although numerically zinc treated
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Table 4.1.15 Effect of varieties and zinc fertilization on K content in grain and stover and their uptake in soybean

K content in K content in stover (%) K yptake ir! K uptake in_ '_I'otal K uptake _
Treatments grain (%) grain (kg hal) stover (kg hat) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
V1 1.41 1.40 1.41 2.25 2.26 226 | 21.09 | 21.31 | 21.20 | 3357 | 31.35 | 32.46 | 54.66 | 52.67 | 53.66
V2 1.40 1.42 1.41 2.22 2.25 2.23 | 26.36 | 24.06 | 25.21 | 42.38 | 39.83 | 41.11 | 68.74 | 63.90 | 66.32
\& 1.44 1.47 1.45 2.29 2.27 228 | 1853 | 18.22 | 18.37 | 40.86 | 44.71 | 42.78 | 59.39 | 62.93 | 61.16
SEmz 0.02 0.03 0.02 0.05 0.06 0.04 0.42 0.51 0.33 1.12 1.07 0.78 1.32 1.12 0.86
CD at 5% NS NS NS 0.13 0.17 0.12 1.21 1.46 1.01 3.21 3.06 2.36 3.76 3.20 2.63
Zinc fertilization
Zo 1.38 1.39 1.38 2.18 2.12 215 | 19.05 | 18.24 | 18.65 | 33.85 | 32.48 | 33.16 | 52.90 | 50.71 | 51.81
Z: 1.39 1.40 1.40 2.20 2.23 222 | 21.19 | 20.62 | 20.90 | 37.88 | 37.91 | 37.90 | 59.07 | 58.52 | 58.80
Z2 1.42 1.44 1.43 2.21 2.26 223 | 21.29 | 2094 | 21.12 | 3545 | 37.61 | 36.53 | 56.74 | 58.55 | 57.64
Z3 1.44 1.46 1.45 2.33 2.31 232 | 23.76 | 23.18 | 2347 | 41.95 | 40.93 | 41.44 | 65.71 | 64.12 | 64.91
Zs 1.41 1.42 1.41 2.22 2.25 223 | 2263 | 21.22 | 21.92 | 40.08 | 39.15 | 39.61 | 62.71 | 60.36 | 61.54
Zs 1.46 1.47 1.46 2.36 2.34 235 | 23.63 | 22.72 | 23.17 | 43.72 | 4294 | 43.33 | 67.35 | 65.66 | 66.50
Zs 1.43 1.42 1.43 2.26 2.31 229 | 22.40 | 2147 | 2194 | 39.61 | 39.42 | 3951 | 62.01 | 60.89 | 61.45
SEmz 0.03 0.05 0.03 0.07 0.09 0.06 0.65 0.78 0.51 1.72 1.64 1.19 2.01 1.71 1.32
CD at 5% NS NS NS NS NS NS 1.85 2.23 1.43 4,91 4.68 3.34 5.74 4.89 3.71
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Fig 4.1.17 Effect of varieties and zinc application on K uptake by grain in soybean during 2018 and 2019




plots had slightly higher K content than the control ones. The highest value was
observed in Zs (Three foliar spray applications of ZnO @ 0.5%) with 1.46% and
lowest in control with 1.38%. Similar trend was also observed in the second
year of the experiment. Since application of Zn might have stimulated the root
and shoot growth which enhanced the nutrient uptake particularly with regard to
N and K. When the Zn content is low, particularly in soils with low plant-
available Zn, diffusion plays important role in the transport of Zn and other
nutrients, such as P and K, to the root surface because mass flow can only carry

a smallfraction of the nutrients required by the plants.

4.1.4.12 Potassium content in stover

The data pertaining to K content in stover is presented in Table 4.1.15.
There was no significant variation due to varieties on the K content in grain.
The K content ranges (1.41, 1.40 %), (1.40, 1.42%) and (1.44, 1.47%) in JS-
335, JS 97-52 and local cultivar repectively.

Zinc fertilization failed to produce any significant effect on K content in
stover in both the years of experiment. Zs (Three foliar spray applications of
ZnS04.7H,O @ 0.5%) recorded the highest K content (1.46, 1.47%) and the
least in control (1.38, 1.39%). The interaction effect was non-significant in both
the years of study.

4.1.4.13 Potassium uptake in grain

The perusal of data in Table 4.1.15 shows that all the three varieties were
significantly differedwith respect to K uptake by grain in both the years of
study. The highest K uptake was observed in JS 97-52 (26.51, 24.22 kg ha)
which is followed by JS-335 (21.20, 21.42 kg ha?) and least in local cultivar
(18.53, 18.22 kg hat). The higher value of K uptake by grain was due to the

significantly higher yield advantage of JS 97-52 over local cultivar.

Zinc fertilization showed significant effect on the K uptake by grain in
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application of Zn @ 5 kg ha? through ZnSO4.7H,O + Two foliar spray
application of ZnSO4 @ 0.25%) (23.76, 23.18 kg ha) which was followed by
Zs (23.63, 22.72 kg hal) and was statistically at par with Zs and Zs. The
increase in potassium content and uptake over control due to interaction of K
and zinc by the improvement of enzymatic activity and metabolic processes of
plant which might has ultimately facilitated the removal of potassium and
consequently the yield. The result obtained was supported by the finding of
Shivay et al. (2015). As a result of increase in yield and K content in grain and
straw there was corresponding increase in total K uptake. A positive impact on
Zn fertilization on K uptake has also been reported by many researchers
(Fageria, 2001; Ghatak et al., 2005; Fageria et al., 2011).

The interaction effect between varieties and zinc fertilizaiton on K

uptake by grain was found non-significant in both years.

4.1.4.14 Potassium uptake by stover

The data pertaining to K uptake by stover under the effect of varieties
and zinc fertilization is presented in Table 4.1.15. Varieties significantly
differed with respect to K uptake by stover. The K uptake by stover in JS 97-52
(42.38 kg ha) was found statistically at par with local cultivar (40.86 kg ha?)
and least was in JS 335 (33.57 kg ha'). The variety JS 97-52 and local cultivar
have significantly higher stover yield which resulted to corresponding increase

in the K uptake.

There was significant difference in the K uptake by stover in different
zinc fertilizations. The highest value was observed in Zs (Three foliar spray
applications of ZnSO4.7H0 @ 0.5%) (43.72, 42.94kg ha') which was
statisticaly at par with Zs (Soil application of Zn @ 5 kg ha' through
ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%) (41.95, 40.93
kg ha!). The least value was observed in control treatment (33.85, 32.48kg ha
1. The corresponding increase in K content in stover along with stover yield

advantage upon Zn fertilization has cumulatively added to the significant
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increase in K uptake by grain under the zinc treated plots. Similar results have
also been reported by Swami and Shekhawat (2009).

No significant variation due to interaction effect was observed both the

years of the experiment

4.1.4.15 Total K uptake by grain and stover

The data pertaining to K uptake by grain and stover under the effect of
varieties and zinc fertilization is presented in Table 4.1.15. Varieties varied
significantly on the total K uptake on both the years of experimentation. The
total K uptake among the varieties was least in JS-335 (54.70, 52.70 kg hal)
while the highest was observed in JS 97-52 (68.70, 63.90 kg ha). There was no
significant difference in the value of K content in both grain and stover in both
the years. But due to combined effect of content and yield of grain and stover
which has collectively enhanced the overall K uptake. It was also observed that
JS 97-52 and local cultivar significantly possessed more biological yield which
eventually has resulted to the increase in total K uptake in the particular

varieties.

Zinc application significantly has influenced on the total K uptake by
soybean in both the years of study. The highest total K uptake was observed in
Zs (67.35, 65.66 kg hat) which was statistically at par with Z3 (65.71, 64.12 kg
hal) and least in control. As a result of increase in biological yield and K
content in grain and straw there was corresponding increase in total K uptake.
Our result on the positive influence of Zn fertilization on K uptake has also
been reported by Fageria (2001), Ghatak et al. (2005) and Fageria et al. (2011).

The interaction effect between varieties and zinc fertilizaiton on total K

uptake was found non-significant in both years.

4.1.4.16 Zinc content in grain and biofortification effect
The data pertaining to zinc content in grain under the influence of

varieties and zinc fertilization is presented in Table 4.1.16 and illustrated in Fig
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4.1.18. Varieties differed significantly with each other in the zinc content in
both the years of study. The highest zinc content in grain was observed in JS-
335 (31.58, 31.09 mg kg?) which was statistically at par with local cultivar
(30.68, 31.40 mg kg?) and least being in JS 97-52 (28.42, 29.06 mg kg?). A
superior genotype for Zn biofortification needs to have the following
characteristics: high Zn acquisition efficiency, readily translocation of Zn to
grain/edible part of plant, efficient remobilization of Zn from vegetative tissues
to grain or edible part of the plant, and availability of Zn in the plant in a
bioavailable form (Bouis & Welch, 2010; White & Broadley, 2011). It was also
observed that varieties with lesser yield response tend to have higher zinc
concentration in grain which is vice versa where JS-335 and local cultivar were
having lower seed yield when compared to JS 97-52 which has lower zinc
density in grain. The law of “dilution effect” might have played an important
role in this case (Garvin et al., 2006; Cakmak & Kutman, 2018). The reason
could be varietal difference in efficiency level with respect to zinc acquisition
which was supported by the findings of Rengel and Graham (1996), Cakmak
(1999) and Khoshgoftarmanesh et al. (2004) and they reported that there are
zinc efficient varieties which have higher zinc density in grain. In another study,
Cakmak (1998) established that there is a genotypic difference in zinc
efficiency among cereal species. Furthermore, the result on varietal difference
was elaborated by Joshi et al. (2010) who found that genotype % environment
interaction could be one of the factors for variation in zinc and iron

concentration in edible parts of plants.

Zinc fertilizaition significantly influenced the zinc content in grain in
both the years of experimentation. The highest zinc content in grain was
observed in Zs (34.40, 33.25 mg kg) at par with Z3 (32.58, 32.68 mg kg!) and

Zs (31.40, 31.55). The lowest zinc content in grain was recorded in
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Table 4.1.16 Effect of varieties and zinc fertilization on zinc content in grain and stover (%o)

Zn content in grain (mg kg?)

%0 Increase
in Zn content

Zn content in stover (mg kg™)

% Increase
in Zn content

Treatments over control over control
2018 2019 Pooled in pooled 2018 2019 Pooled in pooled

Varieties data data
V1 31.58 31.09 31.34 22.86 22.01 22.44
V2 28.42 29.06 28.74 21.54 21.14 21.34
V3 30.68 31.40 31.04 21.82 22.42 22.12
SEmz+ 0.76 0.66 0.50 0.41 0.54 0.34
CD at 5% 2.17 1.89 1.53 NS NS NS

Zinc fertilization

Zo 25.66 26.72 26.19 20.28 19.32 19.80

Z: 29.77 29.54 29.66 13.24 21.94 22.06 22.00 11.11

Z2 28.89 29.68 29.28 11.82 22.15 22.39 22.27 12.48

Z3 32.58 32.68 32.63 24.60 23.76 23.29 23.52 18.80

Zs 31.40 31.55 31.48 20.19 21.26 21.16 21.21 7.12

Zs 34.40 33.25 33.83 29.17 23.73 23.29 23.51 18.75

Zs 28.90 30.21 29.56 12.86 21.37 21.50 21.44 8.27
SEmz+ 1.16 1.01 0.77 0.63 0.83 0.52
CD at 5% 3.32 2.89 2.16 1.79 2.38 1.47
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Fig 4.1.18 Effect of varieties and zinc application on zinc content in grain and stover of soybean during 2018 and 2019




control (25.66, 26.72 mg kg™). The results revealed that there was significant
improvement in zinc density in grain upon zinc fertilization. Treatment with
ZnS04.7H20 was found superior in result when compared to ZnO. The increase
grain zinc density upon zinc fertilization treatments over control was (34.40,
26.97%), (26.98, 24.78%), (22.38, 20.45%) and (16.01, 12.80%) in Zs, Z3, Za

and Z; respectively for both the years.

Our results were in conformity to the findings of Ranjbar and Bahmaniar
(2007), Cakmak (2008) and Pal et al. (2019) and application of Zn either foliar
or in combination with soil application resulted significant improvement in zinc
content in grains or edible portion of crops has been supported by the findings
of many workers. Cakmak et al. (2010b) reported that (Soil + foliar) application
of zinc fertilizers were a more effective method of application that could
increase grain Zn concentration more than three folds. The increase in the Zn
concentration and their uptake in soybean grain and stover with Zn fertilization
may also be due to higher Zn availability to plants in treated plots compared to
control (No Zn application). Shivay et al. (2008b) also reported that Zn
concentration in rice grain and straw was higher with Zn application compared
with no Zn application. As per our results, when comparing to foliar and
combination of soil and foliar application methods, soil application as sole was
found slight inferior towards enhancing grain zinc content which was in
accordance to the findings of Cakmak et al. (2010a). The superiority of three
foliar spray applications of ZnSO4.7H20 @ 0.5% over the other treatments was
in line with the findings of Zhang et al. (2010) who elaborated that application
of zinc at grain development stage contributes to enhanced zinc content in grain
as the foliar application can be absorbed by the leaf epidermis and easily
transported to the other parts of the plant parts via the xylem and phloem.
Furthermore, three foliar spray applications which targets the sensitive stages
I.e., flowering and pod formation of legume crop might have resulted in better
zinc absorption through foliage and transported within the plant (Pathak et al.,

2012). Application of zinc as foliar spray resulted to maximum absorption to the
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plant systems which helps in quick remedy to plant during deficiency coincided
at reproductive stage due to translocation of Zn toward the grain. Similarly, soil
application of zinc too helps in improving zinc content when compared to no
zinc treatment although to a lesser extent possibly due to fact that Zn is
absorbed and transported in divalent ionic form from roots to shoots through the
xylem tissue (Clemens, 2001). When zinc is applied to soil, its uptake by plants
is limited by its phyto availability and acquisition by roots as supported by the
findings of White and Broadley (2009). Among the two sources of zinc applied,
ZnS04.7H,0O showed better results in enhancement of Zn density over ZnO
which could be due its water solubility. Water solubility of Zn sources is

considered an important criterion for Zn availability (Slaton et al., 2005a).

The interaction effect between varieties and zinc fertilizaiton on zinc

content in grainwas found non-significant in both years.

4.1.4.17 Zinc content in stover

The data pertaining to zinc content in stover as influenced by varieties
and zinc fertilization are presented in Table 4.1.16 and Fig 4.1.18. Varieties did
not vary significantly on the zinc concentration in stover for both the years. JS-
335, JS 97-52 and local cultivar recorded zinc content (22.86, 22.01%), (21.54,
21.14%) and (21.82, 22.42%) respectively.

There was significant variation in zinc concentration in stover under the
influence of zinc treatments in both the years. The Zz (Soil application of Zn @
5 kg ha through ZnS04.7H.O + Two foliar spray application of ZnSOs @
0.25%) and Zs (Three foliar spray applications of ZnSO4.7H0 @ 0.5%)
recorded zinc content of (23.76, 23.29%) and (23.73, 23.29%) respectively
which were statistically at par with each other and significantly higher than
control (20.28, 19.32%).

The interaction effect was found to be non-significant in both the years.
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4.1.4.18 Zinc uptake by grain

The data pertaining to the zinc uptake by grain as influenced by varieties
and zinc fertlization are presented in Table 4.1.17 and illustrated in Fig 4.1.19.
Varieties significantly differed on the zinc uptake by grain. The highest zinc
uptake in grain was in JS 97-52 (53.58, 49.44 g ha') followed by JS-335 (47.29,
47.27 g ha') and least in local cultivar (39.65, 39.10 g ha'). The significantly
higher zinc uptake by grain in JS 97-52 and JS-335 was mainly due to the
corresponding significant higher seed yield of the two varieties when compared
to local cultivar. Significantly higher value of zinc uptake as observed in JS-97-
52 as compared to other varieties was purely due to significantly higher value of
seed yield which is purely a genotypic difference.

Zinc uptake by grain was significantly influenced by zinc fertilization
treatments during both the years of experiment. It was found that Zs (55.63,
51.29 g hal), Z3 (53.18, 51.65 g ha') and Z, (50.17, 47.27 29 g ha) were
statistically at par with each other in both the years of experimentation. The
percent increase in zinc uptake (57.78, 46.51%), (50.81, 47.52%) and (42.29,

35.03%) over control in both the years in Zs, Z3 and Zs, respectively.

4.1.4.19 Zinc uptakeby stover

The data on zinc uptake by stover is presented in Table 4.1.17 and Fig
4.1.19. It was revealed that there were significant variations among varieties on
zinc uptake by stover during the two years of experiment. The highest zinc
uptake by stover was observed inlocal cultivar (39.02, 44.01g ha?), followed by
JS 97-52 (41.09, 37.81 g ha') and least in JS-335 (34.01, 30.50 g hal). As
higher stover yield was recorded in JS 97-52 and local cultivar, hence
corresponding result was reflected on their significantly higher zinc uptake by

their stover.

Zinc treatments have significant influence on the zinc uptake by stover in
both the years. It was observed that Zs (Three foliar spray applications of

ZnS04.7H,0 @ 0.5%) recorded zinc uptake of (43.84, 43.10 g ha) which was
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Table 4.1.17 Effect of varieties and zinc fertilization on total zinc uptake by grain and stover (g ha)

Zn uptake in grain

%

Zn uptake in stover

%

Total Zn uptake by

%

Treatments (g ha) Increase in (g ha!) Increase in grain + stover (g ha') Increase in
Zn uptake Zn uptake Zn uptake
2018 2019 | Pooled over 2018 2019 | Pooled over 2018 2019 Pooled over
control in control in control in
Varieties pooled pooled pooled
data data data
Vi1 4729 | 47.27 | 47.28 34.01 30.50 | 32.25 81.30 77.78 79.54
V2 5358 | 49.44 | 5151 41.09 37.81 | 39.45 94.68 87.24 90.96
V3 39.65 39.10 | 39.38 39.02 | 4401 | 4152 78.68 83.11 80.90
SEm+ 131 1.03 0.84 0.98 1.02 0.71 1.68 1.50 1.13
CD at 5% 3.76 2.96 2.54 2.79 2.92 2.15 4.80 4.29 3.42
Zinc fertilization
Zo 35.26 35.01 35.14 31.33 29.80 | 30.56 66.59 64.81 65.70
Z: 4527 | 4295 | 4411 25.53 37.43 3765 | 3754 22.83 82.70 80.59 81.64 26.19
Z2 43.11 | 43.07 | 43.09 22.64 35.41 3744 | 36.42 19.18 78.52 80.50 79.51 22.89
Z3 53.18 51.65 | 52.41 49.16 42.74 | 40.77 | 41.75 36.62 95.91 9241 94.16 45.54
Z4 50.17 | 47.27 | 48.72 38.66 38.40 36.71 | 37.55 22.89 88.57 83.98 86.28 33.35
Zs 55.63 51.29 53.46 52.16 43.84 | 43.05 | 43.44 42.16 99.47 94.34 96.91 49.78
Zs 4528 | 45.66 | 45.47 29.40 37.16 36.68 | 36.92 20.80 82.43 82.33 82.38 27.33
SEm+ 2.01 1.58 1.28 1.49 1.56 1.08 2.56 2.29 1.72
CD at 5% 5.74 4.52 3.59 4.26 4.46 3.04 7.33 6.55 4.84




mV1: JS 335

|V2: JS 97-52

@ V3: Local cultivar

@ Z0: Control

mZ1: Soil application of Zn @ 5 kg ha-1 through ZnSO4.7H20

W Z2: Soil application of Zn @ 5 kg ha-1 through ZnO

®Z3:Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
mZ4: Soil application of Zn @ 5 kg ha-1 through ZnO + Two foliar spray application ZnO @ 0.25%

1Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%

uZ6: Three (3) foliar spray applications of ZnO @ 0.5%
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at par with Zs (Soil application of Zn @ 5 kg ha* through ZnS04.7H,0 + Two
foliar spray application of ZnSOs @ 0.25%) (42.74, 40.77 g ha!) and the least
was in control (31.33, 29.80 g ha'). Due to zinc fertilization, there was
enhancement in zinc uptake over control. The increase zinc uptake in Zs (39.91,
44.47%), Z3(36.41, 36.80%) followed by Z4 (22.57, 23.18%). The zinc uptake
due to zinc treatments followed in the decreasing order of Zs> Z3> Z4> Z1> Zs
> 75> Zo.

4.1.4.20 Total zinc uptake by soybean

The perusal of data given in Table 4.1.17 showed that there were
significant variations among varieties on total zinc uptake in both the years. The
cultivar JS 97-52 recorded the highest total zinc uptake (94.70, 87.20 g ha)
which was statistically higher than the other two varieties. The higher value of
total zinc uptake in JS 97-52 as compared to other varieties was mainly due to
higher grain and stover yield. This result was in conformity to the findings
reported by Yadi et al. (2012) and Kabeya and Shankar (2013) as genotypes

have inherent differences in Zn concentration and uptake.

Among zinc fertilization treatments, Zs (Three foliar spray applications
of ZnSO4.7H20 @ 0.5%) recorded the highest total zinc uptake (99.50, 94.30 g
ha') which was at par with Z3 (Soil application of Zn @ 5 kg ha* through
ZnS04.7H.0O + Two foliar spray application of ZnSOs @ 0.25%) (95.9, 92.4 ¢
hal) was superior over the other treatments. The least uptake was observed in
control (66.60, 64.80 g ha') in both the years. With the application of zinc in
different forms and application methods found to increase the zinc uptake by
grain, stover and the total uptake. These positive results in zinc uptake might
have been due to enhancement in nutrient availability by application of zinc and
also the higher yield ultimately leads to higher nutrients uptake by crops.
Similar results were also reported by Afra and Mozafar (2017), Souza et al.
(2019) and Leite et al. (2020) from the findings of different experiments. This
might be due to better supply of zinc and greater yield of
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soybean with application of zinc.

The interaction effect between varieties and zinc fertilizationon total zinc

uptake was found non-significant in both the years of study.

4.1.5 Quality parameters
4.1.5.1 Protein content in grain

The data pertaining to protein content of soybean as influenced by
varieties and zinc treatments are presented in Table 4.1.18a and Fig 4.1.21. It
was revealed that varieties did not vary significantly in protein content during
both the years of study. The protein content of variety JS-335 (38.66, 38.44%),
JS 97-52 (38.06, 38.14%) and local (37.50, 37.46%) was observed in both the
years. The diference among varieties is purely genetical makeup and quality

characteristic of the variety.

Protein content was found to differ significantly on zinc fertilization. The
highest protein content was observed in Zs (39.76, 39.37%) which was
statistically at par with Z3(39.27, 39.29%) and Z. (38.14, 38.44%). The lowest
protein content was observed in control treatment which might be due to
inhibition of protein synthesis and lower activity of Zn containing RNA
polymerage. The increased crude protein content in soybean seed with Zn
application could be due to increased N-metabolism by Zn application which
enhanced accumulation of amino acids and increased the rate of protein
synthesis. Our results were in good agreement with the hypothesis that protein
represents a sink for Zn in the grain (Morgounov et al., 2007; Cakmak et al.,
2010). Liu et al. (2014) highlighted that increase in protein content and grain
zinc content is mostly parallel to each other. Also, Fe andZn concentrations
were positively correlated with the grain protein concentration in wheat
(Cakmak et al., 2004 and Peleg et al., 2008). Zn application in soil enhanced the
Zn concentration in the plant which is associated with RNA and ribosome
induction resulting in accelaration protein synthesis (Sonune et al. 2001). In
biological systems, proteins are highly dependent on Zn ions to maintain
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Table 4.1.18a Effect of varieties and zinc fertilization on protein and oil content of soybean

Protein content (%0)

Protein yield (kg hat)

Oil content (%)

Oil yield (kgha'l)

Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 38.66 38.44 38.55 577.08 | 583.67 | 580.37 16.91 17.45 17.18 | 252.14 | 265.25 | 258.69
V2 38.06 38.14 38.10 713.68 | 646.78 | 680.23 17.97 17.94 17.95 | 337.77 | 304.50 | 321.13
V3 37.50 37.46 37.48 | 483.87 | 466.13 | 475.00 16.52 17.00 16.76 | 213.13 | 211.29 | 212.21
SEmz 0.54 0.53 0.38 8.94 9.29 6.45 0.17 0.12 0.11 4.21 3.25 2.66
CD at 5% NS NS NS 25.55 26.55 19.59 0.50 0.34 0.32 12.03 9.28 8.08
Zinc fertilization
Zo 35.85 35.70 35.78 | 496.76 | 470.53 | 483.64 | 16.45 16.74 16.59 | 227.38 | 220.44 | 223.91
Z: 38.22 38.34 38.28 586.44 | 562.49 | 574.46 16.92 16.96 16.94 | 261.41 | 248.36 | 254.88
Z2 37.70 37.99 37.85 565.44 | 553.37 | 559.40 17.00 17.48 17.24 | 257.05 | 255.76 | 256.41
Z3 39.27 39.29 39.28 648.25 | 623.70 | 635.98 17.59 18.04 17.82 | 292.26 | 287.88 | 290.07
Zs 38.14 38.44 38.29 613.69 | 580.96 | 597.32 17.19 17.37 17.28 | 276.20 | 261.73 | 268.96
Zs 39.76 39.37 39.56 644.72 | 608.15 | 626.43 17.93 18.15 18.04 | 293.50 | 283.19 | 288.34
Zs 37.55 36.97 37.26 585.50 | 559.48 | 572.49 16.85 17.48 17.17 | 265.95 | 265.06 | 265.50
SEmz+ 0.82 0.81 0.58 13.65 14.19 9.85 0.27 0.18 0.16 6.43 4.96 4.06
CD at 5% 2.35 2.31 1.62 39.03 40.55 27.71 0.76 0.52 0.45 18.37 14.18 11.43




Table 4.1.18b Interaction effect of varieties and zinc fertilization on

protein and oil content of soybean

V X Zn Oil content (%) Oil yield (kgha)
Interaction [ 5518 [ 2019 | Pooled | 2018 | 2019 | Pooled
2 1712 | 17.00 | 17.06 | 221.64 | 226.32 | 223.98
ViZ, 1611 | 17.00 | 1656 | 23424 | 247.44 | 24084
ViZ, 16.44 | 16.67 | 1656 | 23557 | 251.62 | 243.59
V1Zs 1656 | 17.90 | 17.23 | 258.42 | 291.16 | 274.79
ViZ, 17.22 | 1744 | 1733 | 26579 | 268.68 | 267.24
V1Zs 17.89 | 1844 | 1817 | 28141 | 288.08 | 284.74
V1Z6 17.00 | 17.67 | 17.33 | 267.90 | 283.43 | 275.67
VoZo 16.67 | 16.78 | 16.72 | 278.08 | 249.07 | 263.58
VoZ, 17.77 | 1711 | 17.44 | 33502 | 287.27 | 311.14
VoZ, 1856 | 18.78 | 18.67 | 329.74 | 307.47 | 318.61
2 18.78 | 1867 | 18.72 | 38458 | 345.87 | 365.22
VoZy 1722 | 1756 | 17.39 | 334.83 | 302.17 | 31850
V2Zs 19.11 | 1889 | 19.00 | 377.58 | 341.83 | 359.71
VaZs 1767 | 17.78 | 17.72 | 32455 | 297.83 | 311.19
VsZo 1556 | 1644 | 16.00 | 18243 | 185.94 | 184.19
VsZ, 16.89 | 1678 | 16.83 | 214.96 | 210.37 | 212.67
VsZ, 16.00 | 17.00 | 1650 | 205.85 | 208.20 | 207.03
VaZs 17.44 | 1756 | 17.50 | 233.80 | 226.60 | 230.20
VaZs 1711 | 1711 | 1711 | 227.96 | 21435 | 221.16
VsZs 16.78 | 17.11 | 16.94 | 22150 | 219.66 | 220.58
VsZs 15.89 | 17.00 | 1644 | 20540 | 213.92 | 209.66
SEmz 0.46 032 | 028 | 1113 | 859 7.03
CD at 5% 1.32 090 | 079 NS | 2456 | 19.79
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their activities. Zn is needed for numerous proteins, having both a catalytic

and a structural role.

Increase in protein content in grain and straw with Zn application
might also due to the fact that Zn is required by the largest number of proteins
in the biological systems. Zinc helps to maintain structural stability and
functionality of proteins and transcription factors. The significant increase in
protein may be attributed since zinc plays an important in nitrate conversion to
ammonia in plants (Boorboori et al., 2012) and also zinc fertilizer stimulates
IAA and acid makes amino acids to protein (Moussavi-Nik & Kiani, 2012).
Zinc also helps to improve more nodulation and leghaemoglobin formation
which might result higher nitrogen and protein content in soybean. The zinc
treatments with ZnS04.7H20 found superior over ZnO in enhancing protein
content in grain. The reason might be due to its better solubility and efficiency
as compared to ZnO that has resulted to more effectiveness in enhancing
protein content. Similar results were also reported by Majumdar et al. (2001),
Ranjbar and Bahmaniar (2007) and Ravi et al. (2008).

The interaction effect between varieties and zinc fertilization on protein
content in grain was found non-significant in both the years of study (Table
4.1.18Db).

Fig 4.1.21 representing the polynomial relationship between zinc
content and protein content in grain that depicts the significantly positive

correlation between the two (R?=0.93).

4.1.5.2 Protein yield in grain

Protein yield is the multiplication of seed yield of soybean with its
protein content as presented in Table 4.1.18a. The results revealed that there
was significance variation among varieties on the protein yield where JS 97-
52 recorded the highest value of (713.68, 646.78 kg hal) which was
statistically superior over JS-335 (577.08, 583.67 kg ha) and local cultivar
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(483.87, 466.13 kg ha'). The higher value of protein yield in JS 97-52 and JS-
335 was mainly due to their significant higher value of seed yield when

compared to local cultivar.

The zinc applications too have shown significant results on the protein
yield of soybean where the highest value was observed in Zz (Soil application
of Zn @ 5 kg ha* through ZnS0O4.7H,0 + Two foliar spray application of
ZnSO4 @ 0.25%) (648.25, 623.70 kg hat) which was followed by Zs (Three
foliar spray applications of ZnSO4.7H.0 @ 0.5%) (644.72, 608.15 kg hal)
and was at par with Z4 (Soil application of Zn @ 5 kg ha through ZnO + Two
foliar spray application ZnO @ 0.25%). The least protein yield was observed
in control (496.76, 470.53 kg ha') and statistically inferior to the rest.

The interaction effect between varieties and zinc fertilization on protein

yield in grain was found non-significant in both the years of study.

4.1.5.3 Oil content in grain

The data pertaining to the effect of varieties and zinc fertilization on oil
content in grain are presented in Table 4.1.18a & Fig 4.1.22. The result
revealed that varieties varied significantly on oil content in both the years of
study. JS 97-52 recorded the highest oil content (17.97, 17.94%) in both the
years which was followed by JS-335 (16.91, 17.45%).

Application of different levels of zinc fertilizers resulted in significant
effect on oil content in both the years. Zs (Three foliar spray applications of
ZnS04.7H,O0 @ 0.5%) recorded in the highest oil content (17.93, 18.15%)
which was statistically at par with Zz (17.59, 18.04%) respectively. The oil
content was least in control (16.45, 16.74%). The increase in oil content in
soybean seed with Zn application might be due to activation of NADPH
dependent dehydrogenase involved in fat synthesis by Zn. Similar findings
have been reported by Bairagi et al. (2007), Dhanshree et al. (2010) and
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Kulhare et al. (2014). This result was also further in line with the findings of
Ravi et al. (2008) and Majumdar et al. (2001) in Meghalaya.

The interaction effect between varieties and zinc fertilizationon protein
content in grain was found significant in both the years of study. The highest
value of the interaction was observed in V2Z3 (18.78, 18.67%) and least in
V3Zo (15.56, 16.44%).

Fig 4.1.22 representing the polynomial relationship between zinc
content and oil content in grain that depicts the significantly positive
correlation between the two (R?=0.92). With increasing content and uptake of

zinc in grain there is positive concurrent increase in oil content.

4.1.5.4 Oil yield

The data on oil yield is presented in table 4.1.18a. Oil Yyield
significantly varied among varieties in both the years of experiment. Cultivar
JS 97-52 recorded the highest oil yield (337.77, 304.50 kg ha) which was
superior over local (213.13, 211.29 kg ha') and JS-335 (252.14, 265.25 kg ha-
). The superiority of JS 97-52 in oil yield was mainly due to its significant

higher seed yield.

There was significant difference on the oil yield under the effect of zinc
fertilization in both the year of study. Zs (292.26, 287.88kg ha') recorded the
highest oil yield which was statistically at par with Zs(293.50, 283.19 kg ha-
). The least oil yield value was observed in control (227.38, 220.44 kg ha™).
The significant increase in seed yield under the respective zinc treatments has

enhanced the oil yield significantly.

The interaction effect between varieties and zinc fertilization on protein
yield in grain was found significant in both the years of study. The highest
value of the interaction was observed in V.Z3 (384.58, 345.87 kg ha') and
least in V3Zo (182.43, 185.94 kg ha™?).
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4.1.5.5 Phytic acid content and Phytic acid: Zinc molar (PA: Zn) ratio
Data pertaining to phytic acid (PA) content and phytic acid: Zn molar
ratio (PA: Zn) as influenced by varieties and zinc application are presented in
Table 4.1.19a and Fig 4.2.23 & 4.2.24. The data revealed that there was
significant difference among varieties in phytic acid content. In both the years
of the experiment, the local cultivar recorded the highest phytic acid content
(713.17, 724.25 mg/100 g) which was significantly higher than JS-97-52
(607.43, 624.94 mg/100 g). The least phytic acid content was observed in JS-
335 (568.77, 585.46 mg/100 g). The above findings are in line with the results
illustrated by many workers (Raboy et al., 1984; Wise, 1995; Lu et al., 2011).
The data clearly revealed that there were genotypic differences in the value of
phytic acid content and as well as phytic: Zn molar ratio. The values were
significantly higher in local cultivar as compared to the improved varieties JS-
335 and JS 97-52 in both the years. This result was similar to the findings
reported by Erdal et al. (2002) and Karkle and Beleia (2010). Our results also
are supported by the findings of Chitra et al. (1995) who reported there was
variability of phytic acid content and total phosphorus in different genotypes
of legumes who further indicated that this anti-nutritional factor significantly
varied among and within the same species of legumes and the highest phytic
acid content found in soybean. The data revealed that there was significant
variation among the varieties on phytic acid: zinc molar ratio in both the years
of experiment. JS-335 recorded the least value of ratio (18.23, 18.97) which
was statistically lower than JS-97-52 (21.50, 21.64). The highest phytic acid:

zinc molar ratio was observed in local cultivar (23.56, 23.15) in both the years

Zinc fertilization differed significantly on the phytic acid content in
both the years. Z3(579.69, 597.64 mg/100 g) and Zs(610.49, 626.67 mg/100
g) have least phytic acid content for both the years of experiment. Whereas the
control plot recorded the highest phytic acid content (685.28, 689.82 mg/100
g). Zinc fertilization treatments resulted in significant reduction of phytic
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Table 4.1.19a Effect of varieties and zinc fertilization on phytic acid content in

soybean grain

Phytic acid content (mg/100g)

Phytic acid: Zinc molar ratio

Treatments in grain
2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 568.77 | 585.46 | 577.12 18.23 18.97 18.60
V2 607.43 | 62494 | 616.18 21.50 21.64 21.57
V3 713.17 | 72425 | 718.71 23.56 23.15 23.36
SEmz+ 9.06 11.93 7.49 0.60 0.63 0.43
CD at 5% 25.89 34.10 22.77 1.71 1.79 1.32
Zinc fertilization
Zo 685.28 | 689.82 | 687.55 26.50 25.69 26.10
Z1 616.53 | 655.02 | 635.78 20.81 22.37 21.59
Z> 641.73 | 664.21 | 652.97 22.26 22.29 22.27
Z3 579.69 | 597.64 | 588.67 17.83 18.30 18.07
Zy 622.71 | 632.39 | 627.55 19.98 19.95 19.97
Zs 610.49 | 626.67 | 618.58 17.85 18.87 18.36
Zs 652.09 | 648.43 | 650.26 22.45 21.30 21.88
SEmz+ 13.84 18.22 11.44 0.92 0.96 0.66
CD at 5% 39.55 52.09 32.20 2.62 2.74 1.86
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Table 4.1.19b Interaction effect of varieties and zinc fertilization on phytic acid

content in soybean grain

Phytic acid'conte'nt (mg/100g) Phytic acid: Zinc molar ratio
Treatments Ingrain

2018 2019 Pooled 2018 2019 Pooled

V1Zo 579.72 | 627.34 | 603.53 22.01 22.36 22.18
V121 543.70 609.77 576.74 17.78 19.47 18.63
ViZ2 567.48 | 612.35 | 589.91 18.40 21.49 19.94
V1Z3 532.90 | 558.53 | 545.71 15.69 16.76 16.23
V124 575.82 554.72 565.27 17.29 17.52 17.40
V1Zs 565.20 | 566.26 | 565.73 15.20 16.24 15.72
V1Zs 616.60 | 569.28 | 592.94 21.26 18.95 20.11
V2Zo 667.30 | 659.14 | 663.22 26.66 26.39 26.52
V2Z1 612.75 | 642.88 | 627.82 22.14 23.85 23.00
V2Z> 619.59 | 640.10 | 629.85 23.06 22.10 22.58
Va2Z3 548.38 | 563.10 | 555.74 18.03 18.13 18.08
V2Z4 597.81 | 622.54 | 610.18 20.27 20.39 20.33
V2Zs 580.54 | 599.38 | 589.96 18.47 19.53 19.00
Va2Zs 625.64 | 647.40 | 636.52 21.88 21.10 21.49
V3Zo 808.82 | 782.99 | 795.91 30.84 28.32 29.58
VsZ1 693.13 | 712.42 | 702.78 22,51 23.78 23.15
VsZ2 738.13 | 740.18 | 739.15 25.32 23.29 24.30
VsZs 657.80 | 671.30 | 664.55 19.78 20.00 19.89
V3Za4 694.50 | 719.89 | 707.20 22.39 21.96 22.17
V3Zs 685.73 | 714.37 | 700.05 19.89 20.85 20.37
V3Zs 714.05 | 728.61 | 721.33 24.21 23.86 24.03

SEmz 23.96 31.57 19.82 1.59 1.66 1.15

CD at 5% 68.50 90.22 55.77 4.53 4.74 3.23

125



EV1:JS 335

BV2: JS 97-52

#V3: Local cultivar

@ Z0: Control

®Z1: Soil application of Zn @ 5 kg ha-1 through ZnSO4.7H20

1 Z2: Soil application of Zn @ 5 kg ha-1 through ZnO

#Z3:Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
®mZ4: Soil application of Zn @ 5 kg ha-1 through ZnO + Two foliar spray application ZnO @ 0.25%

1Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%

W Z6: Three (3) foliar spray applications of ZnO @ 0.5%

800 -

700

600

500

400

Phytic acid content (mg/100g) in grain

Phytic acid content (mg/100g) in grain

Fig 4.1.23 Effect of varieties and zinc Ferti-fortification on phytic acid content
in soybean during 2018 and 2019
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Fig 4.1.24 Effect of zinc application on phytic acid: zinc molar ratio in soybean
during 2018 and 2019




Polynomial relationship between zinc content and phytic acid
content (Pooled)
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acid and correspondingly to the phytic acid: zinc molar ratio which actually a
desirable trend. The lowest value of phytic acid (579.69, 597.64 mg/100 g)
was recorded in Zz with a corresponding phytic acid: Zn molar ratio of (17.83,
18.30).

The control treatment (No zinc) has the highest value of phytic acid
(685.28, 689.82 mg/100 g) and PA:Zn ratio in both the years. The result also
elaborated that irrespective to the varieties and zinc application methods and
type of zinc fertilizer, there was significant reduction in the value of phytic
acid content and phytic: molar ratio when compared to control treatment. This
result was in confirmation to the findings of Mirvat et al. (2006), Cakmak
(2008) and Lu et al. (2011) who indicated that applying of zinc to plants under
potentially zinc deficient soils is effective in reducing uptake and
accumulation of phosphorus and thus phytate.In our results we found that soil
+ foliar treatment, Z3 (Soil application of Zn @ 5 kg ha* through ZnS04.7H,0
+ Two foliar spray application of ZnSOs @ 0.25%) was superior and
statistically at par with Zs which was corroborated by the findings of Ram et
al. (2011) and Zhang et al. (2011). The lower value of phytic acid under two-
three foliar spray of zinc which coincided with the flowering and early grain
development is further supported by the results of Wen et al. (2011) who
reported an increased grain Zn concentration and reduction in the phytic acid
concentration and the phytic acid to Zn molar ratio. In the latest reports by
Hao et al. (2021) it was found that molar ratio of PA: Zn was significantly
decreased by foliar application of zinc who reiterated that across genotypes,
foliar zinc application reduced PA: Zn molar ratio by 17.80% (from 22.30 to

18.00) which was similar to our findings.

The polynomial relationship presented in Fig 4.1.25 showed that with
Increasing zinc content in grain there is progressive decline in the phytic acid
content and both were highly negatively correlated (R?=0.835). Fig 4.1.26 is

illustrating the relationship of phytic acid under different zinc fertilization
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treatments which depicted that lowest PA observed in Zz and Zs and higher in

control.

The interaction effect between varieties and zinc fertilization treatment
was found significant in both the years of study. Data on Table 4.1.19b
depicted that the highest value of phytic acid was observed in the treatment
combination V3Zo (808.82, 782.99 mg/100 g). The reason for this high value
can be explained that local cultivar might have the highest potential to store
organic phosphorus as phytate in the seed and under no zinc application there
was the high level as compared to zinc treated plants (Cakmak, 2008, Lu et
al., 2011; Hao et al., 2021).

4.1.6 Zinc use indices
4.1.6.1 Partial factor productivity

Data pertaining to partial factor productivity (PFP) in soybean is
presented in Table 4.1.20a. The data revealed that varieties varied
significantly to each other with respect to kg grain kg™ Zn where the JS 97-52
showed significantly higher value (379.81, 345.10 kg grain kg Zn) as
compared to JS-335 (352.74, 305.63 kg grain kgt Zn) and local cultivar
(258.32, 249.73 kg grain kg Zn). Fig 4.1.27 is representing the partial factor
productivity (PFP) of soybean under the influence of varieties and zinc

fertilization.

PFP significantly differed with zinc fertilization in both the years. Zs
(858.77, 821.21 kg grain kg* Zn) recorded the highest PFP value whereas Z4
(217.21, 203.33 kg grain kg Zn) recorded the least value. In general, the PFP
value for this zinc treatment is comparatively very high (213.96-858.77 kg
grain kg Zn) as opposed to the value of 37-44 reported by N (Prasad et al.,
2000). These high values of PFP, AE and PE were due to very small amounts
of Zn needed for soybean or any other crops for growth and grain production

as compared to N (Prasad et al., 2000; Shivay et al., 2010). Interestingly,
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Table 4.1.20a Effect of varieties and zinc fertilization on Partial productivity, Agronomic use efficiency and Zinc apparent

recovery
Partial factor productivity (kg Agronomic use efficiency (kg Biofortification Recovery
Treatments grain kgt Zn) grain increased kg Zn applied) Efficiency BREzn (%)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties

V1 352.74 305.63 329.18 47.00 43.35 45.18 0.51 0.39 0.45
V2 379.81 345.10 362.45 50.62 52.18 51.40 0.49 0.53 0.51
V3 258.32 249.73 254.02 26.82 26.70 26.76 0.43 0.42 0.43
SEmz 4.99 3.80 3.14 3.90 3.89 2.75 0.05 0.05 0.03

CD at 5% 14.26 10.87 9.53 11.14 11.11 8.37 NS NS NS

Zinc fertilization

Zo -- -- -- -- -- -- -- -- --
Z1 307.42 292.63 300.03 31.62 29.61 30.61 0.32 0.32 0.32
Z2 300.07 291.44 295.76 24.26 28.42 26.34 0.24 0.31 0.28
Z3 293.19 282.34 287.76 48.24 48.75 48.49 0.52 0.49 0.51
Zs 217.21 203.33 210.27 30.85 25.62 28.23 0.30 0.26 0.28
Zs 858.77 821.21 839.99 129.11 125.38 127.25 1.74 1.56 1.65
Zs 217.81 210.10 213.96 26.28 27.44 26.86 0.22 0.19 0.20
SEmz+ 7.62 5.81 4.79 5.95 5.94 4.20 0.07 0.08 0.05
CD at 5% 21.78 16.60 13.48 17.01 16.97 11.83 0.21 0.22 0.15




Table 4.1.20b

Interaction effect of varieties and zinc fertilization on Partial

productivity, Agronomic use efficiency and Zinc apparent recovery

V x Zn Interaction

Partial factor productivity (kg

grain kg Zn)

Agronomic use efficiency (kg
grain increased kg Zn applied)

2018 2019 Pooled 2018 2019 Pooled
V1Zo -- -- -- -- -- --
ViZy 290.85 291.20 291.03 31.95 25.27 28.61
ViZ; 287.27 302.07 294.67 28.36 36.13 32.25
ViZs 277.96 288.57 283.27 48.03 52.40 50.21
ViZ4 208.50 208.11 208.31 33.57 28.42 31.00
ViZs 832.95 826.63 829.79 148.01 123.10 135.56
V1Zs 218.89 222.82 220.86 39.09 38.15 38.62
V22, -- -- -- -- -- --
VaZy 376.85 335.83 356.34 43.07 38.83 40.95
Vo2, 355.60 327.20 341.40 21.81 30.20 26.01
24 363.65 329.19 346.42 67.21 65.42 66.32
VoZ,4 262.88 232.61 247.75 37.35 31.94 34.64
VaZs 1044.55 958.20 1001.38 161.52 172.49 167.00
VaZs 255.17 232.64 243.90 23.37 26.39 24.88
V3Zo -- -- -- -- -- --
VsZi 254.57 250.87 252.72 19.83 24.73 22.28
VsZ; 257.33 245.07 251.20 22.60 18.93 20.77
VsZ; 237.95 229.25 233.60 29.48 28.42 28.95
VsZ4 180.23 169.28 174.76 21.63 16.49 19.06
VsZs 698.80 678.78 688.79 77.81 80.55 79.18
Vs3Zs 179.38 174.83 177.11 16.37 17.80 17.08
SEmz+ 13.20 10.06 8.30 10.31 10.29 7.28
CD at 5% 37.72 28.75 23.35 29.46 29.40 20.49
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Fig 4.1.27 Effect of varieties and zinc application on Partial factor productivity
during 2018 and 2019
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during 2018 and 2019




compared to other zinc treatments in this experiment, three foliar spray
applications of ZnS04.7H0 @ 0.5% (Zs) required the least quantity of Zn
nutrient as compared to ZnO applications. Therefore, the value observed
significantly very high whencompared from the rest. The superior performance
of ZnS04.7H20 over ZnO was due to its water solubility. ZnS04.7H.0 is more
water-soluble and therefore readily available, while ZnO is sparingly soluble
and was not readily available to crop plants. Water solubility of Zn sources is
considered an important criterion for Zn availability (Slaton et al., 2005a).
Nayyar et al. (1990) from Punjab (India) also showed that Zn oxide was inferior
to Zn sulphate. The data also revealed that with progressive increase in quantity
of zinc nutrient added there was a significant decrease in PFP value which was
also reported by Shivay et al. (2007) and Shivay et al. (2008b).

The interaction effect between varieties and zinc fertilizaiton on PFP was
found significant in both years (Table 4.1.20b). The interaction effect was found
to be highest in V2Zs (1044.55, 958.20) which was followed by V1Zs (832.95,
826.63) and least in V3Zs (180.23, 169.28). V2Zs was a combined effect of JS
97-52 (highest seed yield) with Zs (the least amount of Zn nutrient used) which
resulted to highest PFP value.

4.1.6.2 Agronomic efficiency

Data pertaining to agronomic efficiency (AE) (kg grain increased kg Zn
applied) are presented in Table 4.1.20a and illustrated in Fig 4.1.28. The
varieties varied significantly with respect to agronomic efficiency where the
highest AE was obtained in JS 97-52 (50.62, 52.18 kg grain increased kg Zn
applied) and least was observed in local (26.82, 26.70 kg grain increased kg Zn
applied).

Zinc fertilization resulted in asignificant differenceon the agronomic
efficiency in both the years. Zs (Three foliar spray applications of ZnSQO4.7H20
@ 0.5%) recorded the AE in both the years (129.11, 125.38 kg grain increased
kg Zn applied) which was followed by Z3(Soil application of Zn @ 5 kg ha'
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through ZnS04.7H20 + Two foliar spray application of ZnSOs @ 0.25%)
(48.24, 48.75kg grain increased kg Zn applied). The performance of Zn
fertilizationin agronomic efficiency on soybean was in the order; Zs> Z3> Z4>
Z1> Z,. Similar result of AE like the PFP was observed, where very high value
of Agronomic efficiency in Zs treatment due to very lesser quantity of Zn
nutrient was used to achieve almost equivalent yield. Similar findings were also
reported by Shivay et al. (2008b) to support this result. With increasing level of
zinc nutrient added to the crop there was significant decrease of Agronomic
efficiency value due to comparatively similar or higher yield under relatively

very low of zinc nutrient added in those treatments.

The interaction effect was found to be significantly high in V2Zs and
V1Zs5 (JS 97-52 or JS-335+ Zs)

4.1.6.3 Biofortification Recovery Efficiency BREzn

Data pertaining to apparent recovery efficiency (RE) of applied zinc and
varieties of soybean are presented in Table 4.1.20a and illustrated in Fig 4.1.29.
Varieties did not vary significantly with respect to apparent recovery efficiency
although higher value of pooled data was observed in JS 97-52 (0.51%).

Zinc treatments resulted to significant variation in apparent recovery
efficiency (RE) where the Zs (Three foliar spray applications of ZnSO4.7H.0 @
0.5%) recorded the highest value (1.74, 1.56%) which was statistically superior
to the rest of the treatments. The least of value was observed in Z¢ (Three foliar
spray applications of ZnO @ 0.5%). As compared to the results of PFP, AE on
the other hand, recovery efficiency for soil applied Zn as against 33-40%
reported for N in rice (Ladha et al., 2005; Prasad, 2005). The main reason for
the low Recovery efficiency (RE) for Zn might be due to its rapid adsorption on
clay minerals (Hazra & Mandal, 1995) and its subsequent slow desorption
(Mandal et al., 2000). Foliar applied Zn comparatively has higher BREz, as
compared to the soil applied as efficiency is more and much lesser quantity of

zinc nutrient was utilized in treatments with foliar applications.
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4.1.6.4 Zinc Mobilization Efficiency Index (Zn content in grain/ Zn content
in stover)
Data on Zinc Mobilization Efficiency Index (ZnMEI) are presented in
Table 4.1.21. The results revealed that there were no significant variations with
respect to varieties in both the years of experimentations. Local cultivar
recorded (1.41, 1.41), followed by JS 335 (1.39, 1.44) and JS 97-52 (1.33,
1.38).

The zinc applications too have no significant effect on the Zinc
Mobilization Efficiency Index in both the years although the lowest value was
observed in control in both the years. The highest value of ZnMEI was recorded
in Zs (Soil application of Zn @ 5 kg ha through ZnO + Two foliar spray
application ZnO @ 0.25%) with 1.49, 1.53 respectively. The interaction effect

was not significant in both the years.

4.1.6.5 Zinc Harvest Index

The perusal of data presented in Table 4.1.20a revealed that there were
significant variations among varieties on zinc harvest index (ZHI) where the
highest ZHI was observed in JS-335 (57.92, 60.75) which was at par with JS
97-52 (56.51, 56.71) followed by local cultivar (50.35, 47.09).

Zinc Harvest Index did not vary significantly due to zinc treatments in
both the years of experiment. The interaction effect between the varieties and

zinc treatments on ZHI was not significant in both the years.

4.1.6.6 Physiological efficiency

Physiological efficiency (PE) did not vary significantly due to varieties
though the highest value was observed in JS 97-52 (17117.41, 16574.69 kg
grain kg Zn uptake).

The data presented in the Table 4.1.21 revealed that PE varied with

application of zinc in both the years. During the first year of experiment, the
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Table 4.1.21 Effect of varieties and zinc fertilization on Zinc Mobilization Efficiency Index, Zinc Harvest Index and

Physiological efficiency

Zinc Mobilization Efficiency
Index (Zn content in grain/ Zn

Zinc Harvest Index (%0)

Physiological efficiency (kg

Treatments content in stover) grain kg™ Zn uptake)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 1.39 1.44 1.42 57.92 60.75 59.34 13972.32 | 14996.24 | 14484.28
V2 1.33 1.38 1.35 56.51 56.71 56.61 17117.41 | 16574.69 | 16846.05
V3 141 141 141 50.35 47.09 48.72 15303.45 | 13814.92 | 14559.19
SEmz 0.04 0.05 0.03 0.91 0.86 0.63 2530.34 | 2644.29 1829.95
CD at 5% NS NS NS 2.60 2.45 1.90 NS NS NS
Zinc fertilization
Zo 1.28 1.39 1.33 52.85 54.17 53.51 -- -- --
Z1 1.37 1.35 1.36 54.54 53.59 54.07 17106.13 | 24262.11 | 20684.12
Z> 131 1.35 1.33 54.88 53.79 54.33 20826.98 | 12351.61 | 16589.29
Z3 1.38 1.42 1.40 55.32 55.84 55.58 15011.90 | 17251.56 | 16131.73
Z4 1.49 1.53 151 56.69 56.39 56.54 22922.07 | 17805.28 | 20363.68
Zs 1.45 1.43 1.44 55.54 54.71 55.12 12639.73 | 15625.95 | 14132.84
Zs 1.36 1.42 1.39 54.68 55.45 55.06 19743.96 | 18603.80 | 19173.88
SEmz 0.07 0.08 0.05 1.39 1.31 0.96 3865.16 | 4039.22 | 2795.30
CD at 5% NS NS NS NS NS NS 11047.52 | 11545.02 | 7867.01




highest value was observed in Z4 (Soil application of Zn @ 5 kg ha* through
ZnO + Two foliar spray application ZnO @ 0.25%) with 22,922.07 followed by
Z, (Soil application of Zn @ 5 kg ha through ZnO) with 20,826.98 and Zs
(Three foliar spray applications of ZnO @ 0.5%) with 19,743.96. But the data
in the second year revealed that did not follow the same trend as in the first

year.

4.1.7 Correlation study of zinc and other crop parameters

The correlation matrix of the relationship of zinc fertilization effect on
different crop parameters is presented in Table 4.1.22. The data revealed that
certain parameters were significantly correlated with each other either positively
or negatively. Zn content of grain found to be positively correlated with N
content in grain (0.902 at 1% level of significance), protein content (0.959), oil
content (0.949). Similar trend was also observed in zinc uptake by grain with
those parameters. Whereas, zinc content in grain has strongly negative
correlation with phytic acid (-0.901) and Phytic acid: Zn molar ratio (-0.982).
Zinc uptake too has a very strong negative correlation with PA: Zn molar ratio
(-0.992). Phosphorus content in seed has a positive correlation with phytic acid:
Zn molar (0.831) which signifies that phytic acid is a storage form of
phosphorus in seed. Seed yield has a positive correlation with zinc content
(0.934) and zinc uptake (0.972).

4.1.8 Available nutrient status in soil after harvest of soybean
4.1.8.1 Organic carbon

The results on soil organic carbon of soil after harvest (Table 4.1.23a)
revealed that its value was not significantly affected by cultivar and zinc
applications. The local cultivar recorded slightly higher organic carbon (1.54,
1.58%) with a pooled data of 1.56% which was followed by JS 97-52 with a
pooled data of 1.53%.

Zinc applications did not show any significant trend with respect to

organic carbon after soybean harvest in both the years.
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Table 4.1.22 Correlation study of zinc fertilization and different crop parameters

- R - PR - R I S - - -
Pearson Correlation < E g—% s§<| &5 g é g oe| E5 25| g8 & % S = B
coefficient o) E Sg §E, §‘a £S S 2‘—:‘3’_ °5| 25 g’é EE g N 3
S O > a @) 2 N N S L o E 2
DMA 1
Nodule dry wt. 921" 1
Chlorophyll content 713 | .833° 1
N content on grain 701 .538 433 1
P content in grain -819" | -.691 | -555 | -.945™ 1
Protein content 884™ | 772" | 797" | 794" | -.821" 1
Oil content 887 | .818" .687 | .897™" | -.899™ | .898™ 1
number of pods per plant | .815" | .675 .603 | .890™ | -.841" | .930™ | .903™ 1
Zn content grain .856" .748 .696 902" | -.881™ | .959™ | .949™ | 987" 1
Zn uptake grain 879 | .803" .718 862" | -.861" | .943™ | .938™ | .979™ | .991™ 1
Agronomic efficiency 752 .506 337 | .926™ | -8957 | 779" | .859" | .817" | .827" | .771" 1
Recovery Efficiency .693 436 .290 912 | -.870" 737 822" 7717 784" 716 .995™ 1
Phytic acid -.840" | -.856" | -.902"" | -.699 781" | -.923™ | -.833" | -.854" | -.901™ | -.924™ | -573 | -514 1
PA: Zn molar -878™ | -.819" | -.790" | -.815" | .831" | -.965™ | -.917"" | -.962"" | -.982"" | -.992" | -724 | -.668 | .959™ 1
Seed yield .883™ | .856" 742 732 | -764" | 897 | .868" | .928™ | .934™ | 972" .631 559 | -.932™ | -973™ 1

*. Correlation is significant at the 0.05 level (2-tailed);

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 4.1.23 Effect of varieties and zinc fertilization on OC, soil pH, available soil N, P, K and Zn at harvest

Available Nitrogen

Available Phosphorus

Available Potassium

DTPA-Extractable

Treatments | 02 carbon (%6) Soil pH (kg har?) (kg ha*) (kg har?) Zinc (ppm)
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
Vi 149 | 150 | 149 | 467 | 465 | 466 |4930|496.4| 4947 | 342 | 323 | 333 |266.9|250.3| 258.6 | 2.68 | 256 | 2.62
Vs 158 | 162 | 160 | 478 | 485 | 481 |5323 5314 531.8 | 343 | 323 | 333 |2682|267.8| 2680 | 2.85 | 2.91 | 2.88
Vs 154 | 159 | 157 | 474 | 473 | 474 |5251 5380/ 5316 | 329 | 332 | 330 |2730|2732| 2731 | 247 | 255 | 251
SEmz 003 | 004 | 002 | 007|011 | 007 | 77 | 105| 65 | 10 | 120 | 07 | 67 | 71 | 49 | 008 | 008 | 006
cCDat5% | NS | 010 | 007 | NS | NS | NS | 219|300 | 1297 | Ns | NS | NS | Ns | Ns | NS | 024 | 023 | 018
Zinc fertilization
Zo 148 | 150 | 149 | 453 | 473 | 463 |496.2|500.9| 4986 | 307 | 296 | 301 |257.0|247.7| 2524 | 2.40 | 2.38 | 2.39
z; 151 | 156 | 154 | 465 | 473 | 469 |521.2507.3| 5142 | 331 | 345 | 338 |261.0|2688| 2649 | 259 | 271 | 265
Z 157 | 157 | 157 | 468 | 470 | 469 |496.3 5149 5056 | 331 | 328 | 330 |2682|254.7| 2614 | 258 | 250 | 254
Zs 158 | 165 | 161 | 481 | 478 | 479 |5433 5448 5441 | 376 | 361 | 368 |2848|2741| 2794 | 291 | 297 | 294
Z4 152 | 155 | 153 | 474 | 464 | 469 |5134520.2]| 5168 | 343 | 306 | 325 | 2640|2658 2649 | 273 | 274 | 274
Zs 157 | 1.63 | 160 | 490 | 485 | 488 |[526.7535.2| 5309 | 343 | 334 | 339 |278.8 2708 | 2748 | 2.7 | 2.80 | 279
Zs 151 | 154 | 153 | 481 | 479 | 480 |5207 5301 5254 | 335 | 312 | 324 |2721|2647| 2684 | 268 | 261 | 265
SEm=+ 004 | 005 | 003 | 011|016 | 010 |1172]1601| 992 | 159 | 148 | 100 [1022]1089| 747 | 013 | 0.12 | 0.09
cDat5% | NS | NS | Ns | Ns | Ns | Ns | Ns | Ns | Ns | Ns [ 424 | 306 | NS | Ns | Ns | Ns | 036 | 025




4.1.8.2 Soil pH

Soil pH too remained unaffected and did not show any significant
variations under the influence of varieties and zinc applications. The result
indicated that the pooled data was slightly higher in JS 97-52 (4.68) than the
other varieties (Table 4.1.23a).

4.1.8.3 Available soil nitrogen after harvest

Data pertaining to available N in soil at harvest as influenced by varieties
and zinc application are presented in Table 4.1.23a. The data revealed that there
was significant difference among varieties towards available soil N. In both the
years of the experiment, the JS-97-52 (532.29, 531.36 kg ha') was at par with
local cultivar (525.14, 538.00 kg ha't) which was significantly higher than local
(493.00, 496.39 kg ha?).

Zinc supply had no significant effect on KMnO4 oxidizable N (available
N) in soil after harvest. However, the data revealed that available N in soil was
in the higher side in treatments with zinc sulphate heptahydrate as compared to
Zinc oxide fertilizer. Highest available N was observed Z3 (543.27, 544.84 kg
ha') which was followed by Zs (526.67, 535.18 kg ha') in both the years of
study.

4.1.8.4 Available soil phosphorus after harvest

The data on available soil P at harvest of soybean are presented in Table
4.1.23a. It is revealed that there was no significant of varieties on available soil
P in both the years. The soil available P after the harvest of JS-335, JS 97-52
and local was (34.21, 32.30 kg ha?), (34.31, 32.34 kg ha*) and (32.91, 33.18 kg
hal), respectively. All remains at par with each other in both the years of the

experimentation.

The different zinc application treatments too resulted to no significant
effect on available soil P in the first year but in the subsequent year it is
observed that Zs (Soil application of Zn @ 5 kg ha through ZnSQ04.7H.0 +
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Two foliar spray application of ZnSO4s @ 0.25%) resulted in significantly higher
value of available soil P over control with 29.56 kg ha* which was followed by
Z4 (Soil application of Zn @ 5 kg ha? through ZnO + Two foliar spray
application ZnO @ 0.25%) with 30.57 kg ha' and Zs (Three foliar spray
applications of ZnO @ 0.5%) with 31.23 kg ha™.

The interaction effect was found to be non-significant in both the years

of the experiment.

4.1.8.5 Available soil potassium after harvest

The data pertaining to available soil K are presented in Table 4.1.23a.
The data revealed that there were no significant variations among soybean
varieties on soil available K in both the years. The available K after harvest of
JS-335, JS 97-52 and local cultivar was (266.94, 250.33 kg ha™), (268.25,
267.83 kg hal) and (273.03, 271.33 kg ha') respectively in both years of

experimentations.

The application of zinc treatments did not vary significantly on the
available soil K in both the years although the value was observed to be slightly
higher in Zs (Soil application of Zn @ 5 kg ha* through ZnS04.7H.0 + Two
foliar spray application of ZnSOs @ 0.25%) with 284.75, 274.13 kg ha*
followed by Zs (Three foliar spray applications of ZnSO4.7H0 @ 0.5%) with
278.78, 270.78 kg ha' and least value was observed in control with 257.03,
247.75 kg hal. The interaction effect of the two factors remained non-

significant in both the years (Table 4.1.23a).

4.1.8.6 DTPA-Extractable zinc after harvest

Data pertaining to available (DTPA-extractable) Zn in soil after harvest
of soybean as influenced by varieties and zinc supply are presented in Table
4.1.23a and Table 4.1.23b. There were significant variations among varieties on
on soil available (DTPA-extractable) Zn after harvest. The value was in the

order JS 97-52 > JS-335 > local cultivar with their respective values of (2.85,
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2.91 ppm), (2.68, 2.57 ppm) and (2.47, 2.55 ppm).

Data with respect to zinc application effect on soil available (DTPA-
extractable) Zn indicated that there was no significant difference among the
treatments in the first year of the experimentation. Although, the highest
available (DTPA-extractable) Zn was observed in Z3 (Soil application of Zn @
5 kg ha? through ZnS04.7H20 + Two foliar spray application of ZnSOs @
0.25%) with a value of 1.91, 2.97 ppm which was followed by Zs (Three foliar
spray applications of ZnS04.7H.0 @ 0.5%) with value of 2.77, 2.80 ppm. The
lowest values were recorded with control (No zinc) in both the years. The
increase in DTPA-extractable Zn after harvest of soybean was due to different
fertilizer applications which have added to building the available zinc in the
soil. Z3 resulted to highest value could be the fact that ZnSO4 is water soluble
and therefore readily available, whereas ZnO is sparingly soluble and was not
readily available to plants. Water solubility of Zn sources is considered
important criteria for Zn availability (Slaton et al., 2005b). An increase in Zn
status of soil after Zn application has been reported by several workers (Lu et
al., 2011; Pooniya & Shivay, 2011).

4.1.9 Soil biological properties
4.1.9.1 Dehydrogenase activity

The data pertaining to dehydrogenase activity (DHA) of soil at harvest
are presented inTable 4.1.24 and Fig 4.1.30. The data revealed that varieties
significantly vary with respect to soil biological properties like the
dehydrogenase activity in both the years. The cultivar JS 97-52 (30.84.
29.51ugTPF g* soil hr?) recorded the highest value which was followed by
local cultivar (28.47, 27.72 ugTPF g soil hr?) and the least dehydrogenase
activity observed in JS-335 (25.17, 25.29 ugTPF g* soil hr?) which was

statistically inferior to the first two varieties.

Higher value of dehydrogenase activity in JS 97-52 and local cultivar

139



ovT

Table 4.1.24 Effect of Varieties and Zinc fertilization on soil microbial activity in soybean

Dehydrogenase activity (ug

Fluorescein diacetate FDA (ug

Treatments TPFg'soil hrt) gm*s0il0.5 hr?) SMBC (ngg™)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 25.17 25.29 25.23 4.75 4.78 4.77 243.96 236.54 240.25
V2 30.84 29.51 30.18 5.33 5.49 5.41 273.59 275.05 274.32
V3 28.33 27.72 28.03 5.20 5.38 5.29 268.86 270.93 269.89
SEmz+ 0.67 0.60 0.45 0.09 0.09 0.06 5.13 5.18 3.64
CD at 5% 1.90 1.71 1.36 0.25 0.26 0.19 14.65 14.80 11.08
Zinc fertilization
Zo 25.53 24.74 25.13 4.79 4.69 4.74 244.69 248.59 246.64
Z1 28.12 26.49 27.31 4.99 5.12 5.06 260.31 253.83 257.07
Z> 27.28 27.93 27.60 491 4.94 4.93 261.04 260.93 260.99
Z3 31.16 32.29 31.72 5.37 5.64 5.51 278.30 271.13 274.72
Zs 28.75 26.80 27.77 5.14 5.39 5.26 261.37 261.84 261.60
Zs 29.25 28.84 29.04 5.27 5.59 5.43 274.01 268.38 271.19
Zs 26.71 25.46 26.08 5.18 5.15 5.17 255.23 267.82 261.52
SEmzx 1.02 0.92 0.68 0.14 0.14 0.10 7.83 7.91 5.57
CD at 5% 2.91 2.62 1.93 NS 0.39 0.27 NS NS NS




mV1:JS 335

mV2: JS 97-52

@V3: Local cultivar

@ Z0: Control

mZ1: Soil application of Zn @ 5 kg ha-1 through ZnSO4.7H20

“Z2: Soil application of Zn @ 5 kg ha-1 through ZnO

@ Z3:Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
mZ4: Soil application of Zn @ 5 kg ha-1 through ZnO + Two foliar spray application ZnO @ 0.25%

11Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%

uZ6: Three (3) foliar spray applications of ZnO @ 0.5%
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Fig 4.1.30 Effect of varieties and zinc application on Dehydrogenase activity
during 2018 and 2019

mV1: JS 335
@\V/2: JS 97-52
@V3: Local cultivar
@Z0: Control
®mZ1: Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20
“Z2: Soil application of Zn @ 5 kg ha-1 through ZnO
@ Z3:Soil application of Zn @ 5 kg ha-1 through ZnSO4.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
mZ4: Soil application of Zn @ 5 kg ha-1 through ZnO + Two foliar spray application ZnO @ 0.25%
1Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%
‘=" Z6: Three (3) foliar spray applications of ZnO @ 0.5%
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Fig 4.1.31 Effect of varieties and zinc application on Fluorescein diacetate during
2018 and 2019



could be due to their higher dry matter production which added higher amount
of substrate to the soil for supporting the proliferation of microbial population.
This result is supported by the finding of Lizarazo et al. (2005), Ramesh et al.
(2008) and Aher et al. (2015).

The zinc application has resulted significant difference on its soil
dehydrogenase activity in both the years of experimentation. It was observed
that the Zs (Soil application of Zn @ 5 kg ha through ZnS04.7H.0O + Two
foliar spray application of ZnSOs @ 0.25%) recorded the highest value which
was statistically at par with Zs and Zs with dehydrogenase activity value of
(31.16, 32.29 ugTPF g soil hrt), (29.25, 28.84 ugTPF g soil hrt) and (28.75,
26.80 ugTPF g soil hrt) respectively. The least value was observed in control
treatment in both the years (25.53, 24.74 ugTPF g soil hrt).

The interaction effect of varieties and zinc fertilization on DHA was

found to be non-significant in both the years.

4.1.9.2 Fluorescein diacetate activity

The data pertaining to Fluorescein diacetate activity (FDA) in soil are
given in Table 4.1.24 and illustrated in Fig 4.1.31. The data revealed that
varieties varied significantly in FDA in soil in both the years. The cultivar JS-
97-52 resulted in highest value (5.33, 5.49 ugm gm-* soil 0.5 hr?) which was at
par with local cultivar (5.20, 5.38 ugm gm soil 0.5 hr') and least on JS-335
(4.75, 4.78 ugm gm soil 0.5 hrt hr).

In the first year of the experiment (2018), it was observed that the FDA
value did not vary significantly with respect to zinc application although we
observed similar trend as in other soil microbial parameters. The effect of zinc
supply in the second year of the experiment did vary FDA of soil significantly.
The highest FDA was observed in Zsfollowed by Zsand Zswith FDA value of
5.64, 5.59 and 5.39 ugm gm™ s0il/0.5 hr, respectively. Fluorescein diacetate

hydrolysis is widely accepted as an accurate and simple method for measuring
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total microbial activity. FDA is hydrolysed by ubiquitous free and membrane-
bound hydrolytic enzymes, such as lipase, protease and esterase enzymes
produced by soil microbes (Green et al., 2006). Hydrolysis of FDA is generally
proportional to the microbial population. Zn fertilization appreciably improved
the soil microbial biomass carbon and soil enzyme activities, irrespective of the
sources applied during both the years of experimentation. The results were

similar to the findings of Pooniya and Shivay (2012).

The interaction effect was observed to be non-significant in both the

years.

4.1.9.3 Soil microbial biomass carbon

The perusal of data on SMBC of soil are given in Table 4.1.24 and
illustrated in Fig 4.1.32. It shows that there were significant variations among
varieties on soil microbial biomass carbon (SMBC) in both the years. The
cultivar JS 97-52 recorded the highest soil microbial biomass carbon (273.59,
275.05 ug gt) which was statistically at par with local cultivar (268.86, 270.93
ug g'1) and least SMBC was observed in JS-335 (243.96, 236.54 05 pg g1). This
result could be due to more dry matter production in those varieties which

added more organic matter due to leaf senescence before harvest of the crop.

There was no significant difference among zinc applications on the
SMBC value of soil. However, the data revealed that Zs (Soil application of Zn
@ 5 kg ha! through ZnS04.7H.0 + Two foliar spray application of ZnSOs @
0.25%) and Zs (Three foliar spray applications of ZnS04.7H.O @ 0.5%)
recorded the highest SMBC values (278.04, 260.93 pg gt) and (274.01, 268.38
ug g1). The least of SMBC was observed in control (No zinc) in both the years.
Soil microbial biomass C is a small component of soil organic matter and is
directly related to soil organic matter status (Dhull et al., 2004; Jedidi et al.,
2004). Therefore, zinc treated plots are found to enhance dry biomass
production and improve soil organic carbon. Soil microbial biomass carbon

increase affects enzymatic activities positively. Enzymes play a crucial role in
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soil ecosystems since they are involved in the biogeochemical cycling of C, N,
P and other nutrients (Tejada et al., 2008). When compared to control (No zinc),
those with zinc nutrition irrespective of the sources was observed to have
slightly higher value of SMBC in both the years of experimentation even though
may not be of significant difference. The one with soil application combined
with foliar zinc application showed numerically higher value of SMBC which
might be due to the role zinc in enhancing its value. It might be due to the
supply of additional mineralizable and readily hydrolysable C due to higher
organic matter which resulted in higher microbial activity and in return higher
microbial biomass carbon. Wright and Hons (2005), Thakare and Bhoyar (2012)
and Datt et al. (2013) have also reported similar findings. Application of
ZnS04.7H20 found slight superiority over ZnO might be due to better solubility
and easily available to the plant rhizosphere. In this study, Zn nutrition,
irrespective of source applied appears to increase soil enzyme activities which

suggest that Zn is essential for microbial population.

The interaction effect was found to be non-significant in both the years
of the experiment.

4.1.10 Relative economics of soybean as influenced by varieties and zinc
fertilization

Data pertaining to cost of cultivation, gross returns, net returns and net B: Cof

soybean under the influence of varieties and zinc fertilization are presented in

Table 4.1.25, Fig 4.1.33 and Fig 4.1.34. The the fixed cost and variable cost are

presented in Annexture Il and IlI.

Cost of cultivation
The cost of cultivation among the varieties remained the same

%46,447.90. Whereas the cost of cultivation varied among the zinc fertilization
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mV2: JS 97-52

mV3: Local cultivar

uZ0: Control

®mZ1: Soil application of Zn @ 5 kg ha-1 through ZnSO4.7H20

uZ2: Soil application of Zn @ 5 kg ha-1 through ZnO

mZ3:Soil application of Zn @ 5 kg ha-1 through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%
mZ4: Soil application of Zn @ 5 kg ha-1 through ZnO + Two foliar spray application ZnO @ 0.25%

11Z5: Three (3) foliar spray applications of ZnSO4.7H20 @ 0.5%

uZ6: Three (3) foliar spray applications of ZnO @ 0.5%
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Fig 4.1.33 Effect of varieties and zinc ferti-fortification on net return during 2018 and
2019
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treatments. The highest cost was in Z3(350,594.90) followed by Z; (348,951.90)
and least cost of cultivation among the zinc treatments was in control
(344,701.30).

Gross return

Among the varieties the gross return was found highest in JS 97-52
(R1,32,306.90, 1,19,497.80) and least in local cultivar (%91,080.40,
%87,934.90).

Among the zinc fertilization treatments, the highest gross return was
observed in Z3(Rs. 1,16444.60, Rs. 1,12151.30) which was followed by Zs (Rs.
1,14544.30, Rs. 1,09567.10) and the least gross return was observed in control
(. 97,307.60, . 92,827.70) in both the years of study

Net return

Among the varieties the net return was found highest in JS 97-52
(%85859.00, X73049.90) and least in local cultivar (R44632.50, 341487.00) in
both years.

Among the zinc fertilization treatments, the highest net return was
observed in Zs (66663.10, 361685.90) which was followed by Z3 (365849.80,
%61556.50) and the least gross return was observed in control (352606.30,
%48126.40) in both the years of study.

B: C Ratio
Among the varieties the BC ratio was found highest in JS 97-52 (2.85,
2.57) and least in local cultivar (1.96, 1.89) in both years.

Among the zinc fertilization treatments, the highest BC ratio was
observed in Zs(2.39, 2.29) which was followed by Z4(2.35, 2.20) and the least
BC ratio was observed in control (2.18, 2.08) in both the years of study.
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Table 4.1.25 Economics under the influenced of varieties and Zinc fertilization (2018 & 2019)

Treatments Cost of Cultivation (X ha') | Gross Return (Z ha) Net Return (X ha') B:C Ratio
2018 2019 2018 2019 2018 2019 2018 2019
Varieties
V1 46,447.9 46,447.90 | 1,05175.30 | 1,06967.00 | 58727.40 | 60519.10 2.26 2.30
V2 46,447.90 46,447.90 | 1,32306.90 | 1,19497.80 | 85859.00 | 73049.90 2.85 2.57
V3 46,447.90 46,447.90 | 91,080.40 | 87,934.90 | 44632.50 | 41487.00 1.96 1.89
Zinc fertilization

Zo 44,701.30 44,701.30 | 97,307.60 | 92,827.70 | 52606.30 | 48126.40 2.18 2.08
Za 48,951.90 48,951.90 | 1,08455.90 | 1,03271.80 | 59504.00 | 54319.90 2.22 211
Z> 46,492.70 46,492.70 | 1,05825.50 | 1,02837.10 | 59332.90 | 56344.50 2.28 2.21
Z3 50,594.90 50,594.90 | 1,16444.60 | 1,12151.30 | 65849.80 | 61556.50 2.30 2.22
Zs 48,294.70 48,294.70 | 1,13414.80 | 1,06199.70 | 65120.20 | 57905.10 2.35 2.20
Zs 47,881.30 47,881.30 | 1,14544.30 | 1,09567.10 | 66663.10 | 61685.90 2.39 2.29
Zs 48,358.30 48,358.30 | 1,10653.30 | 1,06744.80 | 62295.10 | 58386.50 2.29 2.21

Labour wages: 220; Soybean grain: Z70/-; ZnSO4.7H,0: ¥150; ZnO: 3200; Urea: 12 kg, SSP: 215.8;

MOP: 325




4.2 Experiment Il: “Biofortification of iron in Soybean (Glycine max (L.)
Merrill) under foothill of Nagaland”

4.2.1 Growth parameters
4.2.1.1 Periodic plant height

Plant height as influenced by varieties and iron (Fe) application at
different crop stages are presented in Table 4.2.1 and Fig. 4.2.1 and Fig. 4.2.2.
The data indicated that the plant height at all stages of crop growth found to be
significantly affected by the varieties. At 30 days after sowing (DAS), the plant
height of local cultivar (34.57, 33.28 cm) and JS 97-52 (34.43, 34.14 cm) found
to be significantly higher than JS-335 (30.82, 30.99 cm) in both the years. The
iron (Fe) application did not have any significant effect on plant height at this
stage. At 60 DAS, a similar trend was observed as there were significant
variations on plant height as influenced by varieties. Local cultivar registered
the highest plant height (66.02, 66.48 cm) which was significantly superior over
JS 97-52 (56.49, 56.29 cm) and JS-335 (48.84, 49.56 cm) in both the years.
Plant height at 90 DAS was found superior in local cultivar (69.98, 72.39 cm)
which was statistically higher than JS 97-52 (58.08, 58.86 cm) and JS-335
(50.24, 53.03 cm). At harvest the highest plant height was observed in local
cultivar (72.81, 71.34 cm) and lowest was JS-335 (47.37, 51.23 cm). Among the
varieties, local cultivar found to be much superior in plant height being a
traditional taller cultivar when compared to short duration high yielding
improved varieties. The main reason for this is due to varietal and genotypic

differences which were shown in crop morphology.

Iron fertilization failed to produce any significant difference on plant
height of soybean at all crop stages and in both the years of experiment.
Although, there was no significant variations on imposition of Fe fertilization
on plant height, however Fes (Foliar spray application of FeSO4.7H.0@ 1.5% at
pre-flowering stage) has numerical superiority (59.81, 59.95cm) over the rest in

both the years. Interestingly, the data revealed that with increasing level of
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Table 4.2.1 Effect of varieties and iron fertilization on plant height (cm) at 30, 60, 90 DAS and at harvest in soybean

30 DAS 60DAS 90 DAS at harvest
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 30.82 30.99 30.91 48.84 49.56 49.20 50.24 53.03 51.64 47.37 51.23 49.30
V2 34.43 34.14 34.28 56.49 56.29 56.39 58.08 58.86 58.47 55.45 57.86 56.66
V3 34.57 33.28 33.93 66.02 66.48 66.25 69.98 72.39 71.19 72.81 71.34 72.07
SEmz 0.79 0.76 0.55 1.50 1.25 0.98 1.65 1.45 1.10 1.92 1.71 1.29
CD at 5% 2.27 2.17 1.54 4.30 3.58 2.75 4.74 4.15 3.10 551 4.90 3.62
Fe fertilization
Feo 32.10 31.72 31.91 52.81 53.35 53.08 54.36 57.56 55.96 54.35 55.68 55.01
Fe1 32.99 31.96 32.47 56.47 55.84 56.16 58.77 60.43 59.60 57.64 59.10 58.37
Fe2 33.41 31.16 32.29 58.87 58.24 58.55 62.51 62.79 62.65 60.16 60.91 60.54
Fes 33.02 33.74 33.38 59.81 59.95 59.88 63.01 63.43 63.22 60.13 61.56 60.85
Fes 33.45 34.48 33.96 57.15 58.53 57.84 58.67 60.48 59.57 58.66 60.04 59.35
Fes 34.67 33.76 34.21 57.61 58.76 58.18 59.30 63.86 61.58 60.32 63.55 61.94
SEm+ 1.12 1.07 0.77 2.12 1.77 1.38 2.34 2.05 1.55 2.72 2.42 1.82
CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS
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FeS0..7H20 concentration plant height tends to increase up to certain limit. The
lowest value was observed in no FeSO4.7H20 application. The highest plant
height was recorded at Fesz (63.01, 63.43 cm) in both the years. The same trend
was observed in plant height till harvest stage. Iron (Fe) fertilization treatments
did not have much impact on improving plant height. However, there was slight
improvement from 60 DAS onwards when compared to control. The reason for
this could be due to increase in the availability of iron to plant which might
have stimulated the metabolic and enzymatic activities thereby increasing the
growth of the plant reported by (Trivedi et al., 2011). It can also be explained
by the fact that Fe treated plants have better uptake of plant nutrients due to
which might enhance more photosynthesis in turn resulted to more leaves, leaf
area and dry matter accumulation and ultimately on plant height. This finding
was corroborated by the results reported by Kamble et al. (2021) who indicated
that soil application of FeSO4 @ 10 and 20 kg ha with two sprays of chelated
Fe @ 0.2% treatments were found to result higher in plant height. Balachander
et al. (2003), Kobraeeet al. (2011a), Dhaliwal et al. (2013) and Soni and
Kushwaha (2020) also reported similar findings with respect to effect of Fe on

plant height.

The interaction effect of varieties and Fe fertilization on plant was found

non-significant in both the years of study.

2.2.1.2 Number of leaves

The data pertaining to the number of leaves as influence by varieties and
iron fertilization are presented in Table 4.2.2 and depicted in Fig 4.2.3 & Fig
4.2.4. There was significant difference among varieties on number of leaves
planttat all crop stages. It also indicated that there was an appreciable increase
in the number of leaves with the advancement of crop stages up to 90 DAS and
there on the crop started leaf senescence. At 60 DAS as revealed from the data
there were significant variations among varieties. The cultivar JS 97-52
recorded the highest value (19.83, 20.61) which was at par with JS-335 (18.17,
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Table 4.2.2 Effect of varieties and iron fertilization on number of leaves at 30, 60 and 90 DAS in soybean

30 DAS 60 DAS 90 DAS
Treatments 2018 2019 | Pooled | 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
Vi 7.39 7.70 755 1817 | 2091 | 1954 | 1661 9.02 12.81
V2 7.76 7.80 7.78 1983 | 2061 | 2022 | 1919 | 1550 | 17.34
Vs 6.96 6.44 6.70 1772 | 1772 | 1772 | 2504 | 3178 | 2886
SEms 0.20 0.16 0.13 0.52 0.49 0.36 0.60 0.51 0.39
CD at 5% 0.59 0.45 0.36 1.49 1.42 1.01 1.72 147 111
Fe fertilization
Feo 737 763 750 1822 | 1830 | 1826 | 2122 | 1911 | 2017
Fes 7.00 752 7.26 1881 | 1900 | 1891 | 2126 | 17.78 | 1952
Fez 7.0 733 719 1981 | 2037 | 2009 | 2026 | 1989 | 2007
Fes 7.30 7.04 717 1926 | 21.93 | 2059 | 2070 | 1941 | 2006
Fes 7.56 715 7.35 1719 | 1907 | 1813 | 1933 | 19.04 | 19.19
Fes 7.96 7.22 759 1815 | 1981 | 1898 | 2070 | 17.37 | 1904
SEms 0.29 0.22 0.18 0.73 0.70 051 0.85 0.73 0.56
CD at 5% NS NS NS NS 201 143 NS NS NS
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21.06) in both the years. At 90 DAS, varieties differed significantly in this
parameter as heavy leaf senescence initiated at the stage earlier to this as
indicated by the data in Table 4.2.2. The cultivar JS-335 (16.61, 9.02) has the
least leaves intact to the plant followed by JS 97-52 (19.19, 15.50) as both were

about to attain physiological maturity.

Fe nutrition has non significant effect on number of leaves but slightly
higher number was observed in Fe treated plants. The reason for this may be
due to better uptake and translocation of plant nutrients to growing plants and
more photosynthesis which in turn promoted a higher number of leaves. Similar
findings were also reported by Trivedi et al. (2011) and Kambleet al. (2021) in
soybean and Farhan and Al-Dulaemi (2011) on wheat. There were no
significant differences in the number of leaves plant* under the influence of Fe

fertilization except in the second-year study at 60 DAS.

Interaction effect of varieties and Fe fertilization factors remained non-

significant in both the years however it was significant in the pooled data.

4.2.1.3 Number of branches

The data pertaining to number of branches at different stages of crop is
presented in Table 4.2.3. There was no significant difference on the number of
branches at 30 DAS among varieties. However, at 60 DAS, that the number of
branches apparently start to vary significantly where higher value was recorded
in JS-97-52 (3.67, 3.74) which was at par with JS-335 (3.54, 3.42) and least in
local cultivar (3.22, 3.15) in both the years. At 90 DAS stage, the number of
branches was highest in JS 97-52 (4.22, 4.18) which was significantly higher
than the rest in the first year only. However, the second-year data showed no

significant variations among varieties.

In the first year of the experiment, it was observed that Fe applications
resulted in significant variations in number of branches. The number of

branches significantly increased with increasing dose of ferrous sulphate. Fe
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Table 4.2.3 Effect of varieties and iron fertilization on number of branches in soybean

- 30 DAS 60 DAS 90 DAS at harvest
reatments 2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties

V1 0.13 0.11 0.12 3.54 3.42 3.48 3.94 3.98 3.96 4.14 4.08 411

V2 0.13 0.13 0.13 3.67 3.74 3.70 4.22 4.18 4.20 411 4.17 4.14

V3 0.20 0.19 0.19 3.22 3.15 3.19 3.89 3.85 3.87 3.92 4.03 3.97
SEmz+ 0.06 0.05 0.04 0.12 0.11 0.08 0.10 0.11 0.07 0.14 0.13 0.09
CD at 5% NS NS NS 0.33 0.31 0.22 0.28 NS 0.21 NS NS NS

Fe fertilization

Feo 0.11 0.11 0.11 3.33 3.26 3.30 3.70 3.74 3.72 3.72 4.11 3.92
Fe1 0.15 0.26 0.20 3.48 3.29 3.39 4.00 3.89 3.94 3.94 3.94 3.94
Fe2 0.26 0.22 0.24 3.52 3.52 3.52 4.26 4.07 4.17 4.28 411 4.19
Fes 0.15 0.11 0.13 3.63 3.59 3.61 4.30 4.37 4.33 4.17 4.33 4.25
Fes 0.11 0.04 0.07 3.44 3.44 3.44 3.85 3.93 3.89 4.17 3.94 4.06
Fes 0.15 0.11 0.13 3.44 3.52 3.48 4.00 4.04 4.02 4.06 4.11 4.08
SEmz+ 0.09 0.07 0.06 0.16 0.15 0.11 0.14 0.16 0.11 0.20 0.18 0.13
CD at 5% NS NS NS NS NS NS 0.40 NS 0.30 NS NS NS




fertilization did not significantly influence on the number of branches in both
the years. Numerically we could observe an increasing trend with increasing
dose of ferrous sulphate but limited up to 1.5% concentration. The increase in
the number of branches and dry matter upon application of ferrous sulphate
might be due adequate supply of nutrients at crop critical stages which resulted
in better photosynthesis rate, assimilation and translocation of photosynthates
from source to sink (Muthal et al., 2016). These results were in conformity to
the findings reported by Kumar et al. (2009), Farhan and Al-Dulaemi (2011),
Abdel et al. (2014) and Soni and Kushwaha (2020).

4.2.1.4 Dry matter accumulation

The results on the dry matter accumulation (DMA) as influence by
varieties and Fe fertilization have presented in Table 4.2.4. There was
appreciable increase in the dry weight of plants with the advancement of crop
stages. There was significant variation in DMA among varieties at all crop
stages and in both the years of study. At 30 DAS the dry matter accumulation
was significantly higher in local cultivar (3.04, 3.03 g plant?) followed by JS
97-52 (2.66, 2.69 g plant) and JS 335 (2.04, 2.30 g plant?). The same trend
was observed in pooled data. With the progress of crop stages, DMA at 60 DAS
recorded to be significantly higher in JS-97-52 (10.27, 10.23 g plant?) which
was followed by JS-335 (9.69, 9.15 g plant?) and local cultivar (9.50, 8.98 g
plant®). At 90 DAS the variety JS 97-52 (15.21, 16.56 g plant?) was superior
over the local cultivar (14.12, 14.73 g plant®) and JS-335 (11.87, 11.79 g plant
1. Varietal difference in dry matter accumulation was sole due to genotypic and

morphological difference in the varieties.

Table 4.2.4 indicated that with increasing Fe application doses resulted in
increase in DMA although not appreciably significant. At 60 DAS the order
followed was Fez > Fe>> Fe1 > Fes > Fes > Feowith DMA values (10.28, 10.04 g
plant?), (10.02, 9.72 g plant?), (9.92, 9.52 g plant?), (9.62, 9.31 g plant?),
(9.57, 8.96 g plant™), (9.50, 9.01 g plant), respectively for both the years. At
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Table 4.2.4 Effect of varieties and iron fertilization on dry matter accumulation (g plant) of soybean

30 DAS 60 DAS 90 DAS harvest
Treatments 018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties

Vi 204 | 230 | 217 | 968 915 | 942 | 11.87 | 1173 | 11.80 | 1240 | 11.98 | 12.19

V2 262 | 266 | 264 | 1027 | 1023 | 1025 | 1521 | 1656 | 1588 | 1546 | 17.80 | 16.63

Va 302 | 303 | 302 | 950 880 | 920 | 1412 | 1473 | 1442 | 1534 | 17.02 | 16.18
SEmz 008 | 008 | 006 | 021 017 | 013 | 024 | 028 | 018 | 042 | 047 | 032
CDat5% | 022 | 024 | 016 | 060 048 | 037 | 068 | 079 | 051 | 120 | 136 | 089

Fe fertilization

Feo 250 | 259 | 254 | 950 9.01 | 926 | 1275 | 1333 | 13.04 | 1342 | 1440 | 1391

Fes 249 | 261 | 255 | 9.92 952 | 972 | 1393 | 1409 | 1401 | 1457 | 1559 | 15.08

Fez 249 | 264 | 257 | 1002 | 972 | 987 | 1372 | 1479 | 1426 | 1495 | 16.62 | 15.79

Fes 253 | 260 | 257 | 1028 | 10.04 | 1016 | 1496 | 1560 | 1528 | 1536 | 17.05 | 16.20

Fes 265 | 271 | 268 | 957 896 | 926 | 1319 | 1371 | 1345 | 1384 | 1477 | 14.30

Fes 2690 | 284 | 276 | 962 931 | 946 | 1384 | 1452 | 1418 | 1426 | 1519 | 14.72
SEmz 011 | 012 | 008 | 029 023 | 019 | 033 | 039 | 026 | 059 | 067 | 045
CD at 5% NS NS NS NS 0.67 NS 096 | 112 | 072 | Ns NS | 1.26




90 DAS, the DMA was significantly affected by the Fe fertilization. Application
of ferrous sulphate, Fes resulted in maximum value (14.96, 15.60 g plant™)
followed by Fe; (13.72, 14.79 g plant?) and the least was in control (12.75,
13.33 g plant). The same trend was also observed in dry matter accumulation
at harvest as seen in the previous stage of the crop. Fe application did cause
significant differences at some stages of the crop and numerically higher over
control at some stages. The positive effect of Fe nutrition in enhancing DMA
might be due to the balanced application of plant nutrients has enhanced the
growth and development of the crop. Also, ferrous sulphate tends to increase the
synthesis of enzymes like IAA production and protein synthesis, which helps
promote vegetative growth. The results of this investigation are in accordance
with the findings of Meena et al. (2006), Bellaki et al. (2013) and Kamble et al.
(2021).

The interaction of varieties and Fe fertilization remained non-significant at

all crop stages.

4.2.15 Leaf area

Leaf area or LAI is an important indicator of crop growth. Higher the
LAI, higher will be PAR interception which is the source of energy for the
process of photosynthesis and consequently leading to higher biomass
accumulation by crop. The data pertaining to leaf area plant™ as influenced by
varieties and iron fertilization are presented in Table 4.2.5 and Fig 4.2.5 and Fig
4.2.6. Leaf area differed significantly among varieties at all stages of crop
growth. At 30 DAS, JS-97-52(478.54, 480.44 cm? plant?) and local cultivar
(472.59, 470.69 cm? plant?) recorded higher leaf area as compared to JS-335
(332.32, 354.88 cm?plant™. At 60 DAS local cultivar recorded the highest leaf
area (1692.06, 1566.36 cm? plant®) which was significantly superior over JS 97-
52 (1104.00, 1115.18 cm? plant™®) and JS-335 (1098.71, 1080.67 cm? plant™).

There was significant difference of Fe fertilization on leaf area at 60

DAS only whereas at 30 DAS and 90 DAS was observed to be non-significant.
154



GGT

Table 4.2.5 Effect of varieties and iron fertilization on leaf area (cm? plant?) in soybean

30 DAS 60 DAS 90 DAS
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 332.32 354.88 343.60 1098.71 | 1080.67 | 1089.69 689.76 687.81 688.78
V2 478.54 484.25 481.39 1104.27 | 1115.18 | 1109.73 604.98 630.17 617.57
V3 472.59 470.69 471.64 1692.06 | 1566.36 | 1629.21 | 2063.34 | 2073.54 | 2068.44
SEmz 12.71 11.49 8.57 22.98 21.45 15.72 26.85 36.25 22.55
CD at 5% 36.46 32.95 24.15 65.90 61.53 44.31 77.01 103.96 63.58
Zinc fertilization
Feo 427.53 432.77 430.15 1124.19 | 1109.79 | 1116.99 | 1053.92 | 1063.72 | 1058.82
Fe1 435.60 433.41 43451 1285.52 | 1248.76 | 1267.14 | 1109.14 | 1267.92 | 1188.53
Fe2 419.79 276.44 348.11 1389.81 | 1312.73 | 1351.27 | 1140.42 | 1063.93 | 1102.18
Fes 414.66 434.83 424.74 1409.53 | 139251 | 1401.02 | 1164.60 | 1155.01 | 1159.81
Fes 420.69 428.14 424.41 1276.12 | 1205.34 | 1240.73 | 1130.77 | 1103.81 | 1117.29
Fes 448.63 452.63 450.63 1304.91 | 1255.30 | 1280.10 | 1117.32 | 1128.64 | 1122.98
SEmz+ 17.98 16.25 12.12 32.49 30.34 22.23 37.97 51.26 31.90
CD at 5% NS NS NS 93.19 87.02 62.66 NS NS NS
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At 30 DAS as Fe treatment imposition has not been carried out except Fes so
practically no significant results observed. At 60 DAS, it was observed that
foliar spray application of ferrous sulphate @ 1.5% (Fes) recorded the highest
leaf area (1409.53, 1392.51 c¢cm? plant?) which was followed by Fe; (1389.81,
1312.73 cm? plant™) and soil application of FeS04.7H.0 @ 10 kg ha*(1304.91,
1255.30 cm? plantt). The least leaf area was recorded in control (1124.19,
1109.79 cm? plant®). At 90 DAS leaf area remained non-significant among Fe
treatments as the two varieties achieved senescence stage and started leaf
littering which resulted in drastic decline in leaf area except for local cultivar
which leaf area was progressing (2063.34, 2073.54 cm? plant). The observed
improvement in crop growth like leaf area on Fe fertilization could be explained
by the fact that iron is the component of the photosynthetic apparatus as well as
its rate and formation of pigment chlorophyll. Iron applied acts as an important
catalyst in the enzymatic reaction of metabolism. This ultimately would have
helped in larger biosynthesis of photoassymilates, thereby enhanced vegetative
growth of plant. It was also reported that enhanced photosynthesis and
respiration rates, more crop growth, and improved physiological and
biochemical processes were observed by the application of Fe (Zeidan et al.,
2010) which could ultimately increase the leaf area of crop. These results are in
accordance with earlier results that reported by Farhan and Al-Dulaemi (2011),
Kamble et al. (2021) and Trivedi et al. (2011).

The interaction effect between varieties and iron applications was non-

significant at all crop stages.

4.2.1.6 Chlorophyll content

The data pertaining to chlorophyll content at different stages of soybean
as influenced by varieties and Fe fertilization are presented in Table 4.2.6a and
illustrated in Fig 4.2.7 &Fig 4.2.8. Chlorophyll content varied significantly
among varieties at all crop stages. Chlorophyll "a", "b” and total chlorophyll
content at 30 DAS was significantly higher in JS-335 and was at par with JS-97-
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Table 4.2.6 Effect of varieties and ironfertilization on chlorophyll “a”, “b” and total chlorophyll at 30 and 60 DAS in soybean

Chlorophyll a at Chlorophyll b at Total chlorophyll b at Chlorophyll ‘a’ at Chlorophyll ‘b’ at Total chlorophyll at
Treatments 30 DAS (mgg™) 30 DAS (mg g?) 30 DAS (mgg™) 60 DAS (mgg™) 60 DAS (mgg™) 60 DAS (mgg™)
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties

V1 0.843 | 0.861 | 0.852 | 0.52 | 0.53 0.52 1.36 | 1.39 1.37 092 | 091 0.92 0.56 | 0.56 0.56 1.48 | 1.47 1.47
V, 0.811 | 0.833 | 0.822 | 0.50 | 0.50 0.50 131 | 1.33 1.32 0.91 | 0.88 0.90 0.56 | 0.55 0.55 1.47 | 1.43 1.45
Vs 0.782 | 0.775 | 0.779 | 0.48 | 0.47 0.48 1.26 | 1.25 1.26 0.82 | 0.77 0.80 0.50 | 0.48 0.49 132 | 1.25 1.28
SEmz+ 0.013 | 0.011 | 0.009 | 0.01 | 0.01 0.01 0.02 | 0.02 0.01 0.01 | 0.01 0.01 0.01 | 0.01 0.00 0.02 | 0.01 0.01
CDat5% |0.038 |0.032 | 0.024 | 0.02 | 0.02 0.02 0.06 | 0.05 0.04 0.03 | 0.02 0.02 0.02 | 0.02 0.01 0.05 | 0.04 0.03

Zinc fertilization
Feo 0.812 | 0.811 | 0.812 | 0.50 | 0.48 0.49 1.31 | 1.29 1.30 0.84 | 0.81 0.83 051 | 0.51 0.51 1.35 | 1.32 1.33
Fe: 0.814 | 0.818 | 0.816 | 0.50 | 0.50 0.50 131 | 1.32 1.32 091 | 0.85 0.88 0.54 | 0.52 0.53 1.44 | 1.37 1.41
Fe, 0.809 | 0.824 | 0.817 | 0.50 | 0.50 0.50 1.31 | 1.33 1.32 0.90 | 0.86 0.88 0.55 | 0.53 0.54 1.44 | 1.38 1.41
Fes 0.830 | 0.824 | 0.827 | 0.50 | 0.51 0.51 133 | 1.34 1.33 093 | 0.91 0.92 0.57 | 0.56 0.56 1.49 | 1.47 1.48
Fes 0.808 | 0.833 | 0.820 | 0.50 | 0.52 0.51 131 | 1.35 1.33 0.86 | 0.85 0.86 0.53 | 0.53 0.53 1.39 | 1.37 1.38
Fes 0.799 | 0.827 | 0.813 | 0.49 | 0.50 0.50 1.29 | 1.33 1.31 0.87 | 0.86 0.86 053 | 0.54 0.53 1.40 | 1.40 1.40
SEmz+ 0.019 | 0.016 | 0.012 | 0.01 | 0.01 0.01 0.03 | 0.03 0.02 0.02 | 0.01 0.01 0.01 | 0.01 0.01 0.03 | 0.02 0.02
CD at 5% NS NS NS NS NS NS NS NS NS 0.05 | 0.03 0.03 0.03 | 0.02 0.02 0.08 | 0.06 0.05
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52 and least in local cultivar in both the years. The total chlorophyll content was
significantly higher in JS-335 (1.36, 1.39 mg g1), followed JS 97-52(1.31, 1.33
mg g1) and local cultivar (1.26, 1.25 mg g1). At 60 DAS, the same trend was
observed with respect to varietal difference towards chlorophyll content. The
chlorophyll "a", "b”” and total chlorophyll content was significantly higher in JS-
335 which was at par with JS 97-52 and least in local cultivar. The difference
among the varieties on the chlorophyll content was mainly due to genotypic
difference which is supported by another study given by Mahmoudi et al.
(2007) who elaborated that chickpea treated with different Fe treatments (0 ppm
and 20 ppm) had significant variation of chlorophyll symptoms between

genotypes.

Fe fertilization significantly has influenced the chlorophyll content of
soybean at all crop stages. At 60 DAS with increasing spray concentration of
FeSO4.7H20 there was incremental improvement in chlorophyll content up to
1.5% FeS04.7H20. Foliar spray application of 1.5% FeSO4.7H20 resulted in
significantly higher chlorophyll "a" content (0.92, 0.91 mg g') than the other
treatments and was at par with Fe, foliar spray application of FeSO4.7H.0 @
1% (0.91, 0.88 mg g!). Percentage increase upon foliar spray of FeS04.7H.0 @
1.5%, 1.0%, 0.5% over control was (10.72, 11.01%), (6.84, 4.73%) and (6.86,
3.87%) respectively. Iron is known as the main factor for chlorophyll formation
and photosynthesis and its vital role plant enzyme systems and respiration
(Halvin et al., 1999). The increase value of chlorophyll content under Fe
treatments was likely because of its role or involvement in the biosynthesis
pathway of chlorophyll and haeme (Baele, 1999). According to the study of
Chereskin and Castelfrance (1982), iron is the metabolic constituent of
caproporphyrinogen oxidase which is part of the biosynthesis of o-
aminolevulinic acid (ALA). From these facts, it is well concluded that Fe
involves in chlorophyll synthesis indirectly by affecting its precursor ALA.

With deficiency of iron, chloroplast functioning and structure will be affected
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which results in reduction in leaf Fe concentration and ultimately leads to
reduction in levels of chlorophyll content (Gogorcena et al., 2005), decrease in
the chlorophyll fluorescence and photosynthesis. Iron also plays a major role in
the structure porphyrin of chlorophyll as well as a component of chloroplasts
(Rout and Sahoo, 2015). Iron sulphate application plays an important role in
synthesis of chlorophyll and plant growth regulator (Jin et al., 2008). Adams et
al. (2000) reported that in soil with iron deficiency conditions, leaf chlorophyll
concentration also found to be reduced. With application of FeSO4.7H20 either
to soil or foliar there is possible increment in the level of ferrous ion (Fe?")
uptake by the plant leaves which resulted in better absorption and translocation
of iron. This might help the cellular activity and directly or indirectly take part
in the formation of chlorophyll. Similar results were also reported by Kandoliya
et al. (2018). As per our observation in the correlation matrix study (Table
4.2.18), we found that iron content and total chlorophyll content at 60 DAS was
highly positive correlated (0.932 at 1% significance) and same against Fe
uptake (0.984 at 1% significance). This finding was also in agreement with the
previous research reported by Shukla and Shukla (1999), Brand et al. (2000)
and Kumawat et al. (2006).

Interaction effect of the varieties and Fe application on chlorophyll

content remained non-significant in both the years of study.

4.2.1.7 Days to 50% flowering

The perusal of data of days to 50% flowering is presented in Table 4.2.7
and illustrated in Fig 4.2.9. It indicated that there was significant difference
among varieties on days to 50% flowering in both the years of experiment. It is
observed that JS-335 recorded the shortest time to achieve 50% flowering
(39.28, 38.44 days) which is followed by JS 97-52 (42.61, 41.39 days). Local
cultivar took the longest time to achieve 50% flowering (72.00, 71.39 days).

Treatment imposition of FeSO4.7H20 resulted to non-significant effect
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on this parameter in both the years.

4.2.1.8 Days to maturity

Similar trend was also observed in days to maturity as in recorded in
days to 50% flowering. Among the varieties, local cultivar took the longest
period to reach maturity stage (137.89, 137.94 days) whereas JS-335 (110.94,
109.33 days) was statistically at par with JS-97-52 (112.06, 109.89 days). The
iron application has no significant effect on maturity of the crop in both the
years (Table 4.2.7).

4.2.3 Nodulation
4.2.3.1a Number of nodules and nodule dry weight at 45 DAS

The results on the number of nodules in different treatments have been
presented in Table 4.2.8 and Fig 4.2.10 and Fig 4.2.11. There was an
appreciable increase in the number of nodules with the advancement of days
which was significantly different among different treatments. Number of
nodules plant? and nodule dry weight at 45 DAS was recorded and there were
significant variations among varieties. The local cultivar (25.28, 24.83)
recorded the highest numbers per plant at 45 DAS which was followed by JS-
97-52 (22.83, 23.67) and least was recorded in JS-335 (20.44, 20.73) in both the
years of the experimentation. As apparent from the data the nodule dry weight
plant® was recorded to be higher in local cultivar (0.298, 0.305 g plant?) which
was significantly higher than JS-97-52 (0.258, 0.266 g plantt) and JS-335
(0.249, 0.252 g plant™).

Although the Fe application did not have any significant effect on the
nodule dry weight per plant at this stage, however, there was a slight
improvement in nodulation with increasing level of Fe fertilization. This result

was in line with the one reported by Soni and Kushwaha (2020).

The interaction effect between varieties and Fe fertilization on number of

nodule and dry weight was non-significant in both the years of study.
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Table 4.2.7 Effect of cultivar and iron application on days to 50% flowering and

maturity
Treatments Days to 50% flowering Days to maturity
2018 2019 Pooled 2018 2019 Pooled
Varieties
V1 39.28 38.44 38.86 110.94 | 109.33 110.14
V2 42.61 41.39 42.00 112.06 109.89 110.97
V3 72.00 71.39 71.69 137.89 137.94 137.92
SEmz 0.66 0.60 0.45 1.36 0.74 0.78
CD at 5% 1.89 1.73 1.26 3.91 2.14 2.19
Fe fertilization
Feo 52.11 52.00 52.06 121.22 119.67 120.44
Fe1 51.00 50.78 50.89 120.89 119.78 120.33
Fe2 51.33 49.67 50.50 121.11 119.33 120.22
Fes 50.78 49.44 50.11 119.56 118.00 118.78
Fea 50.89 50.22 50.56 119.78 119.33 119.56
Fes 51.67 50.33 51.00 119.22 118.22 118.72
SEmz+ 0.93 0.85 0.63 1.93 1.05 1.10
CD at 5% NS NS NS NS NS NS
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EV1: JS 335 ®V2:JS 97-52 ® V3: Local cultivar

i Fe0: Control ® Fel: Foliar application of FeSO4.7H20 @ 0.5% 1 Fe2: Foliar application of FeSO4.7H20 @ 1%

® Fe3: Foliar application of FeS04.7H20 @ 1.5% B Fed: Foliar application of FeSO4.7H20 @ 2% L1 Fe5: Soil application of FeS04.7H20 @ 10 kg ha-1
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Fig 4.2.9 Effect of varieties on 50% flowering and maturity of soybean at different stages of crop during 2018 and 2019
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Table 4.2.8 Effect of cultivar and iron application on number of nodules plant-tand nodules dry weight (g plant?) in soybean

Number of nodules plant

Nodules dry weight at 45

Number of nodules plant!

Nodules dry weight at 60

Treatments at 45 DAS DAS (g plant?) at 60 DAS DAS (g plant?)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 20.56 20.72 20.64 0.249 0.252 0.251 30.00 32.83 31.42 0.358 0.365 0.362
V2 22.61 23.67 23.14 0.258 0.266 0.262 32.46 34.06 33.26 0.359 0.369 0.364
V3 24.78 24.83 24.81 0.298 0.305 0.301 37.67 36.61 37.14 0.410 0.425 0.418
SEmz+ 0.72 0.69 0.50 0.007 0.009 0.006 1.12 1.05 0.76 0.013 0.012 0.009
CD at 5% 2.07 1.97 1.40 0.021 0.025 0.016 3.20 3.00 2.16 0.037 0.035 0.025
Fe fertilization
Feo 21.78 21.11 21.44 0.256 0.267 0.262 31.56 32.00 31.78 0.339 0.373 0.356
Fe1 22.44 22.56 22.50 0.261 0.274 0.267 32.89 33.11 33.00 0.367 0.385 0.376
Fe2 22.56 23.44 23.00 0.261 0.274 0.267 34.11 32.89 33.50 0.378 0.401 0.389
Fes 22.33 23.00 22.67 0.277 0.275 0.276 34.89 36.67 35.78 0.398 0.402 0.400
Fes 22.44 23.56 23.00 0.266 0.269 0.267 32.24 36.89 34.57 0.371 0.382 0.377
Fes 24.33 24.78 24.56 0.291 0.285 0.288 34.56 35.44 35.00 0.402 0.374 0.388
SEmz 1.02 0.97 0.70 0.010 0.012 0.008 1.58 1.48 1.08 0.018 0.017 0.013
CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS
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The data pertaining to the number of nodules and nodules dry weight at 60
DAS are presented in Fig 4.2.12 and Fig 4.2.13. Varieties found to vary
significantly in the number of nodules and nodule dry weight per plant at 60 DAS
in both the years. The same trend as observed at 45 DAS was also observed at
this stage. More number of nodules per plant was recorded in local cultivar
(38.39, 36.61) which was significantly higher than in JS-335 (30.50, 32.61). At
60 DAS nodules dry weight was observed to be more in local cultivar (0.41, 0.42
g plant?) as recorded at 45 DAS which was significantly higher than the other
varieties. The difference among the varieties can be explained by the genotypic

difference which some are having different capacity to produce effective nodules.

Application of FeSO4.7H.O did not significantly vary the number of
nodules as well as its dry weight at 60 DAS. Eventhough, no significant
difference with Fe application in nodulation but numerically the treated plant has
higher value of nodules number and dry weight in both the years of experiment
when compared to control (Table 4.2.8). Iron fertilization did not significantly
enhance the nodule number and weight in both the years. However, there were
slight numerically higher values in nodulation in Fe treated plants over the control
plants. Similar results have been reported by many workers in the past
(Bhanavase et al., 1994; Janakiraman et al. 2005; Kamble et al., 2021).

The interaction effect between varieties and Fe fertilization was not

significant in both numbers of nodules as well its dry weight.

4.2.4 Yield attributes

The data pertaining to yield attributes as affected by different varieties and
iron fertilization is presented in Table 4.2.9.
4.2.4.1 Number of pods plant?

The data pertaining to the number of pods plant? is presented in Table
4.2.9. The data showed that varieties varied significantly with respect to the

number of pods plant. During both the years, the cultivar JS 97-52 produced the
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Table 4.2.9 Effect of cultivar and iron application on yield attributes of soybean

91

No. of pods plant* pod length (cm) No. of seeds pod* 100-seed weight (g)
Treatments
2018 2019 Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 35.97 35.81 35.89 3.79 3.78 3.79 2.53 2.52 2.53 12.82 12.51 12.67
V2 64.50 68.14 66.32 3.22 3.18 3.20 2.57 2.56 2.56 11.37 11.16 11.27
V3 43.36 40.61 41.99 3.49 3.30 3.39 2.47 2.44 2.46 7.19 7.25 7.22
SEmz+ 1.53 1.69 1.14 0.05 0.06 0.04 0.04 0.04 0.03 0.29 0.25 0.19
CD at 5% 4.39 4.85 3.22 0.13 0.16 0.10 NS NS NS 0.82 0.72 0.54
Fe fertilization
Feo 42.56 45.67 44.11 3.48 3.30 3.39 2.42 2.44 2.43 9.90 9.40 9.65
Fe1 47.61 46.06 46.83 3.49 3.37 3.43 2.53 2.44 2.49 10.49 10.20 10.34
Fez 47.33 47.94 47.64 3.50 3.48 3.49 2.58 2.53 2.56 10.21 10.74 10.48
Fes 52.72 51.67 52.19 3.58 3.54 3.56 2.53 2.56 2.54 11.09 10.40 10.74
Fes 47.61 46.89 47.25 3.51 3.42 3.46 2.51 2.49 2.50 10.39 10.35 10.37
Fes 49.83 50.89 50.36 3.45 3.42 3.43 2.56 2.58 2.57 10.68 10.77 10.73
SEmz+ 2.17 2.39 1.61 0.07 0.08 0.05 0.06 0.05 0.04 0.40 0.35 0.27
CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS




Plate No. 5 Soybean crop under different varieties and iron fertilization



highest number of pods plant™ (64.50, 68.14) which was significantly higher than
local cultivar (43.36, 40.61) and JS 335 (35.97, 35.81).

Fe fertilization treatments did not result to any significant effect on the
number of pods plant? although numerically higher value was observed Fe
treated plants. The maximum value was recorded in Fes (FeS04.7H.0 @ 1.5% at
pre-flowering stage) (52.72, 51.67) followed by Fes (49.83, 50.89) and the least
value was observed in control (42.56, 45.67). Our results indicated that foliar
application of FeS0..7H20 slightly enhanced the number pods plant® which
might been due to iron significant role in the reproductive organs, such as
stamens and pollens as reported by Siefi- Nadergholi et al. (2011). Our result also
supported by the findings of Bohra et al. (2006) who revealed that upon Fe
fertilization increased the number of podsplant in mothbean which might be due
improved translocation of photosynthates to the productive sink. Soni and
Kushwaha (2020) also reported that with 0.5% FeSO4 spray at flower initiation in
mungbean significantly increased the number of pods per plant. Similar results
have also been stated by Majumdar et al. (2001), Heidarian et al. (2011), Kobraee
et al. (2011a) and Pooladvand et al. (2012) in soybean and related crops on the

positive effect of Fe on number of pods plant™.

The interaction effect between varieties and Fe fertilization on number of

pods plant*was found non-significant.

4.2.4.2 Number of seeds pod*

The data on the number of seeds per pod are presented in Table 4.2.9
which depicted to have no significant effect of varieties as well as Fe fertilization.
The number of seeds pod™ was found to be slightly higher in JS-97-52 (2.57,
2.56) over JS-335 (2.53, 2.52) and local cultivar (2.47, 2.44) although all were par
with each other. The zinc applications have no significant effect on the number of
seeds pod. Interaction effect of the two factors remained non-significant in both

the years.
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No significant difference on the number of seed pod-observed. The slight
improvement in number of seeds pod upon Fe fertilization might possibly have
been due to role of Fe in enhancing the activity of bio-substances or improving
photosynthesis (Quary et al., 2006) which was reflected in the yield attributes like
the number of seeds pod™. Other investigations as reported by Kumar et al.
(2009), Sharma et al. (2010), Trivedi et al. (2011) and Abdel et al. (2014)
revealed similar results with respect to the number of seeds per pod.

The interaction effect between varieties and Fe fertilization on Number of

seeds podtwas found non-significant.

4.2.4.3 Pod length

The data on pod length is presented on Table 4.2.9 which shows that there
was significant variation among the varieties on pod length of soybean where JS-
335 recorded the highest value (3.79, 3.78 cm) followed by local cultivar (3.49,
3.30 cm) and least observed in JS 97-52 (3.22, 3.18 cm).

Application of Fe treatments found to result no significant effect on this yield
attribute although slightest higher value (3.58, 3.54 cm) observed in Fes (Foliar
spray application of FeSO4.7H.0 @ 1.5% at pre-flowering stage). Interaction
effect of the two factors remained non-significant with respect to this yield
attribute in both the years. Similar results have also been reported by Ghasemian
et al. (2010) and Trivedi et al. (2011) in soybean.

4.2.4.3 100- seed weight

As apparent from the Table 4.2.9, the maximum seed index was recorded
in JS-335 (12.82, 12.51 g) which was statistically superior over the other
varieties. JS 97-52 recorded (11.37, 11.16) with the least value observed in local
cultivar (7.19, 7.25).

Fe fertilization did not differ significantly over seed index in both the years
of experimentation although higher value was recorded in foliar spray application
of FeS04.7H.O0 @ 1.5% (11.09, 10.40 g) and least in control treatment.
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As revealed by the data there was no significant effect of Fe nutrition on
yield attributes of soybean in both the years of study. The reason could be due to
lesser impact from the applied Fe as the soil in the experimental site was in Fe
sufficient range (50-100). However, when compared to the control plants the
yield attributes slightly showed higher values which to some extent FeSO4 plays
its role in the plant system. The slight improvement in the number of pods plant?,
number of seeds pod, 100-seed weight etc. may be attributed to the fact that
favourable nutritional environment in rhizosphere and absorption of Fe by foliage
led to enhanced photosynthesis and production of assimilates. This further led to
more translocation of photosynthates in the reproductive structures and thus to the
yield attributes. With foliar application of FeSO4 entry and absorption of Fe in the
plant system became easier which then might have enhanced availability of iron,
increased the chlorophyll content and thus more to the accumulation of
carbohydrates. This produces positive effect on flowering and pod development
and ultimately on the yield attributes of soybean. Similar findings were also
reported by Umamaheswari and Singh (2002), Moosavi and Ronaghi (2011),
Trivedi et al. (2011) and Sale et al. (2017).

The interaction effect of Fe fertilization and varieties was found non-

significant in all the yield attributes and in both the years of experimentation.

4.2.5Yields
4.2.5.1 Seed yield

The data on seed yield is presented in Table 4.2.10 and fig. 4.2.14.
Significant variation among varieties on seed yield per pot was observed in both
the years of experiment. Significantly higher value was observed in JS-97-52
(29.31, 28.77 g pott) which was followed by JS-335 (20.95, 20.56 g pot?) and
the lowest was recorded in local cultivar (17.76, 16.96 g pot™). Yield difference
due to varieties is determined by their genetic make-up and varied yield potential
resulted to variation in seed yield among the three varieties. Improved variety like

JS 97-52 markedly surpassed over the other two in yield potentials over the two
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Table 4.2.10 Effect of cultivar and iron application on grain yield, stover yield, biological yield and harvest index in soybean

Seed yield Stover yield Biological yield
Treatments (9 pgt'l) (9 DO%/'l) (ggIOOt'?)/ Harvest Index (%)
2018 2019 | Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 20.95 20.56 20.76 21.49 20.28 20.89 42.44 40.84 41.64 49.38 50.45 49.92
V2 29.31 28.77 29.04 30.56 28.79 29.68 59.87 57.56 58.72 49.04 50.23 49.64
V3 17.76 16.96 17.36 20.23 19.14 19.69 37.99 36.10 37.05 46.78 47.17 46.97
SEmz 0.56 0.44 0.36 0.75 0.75 0.53 1.21 1.08 0.81 0.56 0.69 0.45
CD at 5% 1.61 1.26 1.00 2.14 2.15 1.49 3.48 3.08 2.29 1.60 1.99 1.25
Fe fertilization
Feo 19.54 19.46 19.50 21.72 19.29 20.51 41.27 38.75 40.01 47.09 49.96 48.52
Fe1 22.70 22.61 22.66 23.89 21.99 22.94 46.59 44.60 45.60 48.66 50.49 49.58
Fe2 22.40 21.34 21.87 23.98 23.84 23.91 46.38 45.18 45.78 48.26 47.16 47.71
Fes 24.46 25.33 24.89 26.22 26.33 26.28 50.67 51.66 51.17 48.41 49.05 48.73
Fes 23.04 21.83 22.44 24.10 22.52 23.31 47.14 44.35 45.74 48.85 49.31 49.08
Fes 23.91 22.01 22.96 24.64 22.46 23.55 48.55 44.47 46.51 49.14 49.74 49.44
SEmz+ 0.79 0.62 0.50 1.06 1.06 0.75 1.72 1.52 1.15 0.79 0.98 0.63
CD at 5% 2.28 1.78 1.42 NS 3.04 2.11 4,93 4.36 3.23 NS NS NS
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Fig 4.2.12 Effect of varieties and iron application on seed yield and biological yield per pot of soybean during 2018 and 2019




years of experiment irrespective of the treatments imposed mainly is rooted to the

effect of Genotype x Environment interaction.

Iron ferti-fortification resulted in significant variations among the
treatments. All the Fe treated pots were statistically at par with each other and
significantly higher than the controlled plants value (19.54, 19.46 g pot?).
Slightly higher value (24.46, 25.33 g pot!) of seed yield was observed in foliar
spray application of FeS04.7H,O @ 1.5% at pre-flowering stage. The per cent
increase in seed yield with two foliar applications of FeS04.7H.0 @ 1.5% was to
the tune of (25.15, 30.16%) over control followed by Fes (Soil application of 10
kg ha! FeS04.7H20) (22.37, 13.08%). The increase in yield due to Fe application
was attributed to better performance in the growth and yield parameters which
could have influenced the physiological processes and photosynthates build up
under adequate availability of major and micro nutrients in soil as explained by
Tabassum et al. (2013). Fe fertilization treatments might have enhanced
availability of micro and macro nutrients to the crop. This might have helped in
early crop development stage and cell multiplication which eventually led to
more absorption of other nutrients thereby improving crop yield upon increased
translocation of photosynthates accumulated. Further, the translocation and
accumulation of photosynthates in the economic sinks resulted in increased seed,
stover and biological yields. As per the results revealed in Table 4.2.10, foliar
application of FeSO4.7H20 significantly improved crop yield over the control.
This has resulted owing to improved Fe absorption through foliage which is then
translocated in the plant system and ultimately improved seed and straw yield of
soybean. Further, it can also be explained by the fact that Fe is part of ferrodoxin
and cytochrome structures which are electron carrier and plays vital role in
various metabolic processes viz., hormone production, nitrogen fixation,
chlorophyll construction, photosynthesis, respiration, DNA synthesis (Vaghar et
al., 2020). Iron plays an important role in the photosynthesis efficiency and the
functioning of the photosynthetic apparatus and upon its deficiency, chlorophyll

synthesis and crop growths are affected. Thus, significant increase in the
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biological yield of soybean might be due to the improved leaf and stem nutrition
and intensification of photosynthesis due to foliar application of Fe (Rai et al.,
2021). Further, Fe application through different treatments might have increased
number of enzymatic activities of Fe-containing enzymes which cumulatively
have positive effect on crop yield. The results of the present study were in
concordance with the results obtained from Revathy et al. (1997), Valenciano et
al. (2009), Ghasemian et al. (2010), Farhan and Al-Dulaemi (2011), Kobraee et
al. (2011a), Abbas, et al. (2012) and Kumar et al. (2016). This finding is
supported by the result reported by Hemantaranjan and Garg (1988).

The interaction between varieties and Fe fertilization was found non-

significant in both the years of study.

4.2.5.2 Stover yield

The data on stover yield of soybean as influenced by cultivar and Fe
fertilization are presented in the Table 4.2.10and Fig 4.2.14. Stover yield was
significantly affected by cultivar as well as Fe treatments. Among the varieties, JS
97-52 recorded the highest stover yield (30.56, 28.79 g pot!) which was
significantly higher than JS-335 (21.49, 20.28 g pot™) and local cultivar (20.23,
19.14 g pot) although the two were statistically at par to each other.

Iron fertilization effect also found to differ significantly in the second year
and on the pooled data. The highest value of stover yield was observed in Fes
(26.22, 26.33 g pot™). The least stover yield was recorded in control (21.72, 19.29
g pot™). Application of 1.5% FeSO4.7H20 foliar spray enhanced the stover yield
by (20.71, 36.52%) over the control. Iron known to improves photosynthesis and
assimilates transportation to sinks which then finally increases stover yield of
crop. It also increases carbohydrate synthesis. Similar effect of foliar spray of iron
was observed in cowpea in sandy loam soil of Kerala by Anitha et al. (2005). Our
results were in conformity to the findings reported by Sahu et al. (2008), Yadav et

al. (2013) in mungbean.
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4.2.5.3 Biological yield

The data pertaining to biological yield are presented in Table 4.2.10. The
highest biological yield was observed in JS 97-52 (59.87, 57.56 g pot?) which
was significant compared to JS-335 (42.44, 40.84 g pot?) and least in local
cultivar (37.99, 36.10 g pot™?).

Iron sulphate application resulted in significant enhancement in biological
yield in both the years. Similar trend was observed where application of 1.5%
FeS0..7H20 foliar spray (Fes) resulted in significantly high value (50.67, 51.66 g
pot™) followed by soil application of FeS04.7H.0O @ 10 kg ha (Fes) over control
and the rest treatments were at par with each other. The percentage increase in
biological yield over the control was highest in application of 1.5% FeSQO4.7H.0
foliar spray (Fes) (22.78, 33.32%) followed by FeSO4.7H,0 @ 10 kg ha* (Fes)
(17.65, 14.75%). Our findings were in line with the findings reported by
Ghasemian et al. (2010), Kobraee et al. (2011a), Nasri et al. (2011) and Rahevar
et al. (2015).

The interaction effect was found non-significant in both the years of the

experiment although the highest value was observed in V2Fes (68.54, 67.24 g pot
1).

4.2.5.4 Harvest Index

The harvest index was found to be significantly high in JS-335 (49.38,
50.45) and JS 97-52 (49.04, 50.23) compared to local cultivar (46.78, 47.17).
Improved varieties (JS-335 and JS 97-52) are normally short stature with lesser
biomass production compared to long duration taller local cultivar. The genotypic
differences among the varieties, where improved ones were having desirable
yield attributes which was the main factor for cumulative effect on overall seed
yield of the crop. This possibly resulted to more economic yield over stover yield
in JS-335 and JS 97-52 ultimately led to higher harvest index value.

No significant variations on harvest index upon Fe fertilization treatments
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in both the years. The interaction effect was non-significant in both the years.

4.2.6 Nutrient concentration and uptake
4.2.6.1 Nitrogen concentration in grain

The perusal of data in Table4.2.11a shows that there was significant
variation in N content in grain in the three varieties. The highest value N content
in grain was recorded in JS-335 (6.06, 6.08%) which was statistically at par with
JS 97-52 (6.05, 6.03%). The least value was observed in local cultivar (5.90,

5.85%). N content in grain was found to differ significantly with iron fertilization.

The highest N content in grain in both the years of experiment was
observed in the treatment of 1.5% foliar application of FeSO4.7H.0O (Fe3) (6.27,
6.19%) which was at par with soil application of FeSO4.7H,0 @ 10 kg ha* (6.03,
6.03%) and superior than the rest of Fe application. The lowest value was
recorded in control (5.82, 5.67%). It was found that the grain N content increased
by (7.79, 9.21%) in Fez over the control for both years of study. The significant
effect of Fe application on N content might be due to role of Fe in photosynthetic
activity which helps in accumulation of more photosynthates which ultimately on
the N content in grain and stover. The result was corroborated by the findings
reported by Farhan and Al-Dulaemi (2011), Abbas et al. (2012) and Gomaa et al.
(2015).

4.2.6.2 Nitrogen concentration in stover

From the Table 4.2.11a it was revealed that the N concentration in stover
of soybean was significantly higher in JS-335 (2.09, 2.08%) followed by JS 97-52
(1.93, 1.97%) over the local cultivar (1.89, 1.88%). The two varieties, JS 97-52
and local were found to be statistically at par with respect to N content in stover
in both the years of study.

With respect to Fe application there was no significant effect on N content

in stover observed in both the years of experiment. Although slight superiority
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Table 4.2.11 Effect of varieties and iron application on N content in grain and stover and their uptake in soybean

N content in N content in stover (%) N 'uptake ir_l N uptake in_ '_I'otal N uptake _
Treatments grain (%) grain (kg hal) stover (kg ha) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
V1 6.06 6.08 6.07 2.09 2.08 2.09 1.27 1.25 1.26 0.45 0.42 0.44 1.72 1.67 1.70
V2 6.05 6.03 6.04 1.93 1.97 1.95 1.78 1.74 1.76 0.59 0.57 0.58 2.37 2.31 2.34
V3 5.90 5.85 5.87 1.89 1.88 1.89 1.05 0.99 1.02 0.38 0.36 0.37 1.43 1.35 1.39
SEmz+ 0.05 0.06 0.04 0.05 0.05 0.03 0.04 0.02 0.02 0.02 0.02 0.01 0.05 0.04 0.03
CD at 5% 0.13 0.17 0.11 0.14 0.13 0.10 0.11 0.07 0.06 0.05 0.05 0.04 0.15 0.10 0.09
Fe fertilizatio
Feo 5.82 5.67 5.75 1.89 1.91 1.90 1.13 1.10 1.12 0.41 0.37 0.39 1.54 1.47 1.51
Fe1 5.92 6.02 5.97 1.91 1.94 1.93 1.35 1.37 1.36 0.45 0.43 0.44 1.80 1.79 1.80
Fe2 6.02 6.05 6.03 1.97 2.00 1.99 1.35 1.29 1.32 0.47 0.47 0.47 1.82 1.77 1.79
Fes 6.27 6.19 6.23 2.15 2.13 2.14 1.53 1.57 1.55 0.56 0.56 0.56 2.10 2.14 2.12
Feq 5.96 5.94 5.95 1.98 1.97 1.97 1.38 1.30 1.34 0.48 0.45 0.46 1.86 1.75 1.80
Fes 6.03 6.03 6.03 1.93 1.92 1.92 1.45 1.33 1.39 0.47 0.43 0.45 1.93 1.76 1.84
SEmz 0.07 0.08 0.05 0.07 0.07 0.05 0.06 0.03 0.03 0.03 0.03 0.02 0.07 0.05 0.04
CD at 5% 0.19 0.24 0.15 NS NS NS 0.16 0.10 0.09 0.08 0.08 0.05 0.21 0.14 0.12




was observed in (Fes) foliar spray application of FeSO4.7H.0 @ 1.5% (2.15,
2.13%) over the control treatment but it remained at par in with the rest of the Fe
treatments. The stover N increased by (12.57, 11.99%) of Fesin over the control

for both the years of study.

4.2.6.3 Nitrogen uptake in grain

The nitrogen uptake in grain as influenced by varieties and different Fe
treatments are presented in Table 4.2.11a. Nitrogen uptake is the product of
multiplication between yield (Grain or straw) and nitrogen concentration. The
data revealed the grain N uptake differed significantly among varieties for both
the years of study. Grain N uptake by the cultivar JS 97-52 (1.78, 1.74 g pot™)
was significantly higher than JS-335 (1.27, 1.25 g pot™) and local cultivar (1.05,
0.99 g pot™).

N uptake by grain was significantly superior in all the Fe application
treatments than control. The best treatment was Fesz (Foliar spray application of
FeS0.4.7H20 @ 1.5% at pre-flowering stage) (1.53, 1.57 g pot?) followed by Fes
(1.45. 1.33 g pott) with the least value in control (1.13, 1.10 g pot?). The rest of
the treatments were statistically at par with each other in both the years of
experiment. Grain N uptake increased by (35.74, 42.88%) in treatment Fez over
control. Iron nutrition in plants helps in number of enzymatic and physiological
processes which are directly linked to photosynthetic activities and accumulation
of photosynthates in grain. These results in improvement in overall grain yield
and thus to the nutrient uptake like nitrogen and other nutrients. The results are
corroborated by the findings of Pande et al. (1993), Singh et al. (2004) and Abbas
et al. (2012).

4.2.6.4 Nitrogen uptake in stover

The nitrogen uptake in stover as influenced by varieties and different Fe
treatments are presented in Table 4.2.11a. The data revealed the stover N uptake
differed significantly among varieties for both the years of study. Stover N uptake
by the cultivar JS 97-52 (0.59, 0.57 g pot*) was significantly higher than JS-335
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(0.45, 0.42 g pot?) and local cultivar (0.38, 0.36g pot™?).

With respect to iron biofortification treatments, two foliar spray
application of FeS04.7H.O0 @ 1.5% (Fes) was found superior over the other
treatments (0.56, 0.56 g pot™?) with the lowest value observed in control (0.41,
0.37 g potd).

The interaction effect of varieties and Fe fertilization treatments was non-

significant in both the years of experiment.

4.2.6.5 Total N uptake by soybean

The data on total N uptake in crop have been presented in Table 4.2.11a.
Total N uptake differed significantly among varieties for both years of study.
Total N uptake by the cultivar JS 97-52 (2.37, 2.31 g pot?) was significantly
higher than JS-335 (1.72, 1.67 g pot™) and local cultivar (1.43, 1.35 g pot™).

The Fe biofortification treatments found to significantly affect the total N
uptake by the crop. As revealed by the data, foliar application of FeSO4.7H.0 @
1.5% at pre-flowering stage (Fes) registered the highest value (2.10, 2.14 g pot™).
The least total N uptake was observed in control (1.5, 1.47 g pot?). The increase
in total N uptake was (36.15, 45.32%) in Fes and (25.13, 19.52%) in Fes over

control treatment.

4.2.6.6 Phosphorus content in grain

The data pertaining to P content in grain is presented in Table 4.2.12 and
illustrated in Fig 4.2.15. There was no significant variation among varieties on P
content in grain although the local cultivar found to have comparatively higher
value (0.386, 0.389%) over JS 97-53 (0.371, 0.373%) and JS-335 (0.358,
0.361%). Fe application treatments did not differ significantly on phosphorus

content.

Interestingly with increasing level of FeSO4.7H.0O foliar application there

was progressive reduction in P content in grain which was represented in
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Table 4.2.12 Effect of varieties and iron application on P content in grain and stover and their uptake in soybean

P content in P content in stover (%) P gptake in_ P uptake in_ Total P uptake _
Treatments grain (%) grain (kg hal) stover (kg ha) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties
V1 0.358 | 0.361 | 0.359 | 0.278 | 0.286 | 0.282 | 0.075 | 0.074 | 0.074 | 0.060 | 0.058 | 0.059 | 0.135 | 0.132 | 0.133
V2 0.371 | 0.373 | 0.372 | 0.297 | 0.302 | 0.299 | 0.108 | 0.107 | 0.108 | 0.090 | 0.086 | 0.088 | 0.199 | 0.193 | 0.196
V3 0.386 | 0.389 | 0.388 | 0.321 | 0.317 | 0.319 | 0.068 | 0.066 | 0.067 | 0.065 | 0.060 | 0.063 | 0.133 | 0.126 | 0.130
SEmz+ 0.008 | 0.009 | 0.006 | 0.008 | 0.008 | 0.006 | 0.003 | 0.003 | 0.002 | 0.003 | 0.003 | 0.002 | 0.005 | 0.005 | 0.004
CD at 5% 0.02 0.03 0.02 0.02 NS 0.02 0.39 0.44 0.31 0.48 0.55 0.39 0.65 0.86 0.57
Fe fertilizatio
Feo 0.394 | 0.409 | 0.402 | 0.319 | 0.321 | 0.320 | 0.077 | 0.079 | 0.078 | 0.069 | 0.062 | 0.065 | 0.146 | 0.141 | 0.143
Fe1 0.391 | 0.372 | 0.382 | 0.299 | 0.303 | 0.301 | 0.089 | 0.083 | 0.086 | 0.071 | 0.067 | 0.069 | 0.160 | 0.150 | 0.155
Fe2 0.373 | 0.360 | 0.367 | 0.298 | 0.293 | 0.296 | 0.083 | 0.077 | 0.080 | 0.071 | 0.070 | 0.070 | 0.154 | 0.147 | 0.150
Fes 0.353 | 0.354 | 0.354 | 0.283 | 0.278 | 0.281 | 0.086 | 0.089 | 0.088 | 0.074 | 0.073 | 0.074 | 0.160 | 0.162 | 0.161
Feq 0.353 | 0.366 | 0.359 | 0.282 | 0.291 | 0.287 | 0.081 | 0.080 | 0.080 | 0.068 | 0.066 | 0.067 | 0.149 | 0.146 | 0.148
Fes 0.363 | 0.383 | 0.373 | 0.310 | 0.321 | 0.316 | 0.087 | 0.085 | 0.086 | 0.077 | 0.072 | 0.074 | 0.164 | 0.157 | 0.160
SEmz 0.012 | 0.013 | 0.009 | 0.011 | 0.011 | 0.008 | 0.004 | 0.004 | 0.003 | 0.004 | 0.004 | 0.003 | 0.007 | 0.007 | 0.005
CD at 5% NS NS 0.025 NS NS 0.022 NS NS NS NS NS NS NS NS NS




®V1:JS 335 @V2:JS 97-52

® V3: Local cultivar i Fe0: Control
H Fel: Foliar application of FeSO4.7H20 @ 0.5% 4 Fe2: Foliar application of FeSO4.7H20 @ 1%
i Fe3: Foliar application of FeSO4.7H20 @ 1.5% ® Fe4: Foliar application of FeSO4.7H20 @ 2%
L1 Fe5: Soil application of FeS04.7H20 @ 10 kg ha-1
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Fig 4.2.13 Effect of varieties and iron application on P content in grain and stover of soybean during 2018 and 2019




Fig 4.2.15 and depicted in Table 4.2.12. The reverse declining effect of
phosphorus content in grain and stover upon Fe fertilization could be due to the
antagonistic effect of iron and phosphorus. With the increased of concentration of
iron in soil led to formation of iron phosphate which reduce uptake of phosphorus
by grain and straw, thereby affecting the phosphorus content in grain and straw.
This result was similar to the one reported by Mundra and Bhati (1991), Sahu et
al. (2008) and Kumar et al. (2009).

4.2.6.7 Phosphorus content in stover

The perusal of data in Table 4.2.12 shows that straw P content among
varieties differed significantly where the highest P content was recorded in local
cultivar (0.321, 0.317%) followed by JS 97-52 (0.297, 0.302%) and least content
in JS-335 (0.278, 0.286%).

As revealed by the data there was no significant variation on P content in
stover upon imposition of Fe fertilization treatments in both the years of
experiment. However, the data clearly shows that control treatment has the
highest value of stover P content (0.319, 0.321%) and reduces with application of
Fe as seen in the Table 4.2.12. The least P content was recorded in Fes (0.283,
0.278%). The reduced P content in grain with increasing Fe fertilization will be
the same antagonistic effect of P and Fe as explained grain P content which was
supported by the findings of Mundra and Bhati (1991), Sahu et al. (2008) and
Kumar et al. (2009).

The interaction effect of cultivar and Fe application was non-significant in

both the years.

4.2.6.8 Phosphorus uptake by grain

The data on P uptake by grain in crop have been presented in Table 4.2.12.
Grain P uptake differed significantly among varieties for both years of study.
Grain P uptake by the cultivar JS 97-52 (0.108, 0.107 g pot™) was significantly

higher than all other varieties. The other two varieties i.e., JS-335 and local
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cultivar were statistically at par with each other with P uptake value of (0.075,
0.074 g pot™) and (0.068, 0.066 g pot?) respectively.

As per the data presented, it was observed that higher value of P uptake in
Fe; foliar spray application of FeSO4.7H.0O @ 0.5% (0.089, 0.083 g pot™).

Iron sulphate application did not significantly affect the value of stover P
uptake in both the years. Although there was drastic reduction in phosphorus
content in grain upon application of Fe yet the P uptake was found to be
significantly higher upon Fe fertilization. The reason was due to significant
enhancement in grain yield which might have offset the negative effect of Fe over
P content. This finding was in line to the one reported upon by Shukla and Shukla
(1994), Sahu et al. (2008), Mundra and Bhati (1991), Pande et al. (1993), Yadav
et al. (2002) and Gomaa et al. (2015).

The interaction effect was found to be non-significant in both years.

4.2.6.9 Phosphorus uptake by stover

Data pertaining to P uptake by stover in crop are given in Table 4.2.12.
Stover P uptake differed significantly among varieties for both years of study. P
uptake by stover by the cultivar JS 97-52 (0.090, 0.086 g pot™) was significantly
way higher than all other varieties. The other two varieties i.e., JS-335 and local
cultivar were statistically at par with each other with P uptake value of (0.060,
0.058g pot™) and (0.065, 0.060 g pot™) respectively. Similar trend as observed in
P uptake by grain was also observed in uptake by stover with no significant

variation for both the years of experimentation.

4.2.6.10 Total P uptake by grain + stover

The data pertaining to total P uptake by grain and stover is presented in
Table 4.2.12. The value was observed to differ significantly among the varieties.
The highest total P uptake was recorded in JS 97-52 (0.199, 0.193 g pot) and JS-
335 (0.135, 0.132 g pot™!) was statistically at par with local cultivar (0.133, 0.126
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g pot?) in both the years of experiment.

Application of Fe treatments has non-significant effect of the total P
uptake. The interaction effect between varieties and Fe on P uptake was found

non-significant.

4.2.6.11 Potassium content in grain

The data pertaining to potassium (K) content in grain is presented in Table
4.2.13. The results revealed that there were no significant variations among the
varieties as well as Fe fertilization in both the years of study. However, among
the varieties there is more concentration of K in local cultivar compared to the

improved ones although non-significant.

Though there was no significant difference in K content in grain among
the Fe fertilization, however Fe application resulted in slightly numerically higher
value in both the years over control. Control one has the least value and the data
range varied as 1.38-1.44% and 1.39-1.45% for the first and second year
respectively. The influence of cultivar and Fe interaction was non-significant in
both the years. This increased grain K content in Fe treated plants over the control
could be due to the synergistic relationship between iron and potassium for better
root and shoot growth. This might have enhanced the uptake of potassium in
grain and straw. This result was in line to the one reported by Mundra and Bhati
(1991), Pande et al. (1993), Kumawat et al. (2006) and Sahu et al. (2008).

4.2.6.12 K content in stover

As revealed by the data presented in Table 4.2.13, varieties and Fe
fertilization as well as their interaction did not significantly influence on K
content in stover in both the years. There was no significant trend observed in K

content in stover.

4.2.6.13 K uptake by grain
Varieties and Fe fertilization significantly influenced the K uptake by grain
in both the years of study (Table 4.2.13). Among the varieties, JS 97-52 (0.413,
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Table 4.2.13 Effect of varieties and iron application on K content in grain and stover and their uptake in soybean

K content in K content in K uptake in K uptake in Total K uptake
Treatments grain (%) stover (%0) grain (kg hal) stover (kg ha) (grain + stover) kg ha
2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled | 2018 | 2019 | Pooled
Varieties

V1 1.373 | 1.377 | 1.375 | 2,221 | 2.234 | 2.228 | 0.288 | 0.284 | 0.286 | 0.479 | 0.454 | 0.467 | 0.767 | 0.738 | 0.753
V2 1.409 | 1.426 | 1.417 | 2.209 | 2.258 | 2.234 | 0.413 | 0.409 | 0.411 | 0.677 | 0.651 | 0.664 | 1.090 | 1.060 | 1.075
V3 1443 | 1445 | 1444 | 2263 | 2.226 | 2.244 | 0.256 | 0.245 | 0.251 | 0.456 | 0.429 | 0.443 | 0.713 | 0.674 | 0.693
SEmz+ 0.023 | 0.024 | 0.017 | 0.049 | 0.063 | 0.040 | 0.010 | 0.008 | 0.006 | 0.023 | 0.023 | 0.016 | 0.028 | 0.026 | 0.019
CD at 5% NS NS NS NS NS NS 0.028 | 0.022 | 0.017 | 0.065 | 0.066 | 0.046 | 0.080 | 0.074 | 0.054

Fe fertilizatio
Feo 1.384 | 1.390 | 1.387 | 2.233 | 2.114 | 2.174 | 0.272 | 0.272 | 0.272 | 0.486 | 0.412 | 0.449 | 0.758 | 0.684 | 0.721
Fe1 1.409 | 1.406 | 1.407 | 2.198 | 2.237 | 2.217 | 0.321 | 0.317 | 0.319 | 0.521 | 0.492 | 0.507 | 0.842 | 0.809 | 0.826
Fe2 1.398 | 1429 | 1413 | 2.230 | 2.242 | 2.236 | 0.310 | 0.304 | 0.307 | 0.530 | 0.532 | 0.531 | 0.840 | 0.836 | 0.838
Fes 1436 | 1.452 | 1.444 | 2274 | 2317 | 2.296 | 0.349 | 0.364 | 0.357 | 0.597 | 0.608 | 0.603 | 0.946 | 0.973 | 0.959
Feq 1.412 | 1.393 | 1.403 | 2.200 | 2.234 | 2.217 | 0.324 | 0.306 | 0.315 | 0.532 | 0.501 | 0.517 | 0.856 | 0.807 | 0.832
Fes 1412 | 1424 | 1418 | 2250 | 2.292 | 2.271 | 0.338 | 0.313 | 0.326 | 0.560 | 0.523 | 0.541 | 0.898 | 0.836 | 0.867
SEmz 0.033 | 0.034 | 0.024 | 0.070 | 0.089 | 0.056 | 0.014 | 0.011 | 0.009 | 0.032 | 0.033 | 0.023 | 0.039 | 0.037 | 0.027
CD at 5% NS NS NS NS NS NS 0.039 | 0.031 | 0.024 NS 0.094 | 0.064 | 0.113 | 0.105 | 0.076




409 g pot?) surpassed the other in K uptake which was followed by JS-335
(0.288, 0.284 g pot?) and least in local (0.256, 0.245 g pot™). JS 97-52 was 61%

higher than the local control in K uptake.

The Fe nutrition both foliar and soil application significantly influenced
the K uptake. Two foliar spray applications of FeS04.7H,O @ 1.5% at pre-
flowering stage (Fes) were found superior in K uptake (0.349, 0.364 g pot™) value
in both the years. The percentage increase in K uptake over the control was
(28.30, 34.00%) in Fes followed by soil application of FeSO4.7H.0 @ 10 kg ha*
(24.36, 15.05%). As revealed by the yield data (Table 4.2.19) there was
significant influence of Fe application on grain and stover yield which resulted in
enhancement of K uptake both grain and stover both the years of experiment.
This result was in confirmation to the findings of Pande et al. (1993), Kumawat et
al. (2006) and Sahu et al. (2008).

4.2.6.14 K uptake by stover

Similar trend was also observed in the case of K uptake by stover as in
grain (Table 4.2.13). The highest value of K uptake by stover was recorded by JS
97-52 (0.677, 0.651 g pot!) which was significantly higher than JS-335 (0.479,
0.454 g pot?) and local cultivar (0.456, 0.429 g pot™?).

Fe fertilization did not significantly influence on the K uptake by stover in
the first year but although numerically the value was following the similar trend.
But significant effect was observed in the second year of experiment and the
highest value was observed in Fes (0.597, 0.608 g pot™?) followed by soil applied
treatment Fes (0.523, 0.541 g pot?). The significant improvement in stover yield
upon Fe application eventually improved the K uptake. The result also confirmed
by those investigations reported by Ramesh et al. (2007), Darwesh (2011), Abbas
et al. (2012) and Sunder et al. (2017).
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4.2.6.15 Iron content (mg kg™t DM) in grain

The data pertaining to Fe content in grain or the biofortification effect with
Fe fertilization treatments is presented in Table 4.2.14 and illustrated in Fig
4.2.16. All the three varieties were significant different from each other in grain
Fe concentration during both years. The highest value of grain Fe concentration
(66.84, 68.15 mg kg*) was found in cultivar JS-335 which was statistically at par
with JS 97-52 (64.96, 65.30 mg kg?) followed by statistically inferior local
cultivar (58.98, 54.58 mg kg?!). The varietal difference in Fe content was
supported by Dhaliwal et al. (2013). The significant variation of grain Fe content
among the varieties could be explained by the varietal difference in efficiency
level with respect to Fe acquisition which was supported by the findings of
Rengel and Graham (1996), Graham et al. (1997), Cakmak, (1999) and
Khoshgoftarmaneshet al. (2004). They reiterated the fact that there was iron or
zinc efficient varieties with higher iron and zinc concentration in grain.
Furthermore, the result on varietal difference was elaborated by Joshi et al.
(2010) who found that genotype % environment interaction could be one of the

factors for variation in zinc and iron concentration in edible parts of plants.

With application of FeSO4.7H.O there was positive effect on the Fe
biofortification and enhancement in grain Fe concentration. Among the
treatments, Fes (Foliar spray application of FeSO4.7H.0@ 1.5% at pre-flowering
stage) recorded the maximum grain Fe concentration (67.77, 66.81 mg kg*) in
both the years. All the Fe treated was found to be at par with each other when
compared to control. The next best treatment in enhancing grain Fe concentration
was the Fe, (Foliar spray application of FeS04.7H.0 @ 1%) (66.49, 65.38 mg kg
1). The percentage increase in grain Fe density upon Fe fertilization over the
control was (18.37, 15.73%) in Fes followed by Fe, (16.15, 13.89%) which is
fairly appreciable result as far as biofortification of micronutrient is concerned.
Several studies have reported the positive effect of agronomic biofortification of

iron on enhancing the iron density of food grains. With Fe application, plant
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Table 4.2.14 Effect of varieties and iron application on zinc content in grain andstover (%)

Fe content in grain (ppm)

%0 Increase

Fe content in stover (ppm)

% Increase

Treatments in Fe conc. in Zn conc.
2018 2019 Pooled | it | 2018 2019 Pooled | oo
Varieties data data
V1 66.84 68.15 67.50 111.72 115.79 113.76
V2 64.96 65.30 65.13 117.50 118.40 117.95
V3 58.98 54.58 56.78 118.99 120.02 119.50
SEmz+ 1.51 1.53 1.07 2.86 3.22 2.15
CD at 5% 4.32 4.38 3.02 NS NS NS
Fe fertilization
Feo 57.25 56.30 56.78 105.97 106.27 106.12
Fel 64.72 63.75 64.24 13.13 115.93 114.48 115.21 8.56
Fe2 66.49 65.38 65.94 16.13 115.31 124.08 119.70 12.79
Fes 67.77 66.81 67.29 18.51 125.54 123.42 124.48 17.30
Fes 62.37 61.52 61.94 9.10 115.41 123.53 119.47 12.58
Fes 62.96 62.29 62.63 10.29 118.25 116.64 117.45 10.67
SEmz+ 2.13 2.16 1.52 4.04 4.55 3.04
CD at 5% 6.11 6.19 4.27 NS NS 8.58




Fe content in grain and stover (ppm)

®V1:JS 335 mV2:JS 97-52

®V3: Local cultivar i Fe0: Control
® Fel: Foliar application of FeSO4.7H20 @ 0.5% 1 Fe2: Foliar application of FeSO4.7H20 @ 1%
i Fe3: Foliar application of FeSO4.7H20 @ 1.5% B Fe4: Foliar application of FeSO4.7H20 @ 2%

L1 Fe5: Soil application of FeSO4.7H20 @ 10 kg ha-1
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Fig 4.2.14 Effect of varieties and iron application on Fe content in grain and stover of soybean during 2018 and 2019




systems are under congenial conditions for various enzymatic and physiological
processes. The plausible reason for higher Fe content could be due to higher
synthesis of photosynthetic product with specific absorption and transport sites
which increases plant biomass. It is also elaborated that upon foliar spray of
ferrous sulphate, Fe absorption in plant leaves is accompanied by its translocation
in the plant system. Similar results have also been reported by Dhaliwal et al.
(2010) who reported that significant increase of 22.30-38.20% of grain Fe
concentration of rice cultivars through foliar application of FeSO4.7H20. In the
latest experiment conducted in soybean by Dhaliwal et al. (2022), it was indicated
that maximum increase in Fe density can be achieved through either 2-3 foliar
sprays of 0.5% FeSO4.7H20 and upon higher concentration resulted to lower Fe
content in grain. Their result substantiated the findings of our experiment (Table
4.2.27), where spray concentrations of FeSO4.7H>0 at 1.5%, 1% and 0.5%
yielded higher value of iron biofortification on soybean grain. As revealed by the
data it was found that foliar application of iron sulphate was superior over soil
application which further corroborated by the findings of Nayyar and Takkar
(1989) and Duraisamy and Mani (2001). Comparing to the soil application, foliar
spray of FeSO4.7H20 found to be more effective in the plant systems which were
in line with the result reported by Mohamed et al. (2011). The findings of this
experiment were in conformity to the results reported upon by Kobraee et al.
(2011c), Hanumanthappa et al. (2018), Pal et al. (2019) and Sunder et al. (2017).

The interaction effect between varieties and and Fe applications on Fe

content in grainwas not significant.

4.2.6.16 Iron content (mg kg DM) in stover

The data pertaining to iron content in stover is presented in Table 4.2.14
and depicted in Fig 4.2.16. Varieties and Fe application did not differ
significantly with respect to stover Fe content during both the years. Local
cultivar registered slightly higher value of Fe concentration (118.99, 120.02 mg
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kg') over JS 97-52 (117.50, 118.40 mg kg) and JS- 335 (111.72, 115.79 mg kg-
1).

Although no significant differences observed upon Fe fertilization in both
the years, however higher value of Fe concentration in stover was observed upon
Fe application when compared to control. All the Fe fertilization treatments were
statistically at par with each other where slightly higher value was recorded in Fes
(125.54, 123.42 mg kg?) and least in control (105.97, 106.27 mg kg™*). The other

Fe treatments were not much different in their values.
The interaction effect of cultivar and Fe application were not significant.

4.2.6.17 Iron uptake by grain

The perusal of data given in Table 4.2.15 indicated that all the three
varieties of soybean were significantly different in the grain Fe uptake in both the
years. It was observed that cultivar JS 97-52 (1.92, 1.89 mg pot!) recorded
significantly higher value of grain Fe uptake during both the years when
compared to the other varieties. The next best efficient cultivar in Fe uptake by
grain was JS-335 (1.41, 1.40 mg pot?) and least was observed in local cultivar
(1.05, 0.93 mg pot™?).

With Fe fertilization treatments, there were significant differences in Fe
uptake by grain in both the years of study. Foliar spray application of
FeS04.7H0 @ 1.5% at pre-flowering stage (Fes) resulted in significant high
grain Fe uptake (1.69, 1.71 mg pot?) which was followed by Fes and Fezin the
first year and least Fe uptake recorded in control (1.12, 1.12 mg pot™). In the
second-year similar trend was observed as the highest Fe grain uptake recoded in
Fes which was statistically way higher than the rest of the treatments and the
others being at par with each other. The percentage increase upon Fe fertilization
treatments was found to be highest in Fes (50.46, 52.66%) followed by Fe2 (Foliar
spray application of FeSO4.7H.O @ 1%) with (33.85, 27.87%) over control. Fig

4.2.16 representing the effect of varieties and Fe fertilization on Fe uptake by
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Table 4.2.15 Effect of varieties and iron application on iron uptake in grain, stover and total of soybean (mg pot™)

Fe uptake by grain Fe uptake by stover Total Fe uptake by
Treatments (mg pot™) (mg pot™) grain + stover (mg pot™)
2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled

Varieties
V1 1.41 1.40 1.40 2.40 2.35 2.38 3.81 3.75 3.78
V2 1.92 1.89 1.90 3.60 3.45 3.53 5.52 5.34 5.43
V3 1.05 0.93 0.99 2.41 2.31 2.36 3.46 3.25 3.35
SEm+ 0.05 0.05 0.04 0.10 0.12 0.08 0.14 0.15 0.10
CD at 5% 0.14 0.15 0.10 0.29 0.35 0.22 0.39 0.44 0.29

Zinc fertilization

Feo 1.12 1.12 1.12 2.32 2.05 2.18 3.44 3.17 3.30
Fel 1.47 1.46 1.47 2.75 2.50 2.63 4.22 3.97 4.09
Fe2 1.50 1.43 1.46 2.75 2.94 2.85 4.25 4.37 4.31
Fes 1.69 1.71 1.70 3.30 3.24 3.27 4.99 4.95 4.97
Fes 1.45 1.35 1.40 2.79 2.80 2.80 4.24 4.16 4.20
Fes 1.52 1.38 1.45 2.92 2.68 2.80 4.44 4.06 4.25
SEmz+ 0.07 0.07 0.05 0.14 0.17 0.11 0.19 0.22 0.15
CD at 5% 0.20 0.21 0.14 0.41 0.50 0.32 0.55 0.62 0.41
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Fig 4.2.15 Effect of varieties and iron application on Fe uptake in grain and stover and total uptake (grain + stover) of soybean
during 2018 and 2019



grain and stover.

Since there was significant influence of Fe fertilization on the grain and
stover yield of soybean in both the years, this resulted in higher Fe uptake in Fe
treated plants compared to the untreated control. This result was in conformity to
the findings reported by Thavarajah et al. (2009), Dhaliwal et al. (2010) and
Yadav et al. (2013).

4.2.6.18 Iron uptake by stover

The data on Fe uptake by stover of soybean are given in Table 4.2.15
which indicated that all the three varieties of soybean varied significantly among
each other in both years. JS 97-52 (3.60, 3.45 mg pot™) recorded significantly
higher value of Fe stover uptake during both the years when compared to the
other varieties, while the other two varieties were statistically at par with each

other.

Fe application resulted to significant enhancement in Fe uptake in stover
in both the years. The treatment Fes (Foliar spray application of FeSO4.7H.0 @
1.5%) recorded the highest value (3.30, 3.24 mg pot?) and was significantly
higher than the rest of Fe treatments while they were statistically at par with each
other. This finding was supported by the finding of Dhaliwal et al. (2022).

4.2.6.19 Total iron uptake by soybean

Similar trend was also observed with respect to total Fe uptake in both the
years. Varieties were significantly different with each other with respect to this
observation in both the years. The highest total Fe uptake was observed in JS 97-
52 (5.52, 5.34 mg pot?) which was followed by JS-335 (3.81, 3.75 mg pot™) and
least in local (3.46, 3.25 mg pot™) where the latter two were at par to each other
(Table 4.2.15).

Application of Fe significantly affected the total Fe uptake (Grain +
stover) in both the years. The highest value was recorded in Fes (Foliar spray
application of FeS04.7H,0 @ 1.5% at pre-flowering stage) (4.99, 4.95 mg pot?)
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which was significantly higher than the rest and the other treatment being

statistically at par with each other.

Interaction effect of varieties and Fe uptake remained non-significant in
both the varieties.

4.2.7 Quality parameters
4.2.7.1 Protein content in grain

The data pertaining to protein content of soybean as influenced by varieties
and Fe fertilization treatments is presented in Table 4.2.16 and depicted in Fig
4.2.18 & Fig 4.2.19. It was revealed that varieties differed significantly with
respect to protein content both the years of experimentation where JS-335
recorded slightly higher value (37.88, 37.99%) and was at par with JS 97-52
(37.80, 37.66%) and significantly higher than the local cultivar (37.50, 37.46%).

Application of Fe fertilization also affects the protein content of grain
during both the years of the experiment. Higher value of protein was observed in
Fes (Foliar spray application of FeSO4.7H.O @ 1.5%) with (39.21, 38.70%)
which was significantly higher than the rest of the treatments and the latter being

at par with each other. The least protein content was recorded in control.

There was slight enhancement of protein content upon Fe application.
With Fes (Foliar spray application of FeSO4+.7H.O @ 1.5%) the percentage
increase of protein was (7.78, 9.21%) and followed by Fes, (Soil application of
FeS04.7H.0 @ 10 kg ha') with (3.62, 6.37%). Increase in protein content might
be due to role of iron which is a vital element of structure of enzymes involved in
amino acids synthesis and ultimately protein synthesis. Hence, with application
and assimilation of external applied Fe via iron sulphate might have enhanced the
protein content. It can also be explained by the fact that iron is an essential
component for nitrogen fixation and this might have resulted in better availability
of nitrogen and its absorption hence led toincrease in protein content in grain of

soybean. Enhancement in grain protein content increased the storage
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Table 4.2.16 Effect of varieties and iron application on protein and oil content in

grain soybean (%o)

Protein content in grain (%)

Oil content in grain (%)

Treatments
2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 37.88 37.99 37.94 17.90 17.83 17.87
V2 37.80 37.66 37.73 18.13 18.03 18.08
V3 36.89 36.53 36.71 17.00 17.41 17.21
SEmz 0.26 0.28 0.19 0.48 0.39 0.31
CD at 5% 0.74 0.81 0.58 1.37 111 0.94
Fefertilization
Feo 36.38 35.44 35.91 17.15 17.27 17.21
Fe1 36.99 37.60 37.29 17.85 17.96 17.91
Fe2 37.59 37.83 37.71 17.96 17.74 17.85
Fes 39.21 38.70 38.96 18.14 18.44 18.29
Fes 37.27 37.11 37.19 17.56 17.59 17.57
Fes 37.70 37.70 37.70 17.42 17.56 17.49
SEmz+ 0.41 0.52 0.33 0.37 0.27 0.23
CD at 5% 1.18 1.50 0.94 NS NS NS
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capacity for Fe and Zn (Cakmak et al., 2010b) which supports the idea that grain
protein largely influences the grain capacity to accumulate Fe (Gomez-Becerra et
al., 2010). Similar results on the effect of ferrous sulphate (Fe) on grain protein is
supported by the findings of Yadav et al. (2002), Abdel et al. (2014), Khattak et
al. (2015) and Sale et al. (2017).

The interaction effect of the two factors was found to be not significant.

4.2.7.2 Oil content in grain

Data pertaining to oil content of soybean as influenced by varieties and Fe
application are presented in Table 4.2.16 and illustrated in Fig 4.2.20 & Fig
4.2.21. The data revealed that there was slight significant variation among
varieties in oil content in the first year where the highest value was observed in JS
97-52 (18.13, 18.03%) which was statistically at par with JS-335 (17.83,
17.87%). The least value was observed in local cultivar (17.00, 17.41%) which

was inferior to the other two varieties.

However, the data as indicated in the Table 4.2.16 shows that oil content
did not significantly vary with Fe application although numerically higher value
was observed in Fes (Foliar spray application of FeSO4.7H.O @ 1.5%) with
(18.14, 18.44%) followed by Fe: (Foliar spray application of FeSO4.7H.0 @
0.5% at pre-flowering stage) with (17.85, 17.96%). Ferrous sulphate also contains
sulphur in addition to iron. Sulphur being one of the important secondary
nutrients required by the crops, sulphur and iron might have helped to obtain a
higher oil yield of soybean as sulphur resulted in better biosynthesis of oil in
soybean. The results on the effect of Fe on oil content was supported by the
findings of Janakiraman et al. (2005), Ravi et al. (2008), Abdel et al. (2014), on
groundnut, safflower and soybean respectively. The Fig 4.2.20 shows a positive
polynomial relationship between Fe content and oil content in grain. With

increasing Fe grain content there was positive increasing response in oil content.
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4.2.7.3 Phytic acid content and Phytic acid: iron molar (PA: Fe) ratio

Data on phytic acid content as influenced by varieties and zinc application
are presented in Table 4.2.17 and illustrated in Fig 4.2.22 & Fig 4.2.23. Higher
phytic acid content in food grain found to reduce the bioavailability of
micronutrient in human guts. The general fact is different varieties have variation
in the concentration of this anti nutritional factor phytic acid. The phytic acid
content in grain of soybean varied significantly with each other and the highest
phytic acid content was observed in local cultivar (689.38, 699.54 mg/100 g)
which was significantly higher than JS 97-52 (606.45, 609.32 mg/100 g) and JS-
335 (567.13, 593.16 mg/100 g).

Also, a general observation is that with external application of
micronutrient in term of ferti-biofortification tends to reduce the phytic acid as
well as its phytic acid: iron molar ratio which is the desirable goal of agronomic
biofortification. Data pertaining to phytic acid: Fe molar ratio is presented in
Table 4.2.17 indicated that varieties significantly differed among each other with
respect to phytic: Fe molar ratio in both the years of experiment. Local cultivar
recorded the highest ratio (9.97, 11.13), which was followed by JS 97-52 (8.04,
8.07). The least value of phytic: Fe molar ratio was observed in JS-335 (7.26,
7.44). The lesser is the phytic acid: Fe molar ratio the more will be the
bioavailability of this micronutrient in human system which is in fact the

desirable goal of any biofortification programme.

Under FeSO4.7H.O application, phytic acid content did not differ
significantly, although control (671.71, 679.93 mg/100 g) treatment numerically
recorded the highest value. Foliar spray application of FeSO4.7H.O @ 1.5% at
pre-flowering stage (Fes) (568.22, 601.89 mg/100 g) resulted in drastic reduction
in phytic acid content in both the years of experiment. The reduction of phytic
acid upon biofortification with FeSO4.7H>0 was to the tune of 13.43% and 9.58%

in Fesand Fes, respectively.
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Table 4.2.17 Effect of varieties and iron application on phytic acid content and phytic iron molar ratio in grain and of soybean

Phytic acid content (mg/100g)

%0 reduction

Phytic acid: Fe molar ratio

%o reduction

Treatments e of phytic
2018 2019 Pooled | Of phytic acid 2018 2019 Pooled | acid: Ee over
- over control
Varieties control
V1 567.13 593.16 580.15 7.26 7.44 7.35
V2 606.45 609.32 607.89 8.04 8.07 8.06
V3 689.38 699.54 694.46 9.97 11.13 10.55
SEmz+ 18.70 16.37 12.43 0.29 0.39 0.24
CD at 5% 53.64 46.96 35.04 0.84 1.11 0.68
Fe fertilization
Feo 671.71 679.93 675.82 10.05 10.68 10.37
Fel 632.84 631.79 632.31 6.44 8.39 8.63 8.51 17.91
Fe2 641.05 645.05 643.05 4.85 8.27 8.74 8.50 18.01
Fes 568.22 601.89 585.06 13.43 7.26 7.79 7.53 27.41
Fes 581.82 640.30 611.06 9.58 7.97 8.91 8.44 18.58
Fes 630.29 605.11 617.70 8.60 8.60 8.54 8.57 17.37
SEmz+ 26.45 23.15 17.58 0.42 0.55 0.34
CD at 5% NS NS NS 1.19 1.57 0.97
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The above-mentioned findings were in line with the one reported by many
workers (Raboy et al., 1984; Wise, 1995; Lott et al., 2000; Lu et al., 2011). The
data clearly revealed that there was genotypic difference in the value of phytic
acid content and as well as phytic: Zn molar ratio. The values were significantly
higher in local cultivar as compared to the improved varieties JS-335 and JS 97-
52 in both the years. This result was similar to the findings reported by Erdal et
al. (2002), Karkle and Beleia (2010). Our results also supported by the findings of
Chitra et al. (1995) who reported there was variability of phytic acid content and
total phosphorus in different genotypes of legumes who further indicated that this
anti-nutritional factor significantly varied among and within the same species of
legumes and the highest phytic acid content found in soybean. Significant
difference on the phytic acid: Fe molar ratio was observed upon Fe fertilization
treatments. The highest value of the ratio was observed in control which reduces
with increasing level of ferrous sulphate till certain limit as depicted in Table
4.2.17. Control treatment recorded the highest value (10.05, 10.68) and lowest
was observed in Fes (Foliar spray application of ferrous sulphate @ 1.5%) with
(7.26, 7.79) and Fes4 (Foliar spray application of FeSO4.7H.O @ 2% at pre-
flowering stage) with (7.97, 8.91). There was significant reduction upon foliar
application of FeSO4.7H20 across all the varieties. As revealed by the pooled data
there was an appreciable percent reduction of phytic acid: Fe molar ratio in Fes
(27.41%) against the control. The reduction percentage in other treatments was in
the range of 17.37-18.58%. Our result on the effect of ferrous sulphate on phytic
acid: Fe molar ratio were in conformity to the finding of Hao et al. (2021) in the
experiment on wheat who indicated that upon application of Fe there was a slight

reduction of the phytic acid: Fe molar ratio (7.90%) although not significant.

4.2.74 Correlation study of Fe fertilization on different important

parameters

Correlated studies of different plant parameters under the influence of Fe
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Table 4.2.18 Correlation study of Fe fertilization on important parameters (from pooled data)

_ c = = 38 £ |c > S =
£29 %:,ﬁgc,écﬁggﬁgcﬁ S| % 5.9:.8/82 | 8. 3%
Pearson Correlation coefficient | 230 |ESS 2 EES 58 EES 55| BB|ES5 €S2/ 2855 o8 | o2
258 |82 |8 |8 g |8® | g=| 2 |S°F S°F £5 i* ge
@) = a X £ ) 3 § L w § o
Chlorophyll content @ 60DAS 1
N content in grain (%) 978" 1
P content in grain (%) -.763 -.843" 1
K content in grain (%) .949™ 956" | -.673 1
Protein content in grain (%) 975" 1.000™ | -.846" | .954™ 1
QOil content in grain (%) .950™ 879" | -687 | .815" | .875" 1
Number of pods plant™ 877" 941™ | -770 | 957" | 9417 | .685 1
100- seed weight (g) 829" 907" | -830" | .842" | 908" | .668 | .916" 1
Fe contentin grain (%) 932" 920" | -787 | .812" | .920™ | 927" | .753 841" 1
Fe uptake by grain (mg pot?) 984™ | 982~ | -836" | .923™ | .980" | .921™ | .890" | .895" | .944" 1
Phytic acid content (mg/100 g) -.830" -876° | .889° | -817° | -.875" | -.706 | -.885" | -.851" | -.718 | -.888" 1
PA: Fe Molar -.923™ -944™ | 913" | -.835" | -.943™ | -.863" | -.850" | -.915" | -.925" | -.975™ .920™ 1
Seed yield (g pot™) .936™ 950" | -.831" | 917" | .948™ | .831" .923™ | 902" | .843" .970™ -.960™ | -.960™ 1

*. Correlation is significant at the 0.05 level (2-tailed);

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 4.2.19 Effect of varieties and iron application on available soil NPK & DTPA- Extractable Fe

Available Nitrogen

Available Phosphorus

Available Potassium

DTPA-Extractable Fe

Treatments (kg ha'') (kg ha'') (kg ha'') (Ppm)
2018 2019 | Pooled 2018 2019 Pooled 2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 348.44 | 362.12 | 355.28 | 23.69 24.71 2420 | 271.68 | 275.21 | 273.45 | 82.03 84.05 83.04
V2 356.82 | 352.26 | 354.54 | 24.62 24.88 24.75 | 295.28 | 269.59 | 282.43 | 75.97 80.89 78.43
V3 340.41 | 344.11 | 342.26 | 24.15 23.35 23.75 | 260.73 | 273.97 | 267.35 | 78.34 74.37 76.36
SEmz+ 10.56 9.85 7.22 0.72 0.83 0.55 8.05 8.70 5.92 2.48 2.72 1.84
CD at 5% NS NS NS NS NS NS 23.07 NS NS NS 7.79 NS
Fertilization
Feo 341.44 | 358.85 | 350.15 | 24.41 24.61 2451 | 276.24 | 267.17 | 27171 | 7212 73.08 72.60
Fe1 338.69 | 320.71 | 329.70 | 25.66 25.38 25,52 | 275.41 | 274.39 | 27490 | 81.23 76.84 79.03
Fez 347.64 | 341.45 | 34454 | 24.29 25.45 24.87 | 282.66 | 275.47 | 279.06 | 73.89 81.69 77.79
Fes 360.99 | 365.28 | 363.13 | 24.36 23.91 24.14 | 276.50 | 271.74 | 274.12 | 80.62 77.12 78.87
Fes 347.15 | 358.80 | 352.97 | 23.09 23.19 23.14 | 272.53 | 265.50 | 269.02 | 85.89 87.34 86.62
Fes 355.45 | 37191 | 363.68 | 23.11 23.33 23.22 | 272.03 | 283.26 | 277.65 | 78.93 82.54 80.74
SEmz+ 14.93 13.92 10.21 1.02 1.18 0.78 11.38 12.30 8.38 3.50 3.84 2.60
CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS




found in this study was that Fe content was significantly correlated with protein
content (0.920 at 1 % level) and with oil content of grain (0.927). Protein
content positively correlated with N content in grain (1.0 at 1% level). Phytic
acid was found to be positively correlated with P content in grain (0.889).
Similarly, it shows it was highly correlated with the PA: Fe molar ratio (0.913).
But phytic acid was negatively correlated with Fe uptake by grain (-0.888) and
much more on PA: Fe molar ratio against Fe uptake (-0.975). Seed yield was
highly significant correlated with Fe content (0.843) and Fe uptake (0.970).

4.2.8 Postharvest soil chemical and biological properties
4.2.8.1 Available soil NPK

Data pertaining to available soil NPK after harvest of soybean are
presented in Table 4.2.19.

Available nitrogen, phosphorus, potassium and DTPA-Extractable Fe
status of the post-harvest soil of crop was determined separately in both the
years of study and pooled analysis data was also depicted accordingly. Different
varieties, application rate of iron (Fe) along with RDF and their interaction did
not influence the available nitrogen, available potassium, available phosphorus
and DTPA-Extractable Fe of soil as shown in pooled data. However, in varieties
data ranges varied as 340.41-362.12 kg ha* (N), 260.73-295.28 kg ha' (K),
23.35-24.88 kg ha* (P) and 74.37-84.05 ppm (DTPA-Extractable Fe). Upon Fe
fertilization the soil data ranges 320.71-365.28 kg ha! (N), 265.50-283.26 kg
hat (K), 23.11-25.45 kg ha (P) and 72.12-87.34 ppm (DTPA-Extractable Fe)

respectively.

The non-significant variations in the values of soil chemical properties
viz., N, P and K upon foliar application and soil application of FeSO4.7H>,0 may
be due to its insignificant or negligible contribution. The soil applied
FeSO4.7H.0 was of very low quantity to produce any significant role in soil
chemical properties. Therefore, this application could not bring to any

differences in the soil chemical properties in both the years.
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4.2.8.2 Soil organic carbon and pH status:

Different varieties and foliar application of iron (Fe) along with RDF and
their interaction did not influence the organic carbon content and pH status of
soil after harvest of maize crop in both the year of study as well as in pooled
data. However, among the varieties, the organic carbon data ranges varied as
1.28-1.34% and 1.24-1.35% respectively (Fig 4.2.20).

With the Fe fertilization, Soil pH data ranges varied as 4.52-4.64 and
4.48-4.73 respectively.

4.2.8.3 Dehydrogenase activity and Fluorescein diacetate

The data on dehydrogenase activity (DHA) and fluorescein diacetate
(FDA) is presented in Table 4.2.21 and illustrated in Fig 4.2.26 & Fig 4.2.27.
Each experimental year soil samples were collected to study the post-harvest
microbial activities. As revealed by the pooled data, dehydrogenase activity was
influenced by different varieties and application rates of iron (Fe). JS-335
showed the best results (43.53, 43.31ug TPF g* soil hr') for both experimental
years and among the various iron fertilization, Fes revealed the best results
(44.91 and 42.83 ug TPF g soil hr).

As per the results higher value of dehydrogenase among varieties was
found to be superior in JS-335. The reason for this could be due to early
maturity of this cultivar which premature leaf senescence and leaf shedding was
observed to be higher resulting to more leaf litters added to soil. This effect
might have resulted to comparatively higher dehydrogenase activity in JS-335
compared to the other two varieties. The positive response of Fe application on
dehydrogenase activity of soil is supported by the finding of Kumawat et al.
(2008).
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Table 4.2.20 Effect of varieties and iron application on soil organic carbon and

pH
Treatments Organic carbon (%) Soil pH
2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 1.38 1.31 1.34 4.64 4.62 4.63
V2 1.35 1.30 1.32 4.53 4.54 4.53
V3 1.28 1.29 1.28 4.52 4.61 4.56
SEmz 0.03 0.02 0.02 0.06 0.06 0.04
CD at 5% NS NS NS NS NS NS
Fertilization
Feo 1.28 1.24 1.26 4.48 4.54 451
Fe1 1.34 1.27 1.30 4.57 4.59 4.58
Fe2 1.35 1.33 1.34 4.53 4.60 4.57
Fes 1.31 1.35 1.33 4.48 4.51 4.49
Fe4 1.38 1.30 1.34 4.58 4.59 4.58
Fes 1.36 1.30 1.33 4.73 4.69 4.71
SEmz 0.04 0.03 0.03 0.08 0.09 0.06
CD at 5% NS NS NS NS NS NS
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Table 4.2.21 Effect of varieties and and iron application on soil microbial

properties
Dehydrogenase activity Fluorescein diacetate (FDA)
Treatments (LgTPF gt hr?) (Mg g™ s0il/0.5 hr)
2018 2019 | Pooled | 2018 2019 | Pooled
Varieties
V1 43.53 43.31 43.42 3.36 3.45 3.40
V2 39.54 40.17 39.86 3.33 3.27 3.30
V3 36.16 36.20 36.18 3.32 3.37 3.34
SEmz 1.35 1.37 0.96 0.11 0.11 0.08
CD at 5% 3.86 3.94 2.71 NS NS NS
Fertilization
Feo 35.19 36.61 35.90 3.15 3.10 3.13
Fe1 39.20 39.20 39.20 3.21 3.35 3.28
Fe2 36.80 37.11 36.96 3.25 3.28 3.27
Fes 39.83 41.09 40.46 3.62 3.63 3.63
Fes 42.54 42.54 42.54 3.44 3.46 3.45
Fes 4491 42.83 43.87 3.35 3.35 3.35
SEmz+ 1.90 1.94 1.36 0.16 0.16 0.11
CD at 5% 5.46 NS 3.83 NS NS NS
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|V1:JS 335 mV2: JS 97-52

®V3: Local cultivar @ Fe0: Control
Fel: Foliar application of FeSO4.7H20 @ 0.5% uFe2: Foliar application of FeSO4.7H20 @ 1%
i Fe3: Foliar application of FeSO4.7H20 @ 1.5% m Fe4: Foliar application of FeSO4.7H20 @ 2%

L1Fe5: Soil application of FeSO4.7H20 @ 10 kg ha-1
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Fig 4.2.24 Effect of varieties and iron fertilization on dehydrogenase activity

during 2018 and 2019
®V1:JS 335 |V2: JS 97-52
#V3: Local cultivar # Fe0: Control
| Fel: Foliar application of FeSO4.7H20 @ 0.5% u Fe2: Foliar application of FeSO4.7H20 @ 1%
@ Fe3: Foliar application of FeSO4.7H20 @ 1.5% | Fed: Foliar application of FeSO4.7H20 @ 2%

L1Fe5: Soil application of FeSO4.7H20 @ 10 kg ha-1
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CHAPTER V

SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

5.1 Experiment I: “Biofortification of zinc in Soybean (Glycine max (L.)
Merrill) under foothill of Nagaland”

The field experiment was conducted for two years during kharif 2018 and 2019
at Agronomy research farm of SASRD, Nagaland University, Medziphema, Nagaland to
assess the agronomic and biofortification response of soybean varieties to different Zn
fertilization. The experiment was laid out in factorial RBD with three varieties of
soybean (JS-335, JS 97-52 and local cultivar) under seven Zn fertilization treatments
(Zo- control, Zi: Soil application of Zn @ 5 kg ha? through ZnS04.7H20, Z2: Soil
application of Zn @ 5 kg ha through ZnO, Zs: Soil application of Zn @ 5 kg ha™
through ZnS04.7H.0 + Two foliar spray application of ZnSOs @ 0.25% at pre-
flowering and pod formation stages, Z4: Soil application of Zn @ 5 kg ha™ through ZnO
+ Two foliar spray application ZnO @ 0.25% at pre-flowering and pod formation stages,
Zs: Three (3) foliar spray applications of ZnS04.7H20 @ 0.5% at maximum vegetative
stage, pre-flowering and pod formation stage and Ze:Three (3) foliar spray applications
of ZnO @ 0.5% at maximum vegetative stage, pre-flowering and pod formation stage).
Recommended dose of NPK (RDF) of 20-60-40 kg ha* NPK (in the form of Urea, SSP
and MOP) was used along with FYM @ 10 t ha' as general dose for all plots
irrespective of treatments. The source of zinc usewaszinc sulphate (21% zinc) and zinc

oxide (80% zinc) during both the year of experimentation.
The important salient findings of the experiments are summarized as below

» Plant height varied significantly among varieties irrespective of zinc fertilization at
all crop stages where local cultivar markedly superior over the others. Plant height
was found to vary significantly upon zinc fertilization. Three foliar spray
application of zinc sulphate @ 0.5% found to effectively improve plant height.
Among the two sources, ZnSO4.7H>O was found to be more effective over ZnO.

» The number of leaves was found significantly higher in JS 97-52 at 60 DAS and
local cultivar at 90 DAS. Zinc application failed to produce significant effect on
number of leaves except at 60 DAS. The number of branches was found to be

significantly higher in JS 97-52 and local cultivar and zinc fertilization effectively
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resulted in higher branches under three foliar spray application of zinc sulphate @
0.5% than the others.

The dry matter accumulation was significantly higher in local cultivar over the
other two varieties at all crop stages. Zinc fertilization was significantly different
on the dry matter yield from 60 DAS onwards and was found significantly higher
over the control. Slightly higher DMA was observed in three (3) foliar application
of zinc sulphate @ 0.5% and soil application of zinc sulphate @ 5 kg ha™* with two
foliar spray ZnSQO4.7H20 @ 0.25%.

Leaf area varied significantly among varieties where local cultivar markedly
superior over the others at all crop stages. Among zinc fertilization treatments,
three foliar sprays of ZnSO4.7H.O @ 0.5% showed superiority over the other
treatments but at par with combined soil (5 kg hal) and foliar spray of
ZnS04.7H20 @ 0.25%. The same trend was observed in LAI.

Crop growth rate (CGR) at 30-60 DAS was significantly high in local cultivar
followed by JS 97-52. Irrespective of varieties, three foliar applications of
ZnS04.7H20 @ 0.5% and combined application of soil + foliar (Z3) were found
superior over others. The CGR value at 60-90 DAS was lesser than at the previous
crop stage. JS-335 found to be significantly higher than the other two.
Significantly higher value observed in Zs.

Relative growth rate (RGR) at 30-60 DAS was significantly higher in JS 97-52 and
remained at par with local cultivar. Zinc fertilization failed to produce any
significant variations at this stage. RGR at 60-90 DAS was observed to be reversed
of the previous stage as JS-335 was way higher than the other two. While zinc
application resulted to no significant effect on RGR.

Net assimilation rate (NAR) at 30-60 DAS was found significantly high in JS 97-
52 followed by local cultivar. Zinc fertilization failed to cause any significant
difference in both years of investigations. The interaction effect was found
significant in the first year of study and the pooled data.

Variety JS 97-52 (0.87mgg™) was statistically at par with JS 335 in chlorophyll
“a” and “b” and significantly higher than local variety at all the crop stages. Zinc
fertilization found to significantly enhance the chlorophyll content at 60 DAS. Zs
(Three foliar spray applications of ZnSO4.7H.0 @ 0.5%) significantly surpassed
the rest of zinc treatments while they were statistically at par to each other.

Interaction effect was found significant only in chlorophyll “b” at 60 DAS.
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Varieties were found to differ significantly on the phenological parameters. JS-335
took the shortest time to achieve 50% flowering and maturity stage when
compared to the other two. Local cultivar took the longest time to achieve both
stages. Zinc application failed to cause any significant effect on both days to 50%
flowering and maturity during both the years of study.

Number of nodules and nodule dry weight were found to be significantly higher in
local variety both at 45 and 60 DAS while the two varieties were at par with each
other during both the years of study. Among zinc fertilization treatments, the one
with soil and foliar application (Z3 & Z4) were found significantly superior over
the others on nodules number in ZnSQO4.7H0.

Yield attributing characters except number of seeds pod? differed significantly
among the varieties. Whereas zinc fertilization failed to result any significant
variation on same attributes except on the number of pods plant?. The highest
number of pods plant? was found in JS 97-52 which was statistically significant
over the other two. 100 seed weight was significantly higher in JS-335. Zinc
fertilization resulted to significant variation in the number of pods planttwith
highest value observed in Zs (Three foliar spray of ZnS04.7H.O @ 0.5%).

Seed yield significantly varied among the varieties where JS 97-52 recorded the
highest seed yield which was followed by JS-335 and least in local cultivar. Zinc
fertilization significantly affects the seed yield in both years. The highest value
observed in Z3 (Soil application of Zn @ 5 kg ha* through ZnS0O4.7H,0 + 2 foliar
spray @ 0.25%) which was statistically at par with almost all zinc treatments
except control. Superiority with respect to seed yield was in the order Z3> Zs> Z4
>76> 71> 722> Zo.

Stover yield was significantly affected by varieties and zinc fertilization as well in
both the years of study. The variety JS 97-52 had the highest stover yield which
was significantly higher than local and JS-335. Among zinc fertilization
treatments, three (3) foliar spray applications of ZnS04.7H.O0 @ 0.5% (Zs)
resulted to highest stover yield followed by Za.

Harvest index varied significantly among varieties with the highest value observed
in JS-335 which was statistically at par with JS 97-52 and lowest in local cultivar.
There was a no significant difference in harvest index of different Zn fertilization.
N content in grain and stover did not vary significantly among the varieties in both

the years. However, N uptake by grain and stover varied significantly among the

202



varieties as the highest N uptake by grain observed in JS 97-52 followed by JS-
335. The stover N uptake was significantly higher in JS 97-52 which was
statistically at par with local cultivar. Zinc fertilization resulted in significant
variation in N content in grain and stover. Three (3) foliar spray applications of
ZnS04.7H20 @ 0.5% (Zs) resulted in highest N content in grain and stover as well
and the rest being at par each other. Similarly, N uptake by grain and stover was
significantly higher in Zzand Zs and total N uptake was highest in Zs.

Phosphorus content in grain and stover were significantly varied among varieties.
Similarly, P uptake by grain and stover differed significantly among varieties.
Higher P content was observed in local cultivar and least in JS-335. P uptake by
grain and total P uptake was significantly high in JS 97-52. Zinc fertilization did
not result to any significant difference on the P content both grain and stover and
uptake by grain and stover as well in both the years.

Potassium content in grain was non-significant among varieties as well as zinc
fertilization in both years of study. Whereas K content in grain differed
significantly among the varieties where slightly higher K was seen in local
cultivar. K uptake by grain differed significantly among varieties as well as zinc
fertilization. Higher K uptake by grain was observed in JS 97-52. Soil application
of Zn @ 5 kg ha™ through ZnS04.7H.0 + Two foliar spray (Zs) and three foliar
spray applications of ZnSO4.7H.O0 @ 0.5% (Zs) significantly enhanced the K
uptake by grain and stover.

Zinc content in grain varied significantly among varieties where JS-335 and local
cultivar were found statistically at par with each other but significantly superior
over JS 97-52. Among zinc fertilizations, three foliar applications of ZnSO4.7H20
@ 0.5% (Zs) were found superior and were at par with Z3z and Ziin both the
experimental years. Zinc content in stover was found non-significant among
varieties in both years.

Zinc uptake by grain and stover varied significantly among varieties as well as
zinc fertilization. Zinc uptake by grain observed to be significantly higher in JS
97-52 compared to other varieties owing to it superiority in yield. Among zinc
fertilizations, three foliar sprays of ZnSO4.7H20 @ 0.5% (Zs) markedly superior
over the others but statistically at par with Zz and Zs. Zinc uptake by stover was
found significantly high in both local cultivar which was at par with JS 97-52.

Similar trend was also observed under zinc fertilization as that of grain uptake.
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Protein content in grain did not differ significantly among varieties. Zinc
fertilization significantly influenced the protein in grain. The highest protein
content was observed in Zs- three foliar sprays of ZnSO4.7H.O @ 0.5%which was
at par with the rest of the zinc treatments. Protein yield was significantly superior
in JS 97-52and least in local cultivar.

Oil content varied significantly among varieties where JS 97-52 was found highest
value and least in local cultivar. Three foliar sprays of ZnSO4.7H20 @ 0.5% (Zs)
was found to be significantly higher than the rest but remained at par with (Z3) soil
application of Zn @ 5 kg ha™ through ZnS04.7H.0 + Two foliar spray application
@ 0.25%. Oil yield was found to be highest in JS 97-52 was significantly higher
than the two varieties. The interaction effect of variety and zinc was found
significant in both the years. The combination V2Zs found to be the highest
followed by V2Z3.

The phytic acid content in grain is an antinutritional factor which reduces phyto
availability of micronutrient of grain. Local cultivar was found to have the highest
phytic acid content and lowest recorded in JS-335. With zinc fertilization, phytic
tend to decline where the highest value was recorded in control and lowest in Z3
which was at par with Zs. Similar trend was also observed in Phytic acid: zinc
molar ratio. Among the varieties, local cultivar has the highest value and least in
JS-335. Control treatment significantly has the highest value and least with Z3 in
both the years.

Partial factor productivity was significantly influenced by varieties where the
highest value was observed in JS 97-52 and least in local cultivar. Among Zinc
fertilization, three foliar sprays of ZnS04.7H.0 @ 0.5% (Zs) gave the highest PFP
value whereas the least value was in Z4 (Soil application of Zn @ 5 kg ha™ through
ZnO + Two foliar spray application ZnO @ 0.25%).

Similar trend was also observed in agronomic efficiency (AE) as PFP. The highest
AE was found in JS 97-52 and lowest in local cultivar. Among zinc treatments, the
highest value was found in (Zs) three foliar sprays of ZnS04.7H.O @ 0.5%.
Biofortification Recovery Efficiency BREz, was found non-significant among
varieties and significantly influenced by zinc fertilization. The highest value was
observed in (Zs) three foliar sprays of ZnS04.7H.0 @ 0.5%.
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5.2

Zinc harvest index was found significant among the varieties and non-significant
with zinc fertilization. The highest value was observed in JS-335 which was
statistically at par with JS 97-52.

The physiological efficiency was non-significant among varieties whereas varied
significantly with zinc fertilization. The highest value upon zinc fertilization was
observed in Z3 (soil application of Zn @ 5 kg ha™* through ZnSO4.7H20 + Two
foliar spray application of ZnSOs @ 0.25%).

Soil pH and organic carbon was not significantly influenced by varieties and zinc
fertilization in both the years of investigation.

Soil available nitrogen (N) significantly varied among varieties where the highest
value was recorded in JS 97-52 which was statistically at par with local cultivar.
Fe fertilization failed to produce significant effect on the soil available N in both
the years.

Available soil phosphorus (P) did not vary significantly among varieties varied
significantly in Fe fertilization. Available soil potassium did not vary significantly
among Vvarieties and Fe applications.

DTPA-extractable Znvaried significantly among varieties and Zn fertilization. The
highest value was recorded in JS 97-52. Zn fertilization resulted in significant
variation in the second year of experiment. Highest values ware observed in
combined treatments of soil and foliar applications (Zz Soil application of Zn @ 5
kg ha through ZnS04.7H20 + Two foliar spray application of ZnSO4 @ 0.25%).
The highest net return was observed in JS 97-52 in both the years of
experimentation while the lowest in local variety. Among Zn treatments,
application of three foliar spray of ZnSO4.7H.0 @ 0.5% resulted the maximum

net return and BC ratio in both the years.

Experiment I1: “Biofortification of iron in soybean (Glycine max (L.)
Merrill) under foothill of Nagaland”

This second experiment was conducted in as pot experiment. It was laid out in

factorial CRD with three varieties of soybean (JS-335, JS 97-52 and local cultivar) under

sixFe fertilization treatments (Feo- control, Fe1: Foliar spray application of FeSO4.7H.O

@ 0.5% at pre-flowering stage, Fe2:FeSO4.7H.O0 @ 1% at pre-flowering stage, Fes:

FeSO4.7H.0 @ 1%at pre-flowering stage, Fes: Foliar spray application of FeSO4.7H.0
@ 1.5% at pre-flowering stage, Fes: Soil application of FeS04.7H.0 @ 10 kg ha™™.
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Plant height significantly differed among varieties but failed to show significance
difference upon zinc fertilization. Local cultivar significantly the tallest plant
followed by JS 97-52 and JS-335. Under Fe fertilization although no significant
difference observed however the treated plants showed numerical higher value.
The number of branches was significant influenced only at 60 DAS and 90 DAS
among varieties and Fe fertilization failed to produce significant effect except at
90 DAS. Significantly more branches recorded in JS 97-52 and least in local
cultivar. At peak crop stage, 90 DAS Fes: FeS04.7H.0 @ 1%at pre-flowering
stage recorded the highest value.

Number of leaves per plant varied significantly among the varieties with crop
stages. At 60 DAS, highest leaves plant™ observed in JS 97-52 whereas as 90
DAS local cultivar recorded more leaves. Fe fertilization caused significant effect
at 60 DAS in the second year only, where significantly higher number of leaves
recorded in Fes (FeSO4.7TH0@ 1%at pre-flowering stage).

Dry matter accumulation (DMA) significantly differed among varieties
throughout the crop duration. JS 97-52 was significantly recorded higher DMA
although at par with local cultivar at 90 DAS and harvest stage. Fe fertilization
showed no significant influenced on DMA except at 90 DAS where significantly
higher value recorded under Fes.

Leaf area significantly differed among varieties where highest value observed in
local cultivar all through the crop stages. Fe fertilization did cause significant
variation at 60 DAS. Highest value observed at Fes (1.5% FeSOs) followed by
Fez (1% FeSOy).

Chlorophyll content significantly differed among varieties throughout the crop
stages. Significantly more value observed in JS-335 which remained at par with
JS 97-52 and least in local. There was significant variation under Fe fertilization
at 60 and 90 DAS. Highest chlorophyll content observed in Fez (FeSO4.7H.0 @
1.5%).

Days to 50% flowering and days to maturity was significantly differed among
varieties where the longest duration was observed in local cultivar and the other
two at par to each other. Fe fertilization failed to produce any significant effect

on these parameters.
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Number of nodules and nodules dry weight significantly varied among varieties.
Local cultivar significantly recorded higher values while JS-335 and JS 97-52
were at par with each other in most cases.

Yield attributing characters was found significantly differed among varieties
except number of seeds pod?. Significantly higher number of pods plantiwas
observed in JS 97-52. Pod length and 100-seed weight was significantly higher in
JS-335. Fe fertilization did not cause any significant difference in all the yield
attributes although the Fe treated plant had slightly higher value over the control
plants.

Seed yield potlwas recorded highest in JS 97-52 which was significantly
superior to the other two. Fe fertilization did cause significant difference on the
seed yield where the highest value observed in Fes (Foliar application of
FeS0O4.7H20 @ 1.5%).

Similarly, stover yield was significantly high in JS 97-52 while JS-335 and local
cultivar were at par with each other. Fe fertilization resulted to significant
difference in the second year and the pooled data. Significantly highest value was
recorded in Fes (Foliar application of FeSO4.7H.0 @ 1.5%). The harvest index
was significantly high in JS-335 and remained at par with JS 97-52 while Fe
fertilization did not cause any significant effect.

Nitrogen content (N) in grain and stover significantly varied among the varieties.
Higher values of N content in grain and stover was observed in JS-335 and JS
97-52. Significantly high value of N content in grain observed in Fes (Foliar
application of FeSO4.7H0 @ 1.5%) whereas no significant effect of Fe on N
content in stover observed.

Nitrogen uptake was significantly high in JS 97-52 and least in local cultivar in
both the years. Uptake of N by grain and stover was significantly high in Fes
(Foliar application of FeSO4.7H20 @ 1.5%). Similar trend on total N uptake also
observed in both the factors.

P content in grain was non-significant among varieties as well as Fe fertilization
although a reverse trend was observed with Fe application. Whereas, P content in
stover was significantly higher in local cultivar and no FeSO4.7H>0 (Control)

recorded highest P content numerically although non-significant.
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The P uptake by grain and stover was significant among varieties where highest
value was observed in JS 97-52 while Fe fertilization failed to produce
significant results in both years.

K content in grain and stover was observed to be non-significant among varieties
as well as with Fe fertilization in both years of study. But the K uptake by grain
was significantly higher in JS 97-52 and Fes (Foliar application of FeSO4.7H.0@
1.5%) recorded the highest K uptake among the Fe treatments. The same trend
was also observed in total K uptake by grain+stover.

Iron content in grain was significantly influenced by varieties as well as Fe
fertilization. JS 97-52 and JS-335 were at par with each other and observed with
higher Fe content in grain. The application of FeSO4.7H2O resulted in
biofortification effect which significantly enhanced Fe density in grainin both
years. The highest Fe content in grain was highest in Fes (Foliar application of
FeSO4.7H.0@ 1.5%) although statistically at par with the rest of Fe treatments.
Iron content in stover was not significantly affect by varieties as well as Fe
fertilization in both the years although Fe treated plants contained higher value of
Fe over control.

Iron uptake by grain and stover found to be significantly affected by varieties and
Fe fertilization as well. Higher uptake by grain and stover was observed in JS 97-
52 while Fes (Foliar application of FeSO4.7H.O @ 1.5%) recorded highest
among Fe treatments.

Protein content found to be significantly affected by varieties where JS-335
recorded the highest seed crude protein and at par with JS 97-52. Fes (Foliar
application of FeS04.7H0 @ 1.5%) significantly resulted the highest protein
content.

Oil content varied significantly among varieties only in the first year with
significant higher oil observed in JS 97-52. Fe fertilization did not result to
significant difference in oil content in both years.

The phytic acid content in grain varied significantly among varieties where local
cultivar contained the highest value and JS-335 observed the lowest value in both
years. Application of FeSO4.7H20 did not significantly change the phytic acid
content although the highest value observed in control treatment. With Fe

fertilization, there was reduction in phytic acid content. The same trend was also
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observed in the phytic acid: Fe molar ratio but significant difference in both
varieties and Fe applications.

Soil chemical properties viz., soil pH, organic carbon and available NPK did not

\4

vary significantly among varieties and upon Fe fertilization in both the years. The
same was in the case of DTPA-Extractable Fe except in the second-year
experiment in varieties where JS-335 recorded the highest value.

\4

Dehydrogenase activity varied significantly among varieties as well as Fe
fertilization. The highest value was observed in JS 97-52 and application of
FeS04.7H20 @ 2% as foliar recorded the highest value.

>  Fluorescein diacetate (FDA) did not vary significantly among varieties as well as
under Fe fertilization in both the years of experimentation although numerically

Fe treated pots recorded higher values over the control.

Conclusion:

From these studies it is concluded that agronomic biofortification of zinc in
soybean is possible with the application of zinc. Application of three foliar sprays of
ZnS04.7H-0 resulted to the highest response in enhancement of grain Zn content, grain
quality and reduction of antinutrient factors like phytic acid with the highest net profits
and BC ratio. Among the varieties, JS 97-52 showed highest response in respect of
quality, yield and profit. Foliar application of FeSO4.7H.O @ 2% was the most effective
methods in enhancing grain yield, quality, and enrichment of Fe density in grain. These
two applications viz. three foliar sprays of ZnSQO4.7H>O and foliar application of
FeSO4.7H20 @ 2% which are easy, low cost and effective alternative means can be
recommended for biofortifying soybean grain with supplementation of zinc and iron in

the region.
Recommendation:

Based on the aboved-mentioned findings through the experiment | on
biofortification of zinc in soybean, it may be recommended that variety JS 97-52 is a
better option as far as yield and net return is concerned. However, with respect to grain
quality like zinc content and lower phytic acid, JS-335 was found superior. Three foliar
applications of zinc sulphate @ 0.5% at maximum vegetative stage, pre-flowering and

pod formation stage can be recommended as zinc biofortification strategy for achieving
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higher seed yield, zinc content in grain and lowering phytic acid along with higher net

return.

Similarly, through the experiment Il on biofortification of iron in soybean it may
be recommended that two foliar spray applications of iron sulphate @ 1.5% at
preflowering stage was found most effective for enhancing growth, yield and quality of
soybean and the variety JS 97-52 was found most preferable as far as yield and quality is

concerned.
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ANNEXURE |

Table 1 Weather data for the experimental year 2018 and 2019 at Medziphema

Temperature (°C) Relative humidity (%)
Parameters Sunshine hours Rainfall (mm)
Minimum Maximum Minimum Maximum

Month 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
July 23.80 23.80 | 35.80 | 36.40 71.71 71.77 91.65 93.48 3.10 3.10 | 239.50 | 271.30
August 23.70 23.50 | 36.80 | 37.70 71.39 72.52 94.23 92.65 3.80 490 | 302.80 | 274.30
September 22.70 2210 | 35.30 | 36.40 | 66.70 | 7210 | 93.60 | 93.80 5.30 410 | 115.70 | 173.50
October 17.70 18.10 | 33.90 | 33.30 66.71 72.87 95.68 95.35 6.00 5.90 64.00 | 244.80
November 10.20 11.30 | 31.20 | 32.00 53.50 64.20 96.73 97.40 7.00 7.00 13.30 52.90

December 8.10 7.30 2790 | 28.00 | 55.84 | 62.16 | 96.45 | 97.03 6.30 6.10 50.00 0.90




Table 2 Cost of cultivation for all treatments on ha! basis (Fixed cost)

ANNEXURE I

I\Skl)'. Particulars Units Rate (3) | Cost (hat)
1 Land preparation

a. Ploughing by tractor 1 2500 2500
b. Harrowing 2 1500 3000
C. | Seed bed preparation 12 220 2640
2 Manure and fertilizer application 5 220 1100
3 Seed cost 70 80 5600
4 Sowing 10 220 2200
5 Thinning 6 220 1320
6 Weeding & intercultural operation 12 220 2640
7 Chemical spray for insect pest 2 220 440

8 Manures and fertilizers

a. Urea 43 12 516
b. | SSP 375 15.8 5925
C. MOP 66 25 1650
d |FYM 10 500 5000
9 Biofertilzers 5 120 600
10 | Chlorpyriphos 8 80 640
11 | Harvesting 12 220 2640
12 | Threshing & cleaning 8 220 1760
13 | Miscelaneous 2000
14 | Total (fixed cost) 42,171

Interest on working capital nrgrrltis 1::{?“?? 2530.26
Grand total 44,701.26




ANNEXURE 111

Table 3 Cost of zinc application (variable) on ha basis

Symbol

Treatments

No. of
units

Cost Zn
(Zn rate*
cost per

unit)

Interest of
Zn cost

Total

Zo

Control

o

o

()

o

Z1

Soil application of Zn @ 5 kg
ha* through ZnS04.7H20

23.80

3570

214.20

3784.20

Z;

Soil application of Zn @ 5 kg
ha through ZnO

6.25

1250

75

1325

Z3

Soil application of Zn @ 5 kg
ha* through ZnS04.7H20 +
Two foliar spray application
of ZnSO4 @ 0.25% at pre-
flowering and pod formation
stages

26.80

4020

241.20

4261.20

Zy

Soil application of Zn @ 5 kg
ha through ZnO + Two
foliar spray application ZnO
@ 0.25% at pre-flowering
and pod formation stages

9.25

1850

111

1961

Zs

Three (3) foliar spray
applications of ZnSQO4.7H20
@ 0.5% at maximum
vegetative stage, pre-
flowering and pod formation
stage.

1350

81

1431

Ze

Three (3) foliar spray
applications of ZnO @ 0.5%
at maximum vegetative stage,
pre-flowering and pod
formation stage.

1800

108

1908A

Foliar spraying one ha
(manday)

2.50

550

33

583

Soil application of
micronutrient (manday)

440

26.40

466.40

Avg.

1647.78

98.87

1746.64

Labour wages: Rs.220; Soybean grain: Rs. 70/-; ZnS04.7H20: Rs.150; ZnO: Rs.200




