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EFFECEFFECT OF FOLIAR APPLICATION OF NANO NITROGEN AND
IRON ON GROWTH, YIELD AND QUALITY OF MULBERRY IN EASTERN
DRY ZONE OF KARNATAKA

SRINIVAS BONDADE
ABSTRACT

A field experiment was conducted in farmer’s field at Kurboor village,
Chintamani, Chikkaballapur district during Rabi 2020, to study the effect of foliar
application of nano nitrogen and iron on growth, yield and quality of mulberry in Eastern
Dry Zone of Karnataka. The experiment was laid out in randomized complete block
design with 9 treatments replicated thrice. The experimental results indicated that
significantly higher plant height (124.18 cm), number of shoots per plant (24.80), number
of leaves per shoot (22.86), number of leaves per plant (441.26) and leaf yield (8.69
t/ha/crop) was recorded in the treatment receives combination of 50 % N + 25t FYM +
Foliar spray of nano nitrogen @ 0.4 % and nano iron @ 1000 mg/L. Higher leaf protein
(37.55 %), crude fibre (14.22 %), chlorophyll content (47.13 SPAD), major and
micronutrient uptake, higher net returns per hectare of mulberry (Rs. 62,687) and B: C
ratio (2.39) were recorded in treatment comprising a combination of 50 % N + 25t FYM
+ Foliar spray of nano nitrogen @ 0.4 % and nano iron @ 1000 mg/L. Lower growth,
yield and quality of mulberry leaf was observed in control plot. Application of nano
nitrogen and iron fertilizer improved the nitrogen use efficiency by 22 to 65 per cent
compared to conventional fertilizers. An overview of the study revealed that foliar
application of nano nitrogen and iron fertilizer saved 50 per cent of conventional urea

fertilizer with better leaf quality with improved growth characteristics.

November, 2021 (J. SARALAKUMARI)
Department of Soil science and agricultural chemistry Major Advisor
UAS, GKVK, Bengaluru - 65
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Effect of foliar application of nano nitrogen and iron on growth, yield and quality of mulberry

INTRODUCTION

Mulberry sericulture is back bone of
industry as it occupies nearly 72 per cent of
total raw silk production in India. Mulberry
leaf is sole food material for silkworm
(Bombyx mori. L) and also major source of
silk protein, Nutritional qualities of mulberry
leaves supplied as food material to silkworm
have great influence on quality of cocoon.

Foliar application in the form of
composite formulation of different nutritional
resources is found to be an efficient approach
in terms of reducing the quantity of nutrient

inputs along with enhancing nutrient
assimilation by the plant.
Excessive and improper usage of

conventional fertilizer causes problems on
human and environment. Nano nitrogen and
iron fertilizers are alternative to conventional
(N and Fe) fertilizers with slow and control
release of nitrogen and iron. The application
of Nano-N and Fe fertilizer can reduce
harmful effects to the environment by
reducing harmful nitrogen and iron inputs and
increase the nutrient use efficiency.

OBJECTIVE

To study the effect of foliar application of
nano nitrogen and iron on quality and yield
parameters of mulberry leaves.

MATERIAL AND METHODS

The experiment was conducted
during November to December of Rabi
season 2020 in a well-established mulberry
garden in the farmer’s field at Kurboor
Village, Chintamani Taluk, Chikballapur
District. The details of the experiment are
given below,

Treatment : Nine
Replications : Three

Design RCBD

Plot size D 4mx4m
Variety : Victory-1 (V-1)

Treatment details:

T, : Absolute Control

T, : RDF (360:140:140: N, P,0s, K,0 +
25 t FYM/ha)

Ty : T, + soil application of FeSO, @ 5
kg/ha

T, : T, + nano iron @ 500 mg/L as foliar
spray

Ts : T, + nano iron @ 1000 mg/L as foliar
spray

T, : RDF (50 % N + 100% P,05+100%
K,O +25 t FYM/ha)

T, : T¢ + nano nitrogen @ 0.4% as foliar
spray

Ty : T¢+ nano Nitrogen @ 0.4% + nano
iron @ 500 mg/L as foliar spray

Ty : T4+ nano Nitrogen @ 0.4% + nano
iron @ 1000mg/L as foliar spray

Note: spray @30 DAP (Days After
Pruning)

in Eastern dry zone of Karnataka
SRINIVAS BONDADE, PALB 9377

Department of Soil Science and Agricultural Chemistry, CoA, GKVK, Bengaluru

RESULTS

> Significantly higher leaf yield (0.52 kg/plant and 8.69 t/ha’crop)
was recorded in T, treatment which received T+ nano nitrogen
@ 0.4% + nano iron @ 1000 mg/L as foliar spray followed by
Ty and Ts. The lower leaf yield was recorded in treatment T,
(0.26 kg/plant and 5.89 t ha' crop™). (Fig.1)

»Significantly higher protein content of leaves (37.55 %) was
recorded in treatment T, (T, + nano nitrogen @0.4% + nano iron
@1000 mg/L as foliar spray) followed by Ty (36.81 %) and T
(35.60 %) which were on par with each other. Significantly
lower content of protein (28.49 %) was recorded in the leaves of
treatment T, (Absolute control). (Table 1)

> Significantly higher Crude fiber content (14.22 %) was recorded
in leaves of treatment Ty (T4 + nano nitrogen @ 0.4% + nano
iron @ 1000 mg/L as foliar spray) followed by 14.14 per cent Ty
and 14.06 per cent in treatment T5 which were on par with each
other. Significantly lower content of crude fiber (11.28 %) in
leaf was recorded in treatment T, (Absolute control).

»Significantly higher nitrogen content of 4.10 per cent was
recorded in leaves obtained from the treatment Ty (T, + nano
nitrogen @ 0.4% + nano iron @1000 mg/L as foliar spray)
which was on par with treatment Ty (3.96 %). Significantly
lower nitrogen content of 3.17 per cent was recorded in leaves
harvested from treatment T, (Absolute control).

> Significantly higher content of Fe (199.47 mg/kg) was recorded
in leaves obtained from T, (T4 + nano nitrogen @ 0.4% + nano
iron @ 1000 mg/L as foliar spray) followed by Ty (186.02
mg/kg) which received T, + nano nitrogen @ 0.4% + nano iron
@ 500 mg/L as foliar spray and significantly lower Fe (100.18
mg/kg) content was recorded in leaves of treatment T, (Absolute
control).

Table 1: Effect of foliar application of nano nitrogen and iron
on nitrogen, iron content, quality and yield of mulberry
leaves.

Treatment N Fe Protein Crude Yield per Yield per
(%) | (mg/kg) (%) fibre (%) plant hectare
(kg) __ (tons/ha/crop)

T 29 100.18 28.49 11.28 0.26 5.89

T, 333 120.94 3142 12.74 0.30 6.66

T. 349 126.91 31.81 13.62 0.31 6.9

T, 3.78 155.88 32.72 13.86 0.37 7.37

T 3.93 179.84 35.60 14.06 0.44 8.11

Ty 329 | 109.04 30.13 12.18 0.28 | 6.24

T, 3.84 174.49 34.19 13.97 0.40 7.74

Ty 3.96 186.02 36.81 14.14 0.47 8.44

Ty 4.1 199.47 37.55 14.22 0.52 8.69

SEM = 0.1 1.04 1.48 0.45 0.005 0.51

CDat5 % 0.32 3.12 4.45 1.36 0.017 1.53
DISCUSSION

» Foliar application of nano nitrogen and iron significantly
influenced the nitrogen and iron content, quality and yield of
mulberry leaves.

» Higher leaf yield due to foliar application of nano nitrogen and
iron was mainly because of better supply of nutrients to the
target area where in higher concentration of nitrogen and iron
in the form of nano particles would have entered through the
stomata or vascular systems helping higher metabolic activity
leading to higher leaf yield. (Sheykhbaglou e al., 2010)

» Foliar application of nano fertilizer improved the yield

attributes due to enhanced availability of nutrients by easy

penetration of nano formulation through stomata of leaves via
gas uptake. (Aziz et al.,2018)

Nano-fertilizers have small size and large surface area,

resulting high reactivity that increases the contact of fertilizer

with plant and leading to increase in nutrient uptake, leaf
chlorophyll content and fertilizer use efficiency (Herrera et al.,

2016).
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Plate 1: General view of the field experiment
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Fig.1: Effect of foliar application of nano
nitrogen and iron on leaf yield of mulberry.

SUMMARY

» Significant increase in yield and quality of
mulberry leaf was recorded in all the
treatments compared to control.

Among the treatments, foliar application of
nano nitrogen @ 0.4 % and nano iron @
1000 mg/L combined with 50 % N + 100%
P,05+100% K,O + 25 t FYM/ha recorded
significantly higher leaf yield.

Protein (%) and Crude fibre (%) recorded
significantly higher content in treatment (T,)
50 % N: 100% P,05: 100% K,O + 25 t
FYM/ha + nano Nitrogen @ 0.4% + nano
iron @ 1000 mg/L as foliar spray.

%
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I INTRODUCTION

Sericulture is an agro based industry are well known heritage of Indian culture and
tradition both economically and traditionally. This agro-based industry play an vital role in
nurturing the rural economy by providing opportunity to better livelihood among millions
of people through pre to post cocoon technology. Mulberry sericulture is back bone of

industry as it occupies nearly 72 per cent of total raw silk production in India.

Mulberry leaf is the sole food material of silkworm (Bombyx mori. L) and also
major source of silk protein, Nutritional qualities of mulberry leaves supplied as food
material to silkworm have great influence on quality of cocoon because, the silk produced
by the silk worm are directly derived from the protein of mulberry leaves. Feeding of
nutritious mulberry leaves to silkworm larvae also lowers the mortality rate of silkworms.
Mulberry nutritional quality has also been found to significantly affect silkworm cocoon

production by researchers around the world.

Several factors contributes for production of quality of mulberry leaves viz., soil
health, nature of mulberry variety, INM, agronomic practices, environmental condition and
protection measures for disease and pest. Among these, soil health, environmental
condition and nutrient management have greater influence on mulberry leaf production.
Soil application of fertilizers is a common practice followed by the farmers cultivating
mulberry, but such application has certain disadvantages including their high cost, less
nutrient uptake in rain fed condition, has excess use of these fertilizers in soil along with
other insecticide and pesticides pose threat not only to mulberry crop but also to
environment. Hence, there is a serious need of alternative approach to enhance the
mulberry leaf production without affecting the ecosystem.

Foliar application in the form of composite formulations of different nutrients has
been found to be an efficient way to provide nutritional support in terms of reducing the
quantity of nutrient inputs along with enhancing nutrient assimilation by the plant. Besides,
it has also much effect on physiological growth and development of mulberry plants. Plant

nutrients like Mg, Mn, Fe, Zn and B provided to mulberry as foliar nutrients has enhanced

Effect of foliar application of nano nitrogen and iron ..... mulberry in Eastern Dry Zone of Karnataka 1



its growth and yield as well as quality of leaf and cocoon yield (Mahesh 2014). Application
of several plant growth regulators in combination with inorganic fertilizers has a significant

influence on growth and development several crops including mulberry.

Recently, the introduction of nanotechnology application in agriculture playing an
important role in application of water soluble and liquid nano fertilizers are available in
market have been sprayed with these products as well as applied to the soil. There are
various scientists who reported that foliar sprays of nano fertilizers positively affect growth
and yield parameters crops like wheat, tomato, cucumber and other crops (Rajonee et al.,
2016, Nithya et al., 2018 and Kasivelu et al. 2020). Currently, little information is available
regarding the application of nano fertilizers to foliage crops.

A survey conducted in selected mulberry growing farmers field from eastern dry
zone of Karnataka showed that nutrient management adopted was only conventional soil
application and there was no nutrient foliar spray. It was observed that application of
recommended nitrogen through soil application recorded lower nutrient use efficiency (30-
35 %), which was attributed to various losses like leaching and denitrification under
irrigation practices. lron deficiency symptom that is iron like chlorosis is a common
nutrient disorder in plants grown in high pH and calcareous soils which results in poor
yield and quality of the crop due to decreased leaf photosynthetic pigment concentration

especially chlorophyll (Chen et al., 2016 ).

There are a number of studies related to use of nano fertilizers as foliar spray (N,
Zn, Fe and B) resulting have been in higher nutrient use efficiency in various crops and
less reports with respect to mulberry. In this regard an attempt was made to study the effect
of foliar application of nano nitrogen and iron on mulberry growth and development in
Eastern Dry Zone of Karnataka with following objectives.

a) To study the effect of nano nitrogen and iron on growth and yield of mulberry leaf.
b) To study the impact of nano nitrogen and iron on soil properties.

c) To study the effect of nano nitrogen and iron on quality and nutrient status of

mulberry leaf.

2 Srinivas Bondade,  M.Sc. (Agri.) 2021



Il. REVIEW OF LITERATURE

Literature related to study “Effect of foliar application of nano nitrogen and iron on
growth, yield and quality of mulberry in Eastern Dry Zone of Karnataka” is presented in
this chapter below under the suitable headings.

2.1 Effect of nano nitrogen fertilizer on growth and yield parameters.
2.2 Effect of nano nitrogen fertilizer on quality parameters.

2.3 Effect of nano iron fertilizer on growth and yield parameter.

2.4 Effect of nano iron fertilizer on quality parameter.

2.5 Effect of nano fertilizer on soil properties.

2.6 Effect of foliar application of fertilizers on nutrient uptake and soil available

nutrients status after harvest of the crop.

2.1 EFFECT OF NANO NITROGEN FERTILIZER ON GROWTH AND YIELD
PARAMETER.

Subbaiya et al. (2012) in a study effect of formulation of nano nitrogen to enhance
the plant growth through slow and sustained release of nitrogen in green gram revealed that
modified nano urea particle treated seeds of green gram recorded 100 per cent germination
while urea alone gave 70 per cent seed germination, further plant height recorded was
highest with HA treatment plot at 5 days time interval.

A pot experiment conducted in China to study the effect of nanoparticle application
on growth characteristics and nutrient accumulation in tobacco plants by Liang et al. (2013)
with four treatments having different concentration of nano nitrogen (0, 25, 75 and 125
mg/pot). They have reported that per cent increase in plant height with application of
different concentration of nano nitrogen compared to control plot (6.33, 10.56 and 10.00
per cent), a similar increased in leaf area was noticed with the same treatment at maturity

stage.
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An investigation carried out by Junxi et al. (2013) on feasibility of using
ammonium and potassium loaded Nano Zeolite (NK-2Z) as carriers for fertilizer and for
slow release of nitrogen (N) and potassium (K) in kale (Brassica alboglabra cv. bailey)
crop in China observed that the leaf fresh weight of kale in the fertilizer treatments
including NK-Z were 2118.4 and 2111.3 g/plant, while, the leaf fresh weights of kale in
the treatment without NK-Z was 2018.0 g/plant (control).

Ekinci et al. (2014) studied the effects of nano liquid fertilizer on plant growth and
yield of cucumber (Cucumis sativus) in Turkey. The doses of 2.0, 3.0 and 4.0 L/ha of
Nanonat and Ferbanat were used as fertilizer source. The results showed that the fertilizer
treatments significantly improved the yield compared to control. The highest yield (149.17

t/ha) was observed with Ferbanat 4.0 L/ha application.

Liu and Lal (2014) conducted a greenhouse experiment, to assess the fertilizing
effect of synthetic apatite nanoparticles on soybean (Glycine max). The result showed that
application of nanoparticles increased the growth rate and seed yield by 32.6 and 20.4 per

cent, respectively, compared to regular P fertilizer applied plot.

Mukhopadhyay and De (2014) conducted an experiment to study the effect of nano
clay polymer composite on growth and yield of lentil in a long-term trial under rainfed
condition. The treatments were viz, control (no nutrient supplemented), Ti- 100%
Recommended Dose of Fertilizer (RDF) i.e. 80-40- 30 kg/ha N: P: K., T2- 100% N through
farm yard manure (FYM), T3- 50% N through FYM, Ts- 50% RDF + 50% N through FY M,
Ts- farmers general practice (20 kg N ha), Te- Nano Clay Polymer Composite (NCPC)
was applied @ 20 kg/ha in each soil. They revealed that NCPC applied in combination
with 100 per cent N through farm yard manure (FYM) successfully increased the grain
yield of lentil from 833.6 kg/ha to 845.3 kg/ha. Besides grain yield, stubble yield also
varied from 4.3 to 38.5 per cent over control. Nano clay polymer composite enhanced the
other growth parameters like root length, plant dry weight, number of pods, primary

branches.
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Zareabyaneh and Bayatvarkeshi (2015) conducted experiment to study the effect of
slow release fertilizers on nitrate leaching, its distribution in soil profile, N-use efficiency
(NUE), and yield in potato cultivation. The treatments included nano-nitrogen chelate
(NNC), sulfur-coated nano-nitrogen chelate (SNNC), sulfur-coated urea (SCU), and urea
(V). The results revealed that potato yield increased by 56.10, 59.61, and 49.76 per cent

with NNC, SNNC, and SCU fertilizers, respectively compared to urea fertilizer application.

Manikandan and Subramanian (2016) carried out an experiment with intercalated
N nano fertilizer to study the effect of nano fertilizer in maize. Nano-zeourea registered a
plant height of 144.8 cm while conventional urea fertilization produced 131.8 cm at 90
DAS, that is 20 per cent higher than the conventional urea. Nano-zeourea registered 38 per

cent higher maize yield than conventional urea fertilization.

Kaviani and Negahdar (2016) studied the effect of different concentration of
nitrogen nano fertilizers on improving quality of ornamental plants box tree (Buxus
hyrcana Pojark.). Treatments were biological nitrogen nano fertilizers 0.00, 0.60, 1.20,
1.80, 2.40 and 3.00 g/pot as drench and 0.00, 1.00, 2.00, 3.00, 4.00 and 5.00 gram as leaf
spray. The maximum node number (19.33), root length (6.83 cm), leaf number (133.30)
and proliferation rate (133.53) were obtained in plants treated with 3.00 g/pot drench +

2.00 g spray of nano fertilizer especially for ornamental plants.

Hasaneen et al. (2016) studied the two different types of engineered nano fertilizers
namely, carbon nanotubes coated nitrogen and chitosan nanoparticles-N on french bean
(Phaseolus vulgaris. L). The combined morphological and anatomical analysis indicated
that after about 30 days from the date of planting, nano materials either alone or in
combination significantly enhanced plant growth and biomass when compared to control.
They concluded that low dose of nano fertilizers have been to be beneficial, improving

water absorption and nutrients uptake and enhanced the growth of the plants.

A pot culture experiment was conducted by Rajonee et al. (2016) to study the
efficacy of the nano nitrogen fertilizer on the growth promotion of Ipomoea aquatic

(Kalmi) plant. The fresh weight production with nano N fertilizer treated soil was more or
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less same as that of conventional fertilizer. In case of dry weight the production was higher

with the nano fertilizer treated soil than the untreated soil.

An experiment was conducted by Khospeyak et al. (2016) to investigate the effect
of application of nano organic fertilizer at (0, 10, 20 and 30 t/ha) and chemical nitrogen
fertilizer (0, 25, 50 and 75 kg/ha) on yield and yield components of fennel. Results revealed
that the plant height, number of lateral branches, dry weight, seed yield, straw yield,
biological yield, harvest index and essential oil yield were influenced by Nano fertilizer

treatments compared to chemical nitrogen fertilizers.

The effect of chemical and nano fertilization on the yield of pinto bean (Phaseolus
vulgaris L.) was investigated under drought stress (water deficit) conditions by Aghajani
and Soleymani (2017). Fertilization treatments where T1: control (0), T2: Nano fertilizer,
Ts: Nano fertilizer with 75 kg pure N (urea, surface broadcast), T4: 150 kg pure N (urea),
Ts: 75 kg pure N with Nano Zn Fe Mn (foliar applied), and Te: 75 kg pure N with Zn, Fe
and Mn (foliar applied). It was found that nano-fertilization recorded the highest rate of

yield and yield components under water sufficient condition and drought condition.

Jyothi and Hebsur (2017) conducted an experiment in Karnataka to study the effect
of nano fertilizers on growth and vyield of rice and wheat. They reported that full
recommended rate of conventional and nano fertilizer (FRRCF+ FRR-NF) enhanced the
plant height, chlorophyll content, number of reproductive tillers, panicles, and spikelets in
both rice and wheat. Maximum number of grains per spike was recorded with 25 ppm
followed by 50 ppm nanoparticles applied in soil, whereas the maximum 100-grain weight

was observed with 25 and followed by 125 ppm soil applied nanoparticles in wheat.

Mala et al. (2017) studied the influence of nano structured slow release fertilizer on
the biochemical characteristics, soil properties and yield attributes of Vigna radiata. They
studied by the treatments used in this experiment was viz. control (without any fertilizer),
neem cake, chemical fertilizer, PGPR and nano Slow Release Fertilizers (SRF). They found
that both fertilizers increased yield with application of nano SRF compare to application

of chemical fertilizers and control.
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Aziz et al. (2018) investigated the effect of nano chitosan-NPK fertilizer on growth
and productivity of wheat. Chitosan-NPK nanoparticles were easily applied to leaf surfaces
and entered the stomata via gas uptake, avoiding direct interaction with soil systems. The
uptake and translocation of nanoparticles inside wheat plants was investigated by
transmission electron microscopy. The result showed that wheat plants grown on sandy
soil with nano chitosan-NPK fertilizer induced significant increases in harvest index, crop
index and mobilization index of the determined wheat yield variables, as compared with
control. The life cycle of the nano-fertilized wheat plants was shorter than normal-fertilized
wheat plants with the ratio of 23.5 per cent (130 days compared with 170 days for yield

production from date of sowing).

Behboudi et al. (2018) reported application of chitosan nanoparticles at 60 and 90
ppm significantly increased the leaf area, leaf color, grain yield, number of grains per spike

in barley plants.

Al-Juthery et al. (2019) carried out a field experiment to study the effect of foliar
application of different sources of nano-fertilizers on growth and yield of wheat. Results
indicated that positive response to spraying of Super micro plus nano-fertilizer followed
by spraying combined of tri (N+P+K), di (N+P), (N+K) and (P+K) nano-fertilizer
compared to control and traditional (NPK) fertilizer treatments respectively in all growth
and yield parameters of wheat. Further with an increment of the foliar spray, higher plant
height with wheat recorded of 87.77 cm, 12.22 cm, and SPAD value 58.22 (3.17 %, 0.66
% and 2.88 %) for plant height, length of spike, total chlorophyll, concentration of N, P
and K respectively compared to control treatment. Yield and protein content parameter

followed similar trend in nano NPK fertilizers compared to control.

A pot culture experiment was conducted by Rani et al. (2019) to study the effect of
chemical and nano nitrogenous fertilizer on growth, yield and yield attributes by sorghum
(Sorghum bicolor L.). The results revealed that the application of 2.5 time reduction of
RDN through nano fertilizer significantly increased growth parameters, yields and quality

characters of sorghum.
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2.2 EFFECT OF NANO NITROGEN FERTILIZER ON QUALITY PARAMETER

Boonlertnirun et al. (2008) reported that application of chitosan by seed soaking
before planting and four times of soil application throughout cropping season increased
fiber percentage in rice plants greater than the other treatments. Chitosan in combination
with urea fertilizer enhanced chlorophyll content and promoted yield in rice.

Dzung et al. (2011) reported that under field conditions applications nano chitosan
oligomer in coffee seedling increased chlorophyll content up to 15.3 per cent.

Hokmalipour and Maryam (2011) conducted an experiment on the application of
increased in dosage of nitrogen fertilizers in maize compare to conventional urea increased
the chlorophyll content. They reported that it might be due to better assimilation of nitrogen
fertilizer in meristematic tissues and increase metabolic activates enhance chlorophyll

content.

Manikandan and Subramanian (2016) carried out an experiment with intercalated
N nano fertilizer to study the effect of nano fertilizer in maize. The SPAD readings of urea-
fertilized maize plants compared with urea blended with Zeolite or nano-zeolite showed
that all plants had comparable in SPAD meter readings and were statistically non-

significant.

Mala et al. (2017) reported that enhancement in chlorophyll content and
photosynthetic pigments by the application of slow release nano urea fertilizer as compared
to control in Vigna radiata.

NPK nano-fertilizer was prepared by Ha et al. (2019) loading nitrogen (N),
phosphorous (P) and potassium (K) into chitosan nanoparticles. The results showed that
the nano-fertilizer enhanced uptake of nutrients, photosynthesis and growth of coffee
plants. Application of the nano-fertilizer improved 17.04, 16.31 and 67.50 per cent of
nitrogen, phosphorous and potassium content respectively in the leaves of treated plots
compared to the control; total chlorophyll content increased up to 30.68 per cent and 71.7
per cent of photosynthesis net rate.
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2.3 EFFECT OF NANO IRON FERTILIZER ON GROWTH AND YIELD
PARAMETER

Lokanath and Shivashankar (1986) indicated that number of branches of mulberry
differed significantly in the treatments of zinc at 5 kg, iron and magnesium at 2.5 kg, boron
at 2 kg and water spray. Iron and magnesium at 2.5 kg/ha and zinc at 5 kg/ha produced
significantly higher number of branches (15 to 17.7) compared to other treatments. Leaf
area per plant did not differ significantly in the 1% cutting. While in the 2" cutting,
significantly higher leaf area was observed in magnesium and iron at 2.5 kg/ha (3918 and

3266 cm?) than other treatments.

Narayanaswamy and Shankar (2003) revealed that micronutrient foliar spray
influenced the quality of mulberry positively hence the use of foliar sprays particularly Zn
may be beneficial in Sericulture. In the present study it was evident from the data that 0.5
% ZnSO4 + (1.0 % FeSO4 + 0.1 % citric acid) + 0.2 % boric acid + 0.5% MnSO4 + 0.01%
of Na2MoOyg influenced the growth of mulberry.

Bose and Bindroo (2009) reported that all micronutrients significantly increased
the leaf yield of mulberry. Zinc @ 10.0 kg/ha/year recorded maximum yield and there was
an increase of 34.76 % over the control followed by 33.72 % with the application of boron
at 10 kg/halyear. The leaf yield was attributed by an increase in plant height, number of

shoots/plant, length of leaf bearing shoot and leaf area.

Sheykhbaglou et al. (2010) examined the effect of nano ferrous oxide particles on
physiological traits and nutritional compounds of soybean. Treatments were 5
concentrations of ferrous nano-oxide particles including 0, 0.25, 0.5, 0.75 and 1 g/L which
were sprayed 3 times at 4 and 8 leaves stage and pod initiation. Results showed that solution
containing ferrous nano-oxide particles had significant effect on nutritional compounds of

soybean seed reported that an increase in the content of lipid and protein observed by

applying 0.75 g.

Bozrogi (2012) studied the effect of nitrogen fertilizer management and nano Fe

chelate foliar spraying on yield and yield component of eggplant. They reported that the
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highest fruit yield with 46.30 t/ha was recorded under 2 g/L nano iron chelate spraying and
60 kg/ha nitrogen fertilizer treatment and the lowest amount (14.57 t/ha) was obtained
under without nano iron chelate and nitrogen fertilizer application treatment. The highest
plant height and number of branches per plant were observed 122.6 cm and 3.13 branches
under 2 g/L nano iron chelate spraying and 60 kg/ha nitrogen fertilizer treatment,
respectively. On the other hand, the lowest plant height and number of branches per plant
were 68.83 cm and 2.26 branches under without nano iron chelate and nitrogen fertilizer
application treatment, respectively.

Moghadam et al. (2012) observed a positive effect of iron chelate nano fertilizer on
spinach (Spinacia oleracea L.) wet weight by enhancing the growth parameters like leaf

area index, crop growth rate and leaf numbers of treated plants.

Prasad et al. (2012) observed that ZnO nanoparticles at a concentration of 1000
ppm improved the germination (99 %), root growth (11.81 cm), shoot growth (8.71 cm)
and pod yield (3121 kg hal) in groundnut significantly as compared to chelated ZnSO4
(90.32 %, 6.71 cm, 4.32 cm and 2410 kg ha?) but higher concentration of ZnO
nanoparticles (2000 ppm) had inhibitory effect on growth and pod development.

Mahajan et al. (2013) reported that among different nanoparticle suspensions the
maximum growth was found at 50 ppm Zn, Fe, Cu-oxide followed by 50 ppm Fe oxide

and lowest were at 20 ppm Zn oxide over control in Mung bean.

Ghafari and Razmjoo (2013) found that wheat harvest index, 1000-grain weight
and chlorophyll content increased as the rate of iron sulphate and iron chelate increased
but these parameters decreased at the higher rate of nano iron oxide. Significantly higher
1000-grain weight, harvest index, grain and grain carbohydrate yields were produced by

application of 8 g L™ iron sulphate followed by application of 2 g L™ of nano iron oxide.

Shailesh et al. (2013) studied the effect of nano ZnO, nano FeO, nano Zn, Cu, Fe
oxide particles on growth of mung bean seedlings and reported the positive effect of these

nanoparticles on growth of mung bean seedlings over the control. The best performance
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was observed for nano Zn, Cu, Fe oxide particles followed by nano FeO and nano ZnO

particles.

Rezaei and Abbasi (2014) depicted that application of nano chelate of zinc
increased the fresh weight and dry weight of cotton due to improved physiological

processes like chlorophyll content and antioxidant activity.

Field experiment was conducted by Khaledian et al. (2014) found that nano iron
chelate nitrogen increased growth and yield parameters compared to either only chemical
fertilizers or FYM and control. The pod number and seed number per pod were
significantly affected by fertilization. The highest grain yield was observed with F3Ny
treatment (FYM + seed treatment with nano-iron chelate fertilizer). It seems that the
significant variation in seed number per pod and pod number per plant were finally led to
positive effect on seed yield. The highest pod number and seed number per pod was
observed with co application of farmyard manure and chemical fertilizers.

Harsinia et al. (2014) reported that foliar application of nano iron chelate at tillering
stage of wheat was more effective compare to conventional fertilizers applications. Foliar
application in this stage had the effective impact on quantitative characteristics of wheat.
Maximum dry matter, crude protein and crude fiber percentage also increased in nano Fe-

chelate fertilizers plot.

Dimkpa et al. (2015) observed the response of bean (Phaseolus vulgaris) to
commercial ZnO nanoparticles (NPs). Application of ZnO nano particles ranging from
250-1000 mg Zn kg™ had significant impact on root elongation after 7 days. Whereas, shoot
growth was significantly inhibited at 1000 mg kg™.

Alam et al. (2015) reported that wheat seed germination and seedlings growth was
regularly affected with 1.0 to 2.0 ppm (shoot length and root length for 0, 1.0, 1.5 and 2.0,
2.5 ppm Fe nanoparticles were 2.7,3.7,5.2,6.7 cmand 3.7, 5.1, 7.02, 7.96 cm respectively)
but decreased significantly at 2.5 ppm of iron nanoparticles (shoot length was 1.9 cm and
root length 2.3 cm).
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The spinach plants were sprayed with the graded concentration of zinc oxide nano
particles after 14 days of sowing. The plants sprayed with ZnO nano particles at the
concentration of 500 and 1000 ppm showed the increased growth and quality parameters
like leaf length, width, surface area and colour of the leaf samples when compared to the
control leaf samples. Hence, study suggests that the nano zinc oxide sprayed spinach is
more nutritious to vegetarian diet by providing protein, fiber and required amount of

vegetarian fat to diet (Kisan et al. 2015).

Rui et al. (2016) conducted an experiment on iron oxide nanoparticles as a potential
iron fertilizer for peanut. The aim of this study was to evaluate the effectiveness of iron
oxide nanoparticles (Fe2O3 NPs) as a fertilizer to replace traditional Fe fertilizers, which
have various shortcomings. Results revealed that Fe,O3 NPs increased root length, plant
height, biomass and SPAD values of peanut plants and can traditional Fe fertilizers in the

cultivation of peanut plants.

Siva and Benita (2016) compared effect of EDTA chelated iron and iron oxide
nanoparticles on ginger and concluded that ginger roots supplemented with iron oxide
nanoparticles showed an enhanced plant growth, i.e., increased plant height, number of
leaves, chlorophyll, carotenoid, protein and iron content and was an efficient solution to

avoid chlorosis compared to chelated form.

Sharifi et al. (2016) found that foliar application of nano-iron fertilizer increased
the growth of forage corn because of enhanced levels of crude protein and soluble

carbohydrates.

Drostkar et al. (2016) conducted a field experiment to study the effects of foliar
application of Zn, Fe and NPK as nano fertilizers on chickpea at dryland conditions. The
results revealed that plant height, number of branches, seed weight, biological yield and
seed yield were significantly increased as compared to plants grown in control condition.
Highest seed yield (137.3 g/m?) was obtained by Fe + Zn foliar application and caused 34%
increase in the seed yield. The most increase in seed weight (12 %) was obtained by the

foliar application of NPK and Fe + Zn.
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Raju and Prashant (2017) analyzed the studies on effect of polymer seed coating,
nanoparticles and hydro priming on seedling characters of pigeon pea and revealed that to
know the effect of seed polymer coating, nanoparticles (NPs) Zn, Fe at different
concentration (10 and 25 ppm), ZnSO4, FeSO4 (100 and 500 ppm). Results showed that
seed polymer coating with Fe NPs at 25 ppm recorded significantly higher seed
germination (94.75 %), speed of germination (94.75 %), seedling root length (12.58 cm),
seedling shoot length (19.58 cm), seedling length (32.15 cm), seedling dry weight (0.43 g),
seedling fresh weight (0.74 g), seedling vigour index | (2953.70), seedling vigour index 11
(407.00) and lowest abnormal seedlings (2.50 %) over their bulk forms and control

followed by Fe and Zn NPs at 25 ppm.

Karunakaran et al. (2017) experiment conducted on Green synthesized iron oxide
nanoparticles: A nano-nutrient for the growth and enhancement of flax (Linum
usitatissimum L.) plant. It was observed that the seedling length (cm), average number of
seedling with leaves and root length (cm) were increased with an increase in the
concentration of the nanoparticles when compared to control.

Nithya et al. (2018) conducted field experiment to study the influence of nano zinc
application on mulberry and cocoon productivity at College of Sericulture, Chintamani.
The experiment consisted of seven treatment combinations with three replications
(RCBD). Field experiment recorded significantly higher shoot height (96.63cm), number
of branches/plant (8.47), number of leaves/ shoot (18.60), number of leaves/ plant (157.15),
higher leaf area (96.90 cm?) and leaf yield (0.46 kg/plant) were recorded in nano zinc oxide

of 50 ppm as foliar spray when compare to other treatment.

Shebl et al. (2019) experiment conducted to study the effect of micronutrient oxide
nanoparticles of zinc, iron and manganese, as well as combination between these oxide as
a foliar application on the growth and quality of squash plants. These oxide nanoparticles
recorded a significant increase in vegetative growth characters of the squash plant. Plant
length, number of leaves per plant, leaf area per plant and plant fresh weight of squash

plant were significantly increased by spraying plants with Mn nano oxide as compared to
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other treatments. On the contrary, plant dry weight is enhanced with Fe nano oxide and

followed by Fe+Mn nano oxides.

Kasivelu et al. (2020) conducted experiment on demonstrated on green preparation
of Nano-micronutrients y- iron (Fe203) and zinc (ZnO), characterization, agro-
morphological characteristics and crop productivity studies in two crops (rice and maize).
The highest seed germination percentage (100 %) and seedling vigor index (27500 &
36500) were observed at the 500 ppm of nano scale y- Fe;Os treated in rice and maize
respectively. In the case of nano scale ZnO, the highest seed germination percentage of
(100 % & 99 %) and seedling vigor index (32400 & 33660) were observed at 1000 and
2000 ppm in rice and maize seeds, respectively. The results of micro plot field studies
revealed that yield attributes like total grain weight (g/m?), 1000 grain weight, seed length,
seed thickness, seed width and yield (kg/ha) were also highly influenced by the foliar
application of nano scale y- Fe2O3 and ZnO (500 and 750 ppm) in rice and maize,

respectively.

2.4 EFFECT OF NANO IRON FERTILIZER ON QUALITY PARAMETERS.

Weisany et al. (2011) conducted an experiment to investigate the effects of nano-
zinc application and salinity stress on some morphological and physiological parameters
of soybean. Nano-chelate zinc fertilizer application proved to enhance the activity of
peroxidase, catalase, and polyphenol oxidase enzymes in soybean crops which increases
the shoot and root growth.

A field experiment was carried out by Tarafdar et al. (2014) to find the impact of
Nano zinc fertilizers on the growth and yield of pearl millet. Results indicate that
significant improvement in chlorophyll content (24.4 %), total soluble leaf protein (38.7
%), and enzyme activities of acid phosphatase (76.9 %), alkaline phosphatase (61.7 %),
phytase (322.2 %), and dehydrogenase (21 %) were observed over control in 6 weeks old
plants.

Pirvulescu et al. (2015) reported that biocompatible magnetic nano fluid
(Fe304/H20) had positive influence on the total chlorophyll content (a and b) in sunflower
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leaves. However, with higher concentrations (> 0.75 %) the growth rate of the chlorophylI

content is negative.

Karunakaran et al. (2017) reported that metabolic activity due to nanoparticle
treatment, peroxidase and catalase activities were measured. The result showed that higher
concentration of iron oxide nanoparticles (Fe2O3NPs 1000 mg/L) has enhanced the activity
of both the enzymes indicating the inhibition of ROS (Reactive Oxygen Species)

generation and hence promoted plant growth.

Nithya et al. (2018) conducted field experiment to study the influence of nano zinc
application on mulberry and cocoon productivity at College of Sericulture, Chintamani.
Higher total chlorophyll (2.44 mg/g), crude protein (39.00 %) and crude fiber (14.19 %) of

mulberry leaves in nano zinc oxide of 50 ppm used as foliar spray.

Shebl et al. (2019) reported that foliar application of nano oxides increased the
content of photosynthetic pigments expressed as chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids in squash leaves as compared to control. The application of
manganese nano oxide as foliar on squash plants enhanced the content of chlorophyll a,
chlorophyll b, total chlorophyll, and carotenoids in the leaves followed by plants supplied

with iron and zinc nano oxides compared with other treatments.

2.5 EFFECT OF NANO FERTILIZER ON SOIL PROPERTIES.

Subbramanian and Kumaraswamy (1989) observed that there was no effect of
adding 100 per cent NPK +FYM on electrical conductivity of soils.

Bharadwaj and Omanwar (1994) studied the effect of crop rotation and fertilization
on soil properties and reported that EC of soil was not affected by any of the treatments.

Basumantary and Talukdar (1998) opined that continuous application of chemical
fertilizers alone let to decrease in soil pH, where as an improvement over initial value
resulted under integrated treatments which received both inorganic and organic source of

fertilizers in a long term experiment.
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The most important reaction pathways which may affect fate and behaviour of
nanoparticles in soil are dissolution, aggregation, partitioning between solution and solid
phase and mobility. Soil properties such as pH, ionic strength, clay and organic matter
content affect the dissolution of nanoparticles through their effect on aggregation. High
surface area and charge of manufactured nanoparticles result in strong adhesion of

nanoparticles to the reactive surface of soil (Milani, 2011).

Kim et al. (2011) revealed that concentration of zinc in the soil treated with zinc
nanoparticles were more than that of treated with soluble zinc. This indicated that in soil
there would be better retention of nanoparticles which reduces phototoxicity and increases

the reserve of zinc nutrient in the soil.

Du et al. (2011) investigated the effect of TiO2 and ZnO nanoparticles on wheat
growth and soil enzyme activities under field conditions. The nanoparticles induced
significant changes in soil enzyme activities, soil quality and health. Soil protease, catalase
and peroxidase activities were inhibited in the presence of the nanoparticles while urease

activity was unaffected.

Moshe et al. (2012) studied effect of metal oxide nanoparticles (CuO and Fe3O4)
on various soil properties. It was found that the nanoparticles did not change the total
amount of organic materials in the soil or the total organic carbon in the soil extract.
Denaturing gradient gel electrophoresis (DGGE) fingerprinting revealed that nanoparticles
affected the soil bacterial community composition, but had little impact on the macroscopic

properties of the soil

Kim et al. (2013) investigated effects of CuO and ZnO nanoparticles (NPs) and
microparticles (MPs) on soil microbial toxicity, phytotoxicity and bioaccumulation in two
crops (Cucumis sativus and Zea mays) and found that NPs were more toxic than MPs to
microbes and plants in the soil ecosystem. They also found that the soil enzyme activity

and plant biomass were inhibited to the greatest extent by CuO NPs than ZnO NPs.

Subbaiah (2014) reported that the postharvest nutrient availability of zinc in the soil

increased due to the foliar nano ZnO spray and maximum content was recorded with the
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application of nanoparticles @ 1,000 ppm indicating that the translocation of zinc from the
leaves to the soil through the plant body system and accumulated in the soil. The soil zinc

content had shown high significant differences among treatment.

Shen et al. (2015) investigated the eco-toxicological effect of ZnO-NPs on soil
microorganisms testing respiration, ammonification, dehydrogenase activity, and
fluorescent diacetate hydrolase activity in soil. The study revealed that soil type determines
the toxicity of ZnO NPs in soil and toxicity was highest in the acid soil, followed by the
neutral soil. The toxicity was relatively low in the alkaline soil. The toxicity was not
accounted for by the Zn?* released from the ZnO-NPs but due to the direct interaction of
ZnO-NPs with biologic targets.

Watson et al. (2015) studied the effects of soil properties on phytotoxicity and Zn
bioavailability from the NPs in an acidic and a calcareous alkaline soil and concluded that
in the acid soil, ZnO NPs caused dose-dependent phytotoxicity while no phototoxicity in
calcareous soil showing that ZnO NPs formulations to be used as a soil amendment need

to be tuned to soil properties to avoid phytotoxicity.

Schlich and Hund-Rinke (2015) investigated the effects of silver nanomaterials
(Ag-NMs) on five well-characterized soils with distinct physico-chemical properties using
two standardized test systems. The carbon transformation test (OECD 217) showed
minimal sensitivity whereas the ammonia oxidizing bacteria test (ISO 15685) showed
extreme sensitivity over 28 days of exposure. Ag-NM toxicity was compared with the
physico-chemical properties of the soils, revealing that toxicity declined with increasing
clay content and increasing pH. Ag-NM toxicity did not appear to be affected by the
organic carbon content of the soil.

Simonin et al. (2016) reported that soil exposed to TiO2-NPs (1 and 500 mg kg™
dry soil) showed a decrease in nitrification enzyme activities and abundance of ammonia

oxidizing microorganism and concluded it as emerging pollutant to affect the soil health.

Rui et al. (2016) studied the effectiveness of iron oxide nanoparticles (Fe2Os NPs)

on the growth and development of peanut to replace traditional chelated Fe-fertilizers. The
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results showed that Fe,O3 NPs promoted the growth of peanut by increasing root length,
plant height, biomass and SPAD values and regulating phytohormone contents and
antioxidant enzyme activity. The iron content in the soil was quantitatively determined by
energy dispersive X-ray spectroscopy (EDS) showed that the Fe2Os NPs adsorbed on to

sandy soil improved the availability of Fe to the groundnut plants.

You et al. (2017) suggested that metal oxide nanoparticle incubation could
influence soil enzyme activities and change soil bacterial community. ZnO NPs had a
stronger effect on soil enzymatic activities than nTiO2, nCeOz, and nFe3O4 and saline-alkali

soil was more susceptible to metal oxide nanoparticles than black soil.

Kwak et al. (2017) investigated the long-term effects of ZnO NPs at concentrations
of 50 and 500 mg kg™ on the activities of six exo-enzymes in planted soils such as
dehydrogenase, fluorescein diacetate (FDA) hydrolase, urease, acid phosphatase, aryl-
sulfatase, and -glucosidase. These effects included both decrease and increase in enzyme
activity. However, results suggested that ZnO NP treatments of 50 and 500 mg kg™ can
adversely affect soil enzymes, particularly acid phosphatase and urease and thus have

implications for phosphorous and nitrogen cycles in the soil.

26 EFFECT OF FOLIAR APPLICATION OF FERTILIZERS ON SOIL
AVAILABLE NUTRIENTS STATUS AND NUTRIENT UPTAKE AFTER
CROP HARVEST.

Boote et al. (1977) observed foliar application of N, P, K, and S increased the N, P
and K concentration of total canopy leaves from 3.28, 0.24, and 0.92 per cent to 3.48, 0.29,
and 1.32 per cent respectively in soybean. Foliar fertilization significantly increased upper
leaf Pg (gross leaf photosynthesis) only at two late sample dates when seed growth was
nearly complete and most leaves had already started senescence and dropped. Maximum
Pg was predicted at 4.6 to 6.0 per cent leaf N. Leaf Pg and per cent P were also positively
correlated. The relationship of Pg to leaf N during N removal from leaves can potentially

be used to model photosynthetic decline during seed filling stage.
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Muthuvel et al. (1985) reported that, foliar spray of 2 per cent DAP and 1 per cent
urea at flowering stage, soil nutrient status was increased with the available N, P and K
status of soil (131, 6.3 and 134 kg ha™*, respectively) of rainfed black gram compared to no
foliar spray. Singh and Kamath (1989) found that foliar application of 1.5 kg P20s in two
sprays significantly increased the P uptake (20.5 mg plot?) and dry matter (7.71 gm plot™)
of Mustard.

Elayaraja and Angayarkanni (2005) concluded that, foliar application of 2 per cent
DAP at 20, 30 and 45 DAS resulted in higher NPK uptake in both seed (43.03, 46.22 and
6.85 kg hal, respectively) and haulm (5.39, 8.18 and 15.01 kg ha™?, respectively) of black

gram.

Nelson et al. (2005) reported that foliar application of potassium sulphate @ 36 kg
ha-1 on soybean leaves acts as an excellent method of supplementary fertilization when
edaphic climatic condition do not favor the satisfactory uptake of potassium from soil thus
resulting in increased yield. Nasef et al. (2006) observed foliar spraying with 200 ppm
boron and inoculated with rhizobium increased significantly the uptake of N, P, K, Fe, Mn,
Zn and B by straw and seeds of groundnut in both seasons as compared without

biofertilizer.

Raman and Venkataramana (2006) studied the effect of foliar nutrients on NPK
uptake, yield attributes and yield of green gram in Inceptisols. The results revealed that
foliar spray of 2 per cent DAP with 30 ppm NAA recorded higher NPK (69.01, 18.19 and
65.71 kg ha?, respectively) uptake over control (58.66, 12.97 and 53.68 kg ha®,

respectively).

Jyothi et al. (2013) reported that foliar spray of 2 % urea at pod development and
flowering stage significantly increased uptake of Zn, N by soybean and also soil application
of NPK fertilizer was found to be more beneficial to improve the productivity of soybean
than NPK application alone in soybean. Kumar (2013) reported that the foliar application
of soluble starter NPK @ 2 per cent + sulphur spray 2 per cent at 45 DAS and soluble
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booster NPK 2 per cent + boron spray 0.15 per cent at 65 DAS resulted in significantly

higher oil content, oil yield, protein content.

Significantly higher phosphorus and potassium uptake (88.32, 10.72 and 35.09 kg
ha* respectively) and available N and P205 content of soil (278.13 kg ha* and 28.55 kg
ha! respectively) was noticed in RDF + foliar spray of 40 ppm NAA + 0.5 % chelated
micronutrient + 2% DAP. Which was at par with RDF + foliar spray of 2 per cent DAPS

+ 0.5 % chelated micronutrient of black gram (Rezaei et al. 2013).

Manikandan and Subramanian (2016) reported that grain N content of nanozeourea
on Inceptisol (Control: 0.26%; Treated: 0.32%) and Alfisols (Control 0.48; Treated 0.76%)

were higher consistently compared to control plot.

Rajoniee et al. (2016) reported that uptake and concentration of nitrogen (N) was
better with Nano fertilizer treatments than the conventional fertilizer treatments.

Azizah et al. (2017) studied the use of Multi Walled Carbon Nanotubes (MWCNTS)
enhancing the nitrogen uptake and use efficiency of urea fertilizer by paddy and revealed
that during the 11" week of paddy growth, remarkable increases in N fertilizer uptake was
recorded for UF-MWCNTS treatment which recorded 1363.6 mg/pot which was higher
than that of control (455 mg/pot). The results also revealed significant increase in NUE in
treatment receiving UF-MWCNTSs (88.72 %) compared to control (50 %) during 11'" week.
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111 MATERIAL AND METHODS

The details of materials used and the methodologies adopted during the course of
investigation on “Effect of foliar application of nano Nitrogen and Iron on growth, yield
and quality of mulberry in eastern dry zone of Karnataka” during rabi season 2020 carried
at Department Soil Science and Agriculture Chemistry are described in this chapter.

3.1 Location of the experimental site

The field experiment was conducted during November to December of rabi season
in a well-established mulberry garden in the farmer’s field at Kurboor Village, Chintamani
Taluk, Chikballapur District. The experimental plot is geographically situated in the
Eastern dry zone (Zone - 5) of Karnataka and located between latitude of 13°18'25" North,

a longitude of 78°5'27 East, with an altitude of 865 m above sea level.

3.2 Climate

Monthly mean meteorological data was recorded at the observatory, College of
Sericulture, Chintamani during the year 2020. The actual weather parameters for the year
2020 (April 2020 to December 2020) such as total rainfall, temperature (maximum and

minimum), relative humidity and sunshine hours are presented in Table 3.1 and Fig 3.1.

3.2.1 Actual climatic conditions during the period of experimentation

The maximum monthly rainfall was received during September 2020 (259.6 mm)
and the minimum was in December 2020 (15.9 mm). During the cropping season
(November 2020 - December 2020), a total of 126.3 mm rainfall was received. The average
maximum air temperature was 37.01 °C in the month of May 2020 and minimum
temperature was 15.69 °C during the month of December 2020 was recorded. The mean
monthly minimum relative humidity (56.5 %) in evening was registered in April 2020 and
maximum relative humidity (84.03 %) in morning was recorded in December 2020. Mean
maximum sunshine hours (8.35) was registered in April 2020 and minimum sunshine hours
(2.68) was recorded in August 2020.
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Table 3.1: Meteorological data of experimental site for the cropping season at

College of Sericulture, Chintamani

No.of | Temperature |Relative Humidity
Total Rain N (°C) (%) Sunshine
Month rainy
Fall (mm) d Hrs.
ayS | Max. | Min. | Morn. | Even.

April 125.8 5 36.65 | 20.98 | 69.27 56.5 8.35
May 57 6 37.01 | 21.35 | 64.06 58.03 8.27
June 118.2 6 322 | 20.34 | 76.63 67.33 6.33
July 113.4 10 29.81 | 195 80.03 73.65 4.18
August 87.1 9 29.45 | 19.21 | 80.52 77.06 2.68
September 259.6 11 28.71 | 18.99 83.2 80.43 4.52
October 161 8 28.66 | 18.71 | 78.74 76.68 4.94
November 1104 7 28.23 | 17.97 79.6 76.67 5.14
December 15.9 3 26.74 | 15.69 | 84.03 80.61 5.55
Total 1048.4 65

3.3 Soil characteristics of experimental site

A composite soil sample (0 - 30 cm depth) was drawn from the experimental site
before initiation of the experiment. Composite soil sample were drawn from experimental

site and analyzed for physical and chemical properties. The data are presented in Table 3.2.

3.4 Experimental details
3.4.1 Experimental design

The experiment was laid out in Randomized Completely Block Design (RCBD)
during rabi 2020 with nine treatments replicated thrice. The whole experimental area was
divided into three blocks. Each block was subdivided into 9 plots. Thus, the total numbers
of plots were 27 (9 treatments x 3 replications). The size of each plot was 4 m x 4 m.
Treatments were distributed randomly in the plots within the blocks. The layout plan of the

field experiment is presented in Fig. 3.2.
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The experimental details are as follows;

Design : Randomized complete block design

Replications : Three

Treatment : Nine

Plot size : 4mx4m (16 m?)

Crop : Mulberry (Morus alba. L)

Variety : Victory -1 (V-1)

RDF : 360:140:140 (N: P20s: K20, respectively) kg ha'
Date of pruning : 03-11-2020

Date of harvesting 03-01-2021

Table 3.2: Initial physical and chemical properties of soil at the experimental site

SI. No. ‘ Parameter Value
Physical properties
1 Sand (%) 43.70
2 Silt (%) 27.19
3 Clay (%) 29.10
soil Texture Clay loam
4 Bulk density (g/cc) 1.24
5 Particle density (g/cc) 2.33
6 Maximum water holding capacity (%) 48.95
7 Porosity (%) 46.98
Chemical properties

1 pH (1:2.5) 6.90
2 EC (dsm™) 0.120
3 Organic carbon (%) 0.65
4 Available N (kg hat) 390.35
5 Available P,0s(kg hat) 54.78
6 Available K20 (kg hat) 286.5
7 Exchangeable Ca (Cmol kg™?) 10.52
8 Exchangeable mg (Cmol kg™) 7.85
9 Available S (mg kg™) 13.78
10 DTPA Fe (mg kg™) 14.05
11 DTPA Mn (mg kg?) 10.19
12 DTPA Zn (mg kg% 2.12
13 DTPA Cu (mg kg?) 0.60
14 Hot water soluble Boron (mg kg™) 0.77
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3.4.2 Treatment details

Totally nine treatment combinations of nano nutrients along with recommended
dose of fertilizer (RDF) was adopted. The RDF and nano fertilizers were applied as per the

treatments given below:

Treatments:

T1 : Absolute control

T> . RDF (360:140:140: N, P20s, K20 + 25t FYM/ha)

Tz : T2+ soil application of FeSOs @ 5 kg/ha

T4 : T2+ nanoiron @ 500 mg/L as foliar spray

Ts : T2+nanoiron @ 1000 mg/L as foliar spray

Ts : RDF (50 % N + 100% P20s+100% K20 + 25t FYM/ha)

T7 : Te+ nano nitrogen @ 0.4% as foliar spray

Tg : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Tg : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray
Note: spray @30 DAP (Days After Pruning)

3.4.3 Chemical Composition of nano fertilizers used for foliar application.

Chemicals Concentration

Nano nitrogen 0.4 % - 4 ml of nano nitrogen in 1litre of water.

N&no | 500 ppm — 500 mg of nano iron in 1 litre of water.
ano iron
1000 ppm — 1000 mg of nano iron in 1 litre of water.

3.4.4 Crop husbandry
3.4.4.1 Varietal description of mulberry (Victory-1)

The variety Victory-1 (V-1) is a diploid mulberry variety, developed from F1
hybrids obtained from the cross S30 X C776 by Central Sericultural Research and Training
Institute, Mysore. The leaves of V-1 are large, thick, smooth, glossy dark green and ovate.

Average leaf yield is around 70 MT/ha/year under assured irrigated conditions.
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The moisture content of mulberry leaves is 78.9 and 72.5 per cent in young and
matured leaves respectively, protein content is 24.6 per cent and total sugar content is 16.98
per cent. It is highly resistant to leaf spot and moderately resistant to leaf rust and tukra
infestation. It has quick sprouting ability and very high rooting ability (more than 94%)
high photosynthetic rate and higher water use efficiency. Moreover, leaves are suitable for

rearing both young and grown bivoltine silkworms.

3.4.4.2 Land preparation

Before initiation of the experiment, mulberry plants were pruned, and land was
ploughed with a bullock drawn MB plough and made weed free. The experimental area
was laid out as per the plan with small bunds on four sides of each plot. The plots were

leveled and irrigation was facilitated through drip system.

3.4.4.3 Application of fertilizers

The furrows were opened according to row spacing and FYM was applied at the
rate of 25 tons/ha/year and recommended dose of N, P and K was applied through urea,
single super phosphate and murate of potash (350:140:140 kg ha* yr? for 6 crops) to all
the plants in each treatment plot. The required dose of FeSO4 was calculated according to
recommended dose (5 kg/ha) and applied to the soil as per respective treatments. Irrigation
was provided at 10 days interval depending upon the climatic conditions. Foliar spray of
nano nitrogen and iron was given to the respected treatments by using Knap sack sprayer

on 30" day after pruning.

3.4.4.4 After care
a) Irrigation

Common irrigation was given to all the treatments during the dry spell using

portable dripper. Totally three irrigations were given during the cropping period.

b) Weeding

Two hand weedings at 20 and 45 Days After Pruning (DAP) were carried out to

control weeds.

Effect of foliar application of nano nitrogen and iron ..... mulberry in Eastern Dry Zone of Karnataka 25



d) Plant protection

Mulberry crop was sprayed with Nuvan (@ 1.0 ml L) as a preventive measure for
sucking pest.
e) Harvesting of leaves

Five plants were maintained for recording the observations and the mulberry leaves
were harvested at 60 days after pruning. The leaves were picked manually and the amount
of leaves harvested in each net plot was recorded and converted to hectare for comparison
of the yield.

3.4.5 Growth parameters of mulberry

Five plants were randomly selected and labelled in each row to record the
observation on growth parameter periodically at 30, 45 and 60 Days After Pruning (DAP).
3.4.5.1 Growth parameters

The growth parameters such as shoot height, number of leaves per plant and number
of shoots were recorded on 30", 45" and 60" days after pruning.
3.4.5.1.1 Plant height

The observation on plant height was recorded in five randomly labelled plants from
the base to the tip of the top-most fully opened leaf. The mean plant height was calculated

using the formula,

Total shoot height

Plant height (cm) =
Number of shoots

3.4.5.1.2 Number of shoots per plant

The number of shoots per plant in all the five plants were counted and mean shoots

per plant was calculated by using the formula,

Total number of shoots

Number of shoots per plant =
Number of plants
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3.4.5.1.3 Number of leaves per plant

The number of leaves from the five labelled plants was counted and mean number

of leaves per plant was computed using the following formula,

Total number of leaves

Number of leaves per plant =
Number of plants

3.4.5.1.4 Leaf area (cm?)

The area of third fully opened leaf from top was determined by using the formula

Leaf area = Length x Breadth x 0.6898

3.4.5.2 Yield parameter of mulberry
3.4.5.2.1 Leaf yield per plant (kg)
The leaves were harvested from each plant treatment wise and fresh leaf weight
was recorded separately.
3.4.5.2.2 Leaf yield per hectare (tons/crop)
The leaf yield per hectare was computed based on the leaf yield in the respective
treatments.
3.4.5.3 Leaf quality parameter
3.4.5.3.1 Chlorophyll content (SPAD value)

A chlorophyll meter (SPAD-502, Soil Plant Analysis Development) was used
for chlorophyll measurement on ten top fully expanded leaves (i.e. index leaves). The

average of 30 SPAD readings were used to represent the mean SPAD readings of each plot.

3.4.5.3.2 Relative Water Content (RWC) (%)

The leaf samples were collected from plants as per replicated treatments and the
fresh weight was determined. Discs were made and further floated on deionised water for

5hr, the turgid tissue was then quickly blot dried with tissue paper prior to determining
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turgid weight. Dry weight was determined after drying in oven at 70° C for 48 hours
(Anonymous, 1970). The relative water content was calculated using the formula,
(Fresh weight — Dry weight)

RWC (%) = x 100
(Turgid weight — Dry weight)

3.4.5.3.3 Protein (%)

The crude protein content of mulberry leaves was estimated and described as per
the procedure described by Lowry (Lowry et al., 1951). 0.5 g of mulberry leaf sample and
add 15 ml of 1% phosphate buffer crush in pestle and morter and transfered to a centrifuge
tube. Collect the supernatant solution add 5 ml of solution C (alkaline cupric tartarate
solution) and add 0.5 mL Folin-Ciocalteau reagent mixed thoroughly and incubated in dark
for 10 min. the intensity of blue colour was measured at 660 nm and absorbance was

recorded.

3.4.5.3.4 Crude fibre (%)

The crude fiber content of mulberry leaf was estimated as described by Sadashivam
and Manickam (1996) i.e by taking 2 g of sample followed by boiling with 200 ml sulphuric
acid (0.005 %) for 30 minutes with bumping chips and it was filtered through muslin cloth
and washed with boiling water until washings were no longer acidic. Then boiled with 200
ml of sodium hydroxide solution (0.005 %) for 30 min and filtered through muslin cloth
again and washed with 25 ml alcohol. It was then transferred to crucible (pre weighed) W1,
the residue was dried for 2 hours at 130+2 C, the dish was cooled and weighed (W) then
ignited for 30 minutes at 600£15 C and weight was taken (W3). It was calculated using the
formula,

Loss of weight on ignition (W2 — W1) — (W3 -W1)

Crude fibre (%) = x 100
Weight of plant sample (g)

3.4.6 Soil sampling

Representative soil sample from 0-30 cm depth was collected before land

preparation from experimental site. Similarly, after harvest of crop, representative samples
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(0-30 cm) were collected by taking samples from four spots in each treatment plot. The
samples were dried under shade in the laboratory. The air dried sample was processed by
gently pounding using wooden pestle and mortar. The ground sample was sieved using 2
mm sieve and stored in PVVC bottles for further analysis.

3.4.7 Soil analysis

The initial and postharvest soil samples collected were analysed for pH, electrical
conductivity (EC), organic carbon, available nutrient status (N, P, K, Ca, Mg, S, Fe, Mn,
Cu, Zn and B) by following standard procedure used for soil and plant analysis are
furnished in Table 3.4.

3.4.8 Plant analysis

Plant samples were randomly collected from labeled plants in each treatments, air
dried and followed by oven dried at 60 °C for 18 hours. The samples were then powdered
and stored in the polythene containers. These samples were analyzed for nitrogen,
phosphorus, potassium, calcium, magnesium, Sulphur and micronutrients like zinc, iron,

manganese, copper and boron by standard procedures.

3.4.9 Nutrient uptake by crop

After estimating the nutrient content of mulberry leaves nutrient uptake (kg ha™?)

by crop was calculated for each treatment separately using the following formula,

Nutrient concentration (%) x dry matter (kg ha)

Nutrient uptake (kg ha*) =
100

3.4.10 Nutrient use efficiency (NUE)

Nutrient use efficiency (NUE) is a critically important concept in the evaluation of
crop production systems. NUE was calculated by using partial factor productivity
(Dobermann, 2007).

Total yield

Partial factor productivity =
Amount of nutrient applied (kg ha™)
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Table 3.4: Methodology adopted for soil and plant analysis

Method and
Parameters Procedure
References
Soil analysis
Soil was treated with H2O», dispersed with
. . sodium  hexametaphosphate, sand  with International
Particle size . . . .
. decantation procedure, silt and clay in the pipette,
Analysis

suspension was measured after pipetting with
Robinson pipette.

Jackson (1973)

Determination of
B.D, P.D, MWHC
and Porosity

Keen’s cup method

Keen Rackzowski,
Baruah and
Barthakur (1997)

Soil:water suspension (1:2.5) was measured

Potentiometry,

Soil reaction for pH using potentiometer after standardizing
with appropriate buffers. Jackson (1973)
Electrical Soil:water extract (1:2.5) was measured for EC| Conductometry,
Conductivity (dsm™) |using conductivity bridge Jackson (1973)

Organic carbon (%)

Soil was digested with K>Cr.O7 and conc.
H2SO4. The unutilized KzCr,07 was back
titrated against ferrous ammonium sulphate

Wet oxidation,
Walkely and Black

using ferrion. (1934)
Available N Soil was oxidised and dlstllledd V;/]Ith al.kallng Subbiah and
(kg hat) potassium permanganate and then titrate Asija, 1956
against standard acid using mixed indicator. ’
Soil was extracted with Brays-1 and estimated Brays-|
Available P2Os by chloromolybdate acid method using ;
1 . . Brays and Kurtz
(kg ha™) spectrophotometer and intensity of blue colour 104
measured at 660 nm. (1945)
Available K>O Extracted the soil with 1 N (pH 7) ammonium| Flame photometry,
(kg hat) acetate and estimated with flame photometer. | Jackson (1973)
Exchangeable The soil was extracted with 1 N (pH 7) Qomplexometrlc
: . titration, Baruah
calcium and ammonium acetate and Ca and Mg was
. : TR and Barthakur
magnesium estimated by complexometric titration method.

(1997)

Avail. S (mg kg™)

Extract the soil with 0.15 % CaCl, then sulphur
was precipitated with BaCly, and the turbidity
was measured at 420 nm.

Turbidometry,
Jackson (1973)

DTPA extractable Fe,

Extracted the soil with DTPA and estimated Lindsay and
Mn, Zn and Cu . . .
1 with atomic absorption spectrophotometer Norvell, 1978
(mg kg™)
Available boron .
method (mg kg) Azomethine—H reagent method Gupta (1979)
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Parameters

Procedure

Method and
References

Method used for analysis of plant sample

Total nitrogen (%)

Plant sample digested in concentrated
sulphuric acid and digestion mixture
(K2SO4:CuSO4:  Selenium at  100:20:1

proportion). The digested sample was distilled
by micro Kjeldhal distillation method. The
liberated ammonia was trapped in boric acid
and estimated by titration against standard
sulphuric acid.

Piper (1966)

Total phosphorus (%)

Phosphorus in di acid digested plant sample
estimated by forming yellow colour
phosphovanadomolybdate complex using
spectrophotometer at 430 nm.

Phosphovanado
molybdate
complex, Baruah
and Barthakur
(1997)

Total potassium (%)

Potassium in diacid digested plant sample was
estimated with flame photometer

Flame photometry,
Jackson (1973)

Total calcium and
magnesium (%)

Calcium and magnesium in diacid digested
plant  sample  were  estimated by
complexometric titration method.

Complexometric
titration, Baruah
and Barthakur
(1997)

Sulphur in diacid digested plant sample was

Turbidometry,

Total sulphur (%) |estimated by precipitating with BaCl,, and the Bardsley and
turbidity was measured at 420 nm. Lancaster(1965)
Total micronutrients Micronutrients in diacid digested plant Lindsay and

(mg kg™)

samples were determined using Atomic
Absorption Spectrophotometer

Norvell (1978)

Boron (mg kg?)

The diacid digested plant samples were treated
with Azomethine—H reagent and colour was
measured at 420 nm using Spectrophotometer

Azomethine-H,
Jones and Case
(1990)
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3.4.11 Economics

Based on the prevailing price of inputs used and produce obtained during the year,

the gross returns, net returns and benefit cost ratio were worked as follows:

Net returns per hectare (Rs.) = Gross returns per hectare (Rs.) — Cost of cultivation (Rs.)

Net returns ha* (Rs.)

Benefit: Cost ratio =
Cost of cultivation (Rs.)

3.4.12 Statistical analysis

The experiment data obtained was subjected to statistical analysis adopting Fisher’s
method of analysis of variance (ANOVA) as out lined by Gomez and Gomez (1984). The
level of significance used was given at 5 % Critical Difference (C.D) valve are given in the
table at 5 % level of significance, where F test value was significant @ 5 % level of

significance.
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IV RESULTS AND DISCUSSION

The results of the investigation on “Effect of foliar application of nano Nitrogen
and Iron on growth, yield and quality of mulberry in Eastern Dry Zone of Karnataka”
conducted at farmer’s field in Kurboor village, Chintamani, Chikkaballapur district during
rabi 2020 are presented in this chapter with different sub-headings.

Initial characteristics of soil samples at experimental site

The soil was clay loam in texture with neutral in pH (6.9), non-saline (EC 0.12
dSm), medium in organic carbon content (0.65 %), medium in available nitrogen (390.35
kg ha), phosphorus (54.78 kg P.Os hal), potassium (286.5 kg K2O ha') and sulphur
(13.78 mg kg?) status, sufficient with exchangeable calcium and magnesium (12.12 and
7.85 C mol (p+) kg?) and DTPA extractable micronutrients iron, zinc, copper and
manganese status (14.05, 2.12, 0.60 and 10.19 mg kg, respectively). The hot water soluble
boron concentration was 0.77 mg kg™

4.1 Effect of foliar application of nano nitrogen and iron on growth components of

mulberry

The data on plant height, number of shoots per plant, number of leaves per shoot,
number of leaves per plant and leaf area per plant at different intervals of crop growth
period (30, 45 and 60 DAP) as influenced by foliar application of nano nitrogen and iron

on mulberry are presented in Tables 4.1, 4.2, 4.3, 4.4 and 4.5.

4.1.1 Plant height (cm)

No significant difference was found in plant height recorded due to foliar
application of nano nitrogen and iron at 30 Days After Pruning (DAP). However, highest
plant height (50.60 cm) was recorded in treatment T3 (RDF + FYM + FeSOs at 5 kg/ha)
followed by T> (49.57 cm). Lowest plant height (45.13 cm) was recorded in treatment T
(control) are presented in Table 4.1 and Fig. 4.1.

Significant difference in plant height was noticed due to foliar application of nano
nitrogen and iron was observed at 45 and 60 Days After Pruning (DAP). Significantly
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higher plant height of 74.10cm at 45 DAP and 124.18 cm at 60 DAP was recorded in Ty
(Te+ nano nitrogen @0.4% + nano iron @1000 mg/L as foliar spray) followed by Tg (71.89
cm at 45 DAP and 116.55 cm at 60 DAP). Significantly lower pant height 53.70 cm at 45
DAP and 90.72 cm at 60 DAP was observed in the Ty treatment (control). Comparison of
foliar applied nano iron over conventional iron sulphate fertilizers, there was a significantly
increases plant height in treatment Ts (65.98 cm at 45 DAP and 106.68 cm at 60 DAP)
which received T2 + nano iron @ 1000 mg/L as foliar spray fallowed by T4 (64.27 cm at
45 DAP and 104.64 cm at 60 DAP) which received T2 + nano iron @ 500 mg/L as foliar
spray compared with treatment T3 (62.39 cm at 45 DAP and 98.18 cm at 60 DAP) which
received T + soil application of FeSOs @ 5 kg/ha.

The increase in the plant height may be due to application of RDF along with nano
fertilizers. Similar findings to increase in plant height was reported by Jyothi and Hebsur
(2017). Further the nutrients NPK helped in sugar translocation in plant for maintenance
of turgor pressure in plant cell which led to increase in plant height. Lower plant height
was attributed to the treatment without application of nano fertilizers Bozorgi (2012).

4.1.2 Number of shoots per plant

The number of mulberry shoots per plant recorded at 30 DAP due to foliar
application of nano nitrogen and iron did not show any significant difference among the
treatments. Highest number of shoots was recorded in treatment T3 which received RDF +
FeSO4 at 5 kg/ha (18.53) which was on par with treatment T, which received RDF
(360:140:140: N, P20s, K20 + 25 t FYM/ha). Lowest number of shoots (14.60) was

recorded in treatment Ty (control) are presented in Table 4.2 and Fig. 4.2.

Significant difference in number of shoots per plant due to foliar application of
nano nitrogen and iron at 45 and 60 Days After Pruning was registered. Significantly higher
number of shoots at 45 DAP and 60 DAP was recorded in Tq (Te + nano nitrogen @0.4%
+ nano iron @1000 mg/L as foliar spray) the values where 24.53 and 24.80 respectively
followed by Tg (23.73 at 45 DAP and 24.06 at 60 DAP). Lowest number of shoots was
observed in the Ty treatment (16.66 at 45 DAP and 17.06 at 60 DAP). Comparison of nano

iron over conventional iron sulphate fertilizers, there was significantly increases number
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of shoots in treatment Ts (22.86 at 45 DAP and 23.06 at 60 DAP) which received T> + nano
iron @ 1000 mg/L as foliar spray followed by T4(21.8 at 45 DAP and 22.13 at 60 DAP)
which received T + nano iron @ 500 mg/L as foliar spray compared with treatment Ts
(19.46 at 45 DAP and 19.80 at 60 DAP) which received T» + soil application of FeSOs @
5 kg/ha.

Table 4.1 Effect of foliar application of nano nitrogen and iron on plant height (cm)
at 30, 45 and 60 DAP of mulberry

Treatments 30 DAP | 45 DAP | 60 DAP
T1= Absolute control 45.13 53.70 90.72
T>= RDF (360:140:140:N, P20Os, K20 + 25t FYM/ha) 49.57 61.38 96.39
Ts= T2+ soil application of FeSOs @ 5 kg/ha 50.60 62.39 98.18
Ts= T2+ nano iron @ 500 mg/L as foliar spray 48.60 64.27 | 104.64
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 49.42 65.98 | 106.68
Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25 t 4733 5558 93.65
FYM/ha)
T7= Te + nano nitrogen @ 0.4% as foliar spray 47.87 64.32 | 107.54
Tg= Ts + nano r_1itrogen @ 0.4% + nano iron @ 500 4760 71.89 116.55
mg/L as foliar spray
To= Ts + nano nitr(_)gen @ 0.4% + nano iron @ 16,87 2410 12418
1000mg/L as foliar spray
SEM 1.31 0.27 0.22
CD at 5% level of significance NS 0.83 0.67

Note: DAP: Days After Pruning, NS: non-significant

Among the treatments which received nano fertilizer along with RDF would have
facilitated in mineralization of nutrients for uptake by mulberry plant there by increasing
in the number of shoots of mulberry. Nano fertilizers are found to release to on demand

and helps in regulating the plant growth with help of several enzymes released from organic
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source and contributing to RNA synthesis which improves the photo systems making the
plant to observe and assimilate more amount of nutrients resulting in significant increase
in number of shoots compare to treatments without nano fertilizers application and soil
alone. These results are in agreement with the findings of Sheykhbaglou et al. (2010), Rosa
et al. (2010) and Nair et al. (2010).

4.1.3 Number of leaves per shoot

No significant difference was found in number of leaves per shoot recorded due to
foliar application of nano nitrogen and iron at 30 Days After Pruning. However, highest
(8.33) number of leaves per shoot was recorded in treatment T3 (T2 + FeSOs at 5 kg/ha)
which was on par with T> (8.20). Lower number of leaves per shoot (6.93) was recorded in

treatment T1 (Absolute control) which are presented in Table 4.3 and Fig 4.3.

Significant difference in number of leaves per shoot recorded due to foliar
application of nano nitrogen and iron at 45 and 60 Days After Pruning was observed.
Significantly higher number of leaves per shoot 15.80 at 45 DAP and 22.86 at 60 DAP was
recorded in treatment To (Ts + nano nitrogen @0.4% + nano iron @1000mg/L as foliar
spray) which was on par with Tg (15.06 at 45 DAP and 21.80 at 60 DAP). Lowest number
of leaves per shoot was observed in the treatment T4 (8.06 at 45 DAP and 15.86 at 60 DAP).
Comparison of nano iron over conventional iron sulphate fertilizers, there was significantly
increases number leaves per shoot in treatment Ts (14.13 at 45 DAP and 20.86 at 60 DAP)
which received T2 + nano iron @ 1000 mg/L as foliar spray followed by T4 (13.06 at 45
DAP and 19.53 at 60 DAP) which received T2 + nano iron @ 500 mg/L as foliar spray
compared with treatment T3z (11.00 at 45 DAP and 18.00 at 60 DAP) which received T, +
soil application of FeSOs @ 5 kg/ha.

Increasing in the number of leaves per shoot showed an increase trend which may
be due to application of nano iron and nano nitrogen. Nitrogen contributes for plant growth
and development, quality being required for chlorophyll and enzyme synthesis. Iron acts
as co-factor for enzymes and being component of ferrodoxin which involves in electron
transport protein associated with chloroplast contributes to increasing in the growth
characters of plant Hazra et al. (1987), Rostami et al. (2017) and Rajonee et al. (2016).
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Table 4.2 Effect of foliar application of nano nitrogen and iron on number of shoots
per plant at 30, 45 and 60 DAP of mulberry

Treatments 30 DAP | 45 DAP | 60 DAP

T1= Absolute control 14.60 16.66 17.06

T>= RDF (360:140:140:N, P20s, K20 + 25 t FYM/ha) 18.50 19.20 19.46

Ts= T2+ soil application of FeSOs @ 5 kg/ha 18.53 19.46 19.80
Ts= T2+ nano iron @ 500 mg/L as foliar spray 18.20 21.8 22.13
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 18.47 22.86 23.06

Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25 t

FYMiha) 16.80 | 1820 | 18.46

T7= Te + nano nitrogen @ 0.4% as foliar spray 16.33 21.33 21.60

Ts= Te + nano nitrogen @ 0.4% + nano iron @ 500

: 17.20 23.73 24.06
mg/L as foliar spray

To= Te + nano nitrogen @ 0.4% + nano iron @

1000mg/L as foliar spray 17.33 24.53 24.80

SEM 1.02 0.29 0.29

CD at 5% level of significance NS 0.87 0.87

Note: DAP: Days After Pruning, NS: non-significant

4.1.4 Number of leaves per plant

No significant difference was found in number of leaves per plant recorded due to
foliar application of nano nitrogen and iron at 30 DAP. However, higher (147.63) number
of leaves per plant was recorded in treatment T3 (RDF + FYM + FeSOa at 5 kg/ha) which
were on par with T» (146.58). Lower number of leaves per plant (113.00) was recorded in

treatment T (control) are presented in Table 4.4 and Fig 4.4.
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Table 4.3 Effect of foliar application of nano nitrogen and iron on number of leaves
per shoot at 30, 45 and 60 DAP of mulberry

Treatments 30 DAP | 45 DAP | 60 DAP

T1= Absolute control 6.93 8.06 15.86

T>= RDF (360:140:140:N, P2Os, K20 + 25 t FYM/ha) 8.20 10.80 17.60

Ts= T2+ soil application of FeSOs @ 5 kg/ha 8.33 11.00 18.00
Ts= T2+ nano iron @ 500 mg/L as foliar spray 8.10 13.06 19.53
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 8.13 14.13 20.86

Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25 t

FYMha) 7.73 9.46 17.00

T7= Te + nano nitrogen @ 0.4% as foliar spray 7.70 13.80 20.26

Ts= Te+ nano nitrogen @ 0.4% + nano iron @ 500

: 7.67 15.06 21.80
mg/L as foliar spray

To= Te+ nano nitrogen @ 0.4% + nano iron @

1000mg/L as foliar spray 7.60 1580 22.86

SEM 0.27 0.11 0.09

CD at 5% level of significance NS 0.33 0.28

Note: DAP: Days After Pruning, NS: non-significant

Significant difference in number of leaves per plant recorded due to foliar
application of nano nitrogen and iron at 45 and 60 Days After Pruning. Significantly higher
number of leaves per plant 264.60 at 45 DAP and 441.26 at 60 DAP was recorded in Tg
(Te + nano nitrogen @ 0.4% + nano iron @1000 mg/L as foliar spray) which were on par
with Tg (257.06 at 45 DAP and 415.26 at 60 DAP). Lowest number of leaves per plant was
observed in the Ty treatment (144 at 45 DAP and 257.26 at 60 DAP). Comparison of nano
iron over conventional iron sulphate fertilizers, there was a significantly increases number
leaves per plant in treatment Ts (262.46 at 45 DAP and 406.73 at 60 DAP) which received
T2+ nano iron @ 1000 mg/L as foliar spray followed by T4 (241.46 at 45 DAP and 387.06
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Fig. 4.2 Effect of foliar application of nano nitrogen and iron on number of shoots
per plant at 30, 45 and 60 DAP of mulberry

Treatment details:

T: : Absolute control

T, : RDF (360:140:140: N, P,0s, K20 + 25 t FYM/ha)

Ts : T+ soil application of FeSO4 @ 5 kg/ha

Ts :  Tz+nanoiron @ 500 mg/L as foliar spray

Ts : T2+ nanoiron @ 1000 mg/L as foliar spray

Te : RDF (50 % N + 100% P,0s+100% K20 + 25 t FYM/ha)

T; : Te+nanonitrogen @ 0.4% as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



at 60 DAP) which received T2 + nano iron @ 500 mg/L as foliar spray compared with
treatment T3 (219.86 at 45 DAP and 335.80 at 60 DAP) which received T2+ soil application
of FeSO4 @ 5 kg/ha.

Table 4.4 Effect of foliar application of nano nitrogen and iron on number of leaves
per plant at 30, 45 and 60 DAP of mulberry

Treatments 30 DAP | 45 DAP | 60 DAP

T1= Absolute control 113.00 144 257.26

T>= RDF (360:140:140:N, P20s, K20 + 25t FYM/ha) | 146.58 | 216.73 | 325.60

Ts= T2+ soil application of FeSOs @ 5 kg/ha 147.63 | 219.86 | 335.80
T4= T2+ nano iron @ 500 mg/L as foliar spray 146.13 | 241.46 | 387.06
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 14553 | 262.46 | 406.73

Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25 t

FYM/ha) 129.20 | 180.73 | 292.33

T7= Te + nano nitrogen @ 0.4% as foliar spray 125.60 | 234.06 | 400.73

Tg= Te + nano nitrogen @ 0.4% + nano iron @ 500

: 123.00 | 257.06 | 415.26
mg/L as foliar spray

To= Te + nano nitrogen @ 0.4% + nano iron @

1000mg/L as foliar spray 126.80 | 264.60 | 441.26

SEM 8.12 1.13 0.64

CD at 5% level of significance NS 3.39 1.94

Note: DAP: Days After Pruning, NS: non-significant

The results are in line with Benzon et al. (2015) who revealed that the full
recommended rate of conventional and nano fertilizer enhance the total shoot dry weight
(15.3 %) of paddy over the full recommended rate of conventional fertilizer. Hazra et al.
(1987) Iron acts as a cofactor for approximately more than hundred enzymes and being a
component of ferrodoxin, an electron transport protein associated with chloroplast might
have helped to increase the growth characters of plants.
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4.1.5 Leaf area (cm? plant?)

No significant difference was found in leaf area (cm? plant*) was recorded due to
foliar of application nano nitrogen and iron at 45 and 60 DAP and no significance

difference among treatments in 30 DAP are presented in Table 4.5 and Fig 4.5.

Table 4.5 Effect of foliar application of nano nitrogen and iron on leaf area (cm?) at
30, 45 and 60 DAP of mulberry

Treatments 30 DAP | 45 DAP | 60 DAP

T1= Absolute control 1294.92 | 8350.00 | 12120.04

T,= RDF (360:140:140:N, P20s, KO + 25 t 218412 | 914927 | 13063.03

FYM/ha)
Ts= T2+ soil application of FeSOs @ 5 kg/ha 2233.16 | 9786.09 | 13530.37
T4= T2+ nano iron @ 500 mg/L as foliar spray 2155.29 | 10635.15 | 17048.33

Ts= T2+ nano iron @ 1000 mg/L as foliar spray 2098.23 | 12245.16 | 19089.08

Te= RDF (50 % N+ 100% P20s+ 100% K.O+ 25 t

FYM/ha) 1667.83 | 8868.09 | 12600.55

T7= Te + nano nitrogen @ 0.4% as foliar spray 1640.38 | 11832.26 | 17745.13

Ts= Te+ nano nitrogen @ 0.4% + nano iron @ 500

. 1610.60 | 12936.19 | 19852.37
mg/L as foliar spray

To= Te + nano nitrogen @ 0.4% + nano iron @

1000mg/L as foliar spray 1746.58 | 13546.33 | 21985.76

SEM 163.61 375.90 423.92

CD at 5% level of significance NS 1126.96 | 1270.91

Note: DAP: Days After Pruning, NS: non-significant

There is no significant difference was observed among the treatments with leaf area.
The maximum leaf area was recorded in T3 (2233.16 cm?) which received (100 % RDF +
FYM + FeSO4at 5 kg/ha) which was found be on par with T2 (2184.12 cm?) which received
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Treatment details:

T:
T,
Ts
Ta
Ts
Ts
T7
Ts
To

Absolute control

RDF (360:140:140: N, P,0s, K20 + 25 t FYM/ha)

T, + soil application of FeSO4 @ 5 kg/ha

T2+ nano iron @ 500 mg/L as foliar spray

T, + nano iron @ 1000 mg/L as foliar spray

RDF (50 % N + 100% P,0s+100% K0 + 25 t FYM/ha)

Te + nano nitrogen @ 0.4% as foliar spray

Te + nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray
Te + nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



100 % RDF+ FYM at 30 DAP. Minimum leaf area (1294.92 cm?) was recorded in

treatment T (absolute control).

At 45 and 60 DAP comparing the treatments maximum leaf area was recorded in
treatment Tg it was significantly higher than all other treatments except Ts. Tg and Tg are
on par with each other. Leaf area 13546.33 cm? at 45 DAP and 21985.76 cm? at 60 DAP
was recorded in Tg (Ts + nano nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar spray)
which were on par with Ts (12936.19 cm? at 45 DAP and 19852.37 cm? at 60 DAP).
Minimum leaf area was recorded in the T1 treatment (8350.00 cm? at 45 DAP and 12120.04
cm? at 60 DAP). Comparison of nano iron over conventional iron sulphate fertilizers, there
was significantly increases leaf area in treatment Ts (12245.16 cm? at 45 DAP and 19089.08
cm? at 60 DAP) which received T2+ nano iron @ 1000 mg/L as foliar spray followed by
T4 (10635.15 cm? at 45 DAP and 17048.33 cm? at 60 DAP) which received T2+ nano iron
@ 500 mg/L as foliar spray compared with treatment T3 (9786.09 cm? at 45 DAP and
13530.37 cm?at 60 DAP) which received T + soil application of FeSOs @ 5 kg/ha.

From the data observed the treatments which have received the conventional levels
of fertilizers as per package of practice + nutrients as foliar sprays in the form of nano size
might have helped in entering the stomata of the leaves enhancing the chlorophyll synthesis
and photosytemtic activity attributing to increasing in the leaf area. Similar observation
was also reported by Kanjana (2019) stating that iron oxide in the form of nano increase in

leaf area.

Nano fertilizers or nano-encapsulated nutrients have properties effectively to
release nutrients and chemical fertilizers on demand that regulate plant growth and enhance
target activity (Nair et al. 2010). Manikandan and Subramanian (2016) recorded that
highest dry matter yield obtained from nanozeourea treated soil may be attributed to the
increased N availability due to reduced ammonia loss. Kanjana (2019) revealed that highest
leaf area (45.4 cm? /plant) was recorded in iron oxide (magnetite, FesO4) nanoparticles and

the lowest (41.9 cm?/plant) was recorded in control.
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4.2 Effect foliar application of nano Nitrogen and Iron on yield components of

mulberry
4.2.1 Leaf yield/ plant (kg) and leaf yield/ ha (tons)

There was a significant difference was recorded among the treatments with respect
to leaf yield of mulberry. Significantly higher leaf yield (0.52 kg/plant and 8.69 t ha*
crop) was recorded in Ty treatment which received Te + nano nitrogen @ 0.4% + nano
iron @ 1000 mg/L as foliar spray followed by Tg (0.47kg/plant and 8.44 t ha* crop™) and
Ts (0.44 kg/plant and 8.11 t ha' crop™). The lower leaf yield was recorded in treatment T;
(0.26 kg/plant and 5.89 t ha* crop™). Comparison with foliar applied nano iron fertilizers
and conventional iron sulphate fertilizers increases yield in treatment Ts (0.44 kg/plant and
8.11 t ha' crop™®) which received T2+ nano iron @ 1000 mg/L as foliar spray followed by
T4 (0.37 kg/plant and 7.37 t ha crop™) compared to Ts (0.31 kg/plant and 6.90 t ha*
crop™) are presented in Table 4.6 and Fig. 4.6.

Table 4.6 Effect of foliar application of nano nitrogen and iron on leaf yield of

mulberry
Yield Yield per
per hectare
Treatment plant | (tons/hectare/

(kg) crop)
T1= Absolute control 0.26 5.89
T>= RDF (360:140:140:N, P2Os, K20 + 25t FYM/ha) 0.30 6.66
Ts= T2+ soil application of FeSOs @ 5 kg/ha 0.31 6.90
T4= T2+ nano iron @ 500 mg/L as foliar spray 0.37 7.37
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 0.44 8.11
Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25t FYM/ha) | 0.28 6.24
T7= Te + nano nitrogen @ 0.4% as foliar spray 0.40 7.74

_ : 5 :
Ts T6_+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as 0.47 8.44
foliar spray
_ : 5 :
To T6_+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as 0.52 8.69
foliar spray

SEM 0.005 0.51
CD at 5% level of significance 0.017 1.53

Note: DAP: Days After Pruning
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Treatment details:

T: : Absolute control

T, : RDF(360:140:140: N, P,Os, K20 + 25 t FYM/ha)

Ts . T2+ soil application of FeSO, @ 5 kg/ha

Ts :  Tz+nanoiron @ 500 mg/L as foliar spray

Ts : T2+ nanoiron @ 1000 mg/L as foliar spray

Te : RDF (50 % N + 100% P,0s+100% K20 + 25 t FYM/ha)

T; . Te+nano nitrogen @ 0.4% as foliar spray

Tg : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



Higher leaf yield due foliar application of nano nitrogen and iron was mainly due
to better supply of nutrients to the target area where in higher concentration of nitrogen and
iron in the form of nano particles would have enter through the stomata or vascular systems
helping higher metabolic activitie leading to higher leaf yield. The results were in
conformity with findings of Sheykhbaglou et al. (2010). Similar benefiary effect of nano
fertilizer along with RDF was discussed by Eichert et al. (2008) higher uptake of nutreints
might have significantly improve the efficiency of translocation of nutrients of resulting in
massive growth increasing in the leaf yield.

4.3 Effect foliar application of nano nitrogen and iron on soil chemical properties
and nutrient status of soil after harvest of mulberry.

The effect of foliar application of nano nitrogen and iron on soil chemical properties
(pH, EC, and OC) and nutrient status after the harvest of mulberry is presented in Table
4.7,4.8,4.9 and 4.10.

4.3.1 pH, electrical conductivity and organic carbon content of soil after harvest of

mulberry.

Data presented in Table 4.7 represents the effect of foliar application of nano
Nitrogen and Iron on pH, EC and organic carbon status of the postharvest soil.

4.3.1.1 Soil reaction (pH)

The data on effect of foliar application of nano nitrogen and iron on soil pH at initial
and at harvest of mulberry is presented in Table 4.7. Initial pH of the experiment was 6.9.
The pH of soil decreased after the harvest, but the change was statistically non-significant.
The combined action of FYM and nitrogen fertilizer reduced the pH. Similar results were
reported by El-Sayed et al. (2020). They reported that pH of the soil was reduced by
combined application of compost and nano-NPK fertilizer. Shawer and Abdalla (2019) also
revealed that nano nitrogen fertilizers and organic matter had soluble anion such as sulfur
and organic acid in soil which reduced soil pH as well as improved physical and chemical
properties. Basumantary and Talukdar (1998) opined that continuous application chemical

fertilizers alone let to decrease in soil pH.
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Table 4.7 Effect of foliar application of nano nitrogen and iron on pH, EC and

organic carbon status of soil after harvest of mulberry

pH EC ocC
Treatments (1:25) | (dsm?) | (%)
T1= Absolute control 6.7 0.106 0.61

T>= RDF (360:140:140:N, P20s, K20 + 25 t FYM/ha) 6.8 0.121 0.68

Ts= T2+ soil application of FeSOs @ 5 kg/ha 6.6 0.118 0.63
T4= T2+ nano iron @ 500 mg/L as foliar spray 6.5 0.114 0.58
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 6.5 0.119 0.65

Te= RDF (50 % N+ 100% P20s+ 100% K0+ 25 t

FYM/ha) 6.7 0.116 | 0.66

T7= Te + nano nitrogen @ 0.4% as foliar spray 6.7 0.114 0.67

Te= Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L

) 6.7 0.116 0.65
as foliar spray

To= Te + nano nitrogen @ 0.4% + nano iron @

1000mg/L as foliar spray 6.7 0.116 | 0.66

SEM 0.08 5.22 0.02

CD at 5% level of significance NS NS NS

Note: DAP: Days After Pruning, NS: non-significant

4.3.1.2 Electrical conductivity (dSm)

Soil electrical conductivity is a indirect measurement that correlates with several
physical and chemical properties. Electrical conductivity of soil did not differ significantly
among treatments. The range of electrical conductivity was between 0.106 to 0.121
dS m. Before the experimentation electrical conductivity of soil was 0.120 dS m™. El-
Sayed et al. (2020) reported that the combined application of compost and nano-NPK
fertilizer in Soyabean crop reduced the electrical conductivity. Subbramanian and
Kumaraswamy (1989) observed that there was no effect on adding 100 per cent NPK
+FYM on electrical conductivity of soils. Bharadwaj and Omanwar (1994) studied the
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effect of crop rotation and fertilization on soil properties and reported that EC of soil was

not effected by any of the treatments.

4.3.1.3 Organic carbon (%)

Soil organic carbon is largely governed by the management practice and climatic
condition, addition and removal of organic carbon takes place through management
practices. No significant variation was recorded in organic carbon content of soil among
treatments. Slight increase of organic carbon content was observed in all treatments except
control plot. Higher OC (0.68 %) and lower OC (0.61 %) was noticed in treatments T, and

Ty, respectively.

The results are in line with Shawer and Abdalla (2019) who stated that application
of nano nitrogen with compost at different level increased the organic matter content of

soil which lead to improving soil properties in maize cropping system.

4.3.2 Major nutrient status of soil after harvest of mulberry.

The data pertaining to available nitrogen, phosphorus and potassium (kg hat) as
influenced by foliar application of nano nitrogen and iron are presented in Table 4.8 and
Fig 4.7.

4.3.2.1 Available nitrogen (kg/ha)

At the time of initiation of experiment, the available nitrogen status was 390.35
kg/ha and there was significant difference between treatments. The available N content
ranged from 200.64 to 269.81 kg/ha. Treatment T which received (Te + nano nitrogen at
0.4% + nano iron at 1000 ppm) shows higher available nitrogen (269.81 kg/ha) followed
Ts (259.88 kg/ha) which received (Tes + nano nitrogen at 0.4% + nano iron at 500 ppm).
Lower content available N (200.64 kg/ha) recorded in Ty (control). A similar trend was
observed in nitrogen uptake too. This might be due to combined effect of FYM and nano
fertilizers by reducing the nitrate-nitrogen that increases the available form of nitrogen in

soil.
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Lower loss of nutrients due to the slow nutrient-releasing nature of manures might

be responsible for increase in available nutrients in soil reported by Yadav et al. (2000).

Muthuvel et al. (1985) reported that, foliar spray of 2 per cent DAP and 1 per cent urea at

flowering stage, soil nutrient status was increased with the available N, P and K status of

soil.

Tables 4.8 Effect of foliar application of nano nitrogen and iron on primary nutrient

status in soil after harvest of mulberry

N P20s K20
Treatments
(kg/ha) | (kg/ha) | (kg/ha)
T1= Absolute control 200.64 | 35.25 | 204.15
T>= RDF (360:140:140:N, P20s, K20 + 25t FYM/ha) 210.57 | 60.34 | 215.56
Ts= T2+ soil application of FeSOs @ 5 kg/ha 221.54 | 62.25 | 226.7
T4= T2+ nano iron @ 500 mg/L as foliar spray 233.76 | 63.56 | 235.89
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 244.63 | 66.78 | 252.35
= 0, 0, 0,
Te= RDF (50 % N+ 100% P20s+ 100% KO+ 25 t 205.05 | 5298 | 20956
FYM/ha)
T7= Te + nano nitrogen @ 0.4% as foliar spray 239.88 | 64.25 | 243.23
_ . 0 .
Te= Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L 25988 | 6398 | 26345
as foliar spray
_ . 0 .
To= Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L 26981 | 6934 | 272.87
as foliar spray
SEM 7.95 2.10 8.07
CD at 5% level of significance 23.84 6.32 24.20

Note:

DAP: Days After Pruning, NS: non-significant

4.3.2.2 Available phosphorus (kg/ha)

The results revealed that there was significant difference in available phosphorus

among the different treatments. The available P>Os status ranged from 35.25 to 69.34
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kg/ha. Treatment Tg which received (Te + nano nitrogen at 0.4% + nano iron at 1000 mg/L)
shows higher available phosphorus (69.34 kg/ha) followed Ts (68.98 kg/ha) which received
(Te + nano nitrogen at 0.4% + nano iron at 500 ppm). Lower content available P.Os (35.25
kg/ha) recorded in T1 (control). Higher availability of P.Os with application of FYM along
with 100% RDF might be due to solubilizing effect of organic acids which release P from
insoluble fractions, reduction of P fixation in the soil because of chelation of P fixing
cations like Fe and Al and also due to enhanced microbial activities (Gupta et al. 1988).
Alimohammadi et al. (2020) reported that effect of urea and nano nitrogen chelate had no

significant difference in available phosphorus status of soil.

4.3.2.3 Available potassium (kg/ha)

Available potassium status of soil was 286.5 kg ha’ at initial stages of the
experiment. There was significant increase in available potassium content of soil due to
foliar application nano nitrogen and iron. It ranged from 204.15 to 272.87 kg ha™.
Treatment To which received (Te + nano nitrogen at 0.4% + nano iron at 1000 mg/L) shows
higher available potassium (272.87 kg hal) followed Ts (263.45ha™) which received (T¢ +
nano nitrogen at 0.4% + nano iron at 500 ppm). Lower content available potassium (204.15
kg hal) recorded in T1 (control). There was no significant difference in available K due to

the application of urea and nano nitrogen chelate. (Alimohammadi et al. 2020).

4.3.3 Exchangeable calcium, magnesium and available sulphur status of soil after

harvest mulberry

The data on exchangeable calcium, magnesium and available sulphur status of soil

after harvest of mulberry are presented in Table 4.9.

4.3.3.1 Exchangeable calcium and magnesium (C mol (p+) kg?)

There was no significant difference formed with exchangeable Ca and Mg status of
the soil after the harvest of mulberry. However, among different treatments, lower
exchangeable calcium and magnesium contents were found in T1 (10.36 and 6.15 C mol
kg™, respectively) and higher values were recorded in Tg (11.53 and 7.10 C mol kg*,
respectively) which received Te + nano nitrogen at 0.4% + nano iron at 1000 ppm.
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The increased calcium in plots receiving 100% NPK along with FYM @10 t ha'

might be relatively higher capacity of FYM in supplying the basic cations upon

mineralization (Prasad et al. 1996). Application of manures over the years resulted in

increased Mg content in soil, while, plots receiving higher addition of N pertained to

decrease it, possibly might be due to increased plant growth leading to higher uptake of

Mg ions. These results are in line with Muthuvel et al. (1985).

Table 4.9 Effect of foliar application of nano nitrogen and iron on secondary nutrient

status in soil after harvest of mulberry

Treatments Ca Mg S
(C mol(p+) kg*) | (C mol (p+) kg™) | (mg kg™)
T1= Absolute control 10.36 6.15 9.14
To,= RDF (360:140:140:N, P20s,
K»0 + 25 t FYM/ha) 10.83 6.61 11.00
Ts= T» + soil application of
FeSOs @ 5 kg/ha 10.85 6.73 11.36
Ts= To+t nano iron @ 500 mg/L 10.88 6.80 12,01
as foliar spray
Ts= To+ nano iron @ 1000 mg/L 1115 6.91 1237
as foliar spray
Te= RDF (50 % N+ 100% P2Os+
100% K20+ 25 t FYM/ha) 10.48 6.22 10.54
= i 0
T7=Te + nano nitrogen @ 0.4% 11.06 6.89 12 93
as foliar spray
Te= Te+ nano nitrogen @ 0.4% +
nano iron @ 500 mg/L as 11.34 6.95 12.69
foliar spray
To= Te+ nano nitrogen @ 0.4% +
nano iron @ 1000mg/L as 11.53 7.10 13.18
foliar spray
SEM 0.24 0.34 1.12
CD at 5% level of significance NS NS NS
Note: DAP: Days After Pruning, NS: non-significant
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4.3.3.2 Available sulphur (mg kg?)

Available sulphur status of soil did not differ significantly due to the foliar nano
nitrogen and iron application. Available sulphur content ranged from 9.14 to 13.18 mg
kg with no significant variation. Numerically, higher available sulphur was recorded
(13.18 mg kgt) in Tewhich received (Ts + nano nitrogen at 0.4% + nano iron at 1000 ppm).

Lower available sulphur recorded 9.14 mg kg™ in T1 (control).

Eghball et al. (2002) reported that upon decomposition of organic manures,
released active organic acids led to oxidation of sulphur from the native and added sources
to sulphate form (SO47) thus increasing S availability in soils. But, this study was only for
one season which resulted in non-significant buildup. Chikkaramappa et al. (2014) cited
that organic matter contains abundant quantity of calcium, magnesium and sulphur and
reported that FYM being a good source of calcium, magnesium and sulphur increases the

secondary nutrient content of plots added with FYM.

4.3.4 Available micronutrient nutrients (Fe, Mn, Zn, Cu and B) status of soil after
harvest of mulberry.

The Data on available iron, manganese, zinc, copper and boron status of soil after

harvest of mulberry are presented in Table 4.10 and Fig 4.8.

The available micronutrient content before initiation of experiment was 14.05,
10.01, 2.12, 0.60 and 0.77 mg kg* of Fe, Mn, Zn, Cu and B respectively. Foliar application
of nano nitrogen and iron along with FYM resulted in non-significant build-up in available
micronutrients viz., Fe, Mn, Zn, Cu and B after harvest of mulberry. Available
micronutrients varied from 8.56 to 12.46 mg kg* of Fe, 1.01 to 1.33 mg kg™ of Zn, 0.37 to
0.51 mg kg* of Cu, 7.73 to 8.65 mg kg™ of Mn and 0.40 to 0.52 mg kg* of B.

Availability of micronutrient greatly depends on pH and organic manure applied
which increased availability of micronutrient through mineralization. Ali et al. (2017)
reported that nitrogen addition significantly decreased the available copper (Cu), zinc (Zn)
and total Cu concentration, but significantly decreased the available iron (Fe) concentration

in the soil. A similar trend was observed in the present study but the trend was statistically
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non-significant. Farshid Aref (2011) reported that increased availability of micronutrient
status in the soil may be due to mineralization of FYM, which is the good source of
micronutrients. Decreased availability of micronutrients in the soil might due to the

antagonistic interaction between zinc and those micronutrient cations in soil.

Table 4.10 Effect of foliar application of nano nitrogen and iron on micro nutrient
status in soil after harvest of mulberry

Fe Zn Cu Mn B
Treatments
(mg/kg) | (mg/kg) | (mg/ kg) | (mg/ kg) | (mg/kg)
T1= Absolute control 8.56 1.01 0.37 7.73 0.40

T>= RDF (360:140:140:N, P20s, K20

+ 25 t FYM/ha) 9.08 1.06 0.43 8.02 0.47

Ts= T, + soil application of FeSOs @

5 kg/ha 9.44 1.09 0.43 8.13 0.47

Ts4= T2 + nano iron @ 500 mg/L as

. 9.60 1.11 0.44 8.28 0.48
foliar spray

Ts= T2+ nano iron @ 1000 mg/L as

. 11.40 1.26 0.49 8.41 0.50
foliar spray

Te= RDF (50 % N+ 100% P20s+

100% K20+ 25 t FYM/ha) 8.96 1.03 0.40 7.89 0.44

T7=Te + nano nitrogen @ 0.4% as

. 11.18 1.24 0.45 8.37 0.48
foliar spray

Tg= Te+ nano nitrogen @ 0.4% + nano

iron @ 500 mg/L as foliar spray 12.06 | 127 0.49 8.43 0.50

To= Te+ nano nitrogen @ 0.4% + nano

iron @ 1000mg/L as foliar spray 12.46 1.33 0.51 8.65 0.52

SEM 1.00 0.08 0.06 0.20 0.02

CD at 5% level of significance NS NS NS NS NS

Note: DAP: Days After Pruning, NS: non-significant
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Fig. 4.8 Effect of foliar application of nano nitrogen and iron on micronutrient status
in soil after harvest of mulberry

Treatment details:

T: : Absolute control

T, : RDF(360:140:140: N, P20s, K20 + 25 t FYM/ha)

Ts : T2+ soil application of FeSO, @ 5 kg/ha

Ts : T2+ nanoiron @ 500 mg/L as foliar spray

Ts T2+ nanoiron @ 1000 mg/L as foliar spray

Te : RDF (50 % N + 100% P20s+100% KO + 25 t FYM/ha)

T7; : Te+ nano nitrogen @ 0.4% as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



4.4 Effect of foliar application of nano nitrogen and iron on nutrient content of

mulberry leaves
4.4.1 Primary nutrients (N, P and K) (%)

Data presented in Table 4.11 and Fig 4.9 represents the effect foliar application of
nano nitrogen and iron on nitrogen, phosphorus, potassium, calcium, magnesium and
sulphur contents in mulberry leaves. There was no significant difference among the

treatments with regard to phosphorous, potassium, except nitrogen.

Table 4.11 Effect of foliar application of nano nitrogen and iron on primary nutrient

content in mulberry leaves

Nitrogen | Phosphorous | Potassium
Treatments
(%) (%) (%)
T1= Absolute control 2.90 0.22 1.05
T>= RDF (360:140:140:N, P20s, K20 + 25 t
FYM/ha) 3.33 0.23 1.15
Ts= T, + soil application of FeSO4 @ 5 kg/ha 3.49 0.24 1.19
T4= To+nanoiron @ 500 mg/L as foliar spray| 3.78 0.25 1.23
Ts= T2 + nano iron @ 1000 mg/L as foliar 3.93 0.27 1.29
spray
Te= RDF (50 % N+ 100% P2Os+ 100% K.O+
25 t FYM/ha) 3.29 0.22 1.10
T7= Te + nano nitrogen @ 0.4% as foliar spray| 3.84 0.25 1.25
Tg= Te + nano nitrogen @ 0.4% + nano iron
@ 500 mg/L as foliar spray 3.96 0.29 1.33
To= Te + nano nitrogen @ 0.4% + nano iron
@ 1000mg/L as foliar spray 4.10 0.31 1.36
SEM 0.10 0.03 0.06
CD at 5% level of significance 0.32 NS NS

Note: DAP: Days After Pruning, NS: non-significant
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Significantly higher nitrogen content of 4.10 per cent was recorded in leaves
obtained from the treatment Tg (Te + nano nitrogen @0.4% + nano iron @1000 mg/L as
foliar spray) which was on par with treatment Tg (3.96 %). Significantly lower nitrogen
content of 3.17 per cent was recorded in leaves harvested from treatment T: (control).
Comparison of foliar applied nano iron over conventional iron sulphate fertilizers,
treatment Ts recorded significantly higher nitrogen content in leaf (3.93 %) which received
T2+ nano iron @ 1000 mg/L as foliar spray fallowed by T4 (3.78 %) which received T +
nano iron @ 500 mg/L as foliar spray compared with treatment Tz (3.49 %) which received
T2 + soil application of FeSO4 @ 5 kg/ha.

Manikandan and Subramanian (2016) reported that highest N content was
registered in roots of maize plants fertilized with nanozeourea (0.32 %) while urea
fertilized plants had only 0.26 %. On the other hand, zeourea fertilized plants had the

highest N content of 0.78 % which is significantly different from the rest of the treatments.

Phosphorus and potassium content in mulberry leaves did not differ significantly
among the treatments. However, higher phosphorus and potassium content (0.31 and 1.36
%, respectively) recorded in Ty (Te + nano nitrogen @0.4% + nano iron @1000 mg/L as
foliar spray) and lower P and K contents (0.22 and 1.05 %, respectively) were recorded in
treatment Ty (control). Comparison of foliar applied nano iron over conventional iron
sulphate fertilizers, treatment Ts recorded significantly higher phosphorous and potassium
content in leaf (0.27 and 1.29 %, respectively) which received T+ nano iron @ 1000 mg/L
as foliar spray followed by T4 (0.25 and 1.23 %, respectively) which received T> + nano
iron @ 500 mg/L as foliar spray compared with treatment Tz (0.24 and 1.19 %,
respectively) which received T2+ soil application of FeSOs @ 5 kg/ha.

4.4.2 Secondary nutrients (Ca, Mg and S) (%)

Data presented in Table 4.12 represents the effect foliar application of nano
nitrogen and iron on calcium, magnesium and sulphur contents in mulberry leaves. There
was no significant difference among the treatments with regard to calcium, magnesium and

sulphur content.
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Table 4.12 Effect of foliar application of nano nitrogen and iron on secondary

nutrient content in mulberry leaves

Calcium | Magnesium | Sulphur
Treatments o
(%) (%) (%)
T1= Absolute control 0.58 0.22 0.17
To= RDF (360:140:140:N, P20s, K2O + 25 t
FYM/ha) 0.65 0.24 0.18
Ts= T, + soil application of FeSOs @ 5 kg/ha 0.67 0.25 0.19
Ts4= T2+ nano iron @ 500 mg/L as foliar spray 0.70 0.26 0.20
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 0.73 0.31 0.23
Te= RDF (50 % N+ 100% P05+ 100% K.O+ 25
t FYM/ha) 0.62 0.24 0.18
T7= Te + nano nitrogen @ 0.4% as foliar spray 0.71 0.29 0.22
= i 0 i
Ts= Te+ nano mtrogen @ 0.4% + nano iron @ 0.77 0.3 0.24
500 mg/L as foliar spray
To= T+ nano nitrogen @ 0.4% + nano iron @
1000mg/L as foliar spray 0.80 0.34 0.26
SEM 0.04 0.02 0.02
CD at 5% level of significance NS NS NS

Note: DAP: Days After Pruning, NS: non-significant

There was no significant difference among different treatments with respect to Ca,
Mg and S content in mulberry leaves. However, higher Ca (0.80 %), Mg (0.34 %) and S
(0.26 %) contents in leaf were recorded in treatment To (T + Nano nitrogen @0.4% + nano
iron @1000 mg/L as foliar spray) and lowest (0.58, 0.22 and 0.17 %) were recorded in T
(control). Comparison of foliar applied nano iron over conventional iron sulphate
fertilizers, treatment Ts recorded significantly higher Ca, Mg and S content in leaf (0.73,
0.31 and 0.23 %, respectively) which received T> + nano iron @ 1000 mg/L as foliar spray
followed by T4(0.70, 0.26 and 0.20 %) which received T2+ nano iron @ 500 mg/L as foliar

Effect of foliar application of nano nitrogen and iron ..... mulberry in Eastern Dry Zone of Karnataka 53



spray compared with treatment Tz (0.67, 0.25 and 0.19 %, respectively) which received T»
+ soil application of FeSO4 @ 5 kg/ha.

There was no significant difference among different treatments with respect to Ca,
Mg and S content in mulberry leaves. It may be due to Mulberry requires higher secondary
nutrients throughout its growth and development and FYM supplies balanced proportion
of all these nutrients in addition to the chemical fertilizers, hence there was increased
secondary nutrient contents in the leaves over control though not significant. The present

study is in compliance with the findings of Pagaria et al. (1995) and Halemani et al. (2004).

4.4.2 Micronutrients (Fe, Zn, Mn, Cu and B) (mg/kg)

The data pertaining to the content of zinc, iron, copper, manganese and boron in
mulberry leaves as influenced by foliar application of nano nitrogen and iron. Significantly
higher content of Fe (199.47 mg/kg) was recorded in leaves obtained from Tg (Ts + nano
Nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar spray) followed by Ts (186.02 mg/kg)
which received Ts + nano nitrogen @0.4% + nano iron @ 500 mg/L as foliar spray and
significantly lower Fe (100.18 mg/kg) content was recorded in leaves of treatment T
(control). Comparison of foliar applied nano iron over conventional iron sulphate
fertilizers, treatment Ts recorded significantly higher iron content in leaf (179.84 mg/kg)
which received T2+ nano iron @ 1000 mg/L as foliar spray followed by T4 (155.88 mg/kg)
which received T2 + nano iron @ 500 mg/L as foliar spray compared with treatment T3
(126.91 mg/kg) which received T2+ soil application of FeSO4 @ 5 kg/ha presented in Table
4.13 and Fig 4.10.

Effect of foliar application of nano Nitrogen and Iron on mulberry leaves showed
non-significant difference with respect to Zn, Cu, Mn and B content in mulberry leaves.
However, higher Zn, Cu, Mn and B contents of leaf (26.74, 24.86, 69.86 and 55.89 mg/kg,
respectively) were recorded in treatment Ty (Ts + nano Nitrogen @0.4% + nano iron
@1000 mg/L as foliar spray) and lowest Zn, Cu, Mn and B contents of leaf (22.08, 18.08,
55.04 and 45.58 mg/kg, respectively) were recorded in T1 (control). Comparison of foliar
applied nano iron over conventional iron sulphate fertilizers, treatment Ts recorded
significantly higher Zn, Cu, Mn and B content in leaf (25.90, 21.81, 65.48 and 52. mg/kg,
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respectively) which received T2 + nano iron @ 1000 mg/L as foliar spray fallowed by T4
(24.22,19.51, 59.95 and 49.15 mg/kg, respectively) which received T2+ nano iron @ 500
mg/L as foliar spray compared with treatment T3z (22.80, 18.81, 57.33 and 47.93 mg/kg,
respectively) which received T2 + soil application of FeSOs @ 5 kg/ha.

Table 4.13 Effect of foliar application of nano nitrogen and iron on micronutrient

content in mulberry leaves

Treatments Iron Zinc Manganese | Copper | Boron
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
T1= Absolute control 100.18 | 22.08 55.04 18.08 45.58
T,= RDF (360:140:140:N,
P,0s, K20 + 25 t FYM/ha) 120.94 | 22.48 56.07 18.25 46.68
Ts= T2 + soil application of
FeSO. @ 5 kg/ha 126.91 | 22.80 57.33 18.81 47.93
T4= Tz + nano iron @ 500| 15508 | 2420 | 5995 1951 | 49.15
mg/L as foliar spray
Ts= Tz + nano iron @ 1000| 17904 | 2590 | 6548 2181 | 52.89
mg/L as foliar spray
Te= RDF (50 % N+ 100%
P.Os+ 100% KoO+ 25 t| 109.04 | 22.22 55.46 18.34 46.00
FYM/ha)
T7=Te + nano nitrogen @\ 17449 | 2456 63.00 2082 | 51.46
0.4% as foliar spray
Te= Te + nano nitrogen @
0.4% + nano iron @ 500| 186.02 | 26.08 66.65 22.60 54.02
mg/L as foliar spray
To= Te + nano nitrogen @
0.4% + nano iron @| 199.47 26.74 69.86 24.86 55.89
1000mg/L as foliar spray
SEM 1.04 1.17 3.69 1.49 2.35
CD at 5% level of significance| 3.12 NS NS NS NS

Note: DAP: Days After Pruning, NS: non-significant
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The results suggested that application of 2 g/L nano-iron oxide was more effective
than other Fe sources and rates, because nano-iron oxide had more particles per unit of
weight and specific surface area that increased contact of fertilizer with plant, leading to
increase in Fe and other nutrients uptake (Liscano et al., 2000; Liu et al., 2005). In addition,
nano-oxide iron particles below 100 nm perhaps made Fe more efficient and dissolved in

water more effectively, thus, increased their activities (Joseph and Morrison, 2006).

4.5 Effect of foliar application of nano nitrogen and iron on uptake of major,

secondary and micronutrients.

Uptake of major, secondary and micronutrients by mulberry leaves as influenced
by nano nitrogen and iron on foliar application has been presented in the Table 4.14, 4.15
and 4.16.

4.5.1 Uptake of nitrogen, phosphorus and potassium (kg/ha)

There was significant influence of foliar application of nano nitrogen and iron on
uptake of nitrogen, phosphorous and potassium. Significant increase in uptake of N (356.29
kg/ha), P (26.94 kg/ha) and K (118.18 kg/ha) were recorded in Tg treatment (Te + nano
nitrogen @ 0.4% + nano iron @1000 mg/L as foliar spray) and lower uptake of nitrogen
(171.71 kg/ha), P (12.96 kg/ha) and K (61.85 kg/ha) were recorded in T treatment
(control). Comparison of foliar applied nano iron over conventional iron sulphate
fertilizers, treatment Ts recorded significantly increases uptake of nitrogen, phosphorous
and potassium (318.72, 21.90 and 104.62 kg/ha, respectively) which received T2 + nano
iron @ 1000 mg/L as foliar spray followed by T4 (278.59, 18.43 and 90.65 kg/ha,
respectively) which received T2 + nano iron @ 500 mg/L as foliar spray compared with
treatment Tz (240.81, 17.26 and 82.11 kg/ha, respectively) which received T, + soil
application of FeSOs @ 5 kg/ha are presented in Table 4.14 and Fig 4.11.

The results are in accordance with Wen et al. (2014), who studied the effects of
combined application of conventional urea with controlled-release nano urea on nutrient
uptake, by winter wheat. The results showed that combined applications of conventional

urea with controlled-release nano urea increased nitrogen uptake by wheat. Ha et al. (2019)
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Fig. 4.10 Effect of foliar application of nano nitrogen and iron on micronutrient

content in mulberry leaves

Treatment details:

T: : Absolute control

T, : RDF(360:140:140: N, P20s, K20 + 25 t FYM/ha)

Ts : T2+ soil application of FeSO, @ 5 kg/ha

Ts : T2+ nanoiron @ 500 mg/L as foliar spray

Ts T2+ nanoiron @ 1000 mg/L as foliar spray

Te : RDF (50 % N + 100% P20s+100% KO + 25 t FYM/ha)

T7; : Te+ nano nitrogen @ 0.4% as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



reported that coffee crop which showed that the nano fertilizer enhanced uptake of other
nutrients, application of nano fertilizer improved 17.04 per cent nitrogen, 16.31 per cent
phosphorous and 67.50 per cent potassium content in the leaves of treated plots compared
to the control. Azizah et al. (2017) reported that application of N fertilizer uptake was
recorded for UF-MWCNTSs treatment which recorded which was higher than that of

control.

Table 4.14 Effect of foliar application of nano nitrogen and iron on primary nutrient

uptake by mulberry

Treatments Nitrogen | Phosphorous | Potassium
(kg/ha) (kg/ha) (kg/ha)

T1= Absolute control 171.71 12.96 61.85
To= RDF (360:140:140:N, P20s, K20 + 25 t

FYM/ha) 221.78 15.18 75.90
Ts= T2+ soil application of FeSOs @ 5 kg/ha | 240.81 17.26 82.11
T4= T2+ nanoiron @ 500 mg/L as foliar spray | 278.59 18.43 90.65
Ts= T2+ nano iron @ 1000 mg/L as foliar 318.72 91.90 104.62

spray
Te= RDF (50 % N+ 100% P05+ 100% K20+

25 t FYM/ha) 205.30 13.73 68.64
T7= Te+nano nitrogen @ 0.4% as foliar spray | 297.22 19.35 96.75
Tg= Te+ nano nitrogen @ 0.4% + nano iron

@ 500 mg/L as foliar spray 334.22 24.48 11225
To= Te + nano nitrogen @ 0.4% + nano iron

@ 1000mg/L as foliar spray 356.29 26.94 115.18
SEM 9.46 0.77 3.18
CD at 5% level of significance 28.37 2.31 9.54

Note: DAP: Days After Pruning
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FYM which is a reservoir of nutrients would have contributed to slow release of
nutrients over longer period resulting in higher uptake of nutrients in applied plots
(Thippeswamy, 1995). Treatments that received 7.5 t/ha of FYM had higher nutrient
content and uptake compared to treatments with applied of FYM @ 5 t/ha. Therefore, it
accords that integrated nutrient management directly or indirectly influence the
concentration and uptake of nutrients. These results are in accordance with Subehia and
Swapna (2012), Srinivasrao et al. (2012) and Meshram et al. (2019).

4.5.2 Uptake of secondary nutrients (kg/ha)

There was significant influence of foliar application of nano nitrogen and iron on
uptake of secondary nutrients are presented in table 4.15. Significant increase in uptake of
Ca (69.52 kg/ha), Mg (29.55 kg/ha) and S (22.59 kg/ha) was recorded in Tgtreatment (Te
+ nano nitrogen @0.4% + nano iron @1000 mg/L as foliar spray) and lower uptake of
calcium (34.16 kg/ha), magnesium (12.96 kg/ha) and sulphur (10.01 kg/ha) was recorded
in T1 treatment (control). Comparison of foliar applied nano iron over conventional iron
sulphate fertilizers, treatment Ts recorded significantly increases uptake of calcium,
magnesium and sulphur (59.20, 25.14 and 18.65 kg/ha, respectively) which received T, +
nano iron @ 1000 mg/L as foliar spray fallowed by T4 (51.59, 19.16 and 14.74 kg/ha,
respectively) which received T2 + nano iron @ 500 mg/L as foliar spray compared with
treatment T3 (46.23, 17.25 and 13.11 kg/ha, respectively) which received T, + soil
application of FeSOs @ 5 kg/ha are presented in Table 4.15.

There was positive correlation observed with FYM application and secondary
nutrients concentration. Organic manures are an excellent source of secondary nutrients
like calcium, magnesium and sulphur which increases their respective uptake by the crop
on decomposition, mineralization and solubilization. Synergistic effect of nitrogen on
calcium and magnesium uptake was observed by Thirunavukkarsu and Balaji (2015) and
were in close conformity which findings of Dadhwal and Katiyar (1989) who also reported
enhanced uptake of calcium through organic and inorganic sources.
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Table 4.15 Effect of foliar application of nano nitrogen and iron on secondary

nutrient uptake by mulberry

Calcium | Magnesium | Sulphur

Treatments (kg/ha) | (kglha) | (kg/ha)
T1= Absolute control 34.16 12.96 10.01
To= RDF (360:140:140:N, P20s, K2O + 25 t
FYM/ha) 43.29 15.98 11.99
Ts= T, + soil application of FeSOs @ 5 kg/ha 46.23 17.25 13.11
Ts4= T2+ nano iron @ 500 mg/L as foliar spray 51.59 19.16 14.74
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 59.20 25.14 18.65
Te= RDF (50 % N+ 100% P05+ 100% K.O+ 25
t FYM/ha) 38.69 14.98 11.23
T7= Te + nano nitrogen @ 0.4% as foliar spray 54.95 22.45 17.03
Tg= Te+ nano nitrogen @ 0.4% + nano iron @
500 mg/L as foliar spray 64.99 27.01 20.26
To= Te+ nano nitrogen @ 0.4% + nano iron @
1000mg/L as foliar spray 69.52 29.55 22.59
SEM 1.82 0.73 0.55
CD at 5% level of significance 5.48 2.20 1.67

Note: DAP: Days After Pruning

4.5.3 Uptake of Iron, Zinc, Manganese, Copper and Boron (g/ha)

There was a significant influence of foliar application of nano nitrogen and iron on
uptake of iron (Fe), manganese (Mn), zinc (Zn), copper (Cu) and boron (B) are presented
in Table 4.16 and Fig. 4.12. Significant increase in uptake of Fe (1733.39 g/ha), Mn (607.08
g/ha), Zn (232.37 g/ha), Cu (216.03 g/ha) and B (485.68 g/ha) was recorded in Tgtreatment
(Te + nano nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar spray) and lower uptake
of Fe (590.06 g/ha), Mn (324.19 g/ha), Zn (130.05 g/ha), Cu (106.49 g/ha) and B (268.47
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g/ha) were recorded in Ty treatment (control). Comparison of foliar applied nano iron over
conventional iron sulphate fertilizers, treatment Ts recorded significantly increases uptake
of Fe, Zn, Mn, Cu and B (1458.50, 210.05, 531.04, 176.88 and 428.94 g/ha, respectively)
which received T, + nano iron @ 1000 mg/L as foliar spray followed by T4 (1148.84,
178.50, 441.83, 143.79 and 362.24 g/ha, respectively) which received T2 + nano iron @
500 mg/L as foliar spray compared with treatment T3 (875.68, 157.32, 395.58, 129.79 and
330.72 g/ha, respectively) which received T + soil application of FeSO4 @ 5 kg/ha.

Table 4.16 Effect of foliar application of nano nitrogen and iron on micronutrient

uptake by mulberry

Treatments Fe Zn Mn Cu B
(9/ha) (o/ha) | (g/ha) | (g/ha) | (g/ha)
T1= Absolute control 590.06 | 130.05 | 324.19 |106.49 | 268.47

T>= RDF (360:140:140:N, P20s, K20 +

25t FYM/ha) 805.46 | 149.72 | 373.43 |121.55|310.89

Ts= T2+ soil application of FeSOs @ 5

875.68 | 157.32 | 395.58 |129.79|330.72
kg/ha

Ts= T2+ nano iron @ 500 mg/L as foliar

spray

Ts= T> + nano iron @ 1000 mg/L as
foliar spray

1148.84 | 178.50 | 441.83 | 143.79 | 362.24

1458.50 | 210.05 | 531.04 |176.88 | 428.94

Te= RDF (50 % N+ 100% P2Os+ 100%

K20+ 25 t FYM/ha) 680.41 | 138.65 | 346.07 | 114.44 | 287.04

T7= Tes + nano nitrogen @ 0.4% as foliar
spray

Tg= Tes + nano nitrogen @ 0.4% + nano
iron @ 500 mg/L as foliar spray

1350.55 | 190.09 | 488.32 | 161.15|398.30

1570.01 | 220.12 | 562.53 | 190.74 | 455.93

To= Tes + nano nitrogen @ 0.4% + nano

iron @ 1000mg/L as foliar spray 1733.39 | 232.37 | 607.08 |216.03 | 485.68

SEM 42.24 6.271 | 1594 | 538 | 12.98

CD at 5% level of significance 126.66 | 18.80 | 47.81 | 16.14 | 38.93

Note: DAP: Days After Pruning
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Fig. 4.12 Effect of foliar application of nano nitrogen and iron on micronutrient
uptake by mulberry

Treatment details:

T: : Absolute control

T, : RDF (360:140:140: N, P2Os, K20 + 25 t FYM/ha)

Ts . T+ soil application of FeSO4 @ 5 kg/ha

T4 : T2+ nanoiron @ 500 mg/L as foliar spray

Ts : Tz+nanoiron @ 1000 mg/L as foliar spray

Te . RDF (50 % N + 100% P,0s+100% K20 + 25 t FYM/ha)

Tz : Te+nano nitrogen @ 0.4% as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray

Te : Te+ nano nitrogen @ 0.4% + nano iron @ 1000mg/L as foliar spray



Treatments applied with higher FYM, resulted in increased uptake of
micronutrients. Application of FYM increased micronutrient uptake due to higher organic
matter which is a potential source of micronutrients and phsico-chemical properties of soil.
On mineralization of FYM micronutrients are brought into soluble and available form,
which might ultimately improve the nutrient status of the plants. These results are in
conformity with the findings of Tarafdar and Rao (2001) and in most of studies indicated
that N addition results in significant increases in the availabilities of micronutrients, such
as the available concentrations of Cu, Mn and Fe in soils (Malhi et al. 1998, Tian et al.
2015 and Wang et al. 2017).

4.6 Effect of foliar application of nano nitrogen and iron on nutrient use efficiency

of mulberry

The data regarding nutrient use efficiency in mulberry as foliar application of nano

nitrogen and iron is presented in Table 4.17

4.6.1 Nutrient use efficiency of nitrogen, phosphorous and potassium

Considering leaf yield and the total amount of nitrogen, phosphorous and potassium
applied, nutrient use efficiency of N, P.Os and K20 ranged from 111 kg kg, 95 kg kg™
and 95 kg kg respectively in treatment T1 (combined application of 100 % RDF and 25 t
FYM/ha) to 289 kg kg?, 124 kg kg™ and 124 kg kg™ respectively in treatment To (Te +

nano nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar spray).

Nutrient use efficiency was higher with combined application of nano nitrogen @
0.4 % and iron @ 1000 mg/L treatment compared to treatments without nano nitrogen and
iron. Due to foliar application of nano nitrogen and iron, the NUE of nitrogen increased
22-65 % over treatment with only nitrogenous fertilizer. Higher NUE was recorded in
treatments applied with 0.4 % nano nitrogen and 1000 mg/L nano iron. This is due to the

increased leaf yield with a higher dose of nano nitrogen and iron.

The results are in line with Al-Juthery et al. (2019) who reported that nano nitrogen
fertilizer (25 % N) in superior treatment with NUE (97.43%) compare to traditional with
NPK (52.27 %). Similarly, Jhanzab et al. (2015) experiment to determine the role of silver
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nano particles for improving NUE in wheat, reported that the highest nitrogen use

efficiency (74.3 %) was observed with 25 ppm of SNPs. This may be due to direct contact

of nano particles by foliar application which improve the nutrient uptake by plants, Thus

increase the nutrient use efficiency and control the losses.

Table 4.17 Effect of foliar application of nano nitrogen and iron on nutrient use

efficiency of mulberry

Nutrient aﬁplied Nutrient use efficiency (kg kg?)
Treatm yield (kg ha”)
ents (kg/ha) N | P0s | Ke0 N use P20s use K20 use
efficiency efficiency efficiency
T1 5891 0 0 0 0 0 0
T2 6656 60 70 70 111 95 95
T3 6898 60 70 70 115 99 99
T4 7373 60 70 70 123 105 105
Ts 8113 60 70 70 135 116 116
Te 6241 30 70 70 208 89 89
T7 7739 301 | 70 70 257 111 111
Ts 8441 30.1 | 70 70 280 121 121
To 8691 301 | 70 70 289 124 124

Treatment details:

T1=
T =

Ts=
Ta=

Ts=
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Absolute control

RDF (360:140:140: N, P20s, K20 + 25
T FYM/ha)

T + soil application of FeSO4 @ 5 kg/ha

T, + nano iron @ 500 mg/L as foliar
spray
T2 + nano iron @ 1000 mg/L as foliar
spray

Srinivas Bondade,

Te= RDF (50 % N+100% P»0s+100%
K20+25 T FYM/ha)

T7= Te + nano nitrogen @ 0.4% as
foliar spray

Tg= Te+ nano nitrogen @ 0.4% + nano
iron @ 500 mg/L as foliar spray

To = Te + nano nitrogen @ 0.4% + nano
iron @ 1000 mg/L as foliar spray
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4.7 Effect of foliar application of nano nitrogen and iron on quality parameters of

mulberry leaves

Data on effect of foliar application of nano nitrogen and iron on quality parameter
of mulberry leaf such as relative water content (%), protein (%), crude fibre (%) and

chlorophyll contents are presented in Table 4.18 and 4.19 and Fig 4.13.

4.7.1 Relative water content (RWC) (%)

There was no significant difference among the treatments with respect to relative
water content due to foliar application of nano Nitrogen and Iron on mulberry crop.
However, higher (71.70 %) relative water content was recorded in treatment Tg (T + Nnano
nitrogen @ 0.4% + nano iron @1000 mg/L as foliar spray) followed by Ts (70.59 %) and
Ts (69.47 %). Lower relative water content (63.88 %) was recorded in treatment Ti

(control).

Increase in the relative water content with increase in concentration of nano
nitrogen and iron may be due to enhanced biochemical constituent of leaves hence thereby
increase in relative water content per cent. The present results are in close conformity with
the findings of Ramesh Reddy (2014).

4.7.2 Protein (%)

Protein content in mulberry leaves differed significantly due to foliar application of
nano nitrogen and iron. Significantly higher protein content of leaves (37.55 %) was
recorded in treatment To (Te + nano nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar
spray) followed by Ts (36.81 %) and Ts (35.60 %) which were on par with each other.
Significantly lower content of protein (28.49 %) was recorded in the leaves of treatment T
(control). Comparison of foliar applied nano iron over conventional iron sulphate
fertilizers, treatment Ts recorded significantly higher content of protein (35.60 %) which
received T> + nano iron @ 1000 mg/L as foliar spray followed by T4 (32.72 %) which
received T2+ nano iron @ 500 mg/L as foliar spray compared with treatment T3 (31.81 %)

which received T + soil application of FeSOs @ 5 kg/ha.
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Kisan et al. (2015) reported that the increase in protein content in spinach leaves
may be due to the availability of sufficient quantity of nitrogen to the plants. Hazra et al.
(1987) Iron acts as a cofactor for approximately more than hundred enzymes and being a
component of ferrodoxin, an electron transport protein associated with chloroplast. Similar
trends followed in Ghafari and Razmjoog (2015) stated that grain protein, carbohydrates

and iron contents effective by the rate of application of iron including the source of iron.

Table 4.18 Effect of foliar application of nano nitrogen and iron on quality of

mulberry leaf

Relative Protein Crude
Treatment water (%) fibre
content (%) 0 (%)
T1= Absolute control 63.88 28.49 | 11.28
T.= RDF (360:140:140:N, P.0s, KO + 25 t
FYM/ha) 66.65 3142 | 12.74
Ts= T2+ soil application of FeSO4 @ 5 kg/ha 67.93 31.81 | 13.62
Ts= T2+ nano iron @ 500 mg/L as foliar spray 68.70 32.72 | 13.86
Ts= T2+ nano iron @ 1000 mg/L as foliar spray 69.47 35.60 | 14.06
Te= RDF (50 % N+ 100% P20s+ 100% K,O+ 25 t
FYM/ha) 65.89 30.13 | 12.18
T7= Te + nano nitrogen @ 0.4% as foliar spray 69.07 34.19 | 13.97
_ . 0 .
Ts= Tes+ nano n_|trogen @ 0.4% + nano iron @ 500 270,59 36.81 14.14
mg/L as foliar spray
To= Te + nano nitrogen @ 0.4% + nano iron @
1000mg/L as foliar spray 7170 3755 | 1422
SEM 2.00 1.48 0.45
CD at 5% level of significance NS 4.45 1.36

Note: DAP: Days After Pruning, NS: non-significant
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4.7.3 Crude fiber (%)

Crude fiber content in mulberry leaves differed significantly due to foliar
application of nano nitrogen and iron. Significantly higher crude fiber content (14.22 %)
was recorded in leaves of treatment To (Te + nano nitrogen @ 0.4% + nano iron @ 1000
mg/L as foliar spray) followed by 14.14 per cent Tg (Te¢ + nano nitrogen @0.4% + nano
iron @ 500 mg/L as foliar spray) and 14.06 per cent in treatment Ts (nano iron at 1000
ppm as foliar spray) which were on par with each other. Significantly lower content of
crude fiber (11.28 %) in leaf was recorded in treatment T1 (control). Comparison of foliar
applied nano iron over conventional iron sulphate fertilizers, treatment Ts recorded
significantly higher content of crude fibre (14.06 %) which received T2+ nano iron @ 1000
mg/L as foliar spray followed by T4 (13.86 %) which received T2 + nano iron @ 500 mg/L
as foliar spray compared with treatment T3 (13.62 %) which received T2 + soil application
of FeSO4 @ 5 kg/ha.

4.7.4 Chlorophyll content of leaves

Chlorophyll content (SPAD meter readings) of mulberry leaves at 30, 45 DAP and
at harvest as influenced by foliar application of nitrogen and iron are presented in Tables
4.19.

At 30 days after pruning

The chlorophyll content was non-significant due to foliar application of nano
nitrogen and iron at 30 Days After Pruning (DAP). However, higher (41.07) chlorophyll
content was recorded in treatment T> (RDF-360:140:140: N, P.Os, K20 + 25 t FYM/ha)
followed by T3 (40.70) and T4 (40.37). Lower chlorophyll content (33.07) was recorded in

treatment T (control).

At 45 days after pruning

Chlorophyll content in mulberry leaves differed significantly due to foliar
application of nano nitrogen and iron. Significantly higher chlorophyll content (46.10) was
recorded in leaves of treatment To (Ts + nano nitrogen @0.4% + nano iron @1000mg/L as

foliar spray) followed by Tg (Ts + nano nitrogen @0.4% + nano iron @ 500 mg/L as foliar
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spray) (44.50) and treatment Ts (nano iron at 1000 ppm as foliar spray) (40.83) which were

on par with each other. Significantly lower content of chlorophyll (34.83) in leaf was

recorded in treatment Ti (control). Comparison of foliar applied nano iron over

conventional iron sulphate fertilizers treatment Tsrecorded significantly higher chlorophyll

content (40.83) which received T2 + nano iron @ 1000 mg/L as foliar spray followed by

T4 (39.33) which received T2 + nano iron @ 500 mg/L as foliar spray compared with

treatment T3 (37.06) which received T» + soil application of FeSOs @ 5 kg/ha

Table 4.19 Effect of foliar application of nano nitrogen and iron on chlorophyll
(SPAD) content in 30, 45 and 65 DAP of mulberry leaf.

Treatment 30 DAP | 45 DAP | 60 DAP
T1= Absolute control 33.07 34.83 35.50
T.= RDF (360:140:140:N, P20s, K20 + 25t FYM/ha) | 40.37 36.00 37.06
Ts= T2+ soil application of FeSO4 @ 5 kg/ha 41.70 37.06 38.36
Ts= T2+ nano iron @ 500 mg/L as foliar spray 40.07 39.33 41.43
Ts= T2+ nanoiron @ 1000 mg/L as foliar spray 39.63 40.83 42.36
Te= RDF (50 % N+ 100% P.Os+ 100% K.O+ 25 t
EYM/ha) 34.90 33.8 35.66
T7= Te + nano nitrogen @ 0.4% as foliar spray 35.03 39.73 40.83
Tg= Te + nano nitrogen @ 0.4% + nano iron @ 500 36.27 44,50 45 40
mg/L as foliar spray
To= Te + nano nltr(_)gen @ 0.4% + nano iron @ 35 37 4610 4713
1000mg/L as foliar spray
SEM 2.22 1.24 1.23
CD at 5% level of significance NS 3.74 3.70
Note: DAP: Days After Pruning, NS: non-significant
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Fig. 4.13 Effect of foliar application of nano nitrogen and iron on quality of mulberry leaf

Treatment details:

T1= Absolute control

T2= RDF (360:140:140: N, P20s, K20 + 25 T FYM/ha)
Ts= T, + soil application of FeSOs @ 5 kg/ha

T4= T2+ nano iron @ 500 mg/L as foliar spray

Ts= Tz + nano iron @ 1000 mg/L as foliar spray

Te= RDF (50 % N+100% P20s+100% K.0+25 T FYM/ha)

T7 = Te + nano nitrogen @ 0.4% as foliar spray

Tg= Te+ nano nitrogen @ 0.4% + nano iron @ 500 mg/L as foliar spray
Te = Te + nano nitrogen @ 0.4% + nano iron @ 1000 mg/L as foliar spray




At harvest (60 days after pruning)

Chlorophyll content in mulberry leaves differed significantly due to foliar
application of nano nitrogen and iron. Significantly higher chlorophyll content (47.13) was
recorded in leaves of treatment To (Te + nano nitrogen @0.4% + nano iron @1000mg/L as
foliar spray) followed by Ts (Ts + nano nitrogen @0.4% + nano iron @500 mg/L as foliar
spray) (45.40) and treatment Ts (nano iron at 1000 ppm as foliar spray) (42.36) which were
on par with each other. Significantly lower content of chlorophyll (35.50) in leaf was
recorded in treatment Ti (control). Comparison of foliar applied nano iron over
conventional iron sulphate fertilizers, treatment Ts recorded significantly higher
chlorophyll content (42.36) which received T2 + nano iron @ 1000 mg/L as foliar spray
followed by T4 (41.43) which received T2+ nano iron @ 500 mg/L as foliar spray compared
with treatment T3 (38.36) which received T + soil application of FeSOs @ 5 kg/ha.

Similar results Ghafari and Razmjoo (2015) reported that nano-iron oxide and iron
sulfate application resulted in higher chlorophyll a and chlorophyll b contents as compared
with iron chelate, while nano-iron oxide increased the total chlorophyll content the most,
followed by iron sulfate and iron chelate, respectively. Iron application increased
chlorophyll a, b and total contents as compared with the control and higher rates were more
effective. Liu et al. (2005) reported that increase in chlorophyll content of wheat in our
experiment could be due to promotion of the absorption and utilization of nutrients such as
nitrogen by nano-Fe compound.

4.8 Effect of foliar application nano nitrogen and iron on economics of mulberry at
harvest
The effect of foliar application of nano nitrogen and iron on cost of cultivation,
gross return, net return and B: C ratio of mulberry are presented in Table 4.20

4.8.1 Cost of cultivation

Among different treatments cost of cultivation was found lower (Rs. 16,350) in

treatment T: without application of any fertilizers and higher cost of cultivation
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(Rs. 26,188) was observed in treatment To9 which received (Te + nano nitrogen @ 0.4% +

nano iron @ 1000 mg/L as foliar spray).

4.8.2 Gross returns

Application of 50 % N through urea @ 0.4% + nano iron @ 1000 mg/L as foliar
spray along with 25 t/ha of FYM (Ts) recorded higher gross return (Rs. 88,875) and lower

(Rs. 43,585) was observed in treatment T1 (Absolute control).

Table 4.20 Economics of mulberry as influenced by foliar application of nano

nitrogen and iron

Treatments Cost of cultivation | Gross returns Net returns B:(_:
(Rs.) (Rs.) (Rs.) Ratio

T 16,350 43,585 27,235 1.66
T2 23,050 67500 44,450 1.92
Ts 23,300 70568 47,268 2.02
Ta 24,146 75375 51,229 2.12
Ts 25,238 82943 57,705 2.28
Ts 22,750 63818 41,068 1.80
T7 24,000 79159 55,159 2.29
Ts 25,096 84318 59,222 2.35
To 26,188 88875 62,687 2.39

Treatment details:

T1= Absolute control Te= RDF (50 % N+100% P05+100%

T2= RDF (360:140:140: N, P20s, KO + 25 T K20+25 T FYM/ha)
FYM/ha) T7= Te + nano nitrogen @ 0.4% as

Ts= T2+ soil application of FeSOs @ 5 kg/ha foliar spray
T4= T2+ nano iron @ 500 mg/L as foliar spray T6= Te+nano nitrogen @ 0.4% + nano

Ts= T> + nano iron @ 1000 mg/L as foliar Iron @ 500_mg/L as foliar spray
spray To = Te + nano nitrogen @ 0.4% + nano

iron @ 1000 mg/L as foliar spray
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4.8.3 Net returns

Application of 50 % N through urea @ 0.4% + nano iron @ 1000 mg/L as foliar
spray along with 25 t/ha of FYM (Tg) recorded higher net return (Rs. 62,687) and lower
(Rs. 27,235) was observed in treatment T1 (Absolute control).

4.8.4 B: C ratio

Among different treatments higher B: C ratio 2.39 was observed in treatment To
(Te+ nano nitrogen @0.4% + nano iron @1000mg/L as foliar spray) followed by Ts (2.35)

and least (1.66) was observed in treatment T1 (Absolute control).

Higher level of biomass accumulation and efficient translocation to the
reproductive parts due to the supply of adequate nutrients might be responsible for
increased yield, which resulted in higher monetary returns and B: C ratio (Roy et al. 2018).
Foliar application of nano fertilizer resulted in maximum returns and benefit-cost ratio
compared to conventional fertilizer application. The difference in the B: C ratio was
attributed to yield differences and varying costs when different inputs were added.
Combined application of nano fertilizer, reduced dose of conventional fertilizer along with

FYM gave more profitable income.
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V SUMMARY

An investigation entitled “Effect of foliar application of nano nitrogen and iron on
growth, yield and quality of mulberry in Eastern Dry Zone of Karnataka” was conducted
during rabi 2020 at farmer’s field in Kurboor, Chintamani, Chikkaballpur. The experiment
was laid out completely randomized blocks with nine treatments replicated thrice. The
approaches involved in the study of foliar application of nano nitrogen and iron. The results
obtained from the investigation and the conclusions drawn from the above study are

summarized in the following paragraphs.

Foliar application of nano nitrogen and iron improved the growth and yield

parameters studied over package of practice (RDF + FYM) and absolute control.

Growth parameters viz., plant height, number of shoots per plant, number of leaves
per shoot, number of leaves per plant and leaf area per plant were significantly varied due
foliar application of nano nitrogen and iron along with RDF + FYM at 45, 60 DAP and
non-significant at 30 DAP. Growth parameters were recorded highest with foliar
application of nano nitrogen (0.4 %) and iron (1000 mg/L) in treatment Tq. At harvest, the
increase in plant height, number of shoots per plant, number of leaves per shoot, number
of leaves per plant and leaf area by this treatment recorded was 124.18 cm, 24.80, 22.86,
441.26 and 21985.76 cm?, respectively over package of practice (RDF + FYM) and

absolute control.

Highest leaf yield were recorded with the foliar application of nano nitrogen (0.4
%) and iron (1000 mg/L) in treatment To which was significantly higher than that of
control. The increase in leaf yield per plant and leaf yield per hectare by this treatment were

0.52 kg and 8.69 tons/ha, respectively over control.

The soil analysis after the field experiment revealed that pH, electrical conductivity,
organic carbon, available secondary nutrients (Ca, Mg and S), available micronutrients (Zn,

Fe, Cu, Mn and B) in soil differed non-significantly among the different treatments.
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The soil analysis after the field experiment revealed that available primary nutrients
(N, P20s and K20) in soil differed significantly among the different treatments. Treatment
To which received (Te + nano nitrogen at 0.4% + nano iron at 1000 ppm) shows higher
available nitrogen (269.81 kg/ha), available P20s (69.34 kg/ha) and K20 (272.87 kg/ha).
Lower status of available N (200.64 kg/ha), available P2Os (35.25 kg/ha) and K20 (204.15
kg/ha) recorded in Ty (control).

Mulberry leaves showed significant differences in nitrogen content in all the
treatments, highest nitrogen content of 4.10 % was recorded in Tg treatment (Ts + nano
nitrogen @ 0.4 % + nano iron @1000 mg/L as foliar spray) and lower nitrogen content of
2.90 % was recorded in Ty (absolute control). Among all the treatments mulberry leaves
showed non-significant differences in phosphorous and potassium content. However,
higher P and K content of (0.31 and 1.36 %, respectively) mulberry leaf was recorded in
To treatment and lower percent of P and K (0.22 and 1.05 %, respectively) was recorded in

T, treatment (absolute control).

Among all the treatments mulberry leaves showed non-significant differences in
calcium, magnesium and sulphur content. However higher Ca, Mg and S content of
mulberry leaf (0.80, 0.34 and 0.26 %, respectively) was recorded in Tg treatment and lower
percent of (0.58, 0.22 and 0.17 %, respectively) was recorded in T; treatment (absolute

control).

Significantly higher content of Fe (199.47 mg kg™ in mulberry leaves) was recorded
in the treatment of Ty which received of Tes + nano nitrogen @0.4 % + nano iron @1000
mg/L as foliar spray and lower content of Fe (100.18 mg/kg in mulberry leaves) was
recorded in T1 treatment (absolute control). Among all the treatments mulberry leaves
showed non-significant differences in Zinc, manganese, copper and boron content.
However higher Zn, Mn, Cu and B content of mulberry leaf (26.74, 69.86, 24.86 55.89
mg/kg, respectively) was recorded in Tg treatment and lower per cent of (22.08, 55.04,

18.08 and 45.58 mg/kg, respectively) was recorded in T treatment (absolute control).
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There was a significant influence of foliar application of nano nitrogen and iron on
uptake of N, P, K, Ca, Mg, S, Fe, Zn, Cu, and B by mulberry. Significant increase in uptake
of N (356.29 kg ha't), P (26.94 kg ha*) and K (118.18 kg ha) was recorded in T treatment
(Te + nano nitrogen @ 0.4 % + nano iron @ 1000 mg/L as foliar spray) and lower uptake
of nitrogen (171.71 kg ha), P (12.96 kg ha') and K (61.85 kg ha) was recorded in T1
treatment (absolute control). Significantly higher Fe uptake of 1733.39 g ha™* was recorded
in Tg and lower uptake of Fe (590.06 g ha™*) was recorded in T treatment.

As far as leaf yield of mulberry is concerned, higher nitrogen (289 kg kg™),
phosphorous (124 kg kg?) and potassium (124 kg kg™) use efficiency was observed with
the application of FYM @ 25 t ha + 50 % urea along with nano nitrogen @ 0.4 % and
nano iron @ 1000 mg/L as foliar application. Lower was with the package of practice of
mulberry (T2: 100 % RDF +25 t/ha of FY M) without nano fertilizer application. Due to the
foliar application of nano nitrogen and iron, the NUE of nitrogen increased 22-65 % over

treatment with only nitrogenous fertilizer.

Significantly higher content of protein (37.55 %) and crude fiber (14.22 %) were
recorded in T treatment (Ts + nano nitrogen @ 0.4 % + nano iron @ 1000 mg/L as foliar
spray) whereas relative water content in leaf showed non-significant differences among the

different treatments.

Significantly higher leaf chlorophyll SPAD value (46.10 and 47.13) at 45 and 60
DAP respectively, were recorded in Tg treatment (Te + nano Nitrogen @0.4 % + nano iron
@1000 mg/L as foliar spray), no significant difference in leaf chlorophyll SPAD value
(35.37) at 30 DAP when compared treatment T (absolute control).

Higher gross return (Rs. 88,875) and net return (Rs. 78,546) with B: C ratio of 2.39
was recorded with application of 50 % N through urea + 0.4 % nano nitrogen + 1000 mg/L
nano iron along with 25 t/ha of FYM (To), while lower B: C ratio (1.66) was recorded in

the treatment Ty (absolute control).
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PRACTICAL UTILITY OF WORK

» Farmers in the study area can realize higher leaf yield, relative water content,

protein content of mulberry adopting foliar spray approach comprising 100 % RDF
in combination with 25t FYM + 0.4 % nano nitrogen and Iron 1000 mg/L.

Foliar application of 0.4 % of nano nitrogen and nano iron 1000 mg/L + 50 % urea
along with 25 t/ha of FYM recorded additional returns of rupees 18,237 per ha

over recommended use of fertilizers.

Foliar application of nano nitrogen and iron improved the NUE of nitrogen by 22-

65 per cent over recommended use of fertilizers.

> Application of 0.4 % of nano nitrogen and 1000 mg/L of nano iron + 50 % urea

along with 25 t FYM saved application of inorganic fertilizer (urea) by 50 per cent.

FUTURE LINE OF WORK

73

1. Attempt should be on application of nano fertilizers to silkworm through mulberry

leaves for cocoon production.

. Synthesis and application of nano fertilizers for phosphorous and potassium as like

nitrogen to improve the nutrient use efficiency of major nutrients.

. Studies must be focused on the safety, bioavailability and toxicity of different nano

fertilizers used for agricultural plants.

Bio-synthesized or green synthesized nano-bio fertilizers should be explored to

increase mulberry yield.
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APPENDIX- |

Particulars of different inputs used for irrigated mulberry garden (ha*crop)

Sl . . Rate Amount
No. Particulars Requirements (Rs. unit?) | (Rs)
1 | Ploughing of land (bullock pair) 3 1200/day 3600
2 |FYM(T) 4 800 3200
3 | Application of fertilizers (Man days) 2 450 900
Inter-cultivation
) 3 1200 3600
a) Bullock pairs
4
b) Lgbour charges (Man days) for 5 350 1750
weeding
5 | Pruning cum harvesting (Man days) 8 350 2800
6 | Miscellaneous - 500 500
Total 16,350

Effect of foliar application of nano nitrogen and iron
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APPENDIX-1I

Cost of fertilizers

Particulars Requirements Rate_: Amount
(Rs unit?) (Rs.)
a) Nitrogen @ 60 kg ha' crop® 9% Rs. 300 per 600
(Urea, kg) 50 kg bag
b) Phosphorus @ 70 kg ha* crop® Rs. 1200 per
(DAP, kg) 152 50 kg bag 3600
c) Potassium @ 70 kg ha? crop? Rs. 1000 per
(MOP, kg) 117 50 kg bag 2500
Total 6,700
Nano fertilizers
a) Nano nitrogen (0.4%) (Litre) 2.5 Rs.250 Ber 500 m| 1250
*5=1250
b) Nano Iron (500 ppm) (gram) 313 Rs.?(;](iap;r 200 1096
¢) Nano Iron (1000 ppm) (gram) 626 Rs.?(;(iapnir 200 2188
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APPENDICES - 111

Total cost of mulberry production for different treatments

Cost

X Cost of Cost of Total
Treatments excluding .
fertilizers | treatments | cost
treatments
T1= Absolute control 16350 - - 16,350
T,= RDF (360:140:140:N, P20s, K20
+25t FYM/ha) 16350 6700 - 23,050
Ts= T2+ soil application of FeSOs @ 16350 6700 250 23,300
5 kg/ha
Ta= Tz + nano iron @ 500 mg/l-as | 1 0q 6700 1096 | 24,146
foliar spray
Ts= T2_+ nano iron @ 1000 mg/L as 16350 6700 2188 25238
foliar spray
Te= RDF (50 % N+ 100% P2Os+ i
100% K20+ 25 t FYM/ha) 16350 6400 22,750
T7= Te + nano nitrogen @ 0.4% as | 44q5, 6400 1250 | 24,000
foliar spray
Te= Te + nano nitrogen @ 0.4% +
nano iron @ 500 mg/L as foliar 16350 6400 1250+1096 | 25,096
spray
To = Te + nano nitrogen @ 0.4% +
nano iron @ 1000mg/L as foliar 16350 6400 1250+2188 | 26,188
spray
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