Effect of nano nitrogen and nano zinc on growth and yield of paddy in
paddy-paddy cropping system

ABSTRACT

An investigation on nano nitrogen and nano zinc with different levels of nitrogen approaches
on growth and yield of paddy was conducted during rabi and kharif seasons of 2020-21 and
2021-22 at Krishi Vigyana Kendra, Gangavathi, Koppal, Karnataka, India. The experiment
was laid out in split-split plot design with three replications, which consisted of four levels of
nitrogen in main plots, three levels of nano nitrogen in sub plots and two levels of nano zinc
in sub-sub plots. The treatment with application of 125 per cent Recommended Dose of
Nitrogen (RDN) has recorded significantly taller plants (97.11 and 96.54 cm), higher number
of tillers hill"* (19.65 and18.14) and total dry matter (70.06 and 64.54 g hill™") at harvest stage
of crop and the Soil Plant Analysis Development (SPAD) values (46.69 and 42.60) and
Normalized Difference Vegetation Index (NDVI) values (0.85 and 0.82) at flowering stage of
crop, Similarly, foliar spray of nitrogen @ 4000 ppm has recorded significantly higher plant
height (95.44 and 91.33 cm), higher number of tillers hill™* (17.75 and 16.01), total dry matter
(66.84 and 62.31 g hill™") SPAD values at flowering stage (44.89 and 41.29), NDVI values at
flowering stage (0.81 and 0.74), grain yield (5623 & and 6840 kg ha™) and straw yield (5352
and 6581 kg ha™). Interaction effect showed non-significant effect with different combination
treatments.
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INTRODUCTION

Sustainability of natural resources such as soil and water for crops production is a
major challenge with burgeoning population pressure. There is a need to balance between
increasing crop production without compromising soil health and environmental
sustainability. In Asia, rice is the principal staple crop where ~90 percent of the global rice
being grown and consumed. In India, it occupies ~43.8 m ha of cultivable area with
production of ~118.87 mt (Directorate of Economics and Statistics, 2021). Intensive mono-
cropped system of rice cultivation has commenced to show declining trend in rice yield,
where imbalance nutrient management and decreasing soil organic matter are the major

accountable factors for the declining the rice yield (Sureka et al., 2003).

Fertilizers are indispensable in agricultural production system. Application of
fertilizers started in 1960°s which closely coincided with the introduction of fertilizer
responsive varieties in Indian agriculture. Although fertilizer application remarkably
improved the crop growth and enhanced the yields of several crops but the yields got

plateaued due to the low fertilizer response ratio, imbalanced fertilization and increased



intensities of micronutrient deficiencies across the country. Within the set of challenges faced
by the present agriculture system, imbalanced fertilization is one of the most critical factor to
be considered for nitrogen (N) management. Since N fertilization reveals universal response
in crops besides low price of urea due to decontrol (subsidized rate), farmers started the use
of nitrogenous fertilizers particularly urea irrationally, which has led to the current nitrogen:
phosphorus: potassium (NPK) ratio of 8.2: 3.2: 1 while optimal ratio is stipulated as 4: 2: 1 in
cereals. This is very serious issue causing nitrate pollution in ground water and eutrophication
in aquatic system. This necessitates to develop slow release fertilizers to regulate the

nitrification processes thereby N availability be sustained during the crop period.

Nowadays, application of nano particles (NPs) is gaining importance in agriculture.
Nanotechnology deals with small particles with the dimension of 1-100 nm (one billionth of a
meter).These particles have high surface mass ratio and are capable of improving the
efficiency of agricultural inputs including fertilizers. Nano fertilizers have unique physico-
chemical properties and the potential to enhance the plant metabolism (Giraldo et al., 2014).
The nano fertilizers or nano encapsulated nutrients might have the properties that are
effective to crops, release the nutrients on demand, controlled release of chemical fertilizers
that regulate the plant growth and boost the target activity (DeRosa et al., 2010).
Nanotechnology has potential to develop slow release efficient fertilizers (Sharma, 2008)

which eventually reduce the nutrient losses and augment the existing fertilizer use efficiency.

Therefore, achieving sustainable agriculture with more yields besides maintaining the
environmental and soil health is the goal of researchers in agriculture. In such manner,
utilization of chemical fertilizers has long been condemned because of their harmful impacts
on the environment and quality of agricultural products and there is a need to explore better
alternatives such as nano particles with small size and large surface area are expected to be
the ideal candidates for use as fertilizers in crops to improve fertilizer use efficiency and to
minimize the detrimental effects of fertilizers on the environment. Use of nano N and nano
nano zinc (Zn) fertilizers are the better alternatives to increase nutrient use efficiency. In the
view of above, the newly introduced nano N and nano Zn fertilizers by Indian Farmers
Fertiliser Cooperative Limited (IFFCO Ltd). These products have been researched and
developed indigenously at the IFFCO Nano Biotechnology Research Centre (NBRC) at Kalol

Unit, Gujarat. Nano nitrogen contains 4% of N and nano zinc contains 1% of Zn.

Objective of the experiment



To evaluate the effect of nano nitrogen and nano zinc on growth and yield of transplanted

paddy - paddy cropping system
MATERIALS AND METHODS
Experimental site and soil

The field experiments were conducted in Krishi Vigyana Kendra, Gangavathi (Dist:
Koppal), India during rabi season of 2020-2021 and kharif and rabi season of 2021-2022.
The experiment site situated in the Northern Dry Zone (Zone 3) of Karnataka state lying
between 15 15’ 40" North (latitude) and 76 31’ 40" East (longitude) with an altitude of 419

m above mean sea level.

The soil of the experimental site was clay in texture with saline pH (8.03), medium
electrical conductivity (EC) (1.26dS m™) and high in organic carbon (OC) (7.01 g kg™). The
soil was low in available nitrogen (191.25kg ha™), high in available phosphorus (51.67 kg ha”
') & medium in available potassium (302.77 kg ha™) and available sulphur (18.31 mg kg™).
The diethylene triamine penta acetic acid (DTPA) extractable Zn, Fe, Mn and Cu were in

sufficient range with values 1.05, 5.51, 5.34 and 3.73 mg kg™, respectively.
Salient features of the cultivar RNR- 15048

The variety used was RNR 15048 (Telengana Sona). This paddy variety has low
glycemic index of 51 and 5 per cent more protein compared to BPT-5204. It has unique grain
size, short slender, high grain yield potential, good cooking quality and above all robust blast
resistance characteristics. One of the striking qualities of this paddy variety is that it can be

cultivated during both kharif and rabi seasons in a short duration of about 125 days.
Experimental details

The experiment was laid out in a split-split plot design with twenty four treatments

and three replications. The details of treatment are shown in Table 1.

Table 1: Treatment details

Main plot: Soil
nitrogen
management (M)

Subplot: Foliar spray (FS) of nano Subplot: Foliar spray (FS) of nano
nitrogen (N) zinc (2)




Mz 100 % RDF | Ni: FSof nano N @ 2000 ppm (2 ml LY | Z1: FS of nano Zn @ 2000 ppm (2 ml L™
(ZnSO4.7H,0 @ 25 | Ny: FS of nano N @ 4000 ppm (4 ml L'%) | Z,: FS of nano Zn @ 3000 ppm (3 ml L)
kg ha™) N,: FS of nano N @ 6000 ppm (6 ml L)
M,: 75 % RDN

M;: 100 % RDN
M,: 125 % RDN

RDF: Recommended Dose Fertilizer RDN: Recommended Dose Nitrogen

Recommended dose of P and K was applied through conventional fertilizer and farmyard
manure (FYM) was common for all the treatments except absolute control. Absolute control
(water spray) was maintained separately outside the layout of the experiment for comparison.

Nano nitrogen and nano zinc contains 4 % N and 1 % Zn, respectively.

Growth and yield measurements

The plant height and number of tillers hill"*of paddy in each season was recorded at panicle
initiation and crop harvest stage. Chlorophyll meter readings were recorded at active tillering,
panicle initiation and flowering stages. The top most fully expanded leaf was chosen for
SPAD measurement, as described by Babu et al. (2000). The SPAD readings were taken at
random for each plot and the average was noted. The Green Seeker hand held optical sensor
unit (Trimble Navigation Limited, Sunnyvale, CA, USA) was used for NDVI measurement in
the study. The sensor emits brief bursts of red and infrared light and then measures the
amount of each that is reflected back. The instrument was held 2-3 feet above the plant
canopy and moved around the plot randomly along the crop canopy to measure the average
NDVI value for each plot. The observations were recorded at active tillering, panicle
initiation and flowering stages of crop. In each season, the above ground biomass of all plants
was manually harvested separately from the net plot, threshed and dried in sun. The grains

were cleaned and weight was recorded in kg hectare (kg ha™).
Statistical analysis

The experimental data were subjected to statistical scrutiny to find out the influence
of treatments on growth, yield and nutrient uptake by paddy. Further the effects were tested at

5% level of significance (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION




The data on growth, yield and nutrient uptake paddy are shown in Table 2 to 5. There
was a slight difference in these parameters during both kharif and rabi season experiments,
but the pattern of response was similar. Hence, only pooled data of the rabi season and one

year data of kharif season have been used to emphasize the results.
Plant height (cm) of paddy

Among different nitrogen levels, 125 per cent RDN (M) recorded higher plant height
at panicle initiation (PI1) and harvest stage (HS) of paddy crop (82.09 & 97.11 and 78.51 &
96.54 cm during rabi and kharif season, respectively) as compared to other treatments of
different nitrogen levels (Table 2). Similarly, significant higher plant height was recorded by
foliar spray of nano N @ 4000 ppm (N2: 79.36 & 95.44 and 73.75 & 91.33 cm at Pl & HS
during rabi and kharif season, respectively) followed by FS of nano N @ 2000 ppm (N;) and
6000 ppm (Ns).

There was no significance difference among the foliar spray of nano Zn but higher
plant height was recorded by the FS of nano Zn @ 2000 ppm at Pl and HS of paddy crop
(77.89 & 93.97 and 72.35 & 89.59 cm during rabi and kharif season, respectively) followed
by foliar spray of nano Zn @ 3000 ppm (Table 2). While, absolute control registered a lower
plant height at Pl and HS of paddy crop (65.19 & 80.40 and 63.99 & 79.34 cm during rabi

and kharif season, respectively).

Interaction effect among different levels of nitrogen, foliar spray of nano N and nano
Zn showed non-significant difference but the higher plant height (Table 2) was recorded with
the combination of 125 % RDN along with foliar spray of nano N @ 4000 ppm and nano Zn
@ 2000 ppm at Pl and HS of paddy crop (86.11 & 101.13 and 81.80 & 100.58 during rabi
and kharif season, respectively) while, lower plant height was recorded with the combination
of 75 % RDN along with foliar spray of nano N @ 6000 ppm and nano Zn @ 3000 ppm (
70.83 & 87.81and 65.15 & 80.78 during rabi and kharif season, respectively).

During rabi and kharif season of the study, an increasing trend in plant height was
observed across the growth stages of paddy in all the treatments. Different levels of nitrogen
affected the plant height significantly with the age of paddy crop and recorded higher in 125
per cent RDN (M) followed by 100 per cent RDF with ZnSQ,.7H,0 at 25 kg ha™ (M), 100
per cent RDN (Ms) and 75 per cent RDN (M;). This could be due to increased vegetative
growth of plant with higher levels of N supplied to plant. In parallel, Reddy et al. (2007)



reported that increased rates of N application significantly improved the plant height as

compared to control.

Improved plant height under foliar spray of nano N @ 4000 ppm and foliar spray of
nano Zn @ 2000 ppm was accrued due to sufficient nutrients supply as per crop demand as
compared to FS of nano N @ 2000 ppm, 6000 ppm and foliar spray of nano Zn @ 3000 ppm.
Increase in the plant height could be ascribed to adequate supply of nitrogen and zinc which
accelerate the activity of enzyme and auxin metabolism in the plant, which in turn enlarge the
cell and cell elongation might resulted in taller plants. This is in conformity with the works of
Torres-Olivar et al. (2014) and Nithya et al. (2018). Benzon et al. (2015) revealed that plant
height was more enhanced when nano-fertilizer was combined with conventional ones due to
the reason that nano fertilizer can either provide nutrients for the plant or aid in the transport

or absorption of available nutrients resulting in better crop growth.

The enhancement in plant height by application of 125 per cent RDN along with foliar
spray of nano N @ 4000 ppm with foliar spray of nano Zn @ 2000 ppm (M4N,Z;) over other
treatments might be due to enhanced availability of both macro and micro nutrients besides
improvement in soil microbial activity. The enhanced uptake of these nutrients might have

resulted in increased vegetative growth of plant.
Number of tillers hill™

Significant difference with respect to number of tillers hill'* was observed with
different levels of nitrogen and foliar spray of nano N across the growth stages of paddy.

Similar to plant height, number of tillers hill"* increased significantly by 125 per cent
RDN at Pl and FS of paddy crop (Ms: 17.03 & 19.65 and 15.49 & 18.14 during rabi and
kharif season, respectively) followed by M;, M3 and M. Similarly significant higher number
of tillers hill™* was recorded in different stages of paddy crop by foliar spray of nano N @
4000 ppm (N2: 15.32 &17.75 and 13.67 &16.01 during rabi and kharif season, respectively)
followed by foliar spray of nano N @ 2000 ppm and 6000 ppm (Table 3).

Foliar spray of nano Zn @ 2000 ppm recorded higher number of tillers hill™* (14.49 &
16.83 and 12.79 & 14.95 at Pl and FS of paddy crop during rabi and kharif season,
respectively), which was on par with the foliar spray of nano Zn @ 3000 ppm (Table 3).
While, absolute control registered lower number of tillers hill™* at PI and FS of paddy crop
(9.42 & 11.24 and 9.80 & 11.37 during rabi and kharif season, respectively).



Combined application of different levels of nitrogen, foliar spray of nano N and nano
Zn showed non-significant difference but higher number of tillers hill* (Table 3) was
recorded with the combination of 125 % RDN along with foliar spray of nano N @ 4000
ppm and nano Zn @ 2000 ppm (18.43 & 21.20 and 16.98 & 20.00 during rabi and kharif
season, respectively), while lower number of tillers hill™ was recorded with the combination
of 75 % RDN along with foliar spray of nano N @ 6000 ppm and nano Zn @ 3000 ppm
(1146 & 13.47 and 9.57 & 11.18 during rabi and kharif season, respectively). It was
probably due to increased supply of nitrogen and zinc to plants, which have accelerated the
activity of enzymes involved in photosynthesis, carbohydrates metabolism, protein synthesis,
cell division and cell elongation. This is in conformity with the work of Beeresha (2018) and
Uma (2019). Wijebandara (2007) reported that the availability of required quantity of N for
long time was probably responsible for producing a greater number of effective tillers as is
the case with higher levels of N applied in the present study. The findings are in line with the
observations of Sankalpa (2013) who reported that increased number of tillers per hill could
be expected up to 40 % N in excess of RDF N. Manzoor et al. (2006), Wijebandara (2007)

and Choudhary and Pandey (2009) also reported similar observations.

The significant increase in number of tillers per hill'* by nano N could be expected up
to foliar spray of 4000 ppm N. Kumari et al. (2000) also reported increase in number of
productive tillers up to a certain level of N (120 kg ha™*) and not beyond that. The results are
in agreement with the findings of Manzoor et al. (2006) and Wijebandara (2007). Nano-
fertilizers induced nitrate reductase and increased activity of chloroplast (Hong et al., 2005),
rubisco (Gao et al., 2006) and antioxidant enzyme system (Nekrasova et al., 2011) that might

be the possible underlying mechanism for enhanced growth and increase in number of tillers.
Total dry matter production (g hill™)

Application of 125 per cent RDN recorded higher total dry matter production at Pl and HS of
paddy crop (27.55 & 70.06 and 24.01 & 64.54 g hill* during rabi and kharif season,
respectively) followed by 100 per cent RDF + ZnS04.7H,0 @ 25 kg ha™, 100 per cent RDN
and 75 per cent RDN (Table 4). On the other hand, significantly higher total dry matter
production was recorded in all the stages of paddy crop by FS of nano N @ 4000 ppm (26.26,
& 66.84 and 23.53 & 62.31 g hill'* during rabi and kharif season, respectively) as compared
to FS of nano N @ 2000 ppm and 6000 ppm.



No significance difference was recorded among the FS of nano Zn but higher total dry
matter production was recorded by the FS of nano Zn @ 2000 ppm at Pl and HS of paddy
crop (25.41 & 64.67 and 22.76 & 60.29 g hill* during rabi and kharif season, respectively)
followed by FS of nano Zn @ 3000 ppm.

Combined application of 125 per cent RDN along with FS of nano N @ 4000 ppm
and nano Zn @ 2000 ppm recorded higher total dry matter production at Pl and HS of paddy
crop ( 28.78 & 73.18 and 25.08 & 67.41g hill"* during rabi and kharif season, respectively)
while, lower total dry matter production was recorded with the combination of 75 per cent
RDN along with FS of nano N @ 2000 ppm and nano Zn @ 3000 ppm at Pl and HS of
paddy crop (22.24 & 58.04 and 19.89 & 54.51 g hill'* during rabi and kharif season,
respectively). Control treatment recorded significantly lower total dry matter production
values at Pl and HS of paddy crop (17.94 & 47.33 and 18.46 & 47.25 g hill'* during rabi and

kharif season, respectively).

One of the most important growth parameters which is a measure of total
photosynthesis and respiratory tissues is total dry matter production. Total dry weight of plant
was increased over time with the advancement of crop age. There exists a direct relation
between plant height and number of tillers with dry matter production. The treatment with

125 per cent RDN (M) was associated with increased plant height and number of tillers.

On the other hand, FS of nano N also significantly increased the total dry matter
production at all stages of crop growth due to cumulative vigorous growth which in turn put
forth more photosynthetic surface, chlorophyll formation, biomass and more nutrient uptake.
Increased crop growth rate is attributed to higher dry matter accumulation at periodic
intervals. These results are in corroboration with the findings of Jafarzadeh et al. (2013),
Mahmoodzadeh et al. (2013), Kumar et al. (2014), Benzon et al. (2015), Hafeez et al. (2015)
and Aziz et al. (2016).

Chlorophyll content

Higher SPAD values were recorded at different growth stages with application of 125
per cent RDN at AT, Pl and FS of paddy crop (31.57, 43.59 & 46.69 and 29.18, 40.19 &
42.60 during rabi and kharif season, respectively) as compared to other treatment (Table 5).
Similarly significant higher SPAD values were recorded at AT, Pl and FS of paddy crop by
FS of nano N @ 4000 ppm (30.42, 41.86 & 44.89 and 27.96, 38.73 & 41.29 during rabi and



kharif season, respectively) followed by to FS of nano N @ 2000 ppm and FS of nano N @
6000 ppm.

Among FS of nano Zn, higher SPAD values were recorded by the FS of nano Zn @
2000 ppm (29.94, 41.16 & 44.14 and 27.49, 38.11 & 40.59 during rabi and kharif season,
respectively) which was on par with FS of nano Zn @ 3000 ppm. Control treatment recorded
significantly lower SPAD values at AT, Pl and FS of paddy crop (24.83, 31.06 & 35.14 and
24.86, 29.38 & 33.44 during rabi and kharif season, respectively).

Interaction effect among different nitrogen levels, FS of nano N and FS of nano Zn
showed non-significant difference but the higher SPAD values was recorded with the
combination of 125 per cent RDN along with FS of nano N @ 4000 ppm and nano Zn @
2000 ppm (32.04, 44.24 & 47.40 and 29.64, 40.79 & 43.27 during rabi and kharif season,
respectively) while, lower SPAD values was recorded with the combination of 75 per cent
RDN along with FS of nano N @ 6000 ppm and nano Zn @ 3000 ppm (27.54, 37.40 &
40.25 and 24.86, 35.06 & 37.54 during rabi and kharif season, respectively) at AT, Pl and FS
of paddy crop.

SPAD values indicates the greenness i.e., chlorophyll content of leaves. Higher SPAD
value obtained due to the absorption and assurance of sufficient supply of nutrients mainly
the nitrogen to the leaves (Farnia and Omidi, 2015). Nano fertilizers improved the N, P and K
uptake in the crop as indicated in Table 5 and 7. As nitrogen is the major component in the
chlorophyll synthesis, this might have contributed to higher chlorophyll content in nano
fertilizer applied treatments. These results are in accordance with Rose et al. (2015). In
addition, application of nano Zn also promotes the synthesis of chlorophyll, which acts as a
structural and catalytic component of proteins, enzymes and as co-factor for normal

development of pigment biosynthesis (Balashouri and Prameeladevi, 1995).
Normalized Difference Vegetation Index (NDVI)

The data pertaining to NDVI differed significantly among different nitrogen levels
and FS of nano N (Table 6). Among different nitrogen levels 125 per cent RDN recorded
higher NDVI values at AT, Pl and FS of paddy crop (0.53, 0.72 & 0.85 and 0.49, 0.68 & 0.82
during rabi and kharif season, respectively) followed by M1, M3 and M. Similarly significant
higher NDVI values were recorded in different stages of paddy crop by FS of nano N @ 4000



ppm (0.50, 0.68 & 0.81 and 0.46, 0.62 & 0.74 during rabi and kharif season, respectively) as
compared to FS of nano N @ 2000 ppm and 6000 ppm.

No significance difference was recorded among the FS of nano Zn but higher NDVI
values were recorded by the FS of nano Zn @ 2000 ppm at AT, Pl and FS of paddy crop
(0.48, 0.67 & 0.80 and 0.44, 0.60 & 0.72 during rabi and kharif season, respectively) as
compared to FS of nano Zn @ 3000 ppm. Control treatment recorded significantly lower
NDVI values at AT, Pl and FS of paddy crop (0.28, 0.43 & 0.57, and 0.26, 0.36 & 0.51

during rabi and kharif season, respectively).

Interaction effect among different levels of nitrogen, FS of nano N and FS of nano Zn
showed non-significant difference but the higher NDVI values were recorded with the
combination of 125 per cent RDN along with FS of nano N @ 4000 ppm and nano Zn @
2000 ppm (0.56, 0.76 & 0.88 and 0.52, 0.71 & 0.86 during rabi and kharif season,
respectively) while, lower NDVI values was recorded with the combination of 75 per cent
RDN along with FS of nano N @ 6000 ppm and nano Zn @ 3000 ppm (0.40, 0.56 & 0.71
and 0.36, 0.49 & 0.59 during rabi and kharif season, respectively) at AT, Pl and FS of paddy

crop.

NDVI values indicate the extent of canopy coverage and healthy status of plants
indirectly suggesting good photosynthetic area. Application of nitrogen fertilizer may
enhance the photosynthetic light capture in leaf blades, possibly increasing turf growth and
quality under reduced light conditions (Trenholm et al., 2004). Canopy/vegetation coverage
and healthy status of plants are determined by the extent of green leaf area covering the
ground. In the present study the higher NDVI associated with M4N2Z;, was due to higher leaf
area and LAI of that treatment.

Yield of paddy (kg ha®)

Grain and straw yield differed significantly between different levels of nitrogen and
foliar spray of nano N (Table 7). Among the different levels of nitrogen, addition of 125 per
cent RDN (M) registered higher grain and straw yield of 5659 & 5405 kg ha™ and 6836 and
6595 kg ha™ which was on par with 100 per cent RDN with ZnS04.7H,0 @ 25 kg ha™ (M:
5485 & 5217 kg ha™ and 6690 & 6417 kg ha™) and 100 per cent RDN (Ms:5375 & 5113 kg
ha* and 6557 and 6290 kg ha™). While, lower grain and straw yield was noticed with 75 per



cent RDN (M_: 5206 & 4942 kg ha™ and 6353 and 6129 kg ha™) during rabi and kharif

season, respectively.

Irrespective of foliar spray of nano N, significantly higher grain and straw yield was
observed in treatment with foliar spray of nano N @ 4000 ppm (N2: 5623 & 5352 kg ha™ and
6840 and 6581 kg ha™*) followed by foliar spray of nano N @ 2000 ppm (N;: 5359 & 5101 kg
ha' and 6522 and 6273 kg ha™) and foliar spray of nano N @ 6000 ppm (Ns: 5312 & 5056
kg ha™* and 6465 and 6218 kg ha™) during rabi and kharif season, respectively.

While, no significant difference was observed in foliar spray of nano Zn, however,
higher grain and straw yield (5479 & 5215 kg ha™ and 6667 and 6413 kg ha™) was noticed in
nano Zn @ 2000 ppm (Z1) and was on par with the Z; (foliar spray of nano N @ 3000 ppm:
5384 & 5124 kg ha™ and 6551 & 6302 kg ha™ during rabi and kharif season, respectively).
While, lower grain and straw yield of 3688 & 3668 kg ha™ and 4588 and 4569 kg ha™* was

registered in absolute control, during rabi and kharif season, respectively.

Grain and straw yield increases with the increasing level of N from 100 to 150 per
cent RDN was reported by Bhowmick and Nayak (2000). Higher grain and straw yield at M4
may be ascribed to the overall improvement in plant vigour and production of sufficient
photosynthates owing to greater availability of nutrients subsequently resulting in better
manifestation of yield attributes (Choudhary and Pandey, 2009). The increase in grain and
straw yield due to combined application of nano particles of nano N as foliar at 4000 ppm at
tillering and panicle initiation and foliar spray of nano Zn at 2000 ppm at tillering stage is
mainly attributed to higher grain and straw yield components and also stimulation effect of
zinc which helps in increasing enzymatic activity., ~Muthukumararaja &
Sriramachandrasekharan (2012) reported that grain and straw yield of rice increase is due to

enhanced synthesis of carbohydrate and their transport to the site of grain production.
Conclusions

Spraying of liquid nano nitrogen and nano zinc has increased paddy crop yield by
increasing plant growth parametrs. Spraying of nano nitrogen and nano zinc proved to be
beneficial particularly under transplanted conditions. This also led to saving of mineral N in
the form of nitrogen fertilizer thereby decreased the accumulation of N in the soil.
Application of 125 per cent RDN along with foliar spray of nano N @ 4000 ppm at active

tillering & panicle initial stages and foliar spray of nano Zn @ 2000 ppm at active tillering



stage of paddy was found to be on par with 100 per cent RDN along with foliar spray of nano
N @ 4000 ppm at active tillering & panicle initial stages and foliar spray of nano Zn @ 2000
ppm at active tillering stage in terms of crop yield. Hence for effective management of nano
fertilizers in paddy, the application of 100 per cent RDN along with foliar spray of nano N @
4000 ppm and foliar spray of nano Zn @ 2000 ppm was recommended.

Acknowledgments

The authors are thankful to Director of Research, University of Agricultural Sciences,
Raichur, for proving financial support for smooth conduct of research and analysis of various
parameters.
Conflict of interest

No potential conflict of interest was reported by the authors.

References

Aziz HMM, Hasaneen MNA, Omer AM. Nano chitosan-NPK fertilizer enhances the growth

and productivity of wheat plants grown in sandy soil. Span J Agric Res. 2016; 14(1):
902.

Balashouri P, Prameeladevi Y. Effect of zinc on germination, growth and pigment content
and phytomass of Vigna radiata and Sorghum bicolor. J Ecobiol. 1995; 7: 109-114.

Benzon H, Rubenecia M, Ultra V, Lee S. Nano-fertilizer affects the growth, development and
chemical properties of rice. Int J Agron Agric Res. 2015; 7(1): 105-117.

Beeresha KJ. Studies on the effect of nano potassium on growth and yield of maize (Zea
Mays L.). M.Sc. Thesis. Univ Agric Sci. Bengaluru. 2018.

Bhowmick N, Nayak RL. Response of hybrid rice (Oryza sativa) varieties to nitrogen,
phosphorus and potassium fertilizers during dry (boro) season in West Bengal. Indian
J Agron. 20004; 5(2): 323-326.

Choudhary SK, Pandey DN. Response of rice genotypes to levels of nitrogen in low land.
Oryz. 2009; 46(1): 42-44.



DeRosa MC, Monreal C, Schnitzer M, Walsh R, Sultan Y. Nanotechnology in fertilizers. Nat.
nanotechnol. 2010; 5(2): 91-91.

Directorate of Economics and Statistics. Directorate of Economics and Statistics DAC & FW.
Department of Agriculture, Cooperation and Farmers Welfare Ministry of Agriculture
and Farmers Welfare, Govt. of India. 2021.

Farnia A, Omidi MM, Effect of nano-zinc chelate and nano-biofertilizer on yield and yield
components of maize (Zea mays L.) under water stress condition. Indian J Nat
Sci. 2015; 5(29): 4614-4621.

Gao F, Hong F, Liu C, Zheng L, Su M, Wu X, Mechanism of nanoanatase TiO, on promoting
photosynthetic carbon reaction of spinach. Biol. Trace Elem Res. 2006; 111(1-3):
239-253.

Giraldo JP, Landry MP, Faltermeier SM, Mcnicholas TP, Iverson NM, Boghossian A, Strano
MS. Plant nanobionics approach to augment photosynthesis and biochemical sensing.
Nat Mater. 2014; 13(4): 400-408.

Gomez KA, Gomez AA. Statistical procedures for agricultural research. 2™ Ed. John Wiley
Sons, New York. 1984.

Hafeez A, Razzag A, Mahmood T, Jhanzab HM. Potential of copper nano-particles to

increase growth and yield of wheat. J nanosci adv Technol. 2015; 1(1): 6-11.

Hegab RH, Batta WF, El-Shazly MM, Effect of mineral, nano and bio nitrogen fertilization
on nitrogen content and  productivity of Salvia  officinalis L.
plant. J Sci Agric. 2018; 9(9): 393- 401.

Hong F, Zhou J, Liu C, Yang F, Wu C, Zheng L. Effect of nano titanium oxide on
phytochemical reaction of chloroplast of spinach. Biol Trace Ele. Res. 2005; 105(1-
3): 269-279.

Jafarzadeh R, Jami M, Hokmabadi M. Response of yield and yield components in wheat to
soil and foliar application of nano potassium fertilizer. J Agric Crop Res. 2013; 5(2):
189-197.



Kumar O, Venugopal N, Ramachandraprasad TV, Reddy SS, Kumar D. Effect of nitrogen
level and weed management practices on nutrient uptake by sunflower and weeds.
Karnataka J Agril Sci. 2007; 20(1): 123-125.

Kumar R, Pandey DS, Singh VP, Singh IP. Nano-technology for better fertilizer use

(Research experiences at Pantnagar). Res. Bulletin no. 201, 2014.

Kumari MBGS, Subbaiah G, Veeraraghavaiah R, Rao CVH. Effect of plant density and
nitrogen levels on growth and yield of rice. Andhra Agril J. 2000; 47(3&4): 188-190.

Lahari S, Hussain SA, Parameswari YS, Harish KS. Grain yield and nutrient uptake of rice as
influenced by the nano forms of nitrogen and zinc. Int J Environ Climate
Change. 2021; 11(7):1-6.

Mahmoodzadeh H, Aghili R, Nabavi M. Physiological effects of TiO, nanoparticles on
wheat (Triticum aestivum). J Eng Appl Sci. 2013; 3(14): 1365-1370.

Manzoor Z, Awan TH, Zahid MA, Faiz FA. Response of rice (Super Basmathi) to different
nitrogen levels. J Anim PI Sci. 2006; 16: 1-2.

Muthukumararaja TM, Sriramachandrasekharan MV. Effect of zinc on yield, zinc nutrition
and zinc use efficiency of lowland rice. J Agric Technol. 2012; 8(2): 551-561.

Nekrasova GF, Ushakova OS, Ermakov AE, Uimin MA, Byzov V. Effects of copper (II)
ions and copper oxide nanoparticles on Elodea densaplanch. RussianJ Ecol. 2011,
42(6): 458-463.

Nithya BN, Naika R, Naveen DV, Kumar ST. Influence of nano zinc application on growth
and yield parameters of mulberry. Int J Pure Ap. Biosci. 2018; 6(2): 317-319.

Ramarao. Studies on foliar application of nano zinc and silicon on performance of paddy
under different establishment methods. Ph.D. Thesis, Univ Agric Sci, Raichur. 2021.

Reddy KC, Malik KK, Reddy SS, Nyakatawa EZ. Cotton growth and yield response to
nitrogen applied through fresh and composted poultry litter. J Cotton Sci. 2007; 11:
26-34.



Rose LH, Rubenecia MRU., Ultra VU, Lee SC. Nano-fertilizer affects the growth,
development and chemical properties of rice. Int J Agron Agric Res. 2015; 7(1): 105-
117.

Sankalpa CP. Effect of different levels of nitrogen on micronutrients (Zn, Fe, Mn and Cu)
availability, uptake and yield of paddy in Vertisols of TBP command. M. Sc. (Agri.)
Thesis, Univ Agric Sci. Raichur. 2013.

Sharma PD. Nutrient management-challenges and options. J Indian Soc Soil Sci. 2008; 5(4):
395-403.

Surekha K, Kumari APP, Reddy MN, Satyanarayana K, Sta Cruz PC. Crop residue
management to sustain soil fertility and irrigated rice yields. Nutr. Cycling
Agroecosyst. 2003; 67: 145-154.

Torres-Olivar V, Villegas-Torres OG, Dominguez-Patino ML, Sotelo-Nava H, Rodriguez-
Martinez A, Melgoza-Aleman RM, Valdez-Aguilar LA, Alia-Tejacal I. Role of
nitrogen and nutrients in crop nutrition. J Agric Sci Tech, 2014; 4(1b): 29.

Trenholm LE, Datnoff LE, Nagata RT. Influence of silicon on drought and shade tolerance
of St. Augustine grass. J Plant Nutr. 2004;14(4): 487-490.

Uma V. Influence of nano zinc oxide (Zno) particles on growth and yield of maize (Zea mays
L.). M.Sc. (Agri.) Thesis, Univ Agric Sci. Banagalore, Karnataka. 2019.

Wijebandar IDMD, Studies on distribution and transformation of soil zinc and response of
rice to nutrients in traditional and system of rice intensification (SRI) method of
cultivation. Ph.D. Thesis, Uni Agril Sci. Dharwad, Karnataka. pp: 235. 2007.






Table 2: Plant height (cm) at panicle initiation and harvest stages of paddy as influenced by different levels of nitrogen along with foliar
spray of nano nitrogen and nano zinc during rabi (pooled 2021 and 2022) and kharif (2021)

Panicle initiation At harvest
MxNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021
N; N, N, MxZ N; N, Ny MxZ N; N, Ny MxZ N; N, N, MxZ
Z 78.47 79.86 76.38 78.24 7367 75.35 71.60 73.54 94.77 96.16 92.68 94.54 91.72 93.81 89.15 91.56
A Z, 76.88 78.76 74.70 76.78 72.12 74.18 7135 7255 93.18 95.07 90.99 93.08 89.79 92.36 88.83 90.32
z, 73.61 76.07 71.62 73.77 66.83 69.02 65.54 67.13 90.60 93.06 88.61 90.76 82.86 85.58 81.26 83.24
M. Z, 72.81 73.78 70.83 72.48 66.44 68.12 65.15 66.57 89.80 90.78 87.81 89.46 82.38 84.46 80.78 82.54
z, 76.68 78.76 74.60 76.68 70.19 70.70 6851 69.80 92.68 94.77 90.60 92.68 87.02 87.66 84.94 86.54
M Z, 75.37 77.48 73.11 75.32 69.02 7031 67.73 69.02 91.37 93.48 89.11 91.32 85.58 87.18 83.98 85.58
z, 82.24 86.11 80.25 82.87 78.06 81.80 76.89 78.92 97.26 101.13 95.27 97.89 95.98 100.58 94.55 97.04
M Z, 81.15 84.02 78.76 81.31 77.28 80.51 7651 78.10 96.16 99.04 93.78 96.33 95.03 98.99 94.08 96.03
N 77.15 79.36 75.03 7170 73.75 7041 93.23 95.44 91.11 88.80 91.33 87.20
MxN M MxN M MxN M MxN M
M; 77.67 79.31 75.54 77.51 72.89 74.77 71.48 73.05 93.98 95.62 91.84 93.81 90.75 93.08 88.99 90.94
M, 73.21 74.93 7123 73.12 66.64 68.57 65.35 66.85 90.20 91.92 88.21 90.11 82.62 85.02 81.02 82.89
M Ms 76.03 78.12 73.85 76.00 69.60 7051 68.12 69.41 92.03 94.13 89.85 92.00 86.30 87.42 84.46 86.06
Y 81.69 85.06 79.51 82.09 7767 81.15 76.70 7851 96.71 100.09 94.52 97.11 95.50 99.79 94.31 96.54
NxZ z NxZ z NxZ z NxZ z
Z 77.75 80.20 75.71 77.89 72.19 74.22 70.64 72.35 93.83 96.28 91.79 93.97 89.40 91.91 87.48 89.59
z Z, 76.55 78.51 74.35 76.47 7122 73.28 70.19 71.56 92.63 9459 90.42 92,55 88.20 90.75 86.92 88.62
Control 65.19 63.99 80.40 75.34
SEm+ CDat5% SEm+ CDat5% SEmz CDat5% SEmz CDat5%
M 0.99 331 058 2,01 064 221 057 1.96
N 0.96 219 0.64 191 0.95 2.13 0.98 2.34
z 0.66 NS 0.64 NS 0.92 NS 077 NS
Mx N 1.93 NS 127 NS 1.89 NS 1.96 NS
MxZ 1.33 NS 1.29 NS 1.85 NS 154 NS
NxZ 1.15 NS 112 NS 1.60 NS 133 NS
MxNxZ 2.30 NS 2.23 NS 3.20 NS 2.66 NS
Control vs Rest 352 6.08 2.13 3.68 2.34 4.05 2.08 3.60
NOTE:
NS : Non significant
Main plot : Soil nitrogen management (M) M:; : 100 % RDF (ZnSO,.7H,0 @ 25 kg ha™) M, : 75% RDN M; : 100 % RDN M, : 125 % RDN
Sub plot : Foliar spray of nano nitrogen (N) Ny : FSofnano N @ 2000 ppm N2 : FSofnano N @ 4000 ppm N3 : FSof nano N @ 6000 ppm

Sub-sub plot : Foliar spray of nano zinc (2) Z; : FSof nano Zn @ 2000 ppm Z; : FSofnano Zn @ 3000 ppm




Table 3: Number of tillers per hill at panicle initiation and harvest of paddy stages as influenced by different levels of nitrogen along
with foliar spray of nano nitrogen and nano zinc during rabi (pooled 2021 and 2022) and kharif (2021)

Panicle initiation At harvest
MxXNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022 Kharif -2021
N; N, N3 MxZ N; N, N3 MxZ N; N, N, MxZ N; N, N3 MxZ
Z; 14.71 1555 13.87 14.71 13.02 13.91 12.13 13.02 17.07 18.01 16.13 17.07 15.21 16.25 14.16 15.21
M Z, 14.47 15.31 13.75 14.51 12.76 13.66 12.00 12.81 16.81 17.72 15.98 16.84 14.91 15.95 14.01 14.96
Z; 12.42 13.38 11.58 12.46 10.59 11.62 9.70 10.64 1453 15.60 1357 1457 12.37 1357 11.33 12.42
M: Z, 11.94 13.02 11.46 12.14 10.08 11.23 9.57 10.30 14.00 15.19 13.47 1422 11.78 13.12 11.18 12.03
Z; 13,50 14.47 12.66 13.54 11.74 12.76 10.85 11.79 15.80 16.80 14.78 15.79 13.72 14.91 12.67 13.77
Ms Z, 13,50 14.71 12.30 13.50 11.74 13.02 10.47 11.74 15.73 17.07 14.40 15.73 13.72 15.21 12.22 13.72
Mo Z; 16.87 18.43 16.39 17.23 15.32 16.98 14.81 15.70 19.49 21.20 1893 19.88 17.89 20.00 17.29 18.39
Z, 16.51 17.71 16.27 16.83 14.93 16.21 14.68 15.27 19.07 20.41 18.81 19.43 17.44 19.10 17.14 17.89
N 14.24 15.32 1353 12.52 13.67 11.77 16.56 17.75 15.76 14.63 16.01 13.75 14.24
MxN M MxN M MxN M MxN M
My 1459 15.43 13.81 14.61 12.89 13.78 12.06 12.91 16.94 17.87 16.06 16.95 15.06 16.10 14.09 15.08
M M. 12.18 13.20 11.52 12.30 10.34 11.42 9.64 10.47 14.26 15.39 1352 14.39 12.08 13.34 11.26 12.22
M3 13,50 1459 12.48 13.52 11.74 12.89 10.66 11.76 15.77 16.93 1459 15.76 13.72 15.06 12.45 13.74
M, 16.69 18.07 16.33 17.03 15.13 16.59 14.74 15.49 19.28 20.80 18.87 19.65 17.67 19.55 17.22 18.14
NxZ z NxZ z NxZ z NxZ z
Z; 9.80 10.69 9.18 9.89 8.96 9.22 8.77 8.98 14.38 15.46 13.62 14.49 12.67 13.82 11.87 12.79
‘ Z, 9.58 10.47 9.04 9.69 8.84 9.10 8.71 8.89 14.11 15.19 13.44 14.25 12.38 1353 11.68 12,53
Control 4.90 485 9.42 9.80
SEm+ CDat5 % SEm+ CDat5 % SEm+ CD at5 % SEm+ CD at5%
M 0.13 0.45 0.15 054 0.22 0.77 0.16 0.54
N 0.11 032 0.07 0.21 0.20 0.58 0.19 0.56
z 0.09 NS 0.09 NS 0.15 NS 0.10 NS
MxN 0.21 NS 0.14 NS 0.39 NS 0.38 NS
Mx Z 0.17 NS 0.18 NS 0.29 NS 0.21 NS
NxZ 0.15 NS 0.15 NS 0.25 NS 0.18 NS
MxNxZ 0.30 NS 0.31 NS 0.50 NS 0.36 NS
Control vs Rest 0.48 0.83 057 0.98 0.81 1.41 0.58 1.00
NOTE:
NS : Non significant
Main plot Soil nitrogen management (M) M, 100 % RDF (ZnSO,.7H,0 @ 25 kg ha™) M, 75 % RDN 100 % RDN M, : 125 % RDN
Sub plot Foliar spray of nano nitrogen (N) Ny FS of nano N @ 2000 ppm N2 FS of nano N @ 4000 ppm FS of nano N @ 6000 ppm
Sub-sub plot Foliar spray of nano zinc (2) Z; FS of nano Zn @ 2000 ppm Z; FS of nano Zn @ 3000 ppm




Table 4: Total dry matter production (g hill") at flowering and harvest stages of paddy as influenced by different levels of nitrogen
along with foliar spray of nano nitrogen and nano zinc

Panicle initiation At harvest
MxNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022 Kharif -2021
N; N, N3 MxZ N; N, N3 MxZ N; N, N, MxZ N; N, N3 MxZ
M Z; 25.79 27.02 24.60 25.80 23.47 24.59 22.39 23.48 64.94 68.06 61.95 64.98 61.03 63.96 58.23 61.07
! 2, 25.18 26.37 25.57 25.71 22.92 24.00 22.28 23.06 63.42 66.41 64.39 64.74 59.61 62.42 60.52 60.85
M Z; 22.71 23.30 22.71 22.75 20.31 20.83 20.30 20.34 59.27 60.79 59.26 59.37 55.66 57.09 55.66 55.76
Z, 22.47 22.66 22.24 22.62 20.09 20.26 19.89 20.22 58.65 59.14 58.04 59.01 55.08 55.54 54,51 55.43
M Z; 25.29 26.89 23.73 25.31 23.02 24.48 21.60 23.03 63.70 67.73 59.77 63.73 59.25 63.00 55.59 59.28
¥ Z, 24.63 26.45 23.41 24.83 22.41 24.07 21.31 22.60 62.02 66.62 58.96 62.53 57.69 61.97 54.84 58.17
M Z; 27.43 28.78 27.09 27.77 23.90 25.08 23.61 24.19 69.73 73.18 68.89 70.60 64.24 67.41 63.46 65.04
¢ 2, 26.62 28.63 26.78 27.34 23.19 24.94 23.33 23.82 67.69 72.80 68.09 69.52 62.36 67.06 62.72 64.05
N 25.02 26.26 24.52 22.41 23.53 21.84 63.68 66.84 62.42 59.37 62.31 58.19
MxN M MxN M MxN M MxN M
My 25.48 26.70 25.08 25.76 23.19 24.30 22.33 23.27 64.18 67.23 63.17 64.86 60.32 63.19 59.37 60.96
M M, 22.59 22.98 22.48 22.68 20.20 20.55 20.10 20.28 58.96 59.96 58.65 59.19 55.37 56.32 55.09 55.59
M3 24.96 26.67 23.57 25.07 22.72 24.27 21.45 22.81 62.86 67.17 59.36 63.13 58.47 62.48 55.22 58.72
M, 27.02 28.70 26.93 27.55 23.55 25.01 23.47 24.01 68.71 72.99 68.49 70.06 63.30 67.24 63.09 64.54
NxZ z NxZ z NxZ z NxZ z
. Z; 25.30 26.50 24.42 25.41 22.67 23.74 21.87 22.76 64.41 67.44 62.16 64.67 60.05 62.87 57.95 60.29
Z, 24.73 26.03 24.62 25.12 22.16 23.32 21.81 22.43 62.94 66.24 62.67 63.95 58.68 61.75 58.44 59.62
Control 17.94 18.46 47.33 47.25
SEm+ CDat5 % SEm+ CDat5 % SEm+ CD at5 % SEm+ CD at5%
M 0.23 0.81 0.34 1.16 0.67 2.33 0.51 1.78
N 0.34 1.02 0.23 0.70 0.66 1.98 0.68 2.03
z 0.28 NS 0.19 NS 0.64 NS 0.55 NS
MxN 0.68 NS 0.47 NS 1.32 NS 1.35 NS
MxZ 0.57 NS 0.37 NS 1.28 NS 1.10 NS
NxZ 0.49 NS 0.32 NS 111 NS 0.95 NS
MxNxZ 0.98 NS 0.65 NS 2.21 NS 1.91 NS
Control vs Rest 0.86 1.48 1.24 2.14 2.48 4.28 1.89 3.26
NOTE:
NS : Non significant
Main plot Soil nitrogen management (M) M, 100 % RDF (ZnS0,.7H,0 @ 25 kg ha®) M, 75 % RDN M3 100 % RDN M, : 125 % RDN
Sub plot Foliar spray of nano nitrogen (N) [\ FS of nano N @ 2000 ppm N2 FS of nano N @ 4000 ppm N3 FS of nano N @ 6000 ppm
Sub-sub plot Foliar spray of nano zinc (2) Z; FS of nano Zn @ 2000 ppm Z; FS of nano Zn @ 3000 ppm




Table 5:

Leaf chlorophyll content (SPAD) at active tillering, panicle initiation and flowering stages of paddy as influenced by different
levels of nitrogen along with foliar spray of nano nitrogen and nano zinc

Active tillering Panicle initiation Flowering
MxNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021
N: N, Ns MxZ N: N, N3 MxZ N: N, N3 MxZ N: N, N3 MxZ N: N, N3 MxZ Ny N, N3 MxZ
Z; 30.07 | 3098 | 29.53 | 30.19 | 27.42 | 28.31 | 26.89 | 27.54 | 41.15 | 4254 | 40.71 | 41.46 | 38.28 | 39.44 | 3758 | 3843 | 44.07 | 4559 | 43.70 | 44.45 | 4058 | 41.90 | 39.80 | 40.76
M 2, 29.60 | 30.60 | 29.38 | 29.86 | 26.97 | 27.94 | 26.75 | 27.22 | 40.55 | 41.99 | 40.33 | 4096 | 37.68 | 38.96 | 37.40 | 38.01 | 43.45 | 45.03 | 43.32 | 4393 | 3991 | 41.35 | 39.59 | 40.28
Z; 28.16 | 2862 | 27.60 | 28.13 | 25.47 | 2591 | 2492 | 2543 | 38.60 | 39.43 | 37.77 | 3860 | 35.85 | 36.43 | 3513 | 3581 | 41.43 | 42.33 | 4062 | 41.46 | 3846 | 39.13 | 37.63 | 3840
M: Z, 27.84 | 2845 | 2754 | 27.94 | 25.16 | 25.74 | 24.86 | 2525 | 38.35 | 39.22 | 3740 | 3833 | 3544 | 36.21 | 3506 | 3557 | 41.16 | 42.11 | 4025 | 41.18 | 37.98 | 38.87 | 37.54 | 38.13
Z; 29.79 | 3062 | 28.91 | 29.77 | 27.75 | 28.56 | 26.89 | 27.73 | 40.75 | 41.96 | 39.93 | 40.88 | 37.92 | 38.98 | 36.80 | 37.90 | 43.70 | 45.00 | 42.89 | 43.86 | 4051 | 41.69 | 39.27 | 40.49
Ms Z, 29.49 | 3020 | 28.81 | 29.50 | 27.45 | 28.14 | 26.79 | 27.46 | 40.41 | 41.45 | 39.80 | 4055 | 37.53 | 38.44 | 36.67 | 3755 | 43.35 | 44.47 | 4276 | 4353 | 40.08 | 41.09 | 39.11 | 40.09
Z; 31.65 | 32.04 | 31.27 | 31.65 | 29.26 | 29.64 | 28.88 | 29.26 | 43.58 | 44.24 | 43.25 | 4369 | 40.30 | 40.79 | 39.80 | 40.30 | 46.62 | 47.40 | 46.38 | 46.80 | 42.72 | 43.27 | 42.17 | 42.72
M Z, 31.46 | 31.86 | 31.16 | 31.49 | 29.07 | 29.46 | 28.78 | 29.10 | 43.40 | 44.03 | 43.04 | 43.49 | 40.05 | 40.56 | 39.66 | 40.09 | 46.43 | 47.17 | 46.16 | 4659 | 42.44 | 43.01 | 42.02 | 42.49
N 29.76 | 3042 | 29.27 27.32 | 27.96 | 26.85 40.85 | 41.86 | 40.28 37.88 | 38.73 | 37.26 43.78 | 44.89 | 43.26 4034 | 41.29 | 39.64
MxN M MxN M MxN M MxN M MxN M MxN M
M, 29.84 | 30.79 | 29.45 | 30.03 | 27.19 | 28.12 | 26.82 | 27.38 | 40.85 | 42.26 | 4052 | 4121 | 37.98 | 39.20 | 3749 | 3822 | 43.76 | 4531 | 4351 | 44.19 | 40.25 | 41.62 | 39.69 | 40.52
M. 28.00 | 2853 | 27.57 | 28.04 | 25.31 | 25.83 | 24.89 | 2534 | 38.48 | 39.33 | 3759 | 38.46 | 35.65 | 36.32 | 3510 | 3569 | 41.30 | 42.22 | 4043 | 4132 | 38.22 | 39.00 | 37.59 | 38.27
M M3 29.64 | 3041 | 28.86 | 29.64 | 27.60 | 28.35 | 26.84 | 27.60 | 40.58 | 41.71 | 39.87 | 40.72 | 37.73 | 38.71 | 36.74 | 37.72 | 4352 | 44.74 | 42.82 | 4369 | 40.29 | 41.39 | 39.19 | 40.29
M, 3156 | 31.95 | 31.21 | 31.57 | 29.17 | 2955 | 28.83 | 29.18 | 43.49 | 44.13 | 43.15 | 4359 | 40.17 | 40.67 | 39.73 | 40.19 | 46,53 | 47.29 | 4627 | 46.69 | 4258 | 43.14 | 42.09 | 42.60
NxZ z NxZ z NxZ z NxZ z NxZ z NxZ z
Z; 29.92 | 3057 | 29.33 | 29.94 | 27.47 | 28.10 | 26.90 | 27.49 | 41.02 | 42.04 | 4041 | 4116 | 38.09 | 38.91 | 37.33 | 38.11 | 43.96 | 45.08 | 43.40 | 44.14 | 4057 | 4150 | 39.71 | 40.59
z Z, 29.60 | 30.28 | 29.22 | 29.70 | 27.16 | 27.82 | 26.79 | 27.26 | 40.68 | 41.67 | 40.14 | 40.83 | 37.68 | 38.54 | 37.20 | 37.80 | 43.60 | 44.70 | 43.12 | 43.80 | 40.10 | 41.08 | 39.57 | 40.25
Control 25.07 24.86 31.06 29.38 35.14 33.44
SEmz+ CDat5 % SEmz+ CDat5 % SEm+ CDat5 % SEmz+ CDat5 % SEmz+ CDat5 % SEmz+ CDat5 %
M 0.40 1.39 0.28 0.98 0.58 2.01 0.38 1.30 0.36 1.23 0.25 0.85
N 0.25 0.75 0.19 058 0.36 1.00 0.28 0.82 0.31 0.94 0.33 0.90
z 0.26 NS 0.29 NS 0.40 NS 0.35 NS 0.43 NS 0.38 NS
MxN 0.50 NS 0.39 NS 0.72 NS 0.76 NS 0.63 NS 0.85 NS
Mx Z 053 NS 0.58 NS 0.80 NS 0.70 NS 0.85 NS 0.76 NS
NxZ 0.46 NS 0.50 NS 0.69 NS 0.60 NS 0.74 NS 0.66 NS
MxN x Z 0.92 NS 1.01 NS 1.38 NS 1.21 NS 1.47 NS 1.32 NS
Control vs Rest 1.47 255 1.04 1.79 213 3.69 1.38 239 1.31 227 0.90 156
NOTE:
NS : Non significant
Main plot Soil nitrogen management (M) M, 100 % RDF (ZnSO,.7H,0 @ 25 kg ha™) M, 75 % RDN M3 100 % RDN M, : 125 % RDN
Sub plot Foliar spray of nano nitrogen (N) Ny : FSofnano N @ 2000 ppm N2 FS of nano N @ 4000 ppm N3 FS of nano N @ 6000 ppm
Sub-sub plot Foliar spray of nano zinc (2) Z; : FSof nano Zn @ 2000 ppm Z; FS of nano Zn @ 3000 ppm




Table 6: Normalized Difference Vegetation Index (NDVI) at active tillering, panicle initiation and flowering stages of paddy as
influenced by different levels of nitrogen along with foliar application of nano nitrogen and nano zinc

Active tillering Panicleinitiation Flowering
MxNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021
N; N, N3 MxZ Ny N, N3 MxZ N; N, N3 MxZ N, N, N, MxZ N; N, N3 MxZ N; N, N3 MxZ
Z; 051 | 053 | 049 0.51 0.47 | 049 | 045 | 047 0.69 | 073 | 0.66 0.69 0.63 | 067 | 061 | 063 081 | 0.84 | 078 0.81 075 | 079 | 072 | 0.75
M Z, 049 | 052 | 048 0.50 045 | 048 | 045 | 046 0.67 | 070 | 0.65 0.67 061 | 064 | 060 | 062 079 | 0.82 | 077 080 | 073 | 076 | 0.71 | 0.74
Z; 042 | 043 | 040 0.42 0.38 | 039 | 037 0.38 059 | 061 | 057 0.59 051 | 054 | 050 | 052 073 | 076 | 073 074 | 062 | 064 | 0.60 | 0.62
M. Z, 041 | 043 | 039 0.41 0.37 | 039 | 036 | 037 058 | 060 | 0.56 058 | 050 | 053 | 049 | 051 072 | 075 | 071 073 | 061 | 064 | 059 | 0.61
Z 0.47 | 048 | 046 0.47 043 | 044 | 042 0.43 0.65 | 067 | 0.64 0.65 | 058 | 060 | 057 | 059 077 | 082 | 075 078 | 070 | 071 | 0.68 | 0.70
M Z, 0.46 | 047 | 046 0.46 042 | 043 | 042 0.42 0.63 | 065 | 0.64 064 | 057 | 058 | 058 | 058 078 | 077 | 074 0.77 067 | 070 | 067 | 0.68
Z; 054 | 056 | 052 0.54 049 | 052 | 048 | 050 0.73 | 076 | 0.70 073 | 068 | 071 | 0.66 | 068 086 | 0.88 | 085 086 | 082 | 0.86 | 0.80 | 0.83
Ma Z, 053 | 055 | 051 0.53 049 | 051 | 047 0.49 0.72 | 0.74 | 0.69 0.72 0.67 | 070 | 065 | 067 084 | 0.87 | 082 084 | 080 | 084 | 0.78 | 0.81
N 0.47 | 050 | 046 0.44 | 046 | 043 0.65 | 068 | 0.64 059 | 062 | 058 078 | 0.81 | 076 0.70 | 074 | 0.68
MxN M MxN M MxN M MxN M MxN M MxN M
M, 050 | 052 | 048 0.50 0.46 | 048 | 045 | 046 0.68 | 072 | 0.65 0.68 | 062 | 065 | 0.60 | 063 080 | 0.83 | 078 080 | 074 | 078 | 0.72 | 0.75
M, 041 | 043 | 040 0.41 0.38 | 039 | 037 0.38 058 | 060 | 057 058 | 051 | 053 | 050 | 051 073 | 075 | 072 073 | 061 | 064 | 0.60 | 0.62
M M3 0.46 | 048 | 046 0.47 042 | 043 | 042 0.43 0.64 | 066 | 0.64 065 | 058 | 059 | 057 | 058 077 | 079 | 075 0.77 069 | 070 | 068 | 0.69
M, 053 | 055 | 051 0.53 049 | 051 | 048 | 049 0.72 | 075 | 0.70 0.72 0.67 | 070 | 065 | 068 085 | 0.88 | 083 085 | 082 | 085 | 0.79 | 0.82
NxZ z NxZ z NxZ z NxZ z NxZ z NxZ z
2 Z 0.48 | 050 | 047 0.48 044 | 046 | 043 | 044 0.66 | 069 | 0.64 0.67 0.60 | 063 | 058 | 060 079 | 082 | 078 080 | 072 | 075 | 0.70 | 0.72
Z, 0.47 | 049 | 046 0.47 043 | 045 | 043 | 044 0.65 | 067 | 0.64 065 | 059 | 061 | 058 | 059 079 | 0.80 | 0.76 078 | 070 | 073 | 0.69 | 0.71
Control 0.28 0.26 0.43 .36 057 0.51
SEm+ CDat5 % SEmz* CDat5 % SEmz+ CD at5 % SEmz* CDat5 % SEmz+ CDat5% SEm+ CDat5 %
M 0.01 0.02 0.01 0.02 0.01 0.03 0.00 0.02 0.01 0.02 0.01 0.03
N 0.01 0.02 0.00 0.01 0.01 0.02 0.01 0.02 0.01 0.03 0.01 0.03
z 0.00 NS 0.00 NS 0.01 NS 0.01 NS 0.01 NS 0.01 NS
MxN 0.01 NS 0.01 NS 0.02 NS 0.01 NS 0.02 NS 0.02 NS
Mx Z 0.01 NS 0.01 NS 0.01 NS 0.01 NS 0.01 NS 0.01 NS
NxZ 0.01 NS 0.01 NS 0.01 NS 0.01 NS 0.01 NS 0.01 NS
MxNxZ 0.02 NS 0.01 NS 0.02 NS 0.02 NS 0.02 NS 0.02 NS
Control vs Rest 0.02 0.03 0.02 0.04 0.03 0.05 0.02 0.03 0.02 0.04 0.03 0.05
NOTE:
NS : Non significant
Main plot Soil nitrogen management (M) M, 100 % RDF (ZnSO,.7H,0 @ 25 kg ha™) M, 75 % RDN M3 100 % RDN M, : 125 % RDN
Sub plot Foliar spray of nano nitrogen (N) Ny FS of nano N @ 2000 ppm N2 FS of nano N @ 4000 ppm N3 FS of nano N @ 6000 ppm
Sub-sub plot Foliar spray of nano zinc (2) Z; FS of nano Zn @ 2000 ppm Z; FS of nano Zn @ 3000 ppm




Table 7: Grain yield and straw yield of paddy as influenced by different levels of nitrogen with foliar spray of nano nitrogen and nano
zinc during rabi (pooled 2021 and 2022) and kharif (2021)

Grain yield (kg ha™) Straw yield (kg ha™)
MxNxZ Rabi (Pooled 2021 and 2022) Kharif -2021 Rabi (Pooled 2021 and 2022) Kharif -2021
Ny N, N3 MxZ Ny N, N3 MxZ Ny N, N3 MxZ Ny N, N3 MxZ
M Z 5480 5743 5377 5533 5213 5463 5115 5264 6684 7003 6559 6749 6412 6720 6292 6474
! Z, 5352 5604 5352 5436 5091 5331 5091 5171 6529 6834 6528 6630 6262 6557 6262 6360
Z 5246 5380 5137 5254 4979 5107 4877 4988 6400 6563 6269 6411 6175 6333 6047 6185
Mz Z, 5191 5234 5051 5159 4927 4969 4794 4897 6334 6386 6164 6295 6110 6161 5945 6072
M Z 5375 5716 5188 5426 5113 5437 4935 5162 6557 6969 6330 6619 6290 6688 6070 6349
: Z, 5234 5622 5118 5325 4979 5348 4868 5065 6386 6856 6245 6496 6124 6578 5988 6230
Z 5580 5856 5670 5702 5330 5594 5416 5447 6742 7074 6850 6889 6503 6824 6608 6645
Mq Z, 5417 5825 5604 5615 5174 5564 5353 5364 6544 7037 6770 6784 6312 6789 6531 6544
N 5359 5623 5312 5101 5352 5056 6522 6840 6465 6273 6581 6218
MxN M MxN M MxN M MxN M
M, 5416 5674 5364 5485 5152 5397 5103 5217 6606 6918 6544 6690 6337 6638 6277 6417
M, 5218 5307 5094 5206 4953 5038 4836 4942 6367 6475 6217 6353 6142 6247 5996 6129
M M; 5305 5669 5153 5375 5046 5393 4901 5113 6472 6913 6288 6557 6207 6633 6029 6290
M, 5499 5841 5637 5659 5252 5579 5385 5405 6643 7056 6810 6836 6408 6807 6569 6595
NxZ z NxZ z NxZ z NxZ z
5 [ Z 5420 [ 5674 | 5343 5479 5159 | 5400 [ 5086 5215 6596 | 6902 [ 6502 6667 6345 | 6641 | 6254 6413
| Z 5208 | 5571 | 5281 5384 5043 | 5308 | 5027 5124 6448 | 6778 | 6427 6551 6202 | 6521 | 6181 6302
Control 3688 3668 4588 4569
SEm+ CDat5% SEm+ CDat5% SEmz CDat5% SEmz CDat5%
M 81.53 293.53 82.89 295.35 90.08 311.72 91.25 320.83
N 58.37 175.00 55.82 167.36 82.76 248.11 68.65 205.83
z 51.43 NS 52.28 NS 6171 NS 63.46 NS
MxN 116.75 NS 111.65 NS 165.51 NS 137.31 NS
Mx Z 102.86 NS 104.56 NS 123.42 NS 126.92 NS
NxZ 89.08 NS 90.55 NS 106.88 NS 109.92 NS
MxNxZ 178.16 NS 181.11 NS 213.77 NS 219.83 NS
Control vs Rest 262.82 454.74 164.95 285.40 330.98 572.66 192.00 332.20
NOTE:
NS : Non significant
Main plot Soil nitrogen management (M) M, 100 % RDF (ZnSO4.7H,0 @ 25 kg ha™) M 75 % RDN M3 100 % RDN My : 125 % RDN
Sub plot Foliar spray of nano nitrogen (N) Ny FS of nano N @ 2000 ppm N2 FS of nano N @ 4000 ppm N3 FS of nano N @ 6000 ppm
Sub-sub plot Foliar spray of nano zinc (2) Z; FS of nano Zn @ 2000 ppm Z; FS of nano Zn @ 3000 ppm







