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Impact of Nanofertilizers on Soil Microbial Populations

Abstract:

A field experiment was conducted at Zonal Agricultural Research Station, GKVK, Bengaluru
during 2019 and 2020 to know the Impact of Nanofertilizers on Soil Microbial Populations. The
experiment was laid out in Randomized Complete Block Design (Factorial concept) with two
factors [Factor | -Seed treatment) [Factor Il (F- foliar application of nutrients at ray floret stage)
with two control C1 : Recommended dose of fertilizers (RDF) only and C> : Recommended
package of practices (RPP) treatments replicated thrice. In this experiment treatment seed priming
with 1500 ppm nano boron nitride (Green synthesized particle) + foliar application of 600 ppm
nano sulphur (GsP) + 1500 ppm nano boron nitride (Green synthesized particle) significantly
recorded higher dehydrogenase enzyme (2.61 g g TPF g h't), microbial population (13.1x10°,
22.4x10%, 12.5x10% 12.0x10* and 8.8x10* cfu/g of soil of bacteria, fungi, actinomycetes,
azotobacter and PSB, respectively) but azospirillum population was found to be non significant.
The same treatment also recorded higher plant growth and yield compared to other treatments.

Introduction

The agriculture sector is experiencing enormous problems, such as feeding a growing global
population, reducing environmental impact, and adapting to climate change [1]. Traditional
farming approaches, while previously effective, are now becoming insufficient and unsustainable
in addressing these needs. Fertiliser management is one of the crucial areas that need innovation,
with a focus on nutrient application efficiency and environmental effect [2].

Nanotechnology appears as a transformational answer in this environment, providing unique
techniques to improve fertiliser distribution, efficiency, and sustainability. Scientists and
agricultural specialists are creating nano-fertilizers by manipulating materials at the nanoscale,
with the potential to revolutionise crop output and soil health [3]. These sophisticated fertilisers
may release nutrients in a regulated manner, distribute them to particular plant tissues, and greatly
minimise nutrient loss due to leaching and volatilization [4].

Microbial activity in soil plays a pivotal role in the functioning of terrestrial ecosystems and the
sustainability of agricultural practices [5]. Soil microbes, including bacteria, fungi, archaea, and
protozoa, are essential for numerous biogeochemical processes that influence soil health, plant
growth, and crop productivity [6]. These microorganisms drive nutrient cycling, organic matter



decomposition, soil structure formation, and disease suppression, thereby directly impacting
agricultural productivity and environmental quality [5,6].

The dynamic interactions between soil microorganisms and their environment underpin the
fertility of soils. Microbial communities contribute to the breakdown of organic matter, releasing
essential nutrients such as nitrogen, phosphorus, and sulfur in forms that are accessible to plants.
Additionally, certain microbes form symbiotic relationships with plants, enhancing nutrient uptake
and providing resilience against biotic and abiotic stresses [7].

In recent years, the significance of microbial activity in soil has gained renewed attention, driven
by the need for sustainable agricultural practices and the pressing challenges of climate change
[2,7]. The over-reliance on chemical fertilizers and pesticides has led to soil degradation, loss of
biodiversity, and environmental pollution. Harnessing the potential of soil microbes offers a
promising pathway to restore soil health, improve crop yields, and reduce the environmental
footprint of agriculture[8].

When nanoparticles enter the soil, they do not remain inert. Instead, they engage with various
microorganisms, including bacteria, fungi, archaea, and protozoa, which are integral to soil health
and ecosystem functions [9]. These interactions can have profound implications for both soil
biology and the overall efficacy of nano-fertilizers. The presence of nanoparticles in soil layers
can elicit a range of responses from the microbial inhabitants, leading to a spectrum of ecological
and biological outcomes [10].

The interaction between nanoparticles and soil microorganisms can manifest in several ways:
Nanoparticles can stimulate microbial activity by providing additional surfaces for colonization
and by facilitating the release of nutrients [11]. This can boost key soil processes such as nitrogen
fixation, phosphorus solubilization, and organic matter decomposition, ultimately improving soil
fertility and plant growth. Conversely, some nanoparticles may exhibit antimicrobial properties,
inhibiting the growth and metabolic functions of certain microorganisms [3,12]. This inhibition
can disrupt essential microbial-mediated processes, potentially leading to reduced soil fertility and
adverse effects on plant health. The introduction of nanoparticles can shift the composition and
diversity of soil microbial communities [13]. Some microorganisms may thrive, while others may
be suppressed or outcompeted. These changes can affect the overall functionality and resilience of
soil ecosystems.

Microorganisms can interact with nanoparticles, leading to their biotransformation. This process
can alter the chemical properties and mobility of nanoparticles, influencing their persistence in the
soil and their bioavailability to plants and other soil organisms. Microbial activity can also affect
the aggregation and dispersion of nanoparticles, impacting their distribution within the soil matrix
[14]. The overall impact of nanoparticles on soil health depends on the balance between their
beneficial and detrimental effects on microbial communities. Enhanced microbial activity and
diversity can improve soil structure, nutrient cycling, and plant productivity [1,15]. However,
negative impacts on key microbial functions could lead to soil degradation and reduced agricultural
output.



The impact of nanoparticles in the soil is significantly influenced by the soil type and the intrinsic
properties of the nanoparticles. Depending on their bioavailability, nanoparticles may exhibit
strong interactions with charged particles present in the soil, dissolve in the soil's water content, or
be absorbed by various soil-dwelling organisms [6,8]. Beyond soil, nanoparticles can also migrate
to other environments, including sediments and aquatic systems. The physicochemical properties
of nanoparticles, such as size, shape, chemical composition, and surface characteristics, play a
pivotal role in determining their behavior in soil, as these attributes considerably affect their
electrical, optical, and catalytic properties. Additionally, nanoparticle surfaces are often
functionalized with inorganic or organic ligands and other polymeric surfactants to enhance
colloidal stability, which influences their interactions with soil particles, including the formation
of colloidal solutions in soil water and aggregation [9,15]. All nanoparticles undergo processes
such as aging, chemical transformation, aggregation, and disaggregation within the soil
environment. Hence present investigation was conducted to know the impact of nanoparticles on
soil microbes.

2. Materials and methods:

A field experiment was conducted at Zonal Agricultural Research Station, GKVK, Bengaluru
during 2019 and 2020 to know the Impact of Nanofertilizers on Soil Microbial Populations. The
experiment was laid out in Randomized Complete Block Design (Factorial concept) with two
factors [Factor | (S - Seed treatment) S : Seed priming with nano sulphur - 600 ppm (GsP*), S :
Seed priming with nano sulphur - 750 ppm (CP**), Sz : Seed priming with nano boron - 1500 ppm
(GsP) and S4 : Seed priming with nano boron - 2000 ppm (CP)], [Factor Il (F — foliar application
of nutrients at ray floret stage) F1 : Nano sulphur - 600 ppm (GsP), F2 : Nano sulphur - 750 ppm
(CP), F3: Nano boron - 1500 ppm (GsP), F4 : Nano boron - 2000 ppm (CP), Fs : Nano sulphur 600
ppm + Nano boron - 1500 ppm (GsP) and Fs : Nano Sulphur - 750 ppm + Nano boron - 2000 ppm
(CP)] with two control C1 : Recommended dose of fertilizers (RDF) only and C> : Recommended
package of practices (RPP) treatments replicated thrice. Note [GsP: Green synthesised nano
particle; **CP : Commercially available nanoparticle; RDF : (N:P20s :K20 90:90 : 62.5 kg ha*) +
Farm yard manure (7.5 t hat) common for all treatments; RPP : RDF + soil application of ZnSO.
(10 kg ha!) and Borax (15 kg ha) + Foliar application of borax 2000 ppm (0.2%) at ray floret
stage].Sunflower was sown in a plot size of 5.4 m x 4.8 m with a distance between row to row (60
cm) and plant to plant (30 cm). The various parameters recorded by using following methods.

2.1 Plant height (cm)

The plant height was recorded from the randomly selected five plants in each treatment at base of
plant to the growing tip or point of attachment of the capitulum at 30, 60, 90 DAS and at the time
of harvest by using a measuring scale and the average height of the plants in each plot is obtained.

2.2 Plant analysis

Treatment wise plant samples were collected by uprooting the entire plant carefully. The
samples were dried in shade and then oven-dried at 65 °C. Then the plant samples were weighed
to record dry matter accumulation in different plant parts and then powdered separately into leaves,



stem and reproductive parts with the help of a grinder and stored in butter paper bags. The samples
were analyzed for nitrogen, phosphorus and potassium, uptake in seed and stalk at harvest stage,
determined by following standard procedures and expressed as total uptake of nutrients.

2.3 Methodology used for plant analysis

List 1 : Use of Nitrogen, phosphorus and potassium for plant analysis

Preparation of sample A destructive plant sample for dry weight estimation was
used for plant analysis. nitrogen, phosphorus, potassium
content in the whole plant was analyzed at the end.

Nitrogen uptake Nitrogen uptake on a dry weight basis was determined by

(kg ha™) modified Kjeldahl’s method [20]

Phosphorus uptake Plant samples were digested with a triacid mixture. The

(kg ha™) phosphorus uptake on a dry weight basis was determined
g by vanadomolybdic phosphoric acid yellow colour method

in HNOs system [21]
Potassium uptake Potassium uptake on a dry weight basis was determined by
(kg ha!) feeding digested plant samples to flame photometer [21]

2.4 Nutrient uptake by plant

Based on the nutrient content of plants and dry matter production, uptake of nutrients were
worked out by using the following formula.

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

Macronutrient uptake (kg ha™1) =

2.5 Seed yield per hectare (kg ha?)

Capitulums in the net plot were harvested, seeds were separated by hand threshing, dried and
weighed at 8 per cent moisture. Seed yield was computed per hectare (kg ha) based on the area
of each net plot.

2.6 Microbial population

The microorganisms from the soil samples before and after harvest of the crop were enumerated
by using different media by standard serial dilution plating technique [15]. The population of
microorganisms were counted and expressed as the number of colony forming unit (CFU) per
gram of soil. Media used to enumerate different microorganisms were listed below

List 2 : Media used to enumerate different microorganisms



01 | Bacteria Nutrient agar

02 | Fungus MRBA
03 | Actinomycetes Kusters agar
04 | Azotobacter Waksman No. 77 media

05 | Phosphorus solubilising bacteria (PSB) | Pikovskaya’s media

06 | Azospirillum N free semi solid malate agar

2.7 Dehydrogenase activity

Dehydrogenase activity in the samples was determined by following the procedure described by
[8]. Five grams of sample was thoroughly mixed with 0.2 g of CaCO3, and transferred to test tubes.
One ml of 1.5 per cent aqueous solution of 2,3,5 triphenyl tetrazolium chloride (TTC) was added
to each tube. One ml of 1 per cent glucose solution and 8 ml of distilled water was added in such
away that it should form a thin film of water just above the sample layer. The tubes were stoppered
and incubated at 30°C for 24 hours. At the end of incubation, the contents in the tube were rinsed
down into a small beaker through Whatman No.15 filter paper. Repeated rinsing of sample with
methanol was continued till the filtrate ran free of red colour. The volume of the filtrate was made
up to 50 ml with methanol in a volumetric flask. The intensity of red colour was measured at 485
nm against a methanol blank using UV-VIS Spectrophotometer. The concentration of formazan
formed in samples was determined by using graded concentrations of formazan. The results were
expressed as microgram of triphenyl formazan (TPF) formed per gram of sample per hour.

2.8 Statistical analysis and interpretation of data

The data collected from the experiment at different phenological growth stages were subjected to
statistical analysis as described by [16]. The level of significance used in 'F' and ‘t’ test was 5 per
cent (P=0.05) or (F- test *) and 1 per cent (P=0.01) or (F- test **) for a laboratory experiment.
Wherever the F-test was found significant for comparison among treatment means, an appropriate
value of critical difference (CD) was worked out. Otherwise, the abbreviation NS was indicated
against the CD values.

3. Results and Discussion
3.1 Plant height

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
recorded significantly higher plant height (41.2, 249.2, 253.0 and 255.0 cm at 30, 60, 90 DAS and



at harvest stage, respectively). Results are inlined with [17] and [18]. Among different foliar
sprays, foliar application of 600 ppm of nano sulphur (GsP) + 1500 ppm of nano boron nitride
(GsP) recorded significantly higher plant height (44.0, 252.7, 257.9 and 259.9 cm at 30, 60, 90
DAS and at harvest stage, respectively). The interaction data on plant height revealed that seed
priming with 1500 ppm nano boron nitride (GsP) + foliar application of 600 ppm nano sulphur
(GsP) + 1500 ppm nano boron nitride (GsP) (SsFs) recorded significantly higher plant height at all
the stages (47.2, 261.5, 268.2 and 270.6 cm at 30, 60, 90 DAS and at harvest stage, respectively).
When compared with recommended practices, the best treatment (SsFs) recorded higher plant
height than control treatments (Table 1 and 2). The plant height increased to the extent of (92.6,
45.6, 47.8 and 48.3 per cent at 30, 60, 90 DAS and at harvest stage, respectively) over RPP. The
increased plant height is ascribed to the increase in nano boron nitride and sulphur (GsP) uptake
by sunflower due to higher available nutrients and enhanced cell size as results of addition at
sufficient levels [31]. Green synthesised nano boron nitride and sulphur were more effective in
increasing in cell size compared to commercially available nano boron nitride and sulphur.
Similarly, it is quite understandable that green synthesised nutrients regulated the nutrients slowly
and steadily to crop that may have facilitated for enhanced crop growth. [19], [36] revealed that
the profound influence of sulphur fertilization on growth and height of plant might be due to
increase in metabolic processes in plant, which have promoted meristematic activities causing
higher apical growth and photosynthetic area. Similar results were reported by [18], [37] and [20]
reported that foliar application of 220 ppm nano sulphur (GsP) in onion crop enhanced the plant
height.

Table 1: Plant height (cm) of sunflower at 30 and 60 DAS

30DAS 60 DAS
Treatments: 2019 | 2020 | Pooleddata |2019] 2020 | Pooled data
Factor |: Seed priming (S)
Su: Seed priming with nano sulphur-600 ppm (GsP*) 375 | 365 370 2426| 2405 2416
Sz: Seed priming with nano sulphur-750 ppm (CP**) 305 | 291 298 2295| 2287 229.1
Ss: Seed priming with nano boron-1500 ppm (GsP) 418 | 405 412 249.8| 2486 2492
Sa: Seed priming with nano boron-2000 ppm (CP) 335 | 325 330 2345| 2324 2335
SEmt 12 11 12 15| 14 14
CD (P=0.05) 36 34 37 46 | 42 43
Factor 11: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 305 | 294 300 2255| 2221 2238
F> : Nano sulphur-750 ppm (CP) 251 | 245 2438 2215| 2185 2200
F3 : Nano boron-1500 ppm (GsP) 378 | 371 375 2408| 2398 2403
F4 : Nano boron-2000 ppm (CP) 325 | 315 320 2358| 2326 2342
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 445 | 435 440 2535| 2518 252.7
Fs : Nano sulphur-750 ppm-+Nano boron-2000 ppm (CP) 397 | 395 396 2488| 2429 2459
SEmt 14 12 13 23| 21 19
CD (P=0.05) 42 36 4.1 69| 63 5.7
Interaction: (SxF)
SixF1 F1 : Nano sulphur-600 ppm (GsP) 2718 | 269 214 1985| 1955 197.0
Sixk ) .. |F2:Nano sulphur-750 ppm (CP) 2714 | 262 2638 1914| 1897 1906
SixFs V\S"?&\Sr?aendop;rl';ﬁgr Fs: Nanoboron-1500 ppm (GsP) | 328 | 323 326  |2287| 2267 2277
S1XFq 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 308 | 295 302 2205| 2155 2180
S1xFs Fs: F1+ F3 (GsP) 415 | 398 40.7 2515| 2508 2512
S1xFe Fs: F2+ F4 (CP) 352 | 348 350 2355| 2325 2340
SexF1 F1 : Nano sulphur-600 ppm (GsP) 291 | 283 287 2038| 2015 202.7




S x P > : Nano sulphur-750 ppm (CP) 265 | 258 262 1854| 1825 184.0
Sy xF3 Sy: Seed priming  |F3 : Nano boron-1500 ppm (GsP) 315 308 312 2225| 2205 2215
SoxFa with nano sulphur  |F4 : Nano boron-2000 ppm (CP) 295 | 287 291 204.7| 2024 203.6
S xFs 750ppm(CP)  |Fs: F1+ F3 (GsP) 376 | 371 374 |2425| 2418 2422
S2xFs Fs: F2+ F4 (CP) 345 | 345 345 2328| 2315 2322
SsxF 1 : Nano sulphur-600 ppm (GsP) 284 | 217 281 200.8| 1988 199.8
Ssx P2 ] .. [F2: Nanosulphur-750 ppm (CP) 275 | 265 270 1954| 1935 1945
SsxFs ijlm grt')rgr'gg s : Nanoboron-1500 ppm (GsP) | 331 | 325 328  |2208] 2287 2293
SsxF4 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 312 | 302 30.7 2218| 2176 219.7
SsxFs Fs: F1+ Fs (GsP) 475 | 468 472 2625| 2605 2615
SsxFs Fs: F2+ F4 (CP) 365 | 358 36.2 2395| 2375 2385
S xF F1 : Nano sulphur-600 ppm (GsP) 281 | 274 278 1995| 1978 198.7
Sax P ) .. |F2: Nano sulphur-750 ppm (CP) 271 | 261 266 1884| 1855 187.0
SuxFs i‘ﬁﬁg PAMINg I, Nano boron-1500 pom (GeP) | 321|315 318 |2254| 2245 | 2250
S4xFy 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 301 | 292 29.7 2058| 2035 204.7
SaxFs Fs: F1+ Fs (GsP) 394 | 388 391 2458| 2445 2452
SaxFs Fs: F2+ F4 (CP) 335 | 328 332 2304| 2295 2300
SEm+ 18 17 18 31| 29 2.7
CD (P=0.05) 55 5.2 5.6 93 | 88 8.1
Control plats: (C)
Ci1: Recommended dose of fertilizers (RDF) only 182 179 181 166.8| 1645 165.7
Cz: Recommended package of practices (RPP) 249 | 241 245 1804| 1788 1796
SEn+ 21 19 20 41| 39 38
CD (P=005) 6.3 58 6.1 124 | 118 115
F_ test * * * * * *
GsP: Green synthesised nano particle and **CP: Commercially available nano particle
RDF: (N:P205:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha'*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha™) and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage
Table 2: Plant height (cm) of sunflower at 90 DAS and at harvest stage
90 DAS At harvest
Treatments: Pooled Pooled
2019 2020 data 2019 2020 data
Factor I: Seed priming (S)
St : Seed priming with nano sulphur-600 ppm (GsP*) 2438 | 2415 242.7 245.7 2435 244.6
Sz: Seed priming with nano sulphur-750 ppm (CP**) 2302 | 2295 2299 2334 2305 2320
Ss: Seed priming with nano boron-1500 ppm (GsP) 2543 | 2516 2530 255.8 2541 255.0
Sy Seed priming with nano boron-2000 ppm (CP) 2378 | 2346 236.2 2398 2365 2382
SEmz+ 18 18 17 19 17 19
CD (P=0.05) 55 56 54 5.7 52 59
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 2286 | 2236 226.1 230.9 225.7 228.3
F> : Nano sulphur-750 ppm (CP) 2256 | 2198 2227 2278 2218 224.8
Fs : Nano boron-1500 ppm (GsP) 2439 | 2412 2426 2454 242.8 244.1
F4 : Nano boron-2000 ppm (CP) 239.7 | 2376 238.7 2418 238.7 240.3
Fs : Nano sulphur 600 ppm-+Nano boron-1500 ppm (GsP) 2588 | 256.9 2579 260.8 258.9 259.9
Fs : Nano sulphur-750 ppm-+Nano boron-2000 ppm (CP) 2508 | 2486 249.7 252.8 2511 2520
SEmz+ 23 22 23 24 23 23
CD (P=0.05) 6.9 6.6 6.9 72 6.9 6.9
Interaction: (SxF)
SixFy F1 : Nano sulphur-600 ppm (GsP) 2036 | 2015 | 2026 | 2062 | 2031 | 2047
Sixk _ . |F2rNano sulphur-750 ppm (CP) 1978 | 1922 195.0 199.1 1954 197.3
SixFs | ovSeed F’”T'Eg WIth =" Nano boron-1500 ppm (GsP) 2318 | 2311 | 2315 | 2358 | 2342 | 2350
S1xFy 6&?”;;: ?GLSJE,) F4 : Nano boron-2000 ppm (CP) 2246 2233 2240 228.7 2259 2213
S1xFs Fs: F1+ Fs (GsP) 2578 256.3 257.1 260.2 259.1 259.7
S1xFe Fs: F2+ F4 (CP) 239.8 238.7 239.3 243.7 2428 2433




SoxFu 1 : Nano sulphur-600 ppm (GsP) 2088 | 2078 [ 2083 [ 2121 | 2084 | 2103
SoxFa . [F2: Nanosulphur-750 ppm (CP) 1906 | 1878 | 1892 | 1924 | 1905 | 1915
SxF, |5 Seed p”T';]‘g With " Niano boron- 1500 ppm (GsP) 2278 | 2268 | 2273 | 2305 | 2287 | 2296
S xFs ol ;;mclg) F. - Nano boron-2000 ppm (CP) 2008 | 2087 | 2003 | 2128 | 2097 | 2113
SoxFs Fo: Fi+ Fs (GSP) 2469 | 2442 | 2456 | 2507 | 2487 | 2497
SexFe Fo: R+ Fs (CP) 2368 | 2359 | 2364 | 2410 | 2401 | 2406
SsxFu 1 : Nano sulphur-600 ppm (GsP) 2067 | 2056 | 2062 | 2087 | 2074 | 2081
SsxFa . [F2: Nanosulphur-750 ppm (CP) 2018 | 1998 | 2008 | 2034 | 2002 | 2018
SoxF, |5 Seed prt')’;“”g With " Niano boron- 1500 ppm (GsP) 2325 | 2315 | 2320 | 2371 | 2361 | 2366
S xFs 1588n;;)m g‘sp) F. - Nano boron-2000 ppm (CP) 258 | 2252 | 2255 | 2295 | 2268 | 2282
SsxFs Fo: Fu+ Fs (GSP) 2688 | 2675 | 2682 | 2714 | 2698 | 2706
Ssx Fe Fo: R+ Fs (CP) 2436 | 2428 | 2432 | 2477 | 2467 | 2472
SixFu 1 : Nano sulphur-600 ppm (GsP) 2045 | 2037 | 2041 | 2071 | 2057 | 2064
SixR . ... [F2: Nano sulphur-750 ppm (CP) 1932 | 1895 1914 1955 1928 194.2
SixFs | Sexd prt')'g“”g WIthiE " Nano boron-1500 ppm (GsP) 2298 | 2286 | 2292 | 2336 | 2324 | 2330
S%Fs | oo, gpmr?(r:]p) F. - Nano boron-2000 ppm (CP) 2118 | 2009 | 2109 | 2141 | 2108 | 2125
SixFs Fo: Fu+ Fs (GSP) 2488 | 2468 | 2478 | 2535 | 2521 | 2528
SixFs Fo: R+ Fs (CP) 2345 | 2336 | 2341 | 2381 | 2367 | 2374
SEm=+ 32 31 31 33 31 33
CD (P=005) 96 93 94 99 93 9.9
Control plots: (C)
Cy1: Recommended dose of fertilizers (RDF) only 1682 | 165.3 166.8 169.8 166.8 168.3
C.: Recommended package of practices (RPP) 1835 | 1792 1814 184.6 180.2 1824
SEm=+ 44 42 43 45 41 42
CD (P=005) 132 | 126 | 129 138 | 125 126
F_ test * * * * * *
GsP: Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Total nitrogen uptake (accumulation in seed and stalk)

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
significantly  recorded  higher nitrogen uptake (74.31, 31.85 and 106.2 kg
ha! in seed, stalk and total uptake, respectively). Among different foliar sprays, foliar application
of 600 ppm of nano sulphur (GsP) + 1500 ppm of nano boron nitride (GsP) significantly recorded
higher nitrogen uptake (77.0, 33.0 and 110 kg ha™ in seed, stalk and total uptake, respectively).
The interaction data on nitrogen uptake revealed that seed priming with 1500 ppm nano boron
nitride (GsP) + foliar application of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride
(GsP) (SsFs) significantly recorded higher nitrogen uptake (80.43, 34.47 and 114.9 kg ha! in seed,
stalk and total uptake, respectively) (Table 3 and 4). When compared with recommended practices,
the best treatment (SsFs) significantly recorded higher nitrogen uptake than control treatments.
Results were inlined with [22] and [23] and [24] revealed that application of nano boron nitride
will enhance the uptake of nitrogen in cotton crop.

Total phosphorus uptake (accumulation in seed and stalk)

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
significantly recorded higher phosphorus uptake (21.29, 11.46 and 32.75 kg ha! in seed, stalk and
total uptake, respectively). Among different foliar sprays, foliar application of 600 ppm of nano
sulphur (GsP) + 1500 ppm of nano boron nitride (GsP) significantly recorded higher phosphorus



uptake (21.61, 11.64 and 33.25 kg ha* in seed, stalk and total uptake, respectively). The interaction
data on phosphorus uptake revealed that seed priming with 1500 ppm nano boron nitride (GsP) +
foliar application of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride (GsP) (SsFs)
significantly recorded higher phosphorus uptake (22.30, 12.01 and 34.30 kg ha* in seed, stalk and
total uptake, respectively) (Table 5 and 6). When compared with recommended practices, the best
treatment (SsFs) significantly recorded higher phosphorus uptake than control treatments. Results
were inlined with [25], [26] and [27], [38] revealed that application of nano boron nitride will
enhance the uptake of phosphorous in cotton crop.

Total potassium uptake (accumulation in seed and stalk)

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
significantly recorded higher potassium uptake (22.71, 51.74 and 74.45 kg ha* in seed, stalk and
total uptake, respectively). Among different foliar sprays, foliar application of 600 ppm of nano
sulphur (GsP) + 1500 ppm of nano boron nitride (GsP) significantly recorded higher potassium
uptake (23.29, 53.06 and 76.35 kg ha in seed, stalk and total uptake, respectively). The interaction
data on potassium uptake revealed that seed priming with 1500 ppm nano boron nitride (GsP) +
foliar application of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride (GsP) (SsFs)
significantly recorded higher potassium uptake (24.16, 55.04 and 79.20 kg ha™* in seed, stalk and
total uptake, respectively) (Table 7 and 8). When compared with recommended practices, the best
treatment (SsFs) significantly recorded higher potassium uptake than control treatments. Similar
results were obtained by [28], [29] and [30]

Table 3: Nitrogen uptake in seed and stalk of sunflower

Seed (kg ha?) Stalk (kg ha®)
Treatments: 2019 2020 Pooled 2019 2020 Pooled
data data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 7175 | 71.05 | 71.40 | 30.75 | 3045 | 30.60
S2: Seed priming with nano sulphur-750 ppm (CP**) 66.85 | 65.87 | 66.36 | 28.65 | 28.23 28.44
Ss: Seed priming with nano boron-1500 ppm (GsP) 7476 | 7385 | 7431 | 32.04 | 3165 | 31.85
S4: Seed priming with nano boron-2000 ppm (CP) 68.95 | 68.25 | 68.60 | 29.55 | 29.25 | 29.40
SEmz 0.60 0.50 0.50 0.21 0.19 0.20
CD (P=0.05) 1.80 1.50 1.50 0.63 0.57 0.60
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 66.85 | 66.08 | 66.47 | 28.65 | 28.32 28.49
F2 : Nano sulphur-750 ppm (CP) 63.07 | 62.65 | 62.86 | 27.03 | 26.85 | 26.94
F3 : Nano boron-1500 ppm (GsP) 7196 | 7147 | 7172 | 30.84 | 30.63 | 30.74
F4 : Nano boron-2000 ppm (CP) 68.25 | 67.55 | 67.90 | 29.25 | 28.95 | 29.10
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 7735 | 76.65 | 77.00 | 33.15 | 32.85 33.00
Fs : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 7329 | 7315 | 7322 | 3141 | 3135 | 31.38
SEmz+ 0.90 0.80 0.90 0.43 0.38 0.41
CD (P=0.05) 2.70 2.40 2.80 1.29 1.14 1.24
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) | 64.96 | 64.33 | 64.65 | 27.84 | 27.57 27.71
Si1xF ) . |F2: Nano sulphur-750 ppm (CP) 64.68 | 63.84 | 6426 | 27.72 | 27.36 27.54
SixFs viilt-hsr?;r?op;:ﬂyr?gr Fs : Nano boron-1500 ppm (GsP) | 68.46 | 68.11 | 68.29 | 29.34 | 29.19 | 29.27
S1 X Fq 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 67.06 | 66.15 | 66.61 | 28.74 | 28.35 | 28.55
S1 %X Fs Fs: F1 + F3 (GsP) 73.78 | 73.36 | 73.57 | 31.62 | 31.44 | 3153
S1 % Fs Fe : F2 + F4 (CP) 70.14 | 69.86 | 70.00 | 30.06 | 29.94 | 30.00
Sex F1 F1 : Nano sulphur-600 ppm (GsP) | 65.87 | 65.31 | 65.59 | 28.23 | 27.99 28.11




S: x F F> : Nano sulphur-750 ppm (CP) | 64.05 | 63.56 | 63.81 | 27.45 | 27.24 | 27.35

Sz x F3 S2: Seed priming |F3 : Nano boron-1500 ppm (GsP) | 67.55 | 67.06 | 67.31 | 28.95 | 28.74 28.85

Sz X F4 | with nano sulphur |F4 : Nano boron-2000 ppm (CP) 66.15 | 65.59 | 65.87 | 28.35 | 28.11 28.23

Sz x Fs 750 ppm (CP)  |Fs: F1 + Fs (GsP) 71.82 | 7147 | 7165 | 30.78 | 30.63 | 30.71
S2 x Fs Fo: F2 + Fs4 (CP) 69.65 | 69.65 | 69.65 | 29.85 | 29.85 | 29.85
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) | 65.38 | 64.89 | 65.14 | 28.02 | 27.81 27.92
Ssx F2 .. |F2: Nano sulphur-750 ppm (CP) 64.75 | 64.05 | 6440 | 27.75 | 27.45 27.60
SaxFs | S Seedpriming |2 " "Nonohoron-1500 ppm (GsP) | 68.67 | 68.25 | 68.46 | 29.43 | 29.25 | 29.34

with nano boron

Ss X F4 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 67.34 | 66.64 | 66.99 | 28.86 | 28,56 | 28.71
Ss X Fs Fs: F1 + F3 (GsP) 80.92 | 79.94 | 80.43 | 34.68 | 34.26 | 3447
Ss X Fs Fe : Fo + Fs4 (CP) 71.05 | 7056 | 70.81 | 30.45 | 30.24 | 30.35
SexF1 F1 : Nano sulphur-600 ppm (GsP) | 65.17 | 64.68 | 6493 | 2793 | 27.72 | 27.83
S xF2 F2 : Nano sulphur-750 ppm (CP) 64.47 | 63.77 | 64.12 | 27.63 | 27.33 | 2748

Sax s | S¢:Seedpriming e "G0n o boron-1500 ppm (GsP) | 67.97 | 6755 | 67.76 | 29.13 | 28.95 | 29.04

with nano boron

Ss X F4 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 66.57 | 65.94 | 66.26 | 28,53 | 28.26 | 28.40
S4 X Fs Fs: F1 + F3 (GsP) 73.08 | 72.66 | 72.87 | 31.32 | 3114 | 31.23
S4 X Fs Fe : F2 + F4 (CP) 68.95 | 68.46 | 68.71 | 29.55 | 29.34 | 29.45
SEmz+ 1.20 1.10 1.10 0.76 0.74 0.75
CD (P=0.05) 3.60 3.30 3.30 2.28 2.22 2.25
Control plots: (C)

C1: Recommended dose of fertilizers (RDF) only 55.02 | 54.18 | 54.60 | 23.58 | 23.22 | 23.40
C2: Recommended package of practices (RPP) 62.93 | 62.37 | 62.65 | 26.97 | 26.73 | 26.85
SEmz+ 1.50 1.40 1.50 1.10 1.00 1.10
CD (P=0.05) 4.50 4.20 4.50 3.30 3.00 3.30

F_test * * * * * *

GsP: Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P20s5:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha'*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha™) and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Table 4: Total nitrogen uptake (kg ha) in sunflower

Treatments: 2019 2020 Pooled data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 102.5 101.5 102.0
Sz Seed priming with nano sulphur-750 ppm (CP**) 95.5 94.1 94.8
Ss: Seed priming with nano boron-1500 ppm (GsP) 106.8 105.5 106.2
S4: Seed priming with nano boron-2000 ppm (CP) 98.5 97.5 98.0
SEmz+ 1.00 0.90 0.90
CD (P=0.05) 3.00 2.70 2.80
Factor Il: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 95.5 94.4 95.0
F2 : Nano sulphur-750 ppm (CP) 90.1 89.5 89.8
F3 : Nano boron-1500 ppm (GsP) 102.8 102.1 102.5
F4 : Nano boron-2000 ppm (CP) 97.5 96.5 97.0
Fs : Nano sulphur 600 ppm + Nano boron-1500 ppm (GsP) 110.5 109.5 110.0
Fs : Nano sulphur-750 ppm + Nano boron-2000 ppm (CP) 104.7 104.5 104.6
SEmz 1.30 1.20 1.20
CD (P=0.05) 3.90 3.60 3.90
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 92.8 91.9 92.4
S1xF2 L . |F2 : Nano sulphur-750 ppm (CP) 92.4 91.2 91.8
SixF, | SuSeed priming with = ™"Nano boron-1500 ppm (GsP) 978 973 976
SixFa Ggg”;’psm“ FG;’;,) F. : Nano boron-2000 ppm (CP) 9538 945 952
Sy x Fs Fs : F1+ F3 (GsP) 105.4 104.8 105.1
S1 % Fs Fo : F2+ Fs4 (CP) 100.2 99.8 100.0
S x F1 S2: Seed priming with [F1 : Nano sulphur-600 ppm (GsP) 94.1 93.3 93.7
S x F2 nano sulphur F2 : Nano sulphur-750 ppm (CP) 91.5 90.8 91.2
Sz x Fs 750 ppm (CP)  |F5 : Nano boron-1500 ppm (GsP) 96.5 95.8 96.2




Sox Fq F4 : Nano boron-2000 ppm (CP) 94.5 93.7 94.1
S2 x Fs Fs: F1+ F3 (GsP) 102.6 102.1 102.4
S2 x Fg Fs : F2 + F4 (CP) 99.5 99.5 99.5
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) 93.4 92.7 93.1
Ssx F2 L . [F2 : Nano sulphur-750 ppm (CP) 92.5 91.5 92.0
Ss x Fa Ss: Seed prtl)mlng with | ™" Nano boron-1500 ppm (GsP) 98.1 975 97.8
Ssx Fe lsggn;pn? E%nsp) F. - Nano boron-2000 ppm (CP) 96.2 952 957
S x Fs Fs : F1 + F3 (GsP) 115.6 114.2 114.9
S3 x Fg Fs : F2 + F4 (CP) 101.5 100.8 101.2
Sex F1 F1 : Nano sulphur-600 ppm (GsP) 93.1 924 92.8
SexF2 L . |F2: Nano sulphur-750 ppm (CP) 92.1 91.1 91.6
Sy x Fa S Seed prt;mlng With £.""Nano boron-1500 ppm (GsP) 97.1 96.5 96.8
SexFe Zorg)%ngprﬂr(ogp) F. - Nano boron-2000 ppm (CP) 951 942 947
Sy x Fs Fs : F1 + F3 (GsP) 104.4 103.8 104.1
Sa x Fe Fe : F2+ F4 (CP) 98.5 97.8 98.2
SEmz 1.80 1.60 1.70
CD (P=0.05) 5.40 4.80 5.10
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 78.6 774 78.0
Cz: Recommended package of practices (RPP) 89.9 89.1 89.5
SEmz+ 2.10 1.90 2.00
CD (P=0.05) 6.30 5.70 6.10
F-test * * *

GsP: Green synthesised nano particle and
RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments

**CP: Commercially available nano particle

RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Table 5: Phosphorous uptake in seed and stalk of sunflower

Seed (kg ha?) Stalk (kg ha®)
Treatments: 2019 2020 Pooled 2019 2020 Pooled
data data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 19.19 | 1897 | 19.08 | 10.33 | 10.22 10.27
Sz Seed priming with nano sulphur-750 ppm (CP**) 1762 | 1755 | 1758 9.49 9.45 9.47
Ss: Seed priming with nano boron-1500 ppm (GsP) 21.39 | 21.19 | 2129 | 1152 | 1141 11.46
S4: Seed priming with nano boron-2000 ppm (CP) 18.69 | 18.66 | 18.68 | 10.07 | 10.05 10.06
SEmz+ 0.28 0.27 0.27 0.19 0.18 0.19
CD (P=0.05) 0.84 0.81 0.82 0.57 0.54 0.57
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 18.32 | 18.24 | 18.28 9.87 9.82 9.84
F2 : Nano sulphur-750 ppm (CP) 18.01 | 17.98 | 17.99 9.70 9.68 9.69
F3 : Nano boron-1500 ppm (GsP) 19.34 | 19.06 | 19.20 | 10.41 | 10.26 10.34
F4 : Nano boron-2000 ppm (CP) 18.77 | 18.74 | 18.75 | 10.10 | 10.09 | 10.10
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 2171 | 2152 | 2161 | 1169 | 1159 11.64
Fs : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 19.49 | 19.19 | 19.34 | 10.50 | 10.34 10.42
SEmz+ 0.43 0.42 0.43 0.28 0.26 0.27
CD (P=0.05) 1.29 1.26 1.30 0.84 0.78 0.81
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) | 1751 | 16.90 | 17.20 9.43 9.10 9.26
S1xF2 .. |F2: Nano sulphur-750 ppm (CP) 17.46 | 16.68 | 17.07 9.40 8.98 9.19
SixFs villthsr?aer?op;:ﬂ:;r?gr Fs : Nano boron-1500 ppm (GsP) | 18.62 | 1854 | 1858 | 1003 | 9.99 | 10.01
S1 X F4 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 17.93 17.77 17.85 9.66 9.57 9.61
S1 X Fs Fs : F1 + F3 (GsP) 20.03 19.93 19.98 10.78 10.73 10.76
S1 X Fs Fe: F2 + F4 (CP) 19.23 | 19.15 | 19.19 | 10.35 | 10.31 | 10.33
S2x F1 | Sp: Seed priming [F1 : Nano sulphur-600 ppm (GsP) | 17.71 1741 | 17.56 9.53 9.38 9.46
Sz x F2 | with nano sulphur |F2 : Nano sulphur-750 ppm (CP) 1742 | 1650 | 16.96 9.38 8.88 9.13
Sz x F3 750 ppm (CP)  |F5 : Nano boron-1500 ppm (GsP) | 18.28 | 18.24 | 18.26 | 9.84 9.82 9.83




S2 X F4 F4 : Nano boron-2000 ppm (CP) 17.72 | 1752 | 17.62 9.54 9.44 9.49
S2 X Fs Fs: F1+ F3 (GsP) 1958 | 19.56 | 19.57 | 10.54 | 10.53 | 10.54
S2 X Fs Fe : F2 + F4 (CP) 19.21 | 19.10 | 19.16 | 10.34 | 10.29 | 10.31
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) | 17.65 | 17.31 | 17.48 9.50 9.32 9.41
Ss x F2 .. |F2: Nano sulphur-750 ppm (CP) 1750 | 16.87 | 17.19 9.42 9.09 9.25
Ss x Fs %Itﬁie:ngrggr'gg Fs : Nano boron-1500 ppm (GsP) | 18.72 | 18.69 | 18.71 | 10.08 | 10.07 | 10.07
SsxFa | 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 18.04 | 17.98 | 18.01 9.71 9.68 9.70
Ss X Fs Fs: F1 + F3 (GsP) 2243 | 2217 | 22.30 | 12.08 | 11.94 | 12.01
Ss X Fs Fe: F2 + Fs4 (CP) 19.29 | 19.24 | 19.27 | 10.39 | 10.36 | 10.37
SexF1 F1 : Nano sulphur-600 ppm (GsP) | 17.61 | 17.23 | 17.42 9.48 9.28 9.38
Ssx F2 ) . . [F2: Nano sulphur-750 ppm (CP) 1744 | 1651 | 16.97 9.39 8.89 9.14
Su % Fs ?/Clti?izigrt;g?r? Fs : Nano boron-1500 ppm (GsP) | 1850 | 18.45 | 18.48 | 9.96 | 9.94 | 9.95
S4 X F4 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 1791 | 17.63 | 17.77 9.64 9.49 9.57
S4 X Fs Fs: F1 + F3 (GsP) 19.75 | 19.70 | 19.73 | 10.64 | 10.61 | 10.62
S4 X Fs Fe : F2 + Fs4 (CP) 19.07 | 18.97 | 19.02 | 10.27 | 10.22 | 10.24
SEmz+ 0.61 0.60 0.60 0.36 0.35 0.35
CD (P=0.05) 1.83 1.80 1.80 1.08 1.05 1.05
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 1430 | 1398 | 14.14 7.70 7.53 7.61
Cz: Recommended package of practices (RPP) 17.02 | 16.48 | 16.75 9.17 8.88 9.02
SEmz+ 0.75 0.74 0.74 0.43 0.42 0.42
CD (P=0.05) 2.25 2.22 2.23 1.29 1.26 1.27
F-test * * * * * *
GsP: Green synthesised nano particle and **CP: Commercially available nano particle
RDF: (N:P20s5:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha™) and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage
Table 6: Total phosphorous uptake (kg ha™*) in sunflower
Treatments: | 2019 | 2020 | Pooled data
Factor I: Seed priming (S)
Si1: Seed priming with nano sulphur-600 ppm (GsP*) 29.52 29.19 29.36
Sz Seed priming with nano sulphur-750 ppm (CP**) 27.10 27.00 27.05
Sz : Seed priming with nano boron-1500 ppm (GsP) 32.90 32.60 32.75
S4: Seed priming with nano boron-2000 ppm (CP) 28.76 28.71 28.74
SEm+ 0.69 0.67 0.68
CD (P=0.05) 2.07 2.01 2.05
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 28.19 28.06 28.13
F2 : Nano sulphur-750 ppm (CP) 27.70 27.66 27.68
F3 : Nano boron-1500 ppm (GsP) 29.75 29.32 29.54
F4 : Nano boron-2000 ppm (CP) 28.87 28.83 28.85
Fs : Nano sulphur 600 ppm + Nano boron-1500 ppm (GsP) 33.40 33.10 33.25
Fs : Nano sulphur-750 ppm + Nano boron-2000 ppm (CP) 29.99 29.53 29.76
SEm+ 0.75 0.74 0.75
CD (P=0.05) 2.25 2.22 2.26
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 26.94 26.00 26.47
S1 X F L. . |F2 : Nano sulphur-750 ppm (CP) 26.85 25.66 26.26
SixFs | ov Seed priming with |2 ""Nano boron-1500 ppm (GsP) 28.65 2853 2859
SixFs Gggngpsr;’ ?G;;) F. - Nano boron-2000 ppm (CP) 2759 27.34 2747
S1 x Fs Fs : F1+ F3 (GsP) 30.81 30.66 30.74
S1x Fg Fs: F2 + Fs4 (CP) 29.58 29.46 29.52
S2 X F1 F1 : Nano sulphur-600 ppm (GsP) 27.24 26.79 27.01
So % Fp Sy: Seed priming with |F2 : Nano sulphur-750 ppm (CP) 26.80 25.38 26.09
Sz X Fs nano sulphur F3 : Nano boron-1500 ppm (GsP) 28.12 28.06 28.09
S2xF4 750 ppm (CP)  |F4 : Nano boron-2000 ppm (CP) 27.26 26.96 27.11
S2 x Fs Fs : F1+ F3 (GsP) 30.12 30.09 30.11




Sz X Fe Fe : Fo + F4 (CP) 29.55 29.39 29.47
Ss x F1 F1 : Nano sulphur-600 ppm (GsP) 27.15 26.63 26.89
Ssx F2 L . |F2: Nano sulphur-750 ppm (CP) 26.92 25.96 26.44
SsxFs | S Seed priming With =™ Nano boron-1500 ppm (GsP) 28.80 28.76 28.78
Ss X F4q 1588n;?prr? E%nsP) F4 : Nano boron-2000 ppm (CP) 21.75 27.66 27.71
Ss X Fs Fs: F1+ F3 (GsP) 34.50 34.10 34.30
Ss X Fe Fe : Fo + F4 (CP) 29.68 29.60 29.64
Sex F1 F1 : Nano sulphur-600 ppm (GsP) 27.09 26.50 26.80
S X F2 L. . |F2 : Nano sulphur-750 ppm (CP) 26.83 25.40 26.12
SixFs | o4 Seed priming With 12" Nano boron-1500 ppm (GsP) 28.46 28.39 28.43
SexFa 20%?;;);?&) F. - Nano boron-2000 ppm (CP) 2755 2712 27.34
Sa X Fs Fs : F1 + F3 (GsP) 30.39 30.31 30.35
Ss X Fe Fe : Fo + F4 (CP) 29.34 29.19 29.27
SEmz+ 0.96 0.94 0.95
CD (P=0.05) 2.88 2.82 2.85
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 22.00 21.50 21.75
C2: Recommended package of practices (RPP) 26.19 25.36 25.78
SEmz+ 1.30 1.20 1.20
CD (P=0.05) 3.90 3.60 3.70
F-test * * *

GsP: Green synthesised nano particle and
RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments

**CP: Commercially available nano particle

RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Table 7: Potassium uptake in seed and stalk of sunflower

Seed (kg ha?) Stalk (kg ha)
Treatments: 2019 2020 Pooled 2019 2020 Pooled
data data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 21.83 | 21.62 | 21.72 | 49.74 | 49.25 | 49.50
Sz : Seed priming with nano sulphur-750 ppm (CP**) 21.34 | 21.15 | 21.25 | 48.62 | 48.21 | 4841
Sz Seed priming with nano boron-1500 ppm (GsP) 2281 | 2260 | 22.71 | 5199 | 51.50 51.74
S4: Seed priming with nano boron-2000 ppm (CP) 21.69 | 2152 | 2161 | 49.43 | 49.05 49.24
SEmz+ 0.16 0.15 0.15 0.33 0.32 0.33
CD (P=0.05) 0.48 0.45 0.46 0.99 0.96 0.99
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 2158 | 21.39 | 21.48 | 49.18 | 48.73 | 48.96
F2 : Nano sulphur-750 ppm (CP) 21.32 | 21.13 | 21.23 | 4859 | 48.15 | 48.37
F3 : Nano boron-1500 ppm (GsP) 22.05 | 21.85 | 21.95 | 50.26 | 49.78 | 50.02
F4 : Nano boron-2000 ppm (CP) 2183 | 21.65 | 21.74 | 49.74 | 4933 | 4954
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 2342 | 2315 | 2329 | 53.38 | 52.75 | 53.06
Fe : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 2211 | 21.87 | 21.99 | 50.39 | 49.83 | 50.11
SEmz+ 0.22 0.20 0.21 0.69 0.67 0.68
CD (P=0.05) 0.66 0.60 0.63 2.07 2.01 2.05
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) | 20.78 | 20.51 | 20.65 | 47.35 | 46.74 | 47.04
S1x Fe _ ~ |2 Nano sulphur-750 ppm (CP) | 20.67 | 20.47 | 2057 | 47.10 | 46.65 | 46.87
S1x Fs viilt'hsrfsgop;’l‘;'f?gr Fs : Nano boron-1500 ppm (GsP) | 21.80 | 21.62 | 21.71 | 49.66 | 49.26 | 49.46
S1xFy 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 21.47 21.26 21.37 48.92 48.45 48.68
S1x Fs Fs: F1 + F3 (GsP) 2253 | 2235 | 22.44 | 5133 | 50.93 | 51.13
S1 x Fe Fe: F2 + Fs4 (CP) 22.08 | 21.89 | 21.99 | 50.32 | 49.89 | 50.10
Sex F1 F1 : Nano sulphur-600 ppm (GsP) | 21.11 | 20.90 | 21.00 | 48.09 | 47.62 47.86
So x Fy S»: Seed priming [F2 : Nano sulphur-750 ppm (CP) 20.61 20.39 20.50 | 46.96 46.46 46.71
Sz x F3 | with nano sulphur |Fs : Nano boron-1500 ppm (GsP) | 21.65 | 21.44 | 2154 | 49.33 | 48.84 | 49.09
S2 % Fq 750 ppm (CP)  |F4 : Nano boron-2000 ppm (CP) | 21.27 | 21.05 | 21.16 | 48.46 | 47.97 | 48.22
S2 x Fs Fs: F1 + F3 (GsP) 2221 | 22.01 | 22.11 | 50.60 | 50.17 | 50.38




Sz x Fe Fe : F2+ F4 (CP) 22.03 | 21.84 | 21.94 | 50.20 | 49.77 | 49.98
S x F1 F1 : Nano sulphur-600 ppm (GsP) | 20.97 | 20.79 | 20.88 | 47.79 | 47.38 | 47.58
Ss x F2 .. |F2: Nano sulphur-750 ppm (CP) 20.73 | 2049 | 20.61 | 47.23 | 46.69 46.96
Ss % Fs %Itﬁene:ng‘g;'gg F5 : Nano boron-1500 ppm (GsP) | 21.90 | 21.71 | 21.81 | 49.90 | 49.48 | 49.69
Ss X Fs 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 2153 | 2134 | 21.44 | 49.07 | 48.64 | 48.85
S x Fs Fs: F1 + F3 (GsP) 2428 | 24.03 | 24.16 | 55.32 | 54.77 | 55.04
Ss % Fe Fe : F2 + F4 (CP) 2215 | 21.96 | 22.05 | 50.46 | 50.05 | 50.26
Sax F1 F1 : Nano sulphur-600 ppm (GsP) | 20.91 | 20.67 | 20.79 | 47.65 | 47.11 | 47.38
Sy x F2 .. [F2: Nano sulphur-750 ppm (CP) 20.66 | 20.44 | 2055 | 47.07 | 46.58 46.83
S+ % Fs 3&@?}2‘:}5%2}'{;}? F5 : Nano boron-1500 ppm (GsP) | 2172 | 2151 | 2161 | 49.49 | 49.01 | 49.25
Sax Fq 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 2141 | 2119 | 21.30 | 48.80 | 48.28 | 48.54
SsxFs Fs: F1 + F3 (GsP) 2232 | 2213 | 22.23 | 50.87 | 50.44 | 50.65
Ss % Fe Fe : F2 + Fs4 (CP) 2198 | 21.79 | 21.88 | 50.08 | 49.65 | 49.87
SEmz+ 0.36 0.34 0.35 0.86 0.85 0.85
CD (P=0.05) 1.08 1.02 1.05 2.58 2.55 2.56
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 18.85 | 18.36 | 18.61 | 4295 | 41.84 | 4240
Cz: Recommended package of practices (RPP) 20.60 | 20.35 | 20.47 | 46.94 | 46.37 46.66
SEm+ 0.44 0.43 0.44 1.10 1.00 1.00
CD (P=0.05) 1.32 1.29 1.33 3.30 3.00 3.10
F-test * * * * * *
GsP: Green synthesised nano particle and **CP: Commercially available nano particle
RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage
Table 8: Total potassium uptake (kg ha) in sunflower
Treatments: 2019 2020 Pooled data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 71.57 70.87 71.22
Sz Seed priming with nano sulphur-750 ppm (CP**) 69.96 69.36 69.66
Ss: Seed priming with nano boron-1500 ppm (GsP) 74.80 74.10 74.45
S4: Seed priming with nano boron-2000 ppm (CP) 71.12 70.57 70.85
SEmz+ 0.91 0.89 0.90
CD (P=0.05) 2.73 2.67 271
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 70.76 70.12 70.44
F2 : Nano sulphur-750 ppm (CP) 69.91 69.28 69.60
F3 : Nano boron-1500 ppm (GsP) 72.31 71.63 71.97
F4 : Nano boron-2000 ppm (CP) 71.57 70.98 71.28
Fs : Nano sulphur 600 ppm + Nano boron-1500 ppm (GsP) 76.80 75.90 76.35
Fs : Nano sulphur-750 ppm + Nano boron-2000 ppm (CP) 72.50 71.70 72.10
SEm+ 1.18 1.16 1.17
CD (P=0.05) 3.54 3.48 3.51
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 68.13 67.25 67.69
S1x F2 o . F2 : Nano sulphur-750 ppm (CP) 67.77 67.12 67.45
SixFs 12 Seed priming With -, - Nano boron-1500 ppm (GsP) 71.46 70.88 7117
S1xFq Ggaon;psmu ?Ggl:’) F4 : Nano boron-2000 ppm (CP) 70.39 69.71 70.05
S1xFs Fs : F1+ F3 (GsP) 73.86 73.28 73.57
S1 % Fe Fe: F2+ Fs (CP) 72.40 71.78 72.09
So x F1 F1 : Nano sulphur-600 ppm (GsP) 69.20 68.52 68.86
S2 x F2 o . F2 : Nano sulphur-750 ppm (CP) 67.57 66.85 67.21
So % Fa Sz: Seed prifing with 1= ™ Nano boron-1500 ppm (GsP) 70.98 7028 7063
S2x Fa 750 ES;FECUF:) F2 - Nano boron-2000 ppm (CP) 69.73 69.02 69.38
Sox Fs Fs : F1+ F3 (GsP) 72.81 72.18 72.50
S2 % Fe Fe: F2 + F4a (CP) 72.23 71.61 71.92
S x F1 F1 : Nano sulphur-600 ppm (GsP) 68.76 68.17 68.47




Ss x F2 F> : Nano sulphur-750 ppm (CP) 67.96 67.18 67.57

Ss x F3 Ss: Seed priming with  |F3 : Nano boron-1500 ppm (GsP) 71.80 71.19 71.50
Sz x Fa nano boron F4 : Nano boron-2000 ppm (CP) 70.60 69.98 70.29
S3 x Fs 1500 ppm (GsP) s : F1 + Fs (GsP) 79.60 78.80 79.20
Ss x Fe Fe: F2 + F4 (CP) 72.61 72.01 72.31
Sax F1 F1 : Nano sulphur-600 ppm (GsP) 68.56 67.78 68.17
Sy x F2 o _ |F2: Nano sulphur-750 ppm (CP) 67.73 67.02 67.38
Six Fa S Seed priming with | =520 horon-1500 ppm (GsP) 7121 7052 7087

nano boron

Sa X F4 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 70.21 69.47 69.84
Ssx Fs Fs : F1+ F3 (GsP) 73.19 72.57 72.88
S4 x Fe Fe: F2 + F4 (CP) 72.06 71.44 71.75
SEm+ 1.45 1.44 1.44
CD (P=0.05) 4.35 4.32 4.33
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 61.80 60.20 61.00
Cz: Recommended package of practices (RPP) 67.54 66.72 67.13
SEm+ 1.80 1.76 1.79
CD (P=0.05) 5.40 5.28 5.37
F-test * _ *
GsP: Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P20s5:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha'*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha™) and Borax (15 kg ha*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Seed yield

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride
(GsP) significantly recorded higher seed yield (2778 kg ha*) (Table 9). The nano sulphur seed
treatment in safflower resulted in better plant metabolism and photosynthetic activity improved
yield components [36] and [37]. [38] reported that seed treatment with nano boron nitride (500
ppm GsP) in groundnut enhanced the pod yield compared to control. Among different foliar
sprays, foliar application of 600 ppm of nano sulphur (GsP) + 1500 ppm of nano boron nitride
(GsP) significantly recorded higher seed yield (3404 kg ha™). The increased pod yield in ground
nut is due to foliar application of nano sulphur uptake as the result of enhanced availability of
essential nutrients in plant [39]. Foliar application of nano boron nitride (400 ppm GsP) in
sunflower enhanced the seed yield due to more accumulation of amino acids and amide substances
and their translocation to reproductive organs [40] [43].

The interaction data on seed yield revealed that seed priming with 1500 ppm nano boron
nitride (GsP) + foliar application of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride
(GsP) (SsFs) significantly recorded higher seed yield (3588 kg ha). When compared with
recommended practices, the best treatment (SsFs) significantly recorded higher seed yield than
control treatments. The increased in seed yield of sunflower due to application of nano boron
nitride as it is involved in chlorophyll synthesis through its influence on protein, carbohydrate and
energy metabolism further, if it is of nano size then speed of action is more [41], [42].

Table 9: Seed yield (kg ha') of sunflower




Treatments: 2019 2020 | Pooled data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 2710 2687 2699
Sz : Seed priming with nano sulphur-750 ppm (CP**) 2588 2526 2557
Sz : Seed priming with nano boron-1500 ppm (GsP) 2798 2758 2778
S4: Seed priming with nano boron-2000 ppm (CP) 2618 2608 2613
SEmz+ 15.7 13.8 15.1
CD (P=0.05) 50.4 46.2 48.6
Factor Il: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 2252 2210 2231
F2 : Nano sulphur-750 ppm (CP) 2043 2039 2041
F3 : Nano boron-1500 ppm (GsP) 2882 2861 2872
F4 : Nano boron-2000 ppm (CP) 2408 2394 2401
Fs : Nano sulphur 600 ppm + Nano boron-1500 ppm (GsP) 3419 3389 3404
Fe : Nano sulphur-750 ppm + Nano boron-2000 ppm (CP) 3071 3038 3055
SEmz+ 20.0 17.6 18.4
CD (P=0.05) 65.8 57.9 60.2
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 2242 2217 2230
S1xF2 L. . |F2 : Nano sulphur-750 ppm (CP) 2109 2086 2098
SixFs | v Seed prifning With | Nano boron-1500 ppm (GsP) 2886 2861 2874
SixFs 6B%n§psm“ FG;E) F. : Nano boron-2000 ppm (CP) 2436 2416 2426
S1 X Fs Fs: F1+ F3 (GsP) 3490 3459 3475
S1 X Fs Fe : F2+ F4 (CP) 3099 3076 3088
Sox F1 F1 : Nano sulphur-600 ppm (GsP) 2265 2251 2258
S x F2 L. . |F2 : Nano sulphur-750 ppm (CP) 1896 1879 1888
SoxFs | o Seed prifning With | Nano boron-1500 ppm (GsP) 2811 2784 2798
Sy % Fs 750 g;mclg) F. : Nano boron-2000 ppm (CP) 2310 2201 2301
S2 X Fs 5. F1+ F3 (GsP) 3241 3259 3250
S2 X Fs Fe : F2+ F4 (CP) 3010 2984 2997
Sg x F1 F1 : Nano sulphur-600 ppm (GsP) 2253 2235 2244
Sz x F2 L. . |F2: Nano sulphur-750 ppm (CP) 2167 2151 2159
SaxFs | oo Seed priming with 1= ~"Nano boron-1500 ppm (GsP) 2956 2037 2047
Ss % Fa nggn;pn? E?anP) + - Nano boron-2000 ppm (CP) 2514 2499 2507
Ss X Fs Fs : F1+ F3 (GsP) 3601 3574 3588
Ss X Fs Fe : F2+ F4 (CP) 3194 3170 3182
Sy x F1 F1 : Nano sulphur-600 ppm (GsP) 2248 2231 2240
Sy x F2 ¥V . |F2: Nano sulphur-750 ppm (CP) 1999 1984 1992
SixFs | S+xSeed g with |2 ""Nano boron-1500 ppm (GsP) 2875 2857 2866
S % Fa zorz)%ngprﬂrfgp) + - Nano boron-2000 ppm (CP) 2374 2354 2364
S4 X Fs 5. F1+ F3 (GsP) 3350 3328 3339
S4 X Fs Fe : F2+ F4 (CP) 2981 2957 2969
SEmz+ 24.8 21.3 23.8
CD (P=0.05) 78.8 67.2 75.8
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 1689 1649 1669
C. : Recommended package of practices (RPP) 1798 1742 1770
SEmz+ 29.6 28.5 29.1
CD (P=0.05) 94.5 87.6 90.7
F-test * * *

GsP: Green synthesised nano particle and
RDF: (N:P205:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha'*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha) and Borax (15 kg ha') + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

**CP: Commercially available nano particle

Dehydrogenase enzyme (ug TPF g' h?)




The data pertaining to dehydrogenase enzyme as influenced by different forms, levels and methods
of nano boron nitride and sulphur application are presented in Table 10 The data on different seed
priming treatments, different foliar sprays and their interaction as well as between all treatment
combinations and control treatments were found to be statistically significant (Fig 1). Among
different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
significantly recorded higher dehydrogenase enzyme (2.09 g TPF g* ht). Among different foliar
sprays, foliar application of 600 ppm of nano sulphur (GsP) + 1500 ppm of nano boron nitride
(GsP) significantly recorded higher dehydrogenase enzyme(2.34 p g TPF g* h™%). The interaction
data on dehydrogenase enzyme revealed that seed priming with 1500 ppm nano boron nitride
(GsP) + foliar application of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride (GsP)
(SsFs) significantly recorded higher dehydrogenase enzyme (2.61 p g TPF gt h'). When compared
with recommended practices, the best treatment (SsFs) significantly recorded higher
dehydrogenase enzyme than control treatments. Similar findings were recorded with [44], [45]

] |
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Fig 1: Dehydrogenase enzyme activity in sunflower grown soil as influenced by different

forms, levels and methods of nano boron and Sulphur application

Table 10: Dehydogenase activity (1 g TPF g*h™?) of sunflower grown soil after harvest

Treatments: I 2019 I 2020 I Pooled data




Factor I: Seed priming (S)

S1: Seed priming with nano sulphur-600 ppm (GsP*) 1.77 1.75 1.76
Sz : Seed priming with nano sulphur-750 ppm (CP**) 1.33 1.33 1.33
Ss: Seed priming with nano boron-1500 ppm (GsP) 2.11 2.07 2.09
S4 . Seed priming with nano boron-2000 ppm (CP) 1.62 1.62 1.62
SEmz+ 0.03 0.02 0.02
CD (P=0.05) 0.09 0.06 0.06
Factor Il: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 1.52 1.51 1.52
F2 : Nano sulphur-750 ppm (CP) 1.27 1.26 1.27
F3 : Nano boron-1500 ppm (GsP) 1.83 1.81 1.82
F4 : Nano boron-2000 ppm (CP) 1.68 1.67 1.67
Fs : Nano sulphur 600 ppm + Nano boron-1500 ppm (GsP) 2.34 2.33 2.34
Fs : Nano sulphur-750 ppm + Nano boron-2000 ppm (CP) 1.97 1.96 1.97
SEmz+ 0.06 0.05 0.05
CD (P=0.05) 0.18 0.15 0.16
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 0.98 0.95 0.96
S1xF2 L . |F2: Nano sulphur-750 ppm (CP) 0.92 0.90 0.91
Six Fs S1: Seed prifing With =" Nano boron-1500 ppm (GsP) 161 161 161
S1XF4 GB%nSpsmu ?GLSJ;) F4 : Nano boron-2000 ppm (CP) 1.36 1.35 1.36
S1xFs Fs : F1 + Fs (GsP) 2.12 211 211
S1 % Fe Fe : F2 + F4 (CP) 1.81 1.80 1.80
S2x F1 F1 : Nano sulphur-600 ppm (GsP) 1.17 1.15 1.16
S x F2 . . F> : Nano sulphur-750 ppm (CP) 0.88 0.86 0.87
So x Fa Sz: Seed prlrlnlrr:g with - | ™" Nano boron-1500 ppm (GsP) 1.49 1.47 1.48
Sy % F 780 oomln [Fat Nano boron-2000 ppm (CP) 1.24 122 123
ppm (CP)
S2xFs Fs: F1+ Fs3 (GsP) 1.91 1.89 1.90
Sz % Fe Fe : F2 + F4 (CP) 1.77 1.76 1.77
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) 1.12 1.11 1.12
Sz x F2 L . |F2: Nano sulphur-750 ppm (CP) 0.95 0.93 0.94
Ss % Fs S: Seed priming with = ™ Nano boron-1500 ppm (GsP) 169 168 1.69
S3 x F4 1588np?pn? r(%nsp) F4 : Nano boron-2000 ppm (CP) 1.42 1.41 1.41
Ss X Fs Fs: F1+ F3 (GsP) 2.62 2.60 2.61
Ss x Fg Fe : F2 + F2 (CP) 1.85 1.84 1.85
Sy x F1 F1 : Nano sulphur-600 ppm (GsP) 1.05 1.03 1.04
Sy x F2 y . |F2 : Nano sulphur-750 ppm (CP) 0.90 0.88 0.89
Ss X F3 Se: Seed prt:mmg with F3 : Nano boron-1500 ppm (GsP) 1.54 1.52 1.53
SexFe Zoréaongpmor?gp) F. - Nano boron-2000 ppm (CP) 132 1.29 131
Sy x Fs Fs : F1 + Fs (GsP) 1.99 1.98 1.99
Sy x Fs Fo: F2 + Fs4 (CP) 1.73 1.72 1.73
SEmz+ 0.08 0.07 0.07
CD (P=0.05) 0.24 0.21 0.22
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 0.51 0.46 0.48
C. : Recommended package of practices (RPP) 0.84 0.81 0.83
SEmz+ 0.10 0.09 0.09
CD (P=0.05) 0.30 0.27 0.27
F-test * * *

GsP:

Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments

RPP: RDF + Soil application of ZnSO4 (10 kg ha*) and Borax (15 kg ha'*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Microbial population




The data pertaining to microbial population are presented in Table 11, 12 and 13. The data on
different seed priming treatments, different foliar sprays and their interaction as well as between
all treatment combinations and control treatments were found to be statistically significant (Fig 2).

Among different seed priming treatments, seed priming with 1500 ppm nano boron nitride (GsP)
significantly recorded higher microbial population (10.4x10°, 18.5x10%, 10.7x103, 9.5x10* and
4.6x10* cfu/g of soil of bacteria, fungi, actinomycetes, azotobacter and PSB, respectively) but
azospirillum population was found to be non significant. Among different foliar sprays, foliar
application of 600 ppm of nano sulphur (GsP) + 1500 ppm of nano boron nitride (GsP)
significantly recorded higher microbial population (11.1x10°, 19.6x103, 11.8x10%, 11.5x10*and
5.5x10* cfu/g of soil of bacteria, fungi, actinomycetes, azotobacter and PSB, respectively) but
azospirillum population was found to be non significant). The interaction data on microbial
population revealed that seed priming with 1500 ppm nano boron nitride (GsP) + foliar application
of 600 ppm nano sulphur (GsP) + 1500 ppm nano boron nitride (GsP) (SzFs) significantly recorded
higher microbial population (13.1x10°, 22.4x10%, 12.5x10%, 12.0x10*and 8.8x10* cfu/g of soil of
bacteria, fungi, actinomycetes, azotobacter and PSB, respectively) but azospirillum population
was found to be non significant. When compared with recommended practices, the best treatment
(S3Fs) significantly recorded higher microbial population than control treatments. Similar findings
were recorded with [31], [32]. Seed treatment with nano fertilizers did not recorded any difference
in the microbial population after harvest of the ground nut [34], [35]. Seed treatment and foliar
application of nano boron nitride recorded higher microbial population due to higher vegetative
matter production in treated plot compared to control plot, because of higher organic matter in
nano boron treated plot higher organic carbon was available for the microorganisms so their
population was increased [33] [46] and [47].



Actinomycetes Azatobacter

Fungi

Bacteria

Phosphorous solubilising bacteria

Fig 2: Microbial population of sunflower-grown soil after harvest of the crop



Table 11: Microbial population of sunflower grown soil after harvest of the crop

Bacteria Fungi
(No. x 10° cfu/g of soil) (No. x 10° cfu/g of soil)
Treatments: 2019 2020 P((j)oled 2019 2020 Pooled
ata data
Factor I: Seed priming (S)
Si1: Seed priming with nano sulphur-600 ppm (GsP*) 8.8 8.3 8.5 14.5 13.9 14.2
S2: Seed priming with nano sulphur-750 ppm (CP**) 53 5.2 5.2 11.7 11.3 115
Sz : Seed priming with nano boron-1500 ppm (GsP) 10.6 10.2 104 18.9 18.2 18.5
S4: Seed priming with nano boron-2000 ppm (CP) 7.6 7.5 75 13.2 12.7 13.0
SEmz+ 0.10 0.09 0.10 0.20 0.10 0.20
CD (P=0.05) 0.30 0.28 0.34 0.60 0.40 0.60
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 6.8 6.7 6.7 12.2 12.1 12.2
F2 : Nano sulphur-750 ppm (CP) 5.7 5.6 5.7 11.1 10.8 10.9
F3 : Nano boron-1500 ppm (GsP) 8.9 8.4 8.7 14.5 13.8 14.2
F4 : Nano boron-2000 ppm (CP) 7.9 7.8 7.8 13.3 13.2 13.3
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 11.3 10.9 11.1 19.9 19.2 19.6
Fs : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 9.5 8.9 9.2 16.1 16.1 16.1
SEmz 0.22 0.20 0.20 0.30 0.20 0.20
CD (P=0.05) 0.68 0.70 0.65 0.90 0.60 0.70
Interaction: (SxF)
S1 X F1 F1 : Nano sulphur-600 ppm (GsP) 4.6 3.5 4.0 10.1 9.8 10.0
S1xF F> : Nano sulphur-750 ppm (CP) 4.3 3.4 3.9 9.2 8.7 9.0

SixFs | SuSeedpriming = " o 0 horon-1500 ppm (GsP) | 7.4 | 72 | 73 | 136 | 128 | 132

with nano sulphur

S1 X Fq 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 5.8 5.5 5.7 12.0 114 11.7
S1XFs Fs : F1+ Fs (GsP) 10.6 10.3 104 18.6 18.3 184
S1 X Fe Fe : F2+ F4 (CP) 8.7 8.5 8.6 14.7 143 145
S2 X F1 F1 : Nano sulphur-600 ppm (GsP) 51 4.6 4.9 10.8 10.6 10.7

S2 X F2 F2 : Nano sulphur-750 ppm (CP) 4.2 3.1 3.6 8.6 7.8 8.2

=

Sox Fs | Sz Seedpriming o " Gan 0 horon-1500 ppm (GsP) | 6.6 | 65 | 65 | 130 | 123 | 12.7

with nano sulphur

S2 X F4 750 ppm (CP) F4 : Nano boron-2000 ppm (CP) 5.2 4.9 5.0 11.1 10.9 11.0
S2 X Fs Fs: F1 + F3 (GsP) 9.4 9.3 9.4 15.7 154 15.5
S2 x Fs Fo: F2 + Fs4 (CP) 8.6 8.3 8.5 14.3 13.6 14.0
Sz x F1 F1 : Nano sulphur-600 ppm (GsP) 5.0 44 4.7 10.7 10.2 10.4
Sz x F2 ) . |F2: Nano sulphur-750 ppm (CP) 45 3.4 3.9 9.6 9.2 9.4
SsxFs %Itﬁie:ngrggr'gg Fs : Nano boron-1500 ppm (GsP) | 7.7 | 76 | 76 | 139 | 132 | 136
Sz X F4 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 6.1 6.0 6.0 12.6 12.1 12.4
Ss x Fs Fs: F1 + F3 (GSP) 13.2 13.0 13.1 22.7 22.1 22.4
Ss x Fs Fe : Fo + F4 (CP) 8.8 8.7 8.8 15.0 145 14.8
Sa X F1 F1 : Nano sulphur-600 ppm (GsP) 4.8 4.1 4.5 10.3 10.0 10.2
Sa X F2 F : Nano sulphur-750 ppm (CP) 4.2 3.2 3.7 9.0 8.3 8.7

Sax Fy | S¢:Seedpriming fE " o horon-1500 ppm (GsP) | 7.0 | 69 | 7.0 | 133 | 125 | 129

with nano boron

Sa X Fq 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 5.6 5.1 5.4 115 11.2 11.3
Sa X Fs Fs: F1+ F3 (GsP) 9.8 9.7 9.8 16.6 16.2 16.4
Ss X Fe Fo: Fo + F4 (CP) 8.3 8.1 8.2 14.2 13.4 13.8
SEmz+ 0.30 0.29 0.30 0.40 0.40 0.40
CD (P=0.05) 0.90 0.87 0.95 1.20 1.30 1.30
Control plots: (C)

Ci: Recommended dose of fertilizers (RDF) only 3.1 2.8 3.0 8.5 8.0 8.3
C2: Recommended package of practices (RPP) 4.8 4.6 4.7 10.6 9.7 10.2
SEmz+ 0.40 0.36 0.40 0.60 0.50 0.50
CD (P=0.05) 1.20 1.11 1.30 1.80 1.50 1.60

F_test * * * * * *

GsP: Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P205:K20 90:90:62.5 kg ha™) + Farm yard manure (7.5 t ha'*) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha*) and Borax (15 kg ha'*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage



GsP: Green synthesised nano particle and
RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha'*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage

Table 12: Microbial population of sunflower grown soil after harvest of the crop

Actinomycetes

Azotobacter

(No. x 10°cfu/g of soil) (No. x 10*cfu/g of soil)
Treatments: 2019 2020 Pooled 2019 2020 Pooled
data data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 7.6 6.6 7.1 6.9 5.6 6.2
Sz Seed priming with nano sulphur-750 ppm (CP**) 4.6 4.0 4.3 3.9 3.3 3.6
Ss: Seed priming with nano boron-1500 ppm (GsP) 11.1 10.3 10.7 9.8 9.1 9.5
S4: Seed priming with nano boron-2000 ppm (CP) 6.0 5.3 5.7 5.3 4.6 5.0
SEmz+ 0.10 0.09 0.10 0.20 0.11 0.20
CD (P=0.05) 0.30 0.28 0.38 0.60 0.35 0.60
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 5.0 4.8 4.9 4.3 4.1 4.2
F2 : Nano sulphur-750 ppm (CP) 3.7 3.5 3.6 3.0 2.8 2.9
F3 : Nano boron-1500 ppm (GsP) 7.4 6.6 7.0 6.7 5.9 6.3
F4 : Nano boron-2000 ppm (CP) 5.8 5.2 5.5 5.1 4.5 4.8
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 12.3 11.3 11.8 11.9 11.2 115
Fs : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 9.0 8.5 8.8 8.3 7.8 8.1
SEmz+ 0.20 0.21 0.21 0.30 0.23 0.30
CD (P=0.05) 0.60 0.65 0.65 0.90 0.70 0.90
Interaction: (SxF)
S1xF1 F1 : Nano sulphur-600 ppm (GsP) 2.9 2.8 2.9 3.1 3.0 3.1
S1xF2 ) .. |F2: Nano sulphur-750 ppm (CP) 2.8 2.8 2.8 3.1 3.0 3.0
S1 % F3 viilt.hsr?aer?op;ljrl]mgr Fs : Nano boron-1500 ppm (GsP) 6.5 5.6 6.0 5.8 4.9 5.3
S1 X Fs 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 4.8 41 44 4.1 3.4 3.7
S1 X Fs Fs: F1+ F3 (GsP) 10.8 10.5 10.7 10.3 9.9 10.1
S1 % Fe Fs : F2 + F4 (CP) 7.1 7.1 7.1 6.4 6.4 6.4
S2x F1 F1 : Nano sulphur-600 ppm (GsP) 3.6 3.4 35 3.2 3.0 3.1
S x F2 ) .. |F2: Nano sulphur-750 ppm (CP) 2.8 2.7 2.8 3.1 2.9 3.0
Ss x Fa viizihsr?;r?opsrmgr?l?r F5 : Nano boron-1500 ppm (GsP) | 59 | 51 | 55 | 52 | 44 | 48
Sox Fq 750 ppm (CP) F4 : Nano boron-2000 ppm (CP) 4.0 3.6 3.8 3.3 3.1 3.2
S2 X Fs Fs : F1+ F3 (GsP) 8.5 8.3 8.4 7.8 7.6 7.7
S2 X Fs Fe : F2+ F4 (CP) 6.9 6.4 6.6 6.2 5.7 5.9
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) 3.3 2.9 3.1 3.2 3.0 3.1
S x F2 ) .. |F2: Nano sulphur-750 ppm (CP) 2.8 2.8 2.8 3.1 3.0 3.0
Ss % Fs %Itﬁie:ngrg:r'gg F5 : Nano boron-1500 ppm (GsP) | 66 | 59 | 62 | 59 | 52 55
S3 x Fs4 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 55 4.8 5.1 4.8 4.1 4.4
Ss x Fs Fs: F1+ F3 (GsP) 12.9 12.1 125 12.1 12.0 12.0
Ss x Fs Fs: F2 + Fs4 (CP) 7.8 77 7.7 7.1 7.0 7.0
Sy x F1 F1 : Nano sulphur-600 ppm (GsP) 2.9 2.8 2.9 3.2 3.0 3.1
Sy x Fa ) .. |F2: Nano sulphur-750 ppm (CP) 2.8 2.7 2.8 3.1 3.0 3.0
Sy x F3 ?/Ciﬂ?iiiggg}g? Fs : Nano boron-1500 ppm (GsP) 6.1 5.3 5.7 5.4 4.6 5.0
Sa X F4 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 4.2 3.8 4.0 35 3.1 3.3
S4 X Fs Fs : F1+ F3 (GsP) 9.1 8.6 8.9 8.4 7.9 8.2
S4 X Fs Fe : F2+ F4 (CP) 6.8 6.1 6.5 6.1 5.4 5.8
SEmz 0.30 0.28 0.30 0.40 0.30 0.32
CD (P=0.05) 0.90 0.90 0.96 1.20 0.90 1.00
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 2.5 2.2 2.4 2.6 2.0 2.3
C.: Recommended package of practices (RPP) 3.8 3.7 3.8 4.5 4.0 4.3
SEmz+ 0.40 0.36 0.40 0.50 0.40 0.50
CD (P=0.05) 1.20 1.15 1.26 1.50 1.30 1.50
F_test * * * * * *

**CP: Commercially available nano particle




Table 13: Microbial population of sunflower grown soil after harvest of the crop

PSB Azospirillum
(No. x 10*cfu/g of soil) (No. x 10*cfu/g of soil)
Treatments: 2019 2020 Pooled 2019 2020 Pooled
data data
Factor I: Seed priming (S)
S1: Seed priming with nano sulphur-600 ppm (GsP*) 3.4 3.1 3.2 5.1 4.0 4.5
Sz Seed priming with nano sulphur-750 ppm (CP**) 1.6 1.1 1.3 3.9 3.8 3.9
Ss: Seed priming with nano boron-1500 ppm (GsP) 4.9 4.3 4.6 5.3 4.2 4.8
S4: Seed priming with nano boron-2000 ppm (CP) 3.0 2.3 2.7 4.9 4.7 4.8
SEmz+ 0.13 0.11 0.12 0.21 0.20 0.20
CD (P=0.05) 0.39 0.33 0.36 NS NS NS
Factor I1: Foliar application (F) at ray floret stage
F1 : Nano sulphur-600 ppm (GsP) 2.2 1.6 1.9 5.8 5.7 5.8
F2 : Nano sulphur-750 ppm (CP) 1.3 1.1 1.2 5.3 54 5.4
F3 : Nano boron-1500 ppm (GsP) 4.3 3.6 3.9 5.9 5.9 5.9
F4 : Nano boron-2000 ppm (CP) 2.8 2.1 2.4 5.5 5.6 5.6
Fs : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP) 5.6 5.3 5.5 6.9 6.8 6.9
Fs : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 4.4 4.2 4.3 6.5 6.5 6.5
SEmz+ 0.21 0.20 0.20 0.29 0.28 0.29
CD (P=0.05) 0.63 0.60 0.61 NS NS NS
Interaction: (SxF)
SixF1 F1 : Nano sulphur-600 ppm (GsP) 2.2 2.1 2.2 3.1 2.1 2.6
SixF ] . [F2: Nano sulphur-750 ppm (CP) 2.2 2.1 2.1 3.1 2.0 2.6
S1 % F3 viilt.hsr?aer?op;ljrl]mgr Fs : Nano boron-1500 ppm (GsP) 4.0 3.6 3.8 4.0 3.1 35
S1 X Fq 600 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 3.2 3.2 3.2 35 2.4 3.0
S1xFs Fs: F1 + Fs (GsP) 7.2 7.1 7.2 8.5 8.5 8.5
S1 % Fe Fs : F2 + F4 (CP) 44 4.3 4.3 4.6 4.6 4.6
S2x F1 F1 : Nano sulphur-600 ppm (GsP) 2.7 25 2.6 3.3 2.3 2.8
S x F2 ) .. |F2: Nano sulphur-750 ppm (CP) 2.2 2.0 2.1 3.0 2.0 2.5
Ss x Fa viizt-hsr?gr?opsrlljr:;)lr?gr Fs : Nano boron-1500 ppm (GsP) | 3.7 | 34 | 35 | 37 | 2.7 32
Sox Fq 750 ppm (CP) F4 : Nano boron-2000 ppm (CP) 2.7 2.7 2.7 3.4 2.3 2.8
S2 X Fs Fs : F1+ F3 (GsP) 5.7 5.5 5.6 6.0 5.8 5.9
S2 X Fs Fe : F2+ F4 (CP) 4.2 4.1 4.2 4.4 3.9 4.2
Ssx F1 F1 : Nano sulphur-600 ppm (GsP) 2.4 2.2 2.3 3.2 2.2 2.7
S x F2 ) .. |F2: Nano sulphur-750 ppm (CP) 2.2 2.1 2.1 3.1 2.1 2.6
Ss % Fs %Itﬁie:ngrggr'gg F2 : Nano boron-1500 ppm (GsP) | 40 | 39 | 39 | 41 | 34 37
Ss X Fs 1500 ppm (GsP) F4 : Nano boron-2000 ppm (CP) 3.5 3.4 3.5 3.7 2.5 3.1
Ss x Fs Fs: F1+ F3 (GsP) 8.9 8.7 8.8 8.9 8.6 8.8
Ss x Fs Fe : F2+ F4 (CP) 5.0 5.0 5.0 5.3 5.2 5.2
SexF1 F1 : Nano sulphur-600 ppm (GsP) 2.2 2.2 2.2 3.2 2.2 2.7
Sex F2 . .. [F2: Nano sulphur-750 ppm (CP) 2.2 2.0 2.1 3.0 2.0 2.5
Six Fs flcltﬁfgggg”r'c’)‘r? F2 : Nano boron-1500 ppm (GsP) | 3.8 | 35 | 37 | 38 | 28 | 33
Sy X Fq 2000 ppm (CP) F4 : Nano boron-2000 ppm (CP) 3.0 3.0 3.0 34 2.3 2.9
S4 X Fs Fs : F1+ F3 (GsP) 6.2 6.0 6.1 6.7 6.6 6.6
S4 X Fs Fe : F2+ F4 (CP) 4.1 3.9 4.0 4.3 3.7 4.0
SEmz+ 0.28 0.25 0.29 0.36 0.35 0.35
CD (P=0.05) 0.84 0.75 0.87 NS NS NS
Control plots: (C)
C1: Recommended dose of fertilizers (RDF) only 2.4 2.0 2.2 3.5 2.8 3.2
C. : Recommended package of practices (RPP) 3.6 3.4 3.5 4.6 3.7 4.2
SEm+ 0.32 0.31 0.32 0.42 0.41 0.42
CD (P=0.05) 0.96 0.93 0.97 NS NS NS
F-test * * * - - -
GsP: Green synthesised nano particle and **CP: Commercially available nano particle

RDF: (N:P20s:K20 90:90:62.5 kg ha'*) + Farm yard manure (7.5 t ha™) common for all treatments
RPP: RDF + Soil application of ZnSO4 (10 kg ha') and Borax (15 kg ha'*) + Foliar application of borax 2000 ppm (0.2%) at ray floret stage



Conclusion: Seed priming with 1500 ppm nano boron nitride (GsP) + foliar application of 600
ppm nano sulphur (GsP) + 1500 ppm nano boron nitride (GsP) significantly recorded higher
microbial population of soil of bacteria, fungi, actinomycetes, azotobacter and PSB, respectively)
but azospirillum population was found to be nonsignificant. When compared with recommended
practices, the best treatment significantly recorded a higher microbial population than control
treatments. The seed treatment and foliar application of nano fertilizers resulted in a higher
microbial population due to increased vegetative matter production in the treated plot compared to
the control plot. The elevated organic matter in the fertilizers treated plot provided more organic
carbon, which supported the growth of microorganisms, thereby increasing their population.
However, the application of very small quantities of nano fertilizers did not show any significant
impact on the microbial population. This indicates that while nano boron nitride can enhance
microbial activity and soil health when used in adequate amounts, its benefits are not evident at
minimal application rates. Additionally, the study highlights the importance of optimizing nano
fertilizer dosage to achieve the desired agricultural outcomes.
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