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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 I -Seed treatment) [Factor II (F- foliar application of nutrients at ray floret stage) 

with two control C1 : Recommended dose of fertilizers (RDF) only and C2 : 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 µ g TPF g-1 h-1), microbial population (13.1×105, 

22.4×103, 12.5×103, 12.0×104 and 8.8×104 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 I (S - Seed treatment) S1 : Seed priming with nano sulphur - 600 ppm (GsP*), S2 : 

Seed priming with nano sulphur - 750 ppm (CP**), S3 : Seed priming with nano boron - 1500 ppm 

(GsP) and S4 : Seed priming with nano boron - 2000 ppm (CP)], [Factor II (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), F5 : Nano sulphur 600 

ppm + Nano boron - 1500 ppm (GsP) and F6 : Nano Sulphur - 750 ppm + Nano boron - 2000 ppm 

(CP)] with two control C1 : Recommended dose of fertilizers (RDF) only and C2 : Recommended 

package of practices (RPP) treatments replicated thrice. Note [GsP: Green synthesised nano 

particle; **CP : Commercially available nanoparticle; RDF : (N:P2O5 :K2O 90:90 : 62.5 kg ha-1) + 

Farm yard manure (7.5 t ha-1) common for all treatments; RPP : RDF + soil application of ZnSO4 

(10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax 2000 ppm (0.2%) at ray floret 

stage].Sunflower was sown in a plot size of 5.4 m × 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 0C. 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 

 (kg ha-1) 

Nitrogen uptake on a dry weight basis was determined by 

modified Kjeldahl’s method [20] 

Phosphorus uptake 

 (kg ha-1) 

Plant samples were digested with a triacid mixture. The 

phosphorus uptake on a dry weight basis was determined 

by vanadomolybdic phosphoric acid yellow colour method 

in HNO3 system [21] 

Potassium uptake  

(kg ha-1) 

Potassium uptake on a dry weight basis was determined by 

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. 

𝐌𝐚𝐜𝐫𝐨𝐧𝐮𝐭𝐫𝐢𝐞𝐧𝐭 𝐮𝐩𝐭𝐚𝐤𝐞 (𝐤𝐠 𝐡𝐚−𝟏) =
% 𝐍𝐮𝐭𝐫𝐢𝐞𝐧𝐭 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 𝐱 𝐃𝐫𝐲 𝐦𝐚𝐭𝐭𝐞𝐫 𝐲𝐢𝐞𝐥𝐝 (𝐤𝐠 𝐡𝐚−𝟏)

𝟏𝟎𝟎
 

 

2.5  Seed yield per hectare (kg ha-1) 

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-1) 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 

a way 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) (S3F5) 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 (S3F5) 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 

 30 DAS 60 DAS 

Treatments: 2019 2020 Pooled data 2019 2020 Pooled data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 37.5 36.5 37.0 242.6 240.5 241.6 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 30.5 29.1 29.8 229.5 228.7 229.1 

S3 : Seed priming with nano boron-1500 ppm (GsP) 41.8 40.5 41.2 249.8 248.6 249.2 

S4 : Seed priming with nano boron-2000 ppm (CP) 33.5 32.5 33.0 234.5 232.4 233.5 

SEm± 1.2 1.1 1.2 1.5 1.4 1.4 

CD (P=0.05) 3.6 3.4 3.7 4.6 4.2 4.3 

Factor II: Foliar application (F) at ray floret stage 

F1  : Nano sulphur-600 ppm (GsP) 30.5 29.4 30.0 225.5 222.1 223.8 

F2 : Nano sulphur-750 ppm (CP) 25.1 24.5 24.8 221.5 218.5 220.0 

F3  : Nano boron-1500 ppm (GsP) 37.8 37.1 37.5 240.8 239.8 240.3 

F4  : Nano boron-2000 ppm (CP) 32.5 31.5 32.0 235.8 232.6 234.2 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  44.5 43.5 44.0 253.5 251.8 252.7 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 39.7 39.5 39.6 248.8 242.9 245.9 

SEm± 1.4 1.2 1.3 2.3 2.1 1.9 

CD (P=0.05) 4.2 3.6 4.1 6.9 6.3 5.7 

Interaction: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 27.8 26.9 27.4 198.5 195.5 197.0 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 27.4 26.2 26.8 191.4 189.7 190.6 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 32.8 32.3 32.6 228.7 226.7 227.7 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 30.8 29.5 30.2 220.5 215.5 218.0 

S1 × F5   F5  :  F1  +  F3  (GsP) 41.5 39.8 40.7 251.5 250.8 251.2 

S1 × F6   F6  :  F2  +  F4  (CP) 35.2 34.8 35.0 235.5 232.5 234.0 

S2 × F1   F1  : Nano sulphur-600 ppm (GsP) 29.1 28.3 28.7 203.8 201.5 202.7 



 

 

S2 × F2   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F2 : Nano sulphur-750 ppm (CP) 26.5 25.8 26.2 185.4 182.5 184.0 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 31.5 30.8 31.2 222.5 220.5 221.5 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 29.5 28.7 29.1 204.7 202.4 203.6 

S2 × F5   F5  :  F1  +  F3  (GsP) 37.6 37.1 37.4 242.5 241.8 242.2 

S2 × F6   F6  :  F2  +  F4  (CP) 34.5 34.5 34.5 232.8 231.5 232.2 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 28.4 27.7 28.1 200.8 198.8 199.8 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 27.5 26.5 27.0 195.4 193.5 194.5 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 33.1 32.5 32.8 229.8 228.7 229.3 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 31.2 30.2 30.7 221.8 217.6 219.7 

S3 × F5   F5  :  F1  +  F3  (GsP) 47.5 46.8 47.2 262.5 260.5 261.5 

S3 × F6   F6  :  F2  +  F4  (CP) 36.5 35.8 36.2 239.5 237.5 238.5 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 28.1 27.4 27.8 199.5 197.8 198.7 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 27.1 26.1 26.6 188.4 185.5 187.0 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 32.1 31.5 31.8 225.4 224.5 225.0 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 30.1 29.2 29.7 205.8 203.5 204.7 

S4 × F5   F5  :  F1  +  F3  (GsP) 39.4 38.8 39.1 245.8 244.5 245.2 

S4 × F6   F6  :  F2  +  F4  (CP) 33.5 32.8 33.2 230.4 229.5 230.0 

SEm± 1.8 1.7 1.8 3.1 2.9 2.7 

CD (P=0.05) 5.5 5.2 5.6 9.3 8.8 8.1 

Control plots: (C) 

C1 :  Recommended dose of fertilizers (RDF) only 18.2 17.9 18.1 166.8 164.5 165.7 

C2 :  Recommended package of practices (RPP) 24.9 24.1 24.5 180.4 178.8 179.6 

SEm± 2.1 1.9 2.0 4.1 3.9 3.8 

CD (P=0.05) 6.3 5.8 6.1 12.4 11.8 11.5 

F- test  * * * * * * 
GsP: Green synthesised nano particle   and                                 **CP: Commercially available nano particle 

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 243.8 241.5 242.7 245.7 243.5 244.6 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 230.2 229.5 229.9 233.4 230.5 232.0 

S3 : Seed priming with nano boron-1500 ppm (GsP) 254.3 251.6 253.0 255.8 254.1 255.0 

S4 : Seed priming with nano boron-2000 ppm (CP) 237.8 234.6 236.2 239.8 236.5 238.2 

SEm± 1.8 1.8 1.7 1.9 1.7 1.9 

CD (P=0.05) 5.5 5.6 5.4 5.7 5.2 5.9 

Factor II: Foliar application (F) at ray floret stage 

F1  : Nano sulphur-600 ppm (GsP) 228.6 223.6 226.1 230.9 225.7 228.3 

F2 : Nano sulphur-750 ppm (CP) 225.6 219.8 222.7 227.8 221.8 224.8 

F3  : Nano boron-1500 ppm (GsP) 243.9 241.2 242.6 245.4 242.8 244.1 

F4  : Nano boron-2000 ppm (CP) 239.7 237.6 238.7 241.8 238.7 240.3 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  258.8 256.9 257.9 260.8 258.9 259.9 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 250.8 248.6 249.7 252.8 251.1 252.0 

SEm± 2.3 2.2 2.3 2.4 2.3 2.3 

CD (P=0.05) 6.9 6.6 6.9 7.2 6.9 6.9 

Interaction: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 203.6 201.5 202.6 206.2 203.1 204.7 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 197.8 192.2 195.0 199.1 195.4 197.3 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 231.8 231.1 231.5 235.8 234.2 235.0 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 224.6 223.3 224.0 228.7 225.9 227.3 

S1 × F5   F5  :  F1  +  F3  (GsP) 257.8 256.3 257.1 260.2 259.1 259.7 

S1 × F6   F6  :  F2  +  F4  (CP) 239.8 238.7 239.3 243.7 242.8 243.3 



 

 

S2 × F1   

S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 208.8 207.8 208.3 212.1 208.4 210.3 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 190.6 187.8 189.2 192.4 190.5 191.5 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 227.8 226.8 227.3 230.5 228.7 229.6 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 209.8 208.7 209.3 212.8 209.7 211.3 

S2 × F5   F5  :  F1  +  F3  (GsP) 246.9 244.2 245.6 250.7 248.7 249.7 

S2 × F6   F6  :  F2  +  F4  (CP) 236.8 235.9 236.4 241.0 240.1 240.6 

S3 × F1   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 206.7 205.6 206.2 208.7 207.4 208.1 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 201.8 199.8 200.8 203.4 200.2 201.8 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 232.5 231.5 232.0 237.1 236.1 236.6 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 225.8 225.2 225.5 229.5 226.8 228.2 

S3 × F5   F5  :  F1  +  F3  (GsP) 268.8 267.5 268.2 271.4 269.8 270.6 

S3 × F6   F6  :  F2  +  F4  (CP) 243.6 242.8 243.2 247.7 246.7 247.2 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 204.5 203.7 204.1 207.1 205.7 206.4 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 193.2 189.5 191.4 195.5 192.8 194.2 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 229.8 228.6 229.2 233.6 232.4 233.0 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 211.8 209.9 210.9 214.1 210.8 212.5 

S4 × F5   F5  :  F1  +  F3  (GsP) 248.8 246.8 247.8 253.5 252.1 252.8 

S4 × F6   F6  :  F2  +  F4  (CP) 234.5 233.6 234.1 238.1 236.7 237.4 

SEm± 3.2 3.1 3.1 3.3 3.1 3.3 

CD (P=0.05) 9.6 9.3 9.4 9.9 9.3 9.9 

Control plots: (C) 

C1 :  Recommended dose of fertilizers (RDF) only 168.2 165.3 166.8 169.8 166.8 168.3 

C2 :  Recommended package of practices (RPP) 183.5 179.2 181.4 184.6 180.2 182.4 

SEm± 4.4 4.2 4.3 4.5 4.1 4.2 

CD (P=0.05) 13.2 12.6 12.9 13.8 12.5 12.6 

F- test * * * * * * 

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

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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-1 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-1 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) (S3F5) significantly recorded higher nitrogen uptake (80.43, 34.47 and 114.9 kg ha-1 in seed, 

stalk and total uptake, respectively) (Table 3 and 4). When compared with recommended practices, 

the best treatment (S3F5) 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-1 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-1 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) (S3F5) 

significantly recorded higher phosphorus uptake (22.30, 12.01 and 34.30 kg ha-1 in seed, stalk and 

total uptake, respectively) (Table 5 and 6). When compared with recommended practices, the best 

treatment (S3F5) 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-1 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-1 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) (S3F5) 

significantly recorded higher potassium uptake (24.16, 55.04 and 79.20 kg ha-1 in seed, stalk and 

total uptake, respectively) (Table 7 and 8). When compared with recommended practices, the best 

treatment (S3F5) 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-1) Stalk (kg ha-1) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 71.75 71.05 71.40 30.75 30.45 30.60 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 66.85 65.87 66.36 28.65 28.23 28.44 

S3 : Seed priming with nano boron-1500 ppm (GsP) 74.76 73.85 74.31 32.04 31.65 31.85 

S4 : Seed priming with nano boron-2000 ppm (CP) 68.95 68.25 68.60 29.55 29.25 29.40 

SEm± 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 II: 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) 71.96 71.47 71.72 30.84 30.63 30.74 

F4  : Nano boron-2000 ppm (CP) 68.25 67.55 67.90 29.25 28.95 29.10 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  77.35 76.65 77.00 33.15 32.85 33.00 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 73.29 73.15 73.22 31.41 31.35 31.38 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 64.96 64.33 64.65 27.84 27.57 27.71 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 64.68 63.84 64.26 27.72 27.36 27.54 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 68.46 68.11 68.29 29.34 29.19 29.27 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 67.06 66.15 66.61 28.74 28.35 28.55 

S1 × F5   F5  :  F1  +  F3  (GsP) 73.78 73.36 73.57 31.62 31.44 31.53 

S1 × F6   F6  :  F2  +  F4  (CP) 70.14 69.86 70.00 30.06 29.94 30.00 

S2 × F1   F1  : Nano sulphur-600 ppm (GsP) 65.87 65.31 65.59 28.23 27.99 28.11 



 

 

S2 × F2   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F2 : Nano sulphur-750 ppm (CP) 64.05 63.56 63.81 27.45 27.24 27.35 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 67.55 67.06 67.31 28.95 28.74 28.85 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 66.15 65.59 65.87 28.35 28.11 28.23 

S2 × F5   F5  :  F1  +  F3  (GsP) 71.82 71.47 71.65 30.78 30.63 30.71 

S2 × F6   F6  :  F2  +  F4  (CP) 69.65 69.65 69.65 29.85 29.85 29.85 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 65.38 64.89 65.14 28.02 27.81 27.92 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 64.75 64.05 64.40 27.75 27.45 27.60 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 68.67 68.25 68.46 29.43 29.25 29.34 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 67.34 66.64 66.99 28.86 28.56 28.71 

S3 × F5   F5  :  F1  +  F3  (GsP) 80.92 79.94 80.43 34.68 34.26 34.47 

S3 × F6   F6  :  F2  +  F4  (CP) 71.05 70.56 70.81 30.45 30.24 30.35 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 65.17 64.68 64.93 27.93 27.72 27.83 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 64.47 63.77 64.12 27.63 27.33 27.48 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 67.97 67.55 67.76 29.13 28.95 29.04 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 66.57 65.94 66.26 28.53 28.26 28.40 

S4 × F5   F5  :  F1  +  F3  (GsP) 73.08 72.66 72.87 31.32 31.14 31.23 

S4 × F6   F6  :  F2  +  F4  (CP) 68.95 68.46 68.71 29.55 29.34 29.45 

SEm± 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 

SEm± 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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax  2000 ppm   (0.2%) at ray floret stage 

 

 

 

Table 4: Total nitrogen uptake (kg ha-1) 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 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 95.5 94.1 94.8 

S3 : 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 

SEm± 1.00 0.90 0.90 

CD (P=0.05) 3.00 2.70 2.80 

Factor II: 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 

F5  : Nano sulphur 600 ppm +  Nano boron-1500 ppm (GsP)  110.5 109.5 110.0 

F6  : Nano sulphur-750 ppm  +  Nano boron-2000 ppm (CP) 104.7 104.5 104.6 

SEm± 1.30 1.20 1.20 

CD (P=0.05) 3.90 3.60 3.90 

Interaction: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 92.8 91.9 92.4 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 92.4 91.2 91.8 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 97.8 97.3 97.6 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 95.8 94.5 95.2 

S1 × F5   F5  :  F1  +  F3  (GsP) 105.4 104.8 105.1 

S1 × F6   F6  :  F2  +  F4  (CP) 100.2 99.8 100.0 

S2 × F1   S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 94.1 93.3 93.7 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 91.5 90.8 91.2 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 96.5 95.8 96.2 



 

 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 94.5 93.7 94.1 

S2 × F5   F5  :  F1  +  F3  (GsP) 102.6 102.1 102.4 

S2 × F6   F6  :  F2  +  F4  (CP) 99.5 99.5 99.5 

S3 × F1   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 93.4 92.7 93.1 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 92.5 91.5 92.0 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 98.1 97.5 97.8 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 96.2 95.2 95.7 

S3 × F5   F5  :  F1  +  F3  (GsP) 115.6 114.2 114.9 

S3 × F6   F6  :  F2  +  F4  (CP) 101.5 100.8 101.2 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 93.1 92.4 92.8 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 92.1 91.1 91.6 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 97.1 96.5 96.8 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 95.1 94.2 94.7 

S4 × F5   F5  :  F1  +  F3  (GsP) 104.4 103.8 104.1 

S4 × F6   F6  :  F2  +  F4  (CP) 98.5 97.8 98.2 

SEm± 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 77.4 78.0 

C2 :  Recommended package of practices (RPP) 89.9 89.1 89.5 

SEm± 2.10 1.90 2.00 

CD (P=0.05) 6.30 5.70 6.10 

F-test * * * 

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

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax  2000 ppm   (0.2%) at ray floret stage 
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 Seed (kg ha-1) Stalk (kg ha-1) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 19.19 18.97 19.08 10.33 10.22 10.27 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 17.62 17.55 17.58 9.49 9.45 9.47 

S3 : Seed priming with nano boron-1500 ppm (GsP) 21.39 21.19 21.29 11.52 11.41 11.46 

S4 : Seed priming with nano boron-2000 ppm (CP) 18.69 18.66 18.68 10.07 10.05 10.06 

SEm± 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 II: 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 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  21.71 21.52 21.61 11.69 11.59 11.64 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 19.49 19.19 19.34 10.50 10.34 10.42 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 17.51 16.90 17.20 9.43 9.10 9.26 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 17.46 16.68 17.07 9.40 8.98 9.19 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 18.62 18.54 18.58 10.03 9.99 10.01 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 17.93 17.77 17.85 9.66 9.57 9.61 

S1 × F5   F5  :  F1  +  F3  (GsP) 20.03 19.93 19.98 10.78 10.73 10.76 

S1 × F6   F6  :  F2  +  F4  (CP) 19.23 19.15 19.19 10.35 10.31 10.33 

S2 × F1   S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 17.71 17.41 17.56 9.53 9.38 9.46 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 17.42 16.50 16.96 9.38 8.88 9.13 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 18.28 18.24 18.26 9.84 9.82 9.83 



 

 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 17.72 17.52 17.62 9.54 9.44 9.49 

S2 × F5   F5  :  F1  +  F3  (GsP) 19.58 19.56 19.57 10.54 10.53 10.54 

S2 × F6   F6  :  F2  +  F4  (CP) 19.21 19.10 19.16 10.34 10.29 10.31 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 17.65 17.31 17.48 9.50 9.32 9.41 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 17.50 16.87 17.19 9.42 9.09 9.25 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 18.72 18.69 18.71 10.08 10.07 10.07 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 18.04 17.98 18.01 9.71 9.68 9.70 

S3 × F5   F5  :  F1  +  F3  (GsP) 22.43 22.17 22.30 12.08 11.94 12.01 

S3 × F6   F6  :  F2  +  F4  (CP) 19.29 19.24 19.27 10.39 10.36 10.37 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 17.61 17.23 17.42 9.48 9.28 9.38 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 17.44 16.51 16.97 9.39 8.89 9.14 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 18.50 18.45 18.48 9.96 9.94 9.95 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 17.91 17.63 17.77 9.64 9.49 9.57 

S4 × F5   F5  :  F1  +  F3  (GsP) 19.75 19.70 19.73 10.64 10.61 10.62 

S4 × F6   F6  :  F2  +  F4  (CP) 19.07 18.97 19.02 10.27 10.22 10.24 

SEm± 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 14.30 13.98 14.14 7.70 7.53 7.61 

C2 :  Recommended package of practices (RPP) 17.02 16.48 16.75 9.17 8.88 9.02 

SEm± 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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax  2000 ppm   (0.2%) at ray floret stage 
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Treatments: 2019 2020 Pooled data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 29.52 29.19 29.36 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 27.10 27.00 27.05 

S3 : 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 II: 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 

F5  : Nano sulphur 600 ppm +  Nano boron-1500 ppm (GsP)  33.40 33.10 33.25 

F6  : 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: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 26.94 26.00 26.47 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 26.85 25.66 26.26 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 28.65 28.53 28.59 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 27.59 27.34 27.47 

S1 × F5   F5  :  F1  +  F3  (GsP) 30.81 30.66 30.74 

S1 × F6   F6  :  F2  +  F4  (CP) 29.58 29.46 29.52 

S2 × F1   

S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 27.24 26.79 27.01 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 26.80 25.38 26.09 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 28.12 28.06 28.09 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 27.26 26.96 27.11 

S2 × F5   F5  :  F1  +  F3  (GsP) 30.12 30.09 30.11 



 

 

S2 × F6   F6  :  F2  +  F4  (CP) 29.55 29.39 29.47 

S3 × F1   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 27.15 26.63 26.89 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 26.92 25.96 26.44 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 28.80 28.76 28.78 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 27.75 27.66 27.71 

S3 × F5   F5  :  F1  +  F3  (GsP) 34.50 34.10 34.30 

S3 × F6   F6  :  F2  +  F4  (CP) 29.68 29.60 29.64 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 27.09 26.50 26.80 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 26.83 25.40 26.12 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 28.46 28.39 28.43 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 27.55 27.12 27.34 

S4 × F5   F5  :  F1  +  F3  (GsP) 30.39 30.31 30.35 

S4 × F6   F6  :  F2  +  F4  (CP) 29.34 29.19 29.27 

SEm± 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 

SEm± 1.30 1.20 1.20 

CD (P=0.05) 3.90 3.60 3.70 

F-test * * * 

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

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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-1) Stalk  (kg ha-1) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

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 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 21.34 21.15 21.25 48.62 48.21 48.41 

S3 : Seed priming with nano boron-1500 ppm (GsP) 22.81 22.60 22.71 51.99 51.50 51.74 

S4 : Seed priming with nano boron-2000 ppm (CP) 21.69 21.52 21.61 49.43 49.05 49.24 

SEm± 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 II: Foliar application (F) at ray floret stage 

F1  : Nano sulphur-600 ppm (GsP) 21.58 21.39 21.48 49.18 48.73 48.96 

F2 : Nano sulphur-750 ppm (CP) 21.32 21.13 21.23 48.59 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) 21.83 21.65 21.74 49.74 49.33 49.54 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  23.42 23.15 23.29 53.38 52.75 53.06 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 22.11 21.87 21.99 50.39 49.83 50.11 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 20.78 20.51 20.65 47.35 46.74 47.04 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 20.67 20.47 20.57 47.10 46.65 46.87 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 21.80 21.62 21.71 49.66 49.26 49.46 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 21.47 21.26 21.37 48.92 48.45 48.68 

S1 × F5   F5  :  F1  +  F3  (GsP) 22.53 22.35 22.44 51.33 50.93 51.13 

S1 × F6   F6  :  F2  +  F4  (CP) 22.08 21.89 21.99 50.32 49.89 50.10 

S2 × F1   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 21.11 20.90 21.00 48.09 47.62 47.86 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 20.61 20.39 20.50 46.96 46.46 46.71 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 21.65 21.44 21.54 49.33 48.84 49.09 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 21.27 21.05 21.16 48.46 47.97 48.22 

S2 × F5   F5  :  F1  +  F3  (GsP) 22.21 22.01 22.11 50.60 50.17 50.38 



 

 

S2 × F6   F6  :  F2  +  F4  (CP) 22.03 21.84 21.94 50.20 49.77 49.98 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 20.97 20.79 20.88 47.79 47.38 47.58 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 20.73 20.49 20.61 47.23 46.69 46.96 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 21.90 21.71 21.81 49.90 49.48 49.69 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 21.53 21.34 21.44 49.07 48.64 48.85 

S3 × F5   F5  :  F1  +  F3  (GsP) 24.28 24.03 24.16 55.32 54.77 55.04 

S3 × F6   F6  :  F2  +  F4  (CP) 22.15 21.96 22.05 50.46 50.05 50.26 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 20.91 20.67 20.79 47.65 47.11 47.38 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 20.66 20.44 20.55 47.07 46.58 46.83 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 21.72 21.51 21.61 49.49 49.01 49.25 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 21.41 21.19 21.30 48.80 48.28 48.54 

S4 × F5   F5  :  F1  +  F3  (GsP) 22.32 22.13 22.23 50.87 50.44 50.65 

S4 × F6   F6  :  F2  +  F4  (CP) 21.98 21.79 21.88 50.08 49.65 49.87 

SEm± 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 42.95 41.84 42.40 

C2 :  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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax  2000 ppm   (0.2%) at ray floret stage 

 

 

Table 8:  Total potassium uptake (kg ha-1) 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 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 69.96 69.36 69.66 

S3 : 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 

SEm± 0.91 0.89 0.90 

CD (P=0.05) 2.73 2.67 2.71 

Factor II: 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 

F5  : Nano sulphur 600 ppm +  Nano boron-1500 ppm (GsP)  76.80 75.90 76.35 

F6  : 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: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 68.13 67.25 67.69 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 67.77 67.12 67.45 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 71.46 70.88 71.17 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 70.39 69.71 70.05 

S1 × F5   F5  :  F1  +  F3  (GsP) 73.86 73.28 73.57 

S1 × F6   F6  :  F2  +  F4  (CP) 72.40 71.78 72.09 

S2 × F1   

S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 69.20 68.52 68.86 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 67.57 66.85 67.21 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 70.98 70.28 70.63 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 69.73 69.02 69.38 

S2 × F5   F5  :  F1  +  F3  (GsP) 72.81 72.18 72.50 

S2 × F6   F6  :  F2  +  F4  (CP) 72.23 71.61 71.92 

S3 × F1   F1  : Nano sulphur-600 ppm (GsP) 68.76 68.17 68.47 



 

 

S3 × F2   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F2 : Nano sulphur-750 ppm (CP) 67.96 67.18 67.57 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 71.80 71.19 71.50 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 70.60 69.98 70.29 

S3 × F5   F5  :  F1  +  F3  (GsP) 79.60 78.80 79.20 

S3 × F6   F6  :  F2  +  F4  (CP) 72.61 72.01 72.31 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 68.56 67.78 68.17 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 67.73 67.02 67.38 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 71.21 70.52 70.87 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 70.21 69.47 69.84 

S4 × F5   F5  :  F1  +  F3  (GsP) 73.19 72.57 72.88 

S4 × F6   F6  :  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 

C2 :  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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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-1) (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-1). 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) (S3F5) significantly recorded higher seed yield (3588 kg ha-1). When compared with 

recommended practices, the best treatment (S3F5) 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-1) of sunflower  

 



 

 

Treatments: 2019 2020 Pooled data 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 2710 2687 2699 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 2588 2526 2557 

S3 : Seed priming with nano boron-1500 ppm (GsP) 2798 2758 2778 

S4 : Seed priming with nano boron-2000 ppm (CP) 2618 2608 2613 

SEm± 15.7 13.8 15.1 

CD (P=0.05) 50.4 46.2 48.6 

Factor II: 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 

F5  : Nano sulphur 600 ppm +  Nano boron-1500 ppm (GsP)  3419 3389 3404 

F6  : Nano sulphur-750 ppm  +  Nano boron-2000 ppm (CP) 3071 3038 3055 

SEm± 20.0 17.6 18.4 

CD (P=0.05) 65.8 57.9 60.2 

Interaction: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 2242 2217 2230 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 2109 2086 2098 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 2886 2861 2874 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 2436 2416 2426 

S1 × F5   F5  :  F1  +  F3  (GsP) 3490 3459 3475 

S1 × F6   F6  :  F2  +  F4  (CP) 3099 3076 3088 

S2 × F1   

S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 2265 2251 2258 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 1896 1879 1888 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 2811 2784 2798 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 2310 2291 2301 

S2 × F5   F5  :  F1  +  F3  (GsP) 3241 3259 3250 

S2 × F6   F6  :  F2  +  F4  (CP) 3010 2984 2997 

S3 × F1   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 2253 2235 2244 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 2167 2151 2159 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 2956 2937 2947 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 2514 2499 2507 

S3 × F5   F5  :  F1  +  F3  (GsP) 3601 3574 3588 

S3 × F6   F6  :  F2  +  F4  (CP) 3194 3170 3182 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 2248 2231 2240 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 1999 1984 1992 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 2875 2857 2866 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 2374 2354 2364 

S4 × F5   F5  :  F1  +  F3  (GsP) 3350 3328 3339 

S4 × F6   F6  :  F2  +  F4  (CP) 2981 2957 2969 

SEm± 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 

C2 :  Recommended package of practices (RPP) 1798 1742 1770 

SEm± 29.6 28.5 29.1 

CD (P=0.05) 94.5 87.6 90.7 

F-test * * * 

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

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax  2000 ppm   (0.2%) at ray floret stage 

 

Dehydrogenase enzyme (µ g TPF g-1 h-1)  



 

 

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 µ g TPF g-1 h-1). 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 µ g TPF g-1 h-1). 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) 

(S3F5) significantly recorded higher dehydrogenase enzyme (2.61 µ g TPF g-1 h-1). When compared 

with recommended practices, the best treatment (S3F5) significantly recorded higher 

dehydrogenase enzyme than control treatments. Similar findings were recorded with [44], [45] 

 

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 (µ g TPF g-1 h-1)  of sunflower grown soil after harvest                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Treatments: 2019 2020 Pooled data 



 

 

Factor I: Seed priming (S) 

S1 : Seed priming with nano sulphur-600 ppm (GsP*) 1.77 1.75 1.76 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 1.33 1.33 1.33 

S3 : 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 

SEm± 0.03 0.02 0.02 

CD (P=0.05) 0.09 0.06 0.06 

Factor II: 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 

F5  : Nano sulphur 600 ppm +  Nano boron-1500 ppm (GsP)  2.34 2.33 2.34 

F6  : Nano sulphur-750 ppm  +  Nano boron-2000 ppm (CP) 1.97 1.96 1.97 

SEm± 0.06 0.05 0.05 

CD (P=0.05) 0.18 0.15 0.16 

Interaction: (S×F) 

S1 × F1   

S1: Seed priming with 

nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 0.98 0.95 0.96 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 0.92 0.90 0.91 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 1.61 1.61 1.61 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 1.36 1.35 1.36 

S1 × F5   F5  :  F1  +  F3  (GsP) 2.12 2.11 2.11 

S1 × F6   F6  :  F2  +  F4  (CP) 1.81 1.80 1.80 

S2 × F1   

S2: Seed priming with 

nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 1.17 1.15 1.16 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 0.88 0.86 0.87 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 1.49 1.47 1.48 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 1.24 1.22 1.23 

S2 × F5   F5  :  F1  +  F3  (GsP) 1.91 1.89 1.90 

S2 × F6   F6  :  F2  +  F4  (CP) 1.77 1.76 1.77 

S3 × F1   

S3: Seed priming with 

nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 1.12 1.11 1.12 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 0.95 0.93 0.94 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 1.69 1.68 1.69 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 1.42 1.41 1.41 

S3 × F5   F5  :  F1  +  F3  (GsP) 2.62 2.60 2.61 

S3 × F6   F6  :  F2  +  F4  (CP) 1.85 1.84 1.85 

S4 × F1   

S4 : Seed priming with 

nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 1.05 1.03 1.04 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 0.90 0.88 0.89 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 1.54 1.52 1.53 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 1.32 1.29 1.31 

S4 × F5   F5  :  F1  +  F3  (GsP) 1.99 1.98 1.99 

S4 × F6   F6  :  F2  +  F4  (CP) 1.73 1.72 1.73 

SEm± 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 

C2 :  Recommended package of practices (RPP) 0.84 0.81 0.83 

SEm± 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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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 (10.4×105, 18.5×103, 10.7×103, 9.5×104 and 

4.6×104 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 (11.1×105, 19.6×103, 11.8×103, 11.5×104 and 

5.5×104 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) (S3F5) significantly recorded 

higher microbial population (13.1×105, 22.4×103, 12.5×103, 12.0×104 and 8.8×104 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 

(S3F5) 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]. 

 

 

 

 

 

 

 

 

 



 

 

                           
 

 

 

  

                  

 

 

                                                                                                                  

 

                                                                                                                                                  

 

Fig 2: Microbial population of sunflower-grown soil after harvest of the crop 
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GsP: Green synthesised nano particle   and                                 **CP: Commercially available nano particle 

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax 2000 ppm   (0.2%) at ray floret stage 
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 Bacteria 

 (No. × 105 cfu/g of soil) 

Fungi 

(No. × 103 cfu/g of soil) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

data 

Factor I: Seed priming (S) 

S1 : 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**) 5.3 5.2 5.2 11.7 11.3 11.5 

S3 : Seed priming with nano boron-1500 ppm (GsP) 10.6 10.2 10.4 18.9 18.2 18.5 

S4 : Seed priming with nano boron-2000 ppm (CP) 7.6 7.5 7.5 13.2 12.7 13.0 

SEm± 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 II: 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 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  11.3 10.9 11.1 19.9 19.2 19.6 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 9.5 8.9 9.2 16.1 16.1 16.1 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 4.6 3.5 4.0 10.1 9.8 10.0 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 4.3 3.4 3.9 9.2 8.7 9.0 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 7.4 7.2 7.3 13.6 12.8 13.2 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 5.8 5.5 5.7 12.0 11.4 11.7 

S1 × F5   F5  :  F1  +  F3  (GsP) 10.6 10.3 10.4 18.6 18.3 18.4 

S1 × F6   F6  :  F2  +  F4  (CP) 8.7 8.5 8.6 14.7 14.3 14.5 

S2 × F1   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 5.1 4.6 4.9 10.8 10.6 10.7 

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

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 6.6 6.5 6.5 13.0 12.3 12.7 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 5.2 4.9 5.0 11.1 10.9 11.0 

S2 × F5   F5  :  F1  +  F3  (GsP) 9.4 9.3 9.4 15.7 15.4 15.5 

S2 × F6   F6  :  F2  +  F4  (CP) 8.6 8.3 8.5 14.3 13.6 14.0 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 5.0 4.4 4.7 10.7 10.2 10.4 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 4.5 3.4 3.9 9.6 9.2 9.4 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 7.7 7.6 7.6 13.9 13.2 13.6 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 6.1 6.0 6.0 12.6 12.1 12.4 

S3 × F5   F5  :  F1  +  F3  (GsP) 13.2 13.0 13.1 22.7 22.1 22.4 

S3 × F6   F6  :  F2  +  F4  (CP) 8.8 8.7 8.8 15.0 14.5 14.8 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 4.8 4.1 4.5 10.3 10.0 10.2 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 4.2 3.2 3.7 9.0 8.3 8.7 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 7.0 6.9 7.0 13.3 12.5 12.9 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 5.6 5.1 5.4 11.5 11.2 11.3 

S4 × F5   F5  :  F1  +  F3  (GsP) 9.8 9.7 9.8 16.6 16.2 16.4 

S4 × F6   F6  :  F2  +  F4  (CP) 8.3 8.1 8.2 14.2 13.4 13.8 

SEm± 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) 

C1 :  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 

SEm± 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 * * * * * * 



 

 

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

 

 Actinomycetes 

 (No. × 103 cfu/g of soil) 

Azotobacter 

(No. × 104 cfu/g of soil) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

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 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 4.6 4.0 4.3 3.9 3.3 3.6 

S3 : 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 

SEm± 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 II: 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 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  12.3 11.3 11.8 11.9 11.2 11.5 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 9.0 8.5 8.8 8.3 7.8 8.1 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 2.9 2.8 2.9 3.1 3.0 3.1 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 2.8 2.8 2.8 3.1 3.0 3.0 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 6.5 5.6 6.0 5.8 4.9 5.3 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 4.8 4.1 4.4 4.1 3.4 3.7 

S1 × F5   F5  :  F1  +  F3  (GsP) 10.8 10.5 10.7 10.3 9.9 10.1 

S1 × F6   F6  :  F2  +  F4  (CP) 7.1 7.1 7.1 6.4 6.4 6.4 

S2 × F1   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 3.6 3.4 3.5 3.2 3.0 3.1 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 2.8 2.7 2.8 3.1 2.9 3.0 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 5.9 5.1 5.5 5.2 4.4 4.8 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 4.0 3.6 3.8 3.3 3.1 3.2 

S2 × F5   F5  :  F1  +  F3  (GsP) 8.5 8.3 8.4 7.8 7.6 7.7 

S2 × F6   F6  :  F2  +  F4  (CP) 6.9 6.4 6.6 6.2 5.7 5.9 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 3.3 2.9 3.1 3.2 3.0 3.1 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 2.8 2.8 2.8 3.1 3.0 3.0 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 6.6 5.9 6.2 5.9 5.2 5.5 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 5.5 4.8 5.1 4.8 4.1 4.4 

S3 × F5   F5  :  F1  +  F3  (GsP) 12.9 12.1 12.5 12.1 12.0 12.0 

S3 × F6   F6  :  F2  +  F4  (CP) 7.8 7.7 7.7 7.1 7.0 7.0 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 2.9 2.8 2.9 3.2 3.0 3.1 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 2.8 2.7 2.8 3.1 3.0 3.0 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 6.1 5.3 5.7 5.4 4.6 5.0 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 4.2 3.8 4.0 3.5 3.1 3.3 

S4 × F5   F5  :  F1  +  F3  (GsP) 9.1 8.6 8.9 8.4 7.9 8.2 

S4 × F6   F6  :  F2  +  F4  (CP) 6.8 6.1 6.5 6.1 5.4 5.8 

SEm± 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 

C2 :  Recommended package of practices (RPP) 3.8 3.7 3.8 4.5 4.0 4.3 

SEm± 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 * * * * * * 

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

RDF:  (N:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + Foliar application of borax 2000 ppm   (0.2%) at ray floret stage 
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 PSB 

(No. × 104 cfu/g of soil) 

Azospirillum 

(No. × 104 cfu/g of soil) 

Treatments: 
2019 2020 

Pooled 

data 
2019 2020 

Pooled 

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 

S2 : Seed priming with nano sulphur-750 ppm (CP**) 1.6 1.1 1.3 3.9 3.8 3.9 

S3 : 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 

SEm± 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 II: 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 5.4 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 

F5  : Nano sulphur 600 ppm+Nano boron-1500 ppm (GsP)  5.6 5.3 5.5 6.9 6.8 6.9 

F6  : Nano sulphur-750 ppm+Nano boron-2000 ppm (CP) 4.4 4.2 4.3 6.5 6.5 6.5 

SEm± 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: (S×F) 

S1 × F1   

S1: Seed priming 

with nano sulphur 

600 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 2.2 2.1 2.2 3.1 2.1 2.6 

S1 × F2   F2 : Nano sulphur-750 ppm (CP) 2.2 2.1 2.1 3.1 2.0 2.6 

S1 × F3   F3  : Nano boron-1500 ppm (GsP) 4.0 3.6 3.8 4.0 3.1 3.5 

S1 × F4   F4  : Nano boron-2000 ppm (CP) 3.2 3.2 3.2 3.5 2.4 3.0 

S1 × F5   F5  :  F1  +  F3  (GsP) 7.2 7.1 7.2 8.5 8.5 8.5 

S1 × F6   F6  :  F2  +  F4  (CP) 4.4 4.3 4.3 4.6 4.6 4.6 

S2 × F1   

S2: Seed priming 

with nano sulphur  

750 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 2.7 2.5 2.6 3.3 2.3 2.8 

S2 × F2   F2 : Nano sulphur-750 ppm (CP) 2.2 2.0 2.1 3.0 2.0 2.5 

S2 × F3   F3  : Nano boron-1500 ppm (GsP) 3.7 3.4 3.5 3.7 2.7 3.2 

S2 × F4   F4  : Nano boron-2000 ppm (CP) 2.7 2.7 2.7 3.4 2.3 2.8 

S2 × F5   F5  :  F1  +  F3  (GsP) 5.7 5.5 5.6 6.0 5.8 5.9 

S2 × F6   F6  :  F2  +  F4  (CP) 4.2 4.1 4.2 4.4 3.9 4.2 

S3 × F1   

S3: Seed priming 

with nano boron 

1500 ppm (GsP) 

F1  : Nano sulphur-600 ppm (GsP) 2.4 2.2 2.3 3.2 2.2 2.7 

S3 × F2   F2 : Nano sulphur-750 ppm (CP) 2.2 2.1 2.1 3.1 2.1 2.6 

S3 × F3   F3  : Nano boron-1500 ppm (GsP) 4.0 3.9 3.9 4.1 3.4 3.7 

S3 × F4   F4  : Nano boron-2000 ppm (CP) 3.5 3.4 3.5 3.7 2.5 3.1 

S3 × F5   F5  :  F1  +  F3  (GsP) 8.9 8.7 8.8 8.9 8.6 8.8 

S3 × F6   F6  :  F2  +  F4  (CP) 5.0 5.0 5.0 5.3 5.2 5.2 

S4 × F1   

S4 : Seed priming 

with nano boron 

2000 ppm (CP) 

F1  : Nano sulphur-600 ppm (GsP) 2.2 2.2 2.2 3.2 2.2 2.7 

S4 × F2   F2 : Nano sulphur-750 ppm (CP) 2.2 2.0 2.1 3.0 2.0 2.5 

S4 × F3   F3  : Nano boron-1500 ppm (GsP) 3.8 3.5 3.7 3.8 2.8 3.3 

S4 × F4   F4  : Nano boron-2000 ppm (CP) 3.0 3.0 3.0 3.4 2.3 2.9 

S4 × F5   F5  :  F1  +  F3  (GsP) 6.2 6.0 6.1 6.7 6.6 6.6 

S4 × F6   F6  :  F2  +  F4  (CP) 4.1 3.9 4.0 4.3 3.7 4.0 

SEm± 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 

C2 :  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:P2O5:K2O 90:90:62.5 kg ha-1) + Farm yard manure (7.5 t ha-1) common for all treatments 

RPP: RDF + Soil application of ZnSO4 (10 kg ha-1) and Borax (15 kg ha-1) + 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. 

Reference 

1. Abasalt RA, Morad S, Zahra RM, Effect of B nano-fertilizer (Vigna radiata) seedlings by 

foliar spray method. Nanotechnology Development. 2015; 3:159-178. 

2. Adhikari J, Samanta D, Samui RC, Effect of gypsum on growth and yield of confectionary 

groundnut (Arachis hypogaea) varieties in summer season. Indian J. Agric. Sci. 2003; 

73(2): 108-109. 

3. Bateni A, Erdem E, Habler W, Somer M,  High-quality MgB2 nanocrystals synthesized by 

using modified amorphous nano-boron powders: Study of defect structures and super 

conductivity properties. AIP Advances. 2019; 9(4): 1-7. 

4. Berger KC, Troug E, Boron determination in soil and plants. Indian Eng. Chem. Anal. Ed. 

1939; 11: 540-545. 

5. Bhagat KL, Soni KC, Effect of nitrogen and sulphur on growth, seed and oil yield of 

mustard. J. Oilseeds Res. 2000; 17(1) : 96-99. 

6. Brown PH, Bellaloui N, Wimmer M, Bassil ES, Riuz J, Hu, H, Pfeffer H, Dannel F, 

Romheld V, Boron in plant biology. Plant Biol. 2002; 4: 205-227. 

7. Burmana U, Sainib M, Praveenkumar, Effect of  boron spraying at various growth stages. 

Springer Plus. 2013; 2: 247. 

8. Casida LE, Klein DA, Santoto T, Soil dehydrogenase activity. Soil Sci. 1964; 98(5): 371-

376. 

9. Casida LE, Klein DA, Santoto T, Soil dehydrogenase activity. Soil Sci. 1964; 98: 371-376. 

10. Deperon RH, Milanez CR, Moraes DMA, Rosolem CA, Boron deficiency inhibits cell 

development and reduces growth of sunflower. J. Plant Nutri. 2007; 29(2): 2039-2048. 

11. Deshmukh AR, Jeong JW, Lee SJ, Park U, Kim BS, Ultrasound-assisted facile green 

synthesis of hexagonal boron nitride nanosheets and their applications. ACS Sustainable 

Chem. Eng. 2019; 7: 17114-17125. 

12. Dutta D, Patra BC, Response of groundnut (Arachis hypogaea L.) to sources and levels of 

sulphur fertilization in alluvial soils of West Bengal. J. Interacademicia. 2005;9(1) : 45-48. 



 

 

13. Forzani ES, Zhang H, Chenn W, Tao N, Detection of heavy metals ions in drinking water 

using a high resolution differential surface plasmon sensor. Environ. Sci. Tech. 2005; 

39(5): 1257-62. 

14. Gangadhara GA, Manjunathiah HM, Satyanarayana T, Effect of sulphur on yield, oil 

content of sunflower and uptake of micronutrients by plants. J. Indian Society Soil Sci. 

2018; 38: 692-695. 

15. Giannakis GV, Kourgialas NN, Paranychianakis NV, Nikolaidis NP, Kalogerakis N, 

Effects of municipal solid waste compost on soil properties and vegetables growth. 

Compost Sci. Util. 2014; 22(3):116–131. 

16. Gomez KA, Gomez A, Statistical procedures for Agricultural Research. 2nd edition, John 

Willey and Sons, Inc. New York, USA. 1984;1-467. 

17. Harsini MG, Habibi H, Talaei GH, Effect of nano boron foliar application on crops. J. Agri. 

Bio. 2014; 3(2):56-89. 

18. Haruyama T, Micro- and nano-biotechnology for biosensing cellular responses. Adv. Drug 

Deliv. Rev. 2003; 55(8): 393-401. 

19. Hussain SS, Misger FA, Kumar A, Baba H, Effect of nitrogen and sulphur on biological 

and economical yield of sunflower (Helianthus annuus L.). Res. J. Agric. Sci. 2022; 2(2): 

308-310.  

20. Jackson M, Soil Chemical Analysis, Prentice Hall of india, Private Limited, New Dehli 

(India).  1973; 73-84. 

21. Jackson ML, Soil Chemical Analysis, Prentice hall of India, private ltd., New Dehli (India). 

1967; 67-214. 

22. Jat RA, Ahlawat I S, Effect of organic manure and sulphur fertilization in pigeonpea + 

groundnut (Arachis hypogaea) intercropping system. Indian J. Agron. 2009;55(4):276-281. 

23. Lallu RS, Yadav, Dixit RK, Effect of split application of sulphur on physiological 

parameters, yield and oil content of Indian mustard. Indian J. Plant Physiol. 2008;13(1): 

76- 79. 

24. Larue C, Veronesi G, Flank AM, Surble S, Herlin-Boime N, Carriere M, Comparative 

uptake and impact of TiO2 nanoparticles in wheat and rapeseed. J. of Toxicol. Environ. 

Health. 2012;75(15): 722-734. 

25. Mahajan P, Shailesh K, Dhoke RK, Anand K, Effect of nanoparticles suspension on the 

growth of mung (Vigna radiata) seedlings by foliar spray method. Nanotechnol. 2013;3: 

4052-4081. 

26. Mahnazvaladkhan S, Khosro M, Mohammad T, Arimi N, Effect of priming and foliar 

application of nanoparticles on agronomic traits of chickpea. Bio. Forum. 2015;7(2):599-

602. 

27. Mandal KG, Sinha AC, Nutrient management effects on light interception, photosynthesis, 

growth, dry matter production and yield of Indian mustard (Brassica juncea). J. Agron. 

Crop Sci. 2003; 190:119-129. 

28. Maragatham S, Swamy MG, Geetha SA, Influence of sulphur fertilization on seed and oil 

yield and sulphur uptake in sesame. Adv. Plant Sci. 2019; 19(1): 109-112. 



 

 

29. Mary T, Dale L, Influence of boron fertilization levels on growth, yield and quality of some 

sunflower genotypes (Helianthus annuus L.). Education Res. Journal. 2011; 11(4): 714-

730. 

30. Mazaherinia S, Astaraei AR, Fotovat A, Monshi A, Nano iron oxide particles efficiency 

on Fe, Mn, Zn and Cu concentrations in wheat plant. Word Appl. Sci J. 2010; 7(1): 36-40. 

31. Nabi G, Salim M, Rahmatullah, Yield response of rainfed groundnut to sulphur and 

phosphorus application. J. Bio. Sci. 1999; 2(3): 911-913. 

32. Niranjana A, Bolanos L, Lukaszewski K, Bonilla I, Blevins D, Why boron? plant physiol. 

Biochem. 2005; 12(5): 907-912. 

33. Pate JS, Exchange of solutes between phloem and xylem and circulation in the whole plant. 

J. Agron. 1975; 5(7): 451-473. 

34. Patel GN, Patel, PT,  Patel PH, Patel RM, Irrigation and sulphur management in summer 

groundnut, Arachis hypogaea L. under North Gujarat conditions. J. Oilseeds Res. 2008; 

28(1): 35-36. 

35. Prathima AS, Rohini NM,  Shivaramu HS, Influence of boron seed treatment on seed 

germination, seedling length and seedling vigor in sunflower (Helianthus annuus L.). Int. 

J. Sci. and Nature. 2016; 7(2):273-276. 

36. Pruthviraj N, Chandrashekara CP, Nano zinc seed treatment and foliar application on 

growth, yield and economics of Bt Cotton (Gossypium hirsutum L.). Int. J. Curr. Microbiol. 

App. Sci., 2019; 8(8):1624-1630. 

37. Pruthviraj N, Chandrashekara CP, Soil and plant nutrient status of cotton as influenced by 

different methods of application of nano ZnO. J. Pharmacognosy Phytochem. 2022;10(2): 

1386-1389.  

38. Pruthviraj N, Geetha, KN, Anilkumar GN, Shruthi DL, Shankar AG, Prakash SS, Sridhara 

S, Raghu AV, Evaluation of shelf life of nanoparticles synthesized with different methods 

and its influence on root and shoot morphology of sunflower. Solid state sciences. 2024; 

153: 107555. https://doi.org/10.1016/j.solidstatesciences.2024.107555. 

39. Radeva K, Supply of nanoboron on yield and seed quality in sunflower. Ann. Plant 

 Physiol. 2015; 6: 43–45. 

40. Raja K, Ramu YR, Reddy PM, Yield, quality and economics of sunflower as influenced 

by nitrogen and sulphur nutrition. J. Oilseeds Res. 2020; 20(1): 131-132. 

41. Ravi S, Channal HT, Hebsur NS, Patil BN, Dharmatti PR, Effect of sulphur, zinc and iron 

nutrition on growth, yield, nutrient uptake and quality of safflower. Karnataka J. Agric. 

Sci. 2008; 21(3): 382-385. 

42. Tamak JC, Sharma HC, Singh KP, Effect of phosphorous, sulphur and boron on seed yield 

and quality of sunflower (Helianthus annuus L.). Indian J. Agron. 2017; 42(1): 169-172. 

43. Vyakaranahal BS, 2001, Investigations on seed set, seed yield and quality of parental lines 

and hybrids of sunflower (Helianthus annuus L.). J. Agronomy. 2001;12(2):15-19. 

44. Yuan W, Gu Y, Li L, Green synthesis of graphene/Ag nanocomposites. App. Surface Sci. 

2012; 2(6): 753-758. 



 

 

45. Zahra Z, Ali MA, Parveen A, Kim E, Khokar MF, Baig S, Hina K, Choi HK, Arshad M, 

2019. Exposure-response of wheat cultivars to TiO2 nanoparticles in contrasted soils. Soil 

and Sediment contamination Int. J. 2019; 28(2): 184-199. 

46. Zeng S, Feng W, Luo H, Tan Y, Wang Y, Zhang H, Zhang T, Peng S, A facile approach 

to fabricate boron carbonitride microspheres via precursor pyrolysis. Chem. Phys. Lett. 

2017; 674: 164–167. 

47. Zhao, L, Peralta-Videa JR, Ren M, Varela-Ramirez A, Li C, Hernandez-Viezcas JA, 

Gardea-Torresdey JL,Transport of Zn in a sandy loam soil treated with ZnO NPs and 

uptake by corn plants: electron microprobe and confocal microscopy studies. J. Chem. Eng. 

2012;184: 1-8. 

 

 

 

 

 


