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Impact of Nano-DAP on soil available macro and 

micronutrient levels in pigeonpea cultivation under the 

vertisols of the North eastern dry zone of Karnataka 
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Abstract 
Phosphorus (P) is one of the three major nutrients required in crop nutrition, the other two being nitrogen 

(N) and potassium (K). Phosphorus plays many vital roles in crop growth and is referred to by many as 

the “king-pin” in Indian agriculture. Soluble P in the soil, whether it comes from apatite, fertilizer, 

manure or organic matter, will form compounds with Ca, iron (Fe), aluminium (AI) and manganese (Mn) 

and will bond with the reactive surfaces of certain clay minerals in soil reduce availability of P to plants 

because P is reverted or changed to fixed forms. Nanoscience coupled with nanotechnology emerged as 

possible cost-cutting approach to prodigal farming and environmental clean-up operations. Hence there is 

a need for a more innovative fertilizer approach that can increase the productivity of agricultural systems 

and more environmental friendly than synthetic fertilizers. Foliar nutrition is aimed to eliminate the 

problems of fixation and immobilization of nutrients. Hence, foliar nutrition is being recognized as a 

significant way of fertilizing modern agriculture, especially under rainfed conditions. Nano fertilizers 

because of smaller size and higher surface area are efficient as compared to conventional and produce 

better results when used in combined form. 
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1. Introduction 

Pulses are gaining more important position in Indian agriculture. After the green revolution, 

India has become self-sufficient in case of food grain production. However, India is still 

lagging in pulses production and is dependent on imports for domestic consumption 

particularly in recent years. Therefore, there is an immediate need for another revolution in the 

case of pulse production. Pigeonpea (Cajanus cajan L. Mill sp.) is an important legume crop, 

plays a vital role in the daily diet, and belongs to the family Leguminosae. It is also known as 

red gram, tur, and arhar. It is often cross-pollinated crop (20 to 70%). The food values of 

pigeonpea are 22.3% protein, 1.7% fat, 3.5% mineral, 1.5% fiber, and 57.5% carbohydrates in 

100 g edible portions. Globally, pigeonpea is grown in an area of 63.57 lakh hectares with a 

production of 54.75 lakh tonnes and productivity of 861.25 kg/ha (FAO STAT, 2021). India 

ranks first in pigeonpea production globally with 43.4 lakh tonnes cultivated under 49.8 lakh 

hectares with a productivity of 871 kg/hectare in 2021-22 (agricoop.nic.in). In Kharif 2022, 

pigeonpea production was 38.9 lakh tonnes in an area of 46.2 lakh hectares (agricoop. nic) 

The productivity of pulses in India (764 kg ha-1) is far below the average productivity of the 

world (848 kg ha-1). During the last four decades, the total area under pulses remained virtually 

stagnant (22 to 24 million ha-1) with almost stable production (12 to 14 million tons), even 

though the population has increased by many folds. As a result, the present per capita 

availability of pulses has declined from 51.1 g day-1 in 1970-71 to less than 41.9 g day 1 (2017) 

as against FAO/WHO’s recommendation of 80 g day-1. It has led to a severe shortage of pulses 

in India, which has aggravated the problem of malnutrition in a large section of the vegetarian 

population. Thus, there is an urgent need to increase the production of pulses to meet the 

increasing demand by adopting the appropriate production technologies. 

Pigeonpea is mainly cultivated in marginal lands which are low in fertility. The mineral 

nutrient deficiency limits nitrogen fixation and ultimately reduces the yield. Both major and 

micronutrients are important for nodulation. In pigeonpea, fertilizers are applied as basal 

doses. It is a long-duration crop and over the period the nutrients are lost and during its critical 

growth stages, nutrient deficiency is observed. In addition to causing losses, excessive use of 

fertilizer results in a decline in pulse nodulation.  
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To avoid this, foliar spraying of Nano DAP at critical stages 

could be a sustainable alternative practice. Nano fertilizers 

materials have a nanometer scale (1-100 nm), containing 

macro and micronutrients that are delivered to crops in a 

controlled mode. The main features of nano fertilizers are 

their small size. Their larger contact area and responsiveness 

facilitate nutrients to enter plants and improve nutrient use 

efficiency by minimizing losses. 

Nano-DAP (N 8% & P 16%) fertilizer have been developed 

indigenously, for the first time in the world at IFFCO Nano 

Biotechnology Research Centre (NBRC), Kalol, Gujarat 

through a proprietary patented technology. Farmers are using 

DAP fertilizers for soil as well as foliar application to crops. 

However, the efficacy is lower. Thus, the goal of the current 

study is to determine the effect of Nano-DAP on growth, 

yield, of Pigeonpea in black soil under rainfed condition. 

 

2. Materials and Methods 

A field experiment was conducted during kharif, 2022 at 

Krishi Vigyan Kendra, Kalaburagi, on Vertisol having pH 

8.23 and EC 0.21 dSm-1. The soil was low in organic carbon 

content (4.32 g kg-1) and available P2O5 (26.2 kg ha-1), and 

low in available N (203 kg ha-1) with high available K2O 

content 362 kg ha-1). The experimental site was located at a 

17o 34' N latitude and 76o 79' E longitude. of 478 meters 

above mean sea level in North Eastern Dry Zone of Karnataka 

(Zone 2).  

The research was arranged in Randomized complete block 

design, there were eight treatments consisting of different 

doses of RDF (two treatments with 100% RDF, two 

treatments 75% RDF, two treatments 50% RDF and one 

absolute control) with different doses of Nano-DAP sprayed 

at 45 and 60 days after sowing (DAS). After the previous crop 

was harvested, the ground was ploughed once again, followed 

by two harrowing. The field was prepped to a good seedbed 

and the fields were set out in preparation for sowing. The 

variety GRG-811 was used. The basal application of 

fertilizers in the form of urea, DAP and ZnSo4 were applied as 

per treatments with recommended dose of (25:50:00:20 N: 

P2O5: K2O: ZnSo4 kg ha-1) all treatment expect absolute 

control. The composite soil sample was collected to a depth of 

0-15 cm from the experimental site before the start of the 

experiment for initial characterization. During the experiment, 

composite surface soil samples (0-15 cm) were drawn 

between rows from each plot after the crop harvest. The 

collected soil samples were air-dried, powdered with a 

wooden pestle and mortar, sieved (2 mm), and stored in air-

tight polythene bags for further analysis. The soil samples 

collected were analyzed by adopting standard methods and 

procedures. Available nitrogen in the soil samples was 

determined by the alkaline potassium permanganate method 

as described by Subbaiah and Asija (1956) [1]. Available 

phosphorus was extracted with 0.5M sodium bicarbonate of 

PH 8.5 (Olsen’s reagent) and the amount of phosphorus in the 

extract was estimated at 660 nm using a spectrophotometer. 

The determined phosphorus was termed as available 

phosphorus by multiplying with the 2.29 factor to get P2O5 as 

outlined by Jackson (1973) [2]. Available potassium was 

extracted by neutral normal ammonium acetate (Jackson, 

1973) [2]. Calcium and magnesium in the soil were determined 

by the rapid titration method (Jackson, 1973) [2] by using 

neutral ammonium acetate as an extractant. Sulphate sulphur 

in the soil was extracted by using a 0.15 per cent calcium 

chloride solution as described by Jackson (1973) [2]. Available 

micronutrients like Cu, Fe, Mn, and Zn were extracted by 

using DTPA extractant as explained by Lindsay and Norwell 

(1978) [3] The concentrations in the filtrate were estimated 

using atomic absorption spectrophotometer. 

 

2.1 Statistical analysis 

The data collected from the experiment at different growth 

stages and at harvest were subjected to statistical analysis as 

described by Gomez and Gomez (1984) [4]. The level of 

significance used in the “F” test was given at 5 per cent. 

Critical difference (CD) values are given in the table at a 5 per 

cent level of significance, wherever the “F- test was 

significant at a 5% level. 

 

3. Results and Discussion 

3.1 Available Marco nutrient in soil 

After harvest, the N, P2O5 and K2O availability in the soil 

showed significant differences across treatments in 

Pigeonpea. With the application of foliar sprays of Nano-DAP 

@ 4 ml per litre at 45 and 60 DAS with 100% RDF, 

significantly greater available N, P2O5 and K2O (215, 33.75 

and 356 kg ha-1 respectively) was observed. which was on par 

with 2 ml per litre Nano-DAP to 100% RDF at 45 and 60 

DAS (212, 31.35 and 344 kg ha-1 respectively). In comparison 

to all other treatments. 100% RDF with Nano-DAP spray @ 4 

ml per litre at 45 and 60 DAS was recorded maximum soil 

available nitrogen (215 kg ha-1) compare to other treatment. 

recommended dose of fertilizer recorded (209 kg ha-1). Lower 

was recorded in absolute control (168 kg ha-1). It is because 

nitrogen fertilizer was not applied. (Table 1). 

 

3.1.2 Exchangeable Calcium and Magnesium 

Exchangeable calcium and magnesium content in soil after 

harvest was non-significantly influenced by the foliar 

application of Nano-DAP at varied concentration to 

Pigeonpea and data represented in Table (2). Treatment which 

received 100% RDF with 4 ml per litre Nano-DAP at 45 and 

60 DAS recorded maximum Exchangeable calcium and 

magnesium in soil content (7.90, 3.40 respectively) cmol(p+) 

kg-1. 

 

3.1.3 Available Sulphur  

After harvest, the sulphur availability in the soil showed 

significant differences across treatments in Pigeonpea. With 

the application of foliar sprays of Nano-DAP @ 4 ml per litre 

at 45 and 60 DAS with 100% RDF, significantly greater 

available sulphur (19.0 kg ha-1) was observed. which was on 

par with 2 ml per litre Nano-DAP to 100% RDF at 45 and 60 

DAS (17.69 kg ha-1). compare to all other treatment. 

recommended dose of fertilizer recorded (16.32 kg ha-1). 

Lower was recorded in absolute control 11.22 kg ha-1 (Table 

2).  

Nitrogen application in the form of nanoparticles increases 

nitrogen utilisation efficiency (NUE) at the right 

concentration and decreases nitrogen leaching loss in the form 

of nitrate. Application of nano nitrogen chelated fertilizer 

(NNC) significantly increased sugar output in sugarcane and 

NUE and decreased nitrate leaching (Mahmoud et al., 2020) 
[5]. 

A declining trend in soil P2O5 availability was observed 

across crop development stages, irrespective of N levels or 

nano N nutrition. This trend can be attributed to the 
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continuous uptake of phosphorus by crops as their biomass 

increases during each successive crop growth stage. The 

decrease in available P2O5 indicates that pigeonpea plants 

utilize available phosphorus more intensively in the early 

stages of crop growth. This aligns with similar research 

findings, such as those by Sankalpa (2013) [6], Mala et al. 

(2017) [7], Singh and Kumar (2017) [8] and Dhansil et al. 

(2018) [9]. Which also observed a decline in soil-available 

P2O5 with crop development. 
The data presented in Table 1 revealed that available N, P2O5 
and K2O were significantly influenced by the foliar 
application of nano nutrients. Absolute control recorded 
significantly lower available nutrients in soil. Available N 
was relatively higher where foliar spray Nano-DAP @ 4 ml 
per litre at 45 and 60 DAS with 100% RDF was applied than 
compared to other treatments, it might be due to higher loss of 
nitrogen. Available P2O5 was significantly higher in the 
treatments of Nano-DAP @ 4 ml per litre at 45 and 60 DAS 
with 100% RDF, compared to other treatments. Similar trend 
was observed in available K2O the results were in agreement 
with findings of Apoorva et al. (2016) [10]. 
The available sulphur (SO-2

4) and zinc content in the soil after 
pigeonpea harvest significantly increased with varying 

fertility levels compared to the control. This increase can be 
attributed to the fact that only a small portion of the applied S 
and zinc was utilized by the rainy season crops. As a result, 
the unutilized fertilizer S and zinc content in the soil led to an 
increase in the available S and zinc content of the soil. 
Additionally, zinc availability decreased with increasing 
phosphorus levels, aligning with findings reported by Shivran 
and Ahlawat (2000) [11]. 
 

3.2 Available micronutrient status 
Results of the soil study showed that, with the exception of 
Zn, all treatments had non-significant availability of 
micronutrients. Zn levels in soil were substantially greater in 
the treatment 100% RDF with Nano-DAP spray @ 4 ml per 
litre at 45 and 60 DAS (0.45 mg kg-1) than in the other 
treatments. recommended dose of fertilizer recorded (0.29 mg 
ha-1). Lower was recorded in absolute control 0.20 mg ha-1 
(Table 3). 
Application of ZnSO4 and RDF increase availability nutrient 
in soil after harvest of crop. Similar findings that Daphade et 
al. (2019) [12]. Devi et al. (2012) [13] and Poudel et al. (2023) 
[14]. 

 
Table 1: Influence of available soil nutrients (kg ha-1) status in soil after harvest of Pigeonpea crop 

 

Treatment Available N kg ha-1 Available P2O5 kg ha-1 Available  K2O kg ha-1 

T1: 100% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 212 31.35 344 

T2: 100% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 215 33.75 356 

T3: 75% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 204 27.47 332 

T4: 75% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 208 29.10 338 

T5: 50% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 192 23.52 314 

T6: 50% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 199 24.10 319 

T7: RDF (25:50:0 N: P2O5: K2O) 209 29.23 327 

T8: Absolute control 168 20.09 306 

S.Em± 1.79 0.83 4.02 

CD@ 5% 5.45 2.53 12.19 

Note: FYM @ 5 tonnes ha-1 & Zinc Sulphate @15kg ha-1 for all the treatments except T8 

 
Table 2: Influence of available soil nutrients (kg ha-1) status in soil after harvest of Pigeonpea crop 

 

Treatment 
Exchangeable  

Ca kg ha-1 

Exchangeable  

Mg kg ha-1 

Available 

SO4 kg ha-1 

T1: 100% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 7.87 3.20 17.69 

T2: 100% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 7.90 3.40 19.00 

T3: 75% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 7.57 2.57 16.40 

T4: 75% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 7.67 2.93 16.80 

T5: 50% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 7.50 2.07 15.29 

T6: 50% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 7.63 2.17 15.34 

T7: RDF (25:50:0 N: P2O5: K2O) 7.27 2.83 16.32 

T8: Absolute control 7.20 2.03 11.22 

S.Em ± 0.28 0.35 0.46 

CD@ 5% NS NS 1.40 

Note: FYM @ 5 tonnes ha-1 & Zinc Sulphate @15kg ha-1 for all the treatments except T8 

 
Table 3: Influence of available soil micronutrients status in soil after harvest of Pigeonpea crop 

 

Treatment Iron Copper Zinc Manganese 

T1: 100% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 4.34 1.25 0.35 4.35 

T2: 100% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 4.46 1.27 0.45 4.39 

T3: 75% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 4.14 1.20 0.31 4.25 

T4: 75% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 4.23 1.22 0.33 4.28 

T5: 50% RDF + 2 ml Nano-DAP foliar application @ 45 and 60 DAS 3.87 1.16 0.26 4.17 

T6: 50% RDF + 4 ml Nano-DAP foliar application @ 45 and 60 DAS 3.92 1.18 0.27 4.19 

T7: RDF (25:50:0 N: P2O5: K2O) 3.88 1.21 0.29 4.23 

T8: Absolute control 2.40 1.09 0.20 3.91 

S.Em± 0.40 0.03 0.01 0.12 

CD@ 5% NS NS 0.03 NS 

Note: FYM @ 5 tonnes ha-1 & Zinc Sulphate @15kg ha-1 for all the treatments except T8 
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4. Conclusion 

Combined application of a higher dose of fertilizer 100% 

RDF with foliar spray of Nano-DAP increase soil available N, 

P2O5, K20 and SO4 also P2O5 antagonistic effect with Zn 

increase Zn content in soil. 
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