[image: image1.png]Percentage change in pod yield

(kg h1—1)

20.00
10.00
0.66

10.41
0.00 2:88

-10.00

-20.00
-30.00
-40.00
-50.00
-60.00

E
H K

T6
-5.74 -5.28

H

-3.75

LT
T3
-3.24

T2 T8 T9

-3.31

-52.24
Treatments

T10 T11

T12
-2.52







Response of groundnut (Arachis hypogea L.) to various levels and methods of nano DAP application on growth and yield.

ABSTRACT
A field experiment was conducted at KSNUAHS, Shivamogga, India during Kharif 2023 to evaluate the effect of nano DAP on the growth and yield of groundnut. The experiment was laid out in RCBD with twelve treatments and replicated thrice. Various levels and methods of nano DAP treatments were evaluated, among the tested treatments application of 100 per cent recommended dose of N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) recorded higher plant height (58.50 cm), number of branches (15.92), number of effective root nodules at 30 and 60 DAS (47.43 and 85.27 respectively), the yield attributes like number of pods plant-1 (53.40), test weight (42.48 g), pod yield (3562.5 kg ha-1), kernel yield (2659.73 kg ha-1), haulm yield (4301.47 kg ha-1) and shelling percentage (74.69 %) were also found significantly higher in the same treatment. It also recorded higher gross returns (2,16,980 ₹ ha-1), net returns (1,41,716 ₹ ha-1), and B: C ratio (2.88) compared to the recommended dose of fertilizers, 12.4 per cent increased pod yield was noted with nano DAP application.
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1. INTRODUCTION

Groundnut (Arachis hypogaea L.) is adorned as a king of oilseeds grown worldwide. It is the 4th most important source of edible oil and 3rd most important source of vegetable protein in India. It is a versatile legume oil seed crop, belongs to the Leguminaceae family and originated in Brazil. It contains 25 to 32% protein and 48 to 50% oil [1]. Groundnut occupies the first position in area and second position in production after soybean in India [2]. It occupies an area of 5.8 m ha with a production of 10.14 m t and an average productivity of 1748 kg ha-1 [3]. Groundnut plays a major role in bridging the vegetable oil deficit in the country because of its availability throughout the year due to a two-crop cycle harvested in May and October

In India, pulses and oil seeds are grown in marginal soils and also Indian soils contain low levels of phosphorous, that low level of soil phosphorus is a great obstruction to the growth and development of leguminous crops like groundnut. Groundnuts, being phosphorus-sensitive, thus phosphorous plays a crucial role in promoting the growth of a strong root system, ensuring optimal nutrient absorption and water uptake. It is particularly vital during the early stages of groundnut growth, promoting robust seedling establishment, and influencing processes such as root nodulation [4], nitrogen fixation, nutrient use efficiency, flowering, seed formation [5], photosynthesis and overall crop yield. Since applied, phosphorus tends to bind quickly to soil particles through adsorption, particularly in soils rich in clay or iron and aluminum oxides thereby reducing its immediate availability to plants. Therefore, Modern ideas of nano fertilizers represent an advanced technology for delivering mineral nutrients to crops. Unlike traditional chemical fertilizers, they provide a more tailored nutrient supply that reduces leaching and fixation, thereby enhancing fertilizer use efficiency [6].

Foliar application of nano phosphorous has been found to increase the growth, dry matter production and yield of groundnut [7]. Nano DAP as a seed treatment can enhance root growth resulting in robust seedling establishment and also it increases as the root nodulation, helps in the efficient use of nutrients and nitrogen fixation, later stages foliar spray of nano DAP at the early vegetative stage favored better crop growth by absorbing phosphorus through stomata leading to increased urease activity in leaves which converts nitrogen and phosphorus into protein, amino acids and growth hormone, this encourages cell growth and nano Phosphorus absorbed through leaves helps in efficient partitioning of photosynthates from vegetative part to reproductive parts, Perhaps the fact that excess assimilate stored in the leaves and later translocated into seeds at the time of senescence, ultimately led to higher yield [8]. So, the nano DAP may act as an alternate source of nitrogen and phosphorous in groundnut, which has been recommended recently, keeping in the purview of the gaps in groundnut yield a field experiment was conducted to know the effect of nano DAP on growth and yield of Groundnut.

2. MATERIALS AND METHODS 

2.1 Site description

The experiment was conducted at the Zonal Agricultural and Horticultural Research Station, Shivamogga during Kharif 2023. The research station is situated in the Southern Transition Zone (Zone-7) of Karnataka state at 13o581 North longitude and 75o341 East longitude with an altitude of 569 meters above mean sea level. The investigation site had sandy loam in texture, neutral pH (6.81) and non-saline (EC: 0.42 dSm-1), low in organic carbon (0.32 %), medium in available nitrogen (295.62 kg ha-1), medium in available phosphorus (28.74 kg ha-1) and medium in available potassium (270.15 kg K2O ha-1).

2.2 Experimental details

The field experiment was conducted in a Randomized Completely Block Design (RCBD) involving twelve treatments and 3 replications with a plot size of 4.5 m × 4.0 m respectively. The treatments consist of Absolute control (T1), Recommended dose of fertilizer (25:75:37.5 kg of N: P2O5: K2O ha-1) (T2), 75 per cent recommended N & P + seed treatment of nano DAP at 2.5 ml kg-1of seeds in treatment (T3), 75 per cent recommended N & P + seed treatment of nano DAP at 5 ml kg-1of seeds in treatment (T4), 75 per cent recommended N & P + one spray of nano DAP at 4 ml l-1 (T5), 75 per cent recommended N & P + seed treatment of nano DAP at 2.5 ml kg-1of seeds in treatment + one spray of  nano DAP at 4 ml l-1 (T6), 75 per cent recommended N & P + seed treatment of nano DAP at 5 ml kg-1of seeds in treatment + one spray of nano DAP at 4 ml l-1(T7), 100 per cent recommended N & P + seed treatment of nano DAP at 2.5 ml kg-1of seeds in treatment (T8), 100 per cent recommended N & P + seed treatment of nano DAP at 5 ml kg-1of seeds in treatment (T9), 100 per cent recommended N & P + one spray of nano DAP at 4 ml l-1 (T10), 100 per cent recommended N & P + seed treatment of nano DAP at 2.5 ml kg-1of seeds in treatment + one spray of  nano DAP at 4 ml l-1 (T11), 100 per cent recommended N & P + seed treatment of nano DAP at 5 ml kg-1of seeds in treatment + one spray of nano DAP at 4 ml l-1(T12). Seeds of groundnut (Var GPBD - 4) were sown in 30 × 10 cm spacing. At the time of sowing applied75 percent of N and P (18.75: 56.25 kg ha-1 of N: P2O5), full amount of K (37.5 kg ha-1) and 100 percent doses of N, P and K (25:75:37.5 kg ha-1 of N: P2O5: K2O) were calculated for the experimental plots and applied as per the treatment requirements except T1 (Absolute control) using urea, Di-ammonium phosphate and muriate of potash as source. Before sowing seeds were treated with nano DAP according to the treatment requirement and foliar spray was given at 30 DAS in respective treatments. Nano DAP used in the study was Indian Farmers Fertiliser Cooperative (IFFCO) developed nano-DAP (liquid fertilizer). It contains nanoscale phosphorus (16 %) and nitrogen (8 %) particles.

2.3 Collection of experimental data
Growth and yield observations i.e., plant height (cm), number of branches per plant, number of nodules per plant, dry matter accumulation (g plant-1), number of pods per plant, test weight(g), shelling percentage (%), pod yield (kg ha-1), kernel yield (kg ha-1), haulm yield (kg ha-1) and harvest index (%), a sample consisting of five plants were selected at random and tagged in net plot of each treatment. Observations on growth parameters were recorded at 30, 60, 90 DAS and at harvest of the crop. The same plants were also used to record the yield components at harvest. The shelling percentage was calculated by dividing pod yield with kernel yield from randomly tagged five plants in each treatment. 

2.4 Statistical analysis 

The data recorded on various observations on growth and yield parameters were subjected to analysis of variance (ANOVA) as outlined by [9]. The level of significance used in the ‘F’ test was at 5 per cent. The critical difference (CD) values were given in the table at 5 per cent level of significance, wherever the ‘F’ test was significant. Otherwise against CD values abbreviation NS (Non-significant) was indicated.

3. RESULTS AND DISCUSSION

3.1 Growth attributes 

3.1.1 Plant height (cm)

The response of application of nano DAP was found significant on the growth of groundnut (Table 1). Application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) recorded a maximum plant height (19.28, 38.42, 54.59 and 58.50 cm) at 30, 60, 90 DAS and at harvest. The increased plant height was because of the combined use of conventional DAP along with nano DAP as a seed treatment and foliar spray during the early vegetative stage which enhanced crop growth. This will improve nutrient absorption through the stomata, leading to increased enzymatic activity in the leaves. As a result, nano nitrogen is converted into proteins, amino acids, and growth hormones, which promotes cell growth and could contribute to improved plant height [10]. The absolute control treatment noticed a minimum plant height (T1- 15.01, 28.67, 40.13 and 44.91 cm) at 30, 60, 90 DAS and at harvest, respectively. 

3.1.2 Number of branches per plant.

Similarly higher number of branches per plant (Table 1) (11.34, 12.56, 14.90 and 15.90) were recorded with the application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) at 30, 60, 90 and at harvest. The significant increase in the number of branches due to spraying nano DAP during the early stage (30 DAS) was found to significantly enhance the number of branches per plant by giving the crop, a balanced amount of nitrogen and phosphorous. The tiny size of nano DAP helps absorb nutrients directly into the leaves, where nutrients can be absorbed more quickly and efficiently, and adequate nutrients can lead to increased cell division and elongation. Nutrient uptake in plants increases with more branches per plant [11]. The significantly lower number of branches per plant was observed in absolute control at 30, 60, 90 DAS and at harvest (T1- 7.26, 8.60, 9.21, and 10.09) respectively. 
3.1.3 Number of effective root nodules

At 30 and 60 DAS application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) has significantly improved the nodulation (Table 2) (47.43 and 85.27), The enhanced nodulation observed can be attributed to the application of nano DAP as both seed treatment and a foliar spray during the early growth stages of groundnut. This treatment boosts phosphorus availability, which in turn stimulates root development and overall plant growth, encourages nodule formation, and improves the efficiency of the rhizobium-legume symbiosis. Phosphorus plays a crucial role in cell nuclei and root tips, supporting cell division and root elongation, which leads to an increase in both the number and size of nodules [12]. A significantly lower number of nodules per plant was observed in absolute control (T1- 30.52 and 52.59). 
3.1.4 Dry matter accumulation.

Dry matter accumulation was higher (Table 2) (7.31, 13.23, 17.91 and 22.60 g plant-1) with the application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) at 30, 60, 90 DAS and at harvest. Enhancements in plant height, number of branches and root nodules all contribute to greater dry matter accumulation. This increase is largely driven by photosynthesis, which transforms sunlight, CO2 and water into glucose and other key compounds that boost overall biomass. Additionally, research by Maheta et al. (2023) [13] demonstrated that the combined use of fertilizers and nano DAP spray enhances nutrient efficiency, leading to better plant growth and increased dry matter production. The significantly lower dry matter production was observed in absolute control (T1- 3.68, 5.51, 8.57 and 12.26 g plant-1) 30, 60, 90 DAS and at harvest respectively.

       3.2 Yield attributes and yield. 

       3.2.1 Number of pods per plant.

Application of nano DAP through seed treatment and foliar spray has enhance the availability of phosphorous to plants at the vegetative and reproductive stage (45 DAS) this might be responsible for increased yield components viz., number of pods per plant, test weight, shelling percentage, pod yield, kernel yield, haulm yield and harvest index are presented in Table 3 & 4. A significantly higher number of pods per plant (53.40) at harvest was recorded with the application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11). The observed increase in pod number can be linked to the enhanced availability of phosphorus provided by nano DAP applications. Phosphorus supplied through seed treatment at the early growth stages and through a foliar spray during the reproductive phase plays a critical role in flower primordial formation. This stimulation results in a higher number and larger size of flowers. As noted by Sharma et al. (2010) [14], a greater number of flowers typically translates into more pods, since the number of pods is directly related to the number of flowers. However, the absolute control (T1) treatment was identified as the significantly lower number of pods per plant (25.78).

3.2.2 Test weight (g)

Application of nano DAP on groundnuts did not significantly influence the test weight however, application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11), showed a numerically higher test weight of 42.48 g, Test weight being genetically controlled trait with rarely influenced by agronomic practices.
3.2.3 Pod and kernel yield (kg ha-1)

Response of nano DAP has significant effect on pod and kernel yield of groundnut. Higher pod and kernel yield (3562.50 and 2659.73 kg ha-1) was recorded with the application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds along with one foliar spray at 30 DAS (T11). Which was followed by treatment T8- 3480.54 and 2597.73 kg ha-1 of pod and kernel yield respectively, and treatment T10- 3376.39 and 2492.37 kg ha-1 pod and kernel yield respectively. Compared to a recommended dose of fertilizer the treatment T11 produced a 12.48 per cent higher pod yield (Fig. 1). The increase in the pod yield might be due to the combined basal application of conventional DAP and nano DAP as a seed treatment can enhance the root growth resulting in robust seedling establishment and also increase root nodulation, helping in the efficient use of nutrients and nitrogen fixation, later stages foliar spray of nano DAP at the early vegetative stage favored better crop growth by absorbing phosphorus through stomata leading to increased urease activity in leaves which converts nitrogen and phosphorus into protein, amino acids and growth hormone, this encourages cell growth and nano Phosphorus absorbed through leaves helps in efficient partitioning of photosynthates from vegetative part to reproductive parts, Perhaps the fact that excess assimilate stored in the leaves and later translocated into seeds at the time of senescence, ultimately led to higher yield. Results are in line with the findings of Kumari et al. (2017) [15]. However, the absolute control (T1) treatment recorded significantly lower pod and kernel yield (2048.41 and 1347.16 kg ha-1).

3.2.4 Shelling percentage (%)

Application of nano DAP will significantly differ the shelling percentage, higher shelling percentage are primarily dependent on the weight of the pods. Therefore, a higher shelling percentage (74.69 %) was recorded in the plot receiving 100 per cent of the recommended N and P, along with a seed treatment of nano DAP at 2.5 ml kg-1 of seeds and one foliar spray of nano DAP at 4 ml l-1 at 30 DAS (T11). However, absolute control has recorded a lower shelling percentage (67.04 %).

3.2.5 Haulm yield (kg ha-1) and Harvest index (%)
Application of nano DAP through seed treatment and foliar spray has enhanced the vegetative growth in groundnut. Significantly higher haulm yield was recorded with the application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11- 4301.47 kg ha-1). The increase in haulm yield can be attributed to the use of nano DAP as both a seed treatment and foliar spray improves nutrient uptake, leading to optimal growth of plant parts and more efficient metabolic processes, such as photosynthesis. This results in a greater accumulation of photosynthates, increased leaf area, and higher dry matter accumulation, which contribute to higher haulm yields [16]. Foliar application usually enhances the vegetative growth, however, nano DAP application will reduce the flower drop and encourage the pod set and pod filling leading to a higher harvest index of 33.82 per cent in the treatment T11. 
3.4 Economic parameters.

Influence of nano DAP application in groundnut has significantly affect the economics. The treatment receiving 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS (T11) having higher gross return (2,16,980 ₹ ha-1), net return (1,41,716 ₹ ha-1) and B:C ratio 2.88. The use of nano fertilizers alongside conventional fertilizers led to higher pod and haulm yields, showing significant differences in groundnut yields across various treatments, the differences in cultivation costs and net returns are likely due to variations in biomass accumulation and nutrient translocation efficiency to the reproductive parts, which enhance output and subsequently lead to higher financial returns and a better benefit-to-cost ratio [17]. Compared to a recommended dose of fertilizers there was 12.38 per cent increase in gross returns and 17.29 per cent of net returns were observed in treatment T11. 
4. CONCLUSION
Application of nano DAP has significantly improved the growth and yield of groundnut. Application of 100 per cent recommended N & P along with seed treatment of nano DAP 2.5 ml kg-1 of seeds and one foliar spray of nano DAP 4 ml l-1 at 30 DAS has significant role in improving the growth and yield attributes, thus contributing to final yield. This treatment was also found to be economically viable compared to the rest of the treatments. 
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Table 1: Plant height of groundnut at different growth stages as influenced by different levels and methods of nano DAP application.

	Treatments
	Plant height (cm)
	Number of branches plant-1

	
	30 DAS
	60 DAS
	90 DAS
	At harvest
	30 DAS
	60 DAS
	90 DAS
	At harvest

	T1 = Absolute control
	15.01
	28.67
	40.13
	44.91
	7.26
	8.60
	9.21
	10.09

	T2 = Recommended dose of fertilizer.
	17.33
	34.69
	49.23
	53.46
	9.86
	11.13
	12.38
	13.96

	T3 = 75 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	17.71
	32.67
	48.52
	51.44
	8.57
	10.10
	11.41
	13.14

	T4 = 75 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	16.86
	32.40
	47.24
	50.06
	8.11
	9.38
	10.44
	12.37

	T5 = 75 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	17.15
	34.16
	47.86
	50.20
	8.39
	9.75
	10.78
	12.62

	T6 = T3 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	17.54
	35.37
	49.56
	53.64
	9.92
	11.36
	13.54
	14.48

	T7 = T4 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	17.01
	34.23
	49.58
	52.42
	8.86
	10.34
	11.62
	13.37

	T8 = 100 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	18.45
	36.85
	51.96
	57.12
	10.62
	11.92
	13.87
	14.91

	T9 = 100 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	17.04
	33.39
	48.56
	51.78
	9.39
	10.69
	11.89
	13.56

	T10 = 100 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	18.33
	36.56
	51.70
	57.41
	10.73
	11.72
	13.65
	14.62

	T11 = T8 + one spray of nano DAP at 4 ml l- 1 @ 30 DAS.
	19.28
	38.42
	54.59
	58.50
	11.34
	12.56
	14.90
	15.90

	T12 = T9 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	17.46
	34.32
	49.59
	52.62
	9.54
	10.80
	12.13
	13.82

	SEm. ±
	0.51
	0.98
	1.68
	1.62
	0.27
	0.32
	0.43
	0.48

	C.D. at 5%
	1.51
	2.88
	4.93
	4.76
	0.80
	0.93
	1.26
	1.40


Table 2: Number of effective root nodules and dry matter production of groundnut at  
                 different growth stages as influenced by different levels and methods of nano 
                 DAP application.

	Treatments
	Number of effective root nodules
	Number of branches plant-1

	
	30 DAS
	60 DAS
	30 DAS
	60 DAS
	90 DAS
	At harvest

	T1 = Absolute control
	30.52
	52.59
	7.26
	8.60
	9.21
	10.09

	T2 = Recommended dose of fertilizer.
	41.76
	76.12
	9.86
	11.13
	12.38
	13.96

	T3 = 75 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	39.87
	74.88
	8.57
	10.10
	11.41
	13.14

	T4 = 75 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	36.47
	74.24
	8.11
	9.38
	10.44
	12.37

	T5 = 75 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	39.29
	74.57
	8.39
	9.75
	10.78
	12.62

	T6 = T3 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	42.46
	78.43
	9.92
	11.36
	13.54
	14.48

	T7 = T4 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	40.36
	75.28
	8.86
	10.34
	11.62
	13.37

	T8 = 100 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	46.27
	81.95
	10.62
	11.92
	13.87
	14.91

	T9 = 100 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	40.68
	75.63
	9.39
	10.69
	11.89
	13.56

	T10 = 100 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	45.91
	80.80
	10.73
	11.72
	13.65
	14.62

	T11 = T8 + one spray of nano DAP at 4 ml l- 1 @ 30 DAS.
	47.43
	85.27
	11.34
	12.56
	14.90
	15.90

	T12 = T9 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	41.35
	75.84
	9.54
	10.80
	12.13
	13.82

	SEm. ±
	1.79
	2.18
	0.27
	0.32
	0.43
	0.48

	C.D. at 5%
	5.26
	6.39
	0.80
	0.93
	1.26
	1.40


Table 3: Number of pods plant-1, weight of pods (g plant-1), test weight (g), and shelling  
               percentage (%) of groundnut as influenced by different levels and methods of 
               nano DAP application.

	Treatments
	Number of pods plant-1
	Test weight (g)
	Shelling percentage (%)

	T1 = Absolute control
	25.78
	38.16
	67.04

	T2 = Recommended dose of fertilizer.
	52.23
	38.38
	72.52

	T3 = 75 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	41.43
	38.27
	70.28

	T4 = 75 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	40.03
	38.95
	68.79

	T5 = 75 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	40.83
	38.56
	69.46

	T6 = T3 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	48.58
	39.51
	73.30

	T7 = T4 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	39.18
	38.26
	70.58

	T8 = 100 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	52.24
	41.32
	74.59

	T9 = 100 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	40.22
	39.61
	71.94

	T10 = 100 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	50.69
	39.84
	73.82

	T11 = T8 + one spray of nano DAP at 4 ml l- 1 @ 30 DAS.
	53.40
	42.48
	74.69

	T12 = T9 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	42.03
	39.52
	72.31

	SEm. ±
	2.21
	1.16
	1.33

	C.D. at 5%
	6.48
	NS
	3.89


Table 4: Pod yield (kg ha-1), kernel yield (kg ha-1), haulm yield (kg ha-1) and harvest 
                index (%) of groundnut as influenced by different levels and methods of 
                nano DAP application.

	Treatments
	Pod yield (kg ha-1)
	Kernel yield (kg ha-1)
	Haulm yield (kg ha-1)
	Harvest index (%)

	T1 = Absolute control
	2048.41
	1374.16
	2374.81
	31.07

	T2 = Recommended dose of fertilizer.
	3118.85
	2263.44
	3818.56
	32.63

	T3 = 75 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	2995.94
	2106.91
	3614.44
	31.86

	T4 = 75 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	2948.02
	2030.29
	3396.50
	32.01

	T5 = 75 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	2961.57
	2057.71
	3544.09
	31.62

	T6 = T3 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	3312.58
	2430.75
	4105.51
	32.77

	T7 = T4 + one spray of nano DAP at 4 ml 
	3005.65
	2125.21
	3554.41
	32.40

	T8 = 100 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	3480.54
	2597.35
	4295.67
	33.40

	T9 = 100 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	3018.89
	2170.77
	3654.63
	33.52

	T10 = 100 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	3376.39
	2492.37
	4148.23
	33.12

	T11 = T8 + one spray of nano DAP at 4 ml l- 1 @ 30 DAS.
	3562.50
	2659.73
	4301.47
	33.82

	T12 = T9 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	3041.06
	2202.36
	3780.75
	32.28

	SEm. ±
	2048.41
	1374.16
	2374.81
	31.07

	C.D. at 5%
	3118.85
	2263.44
	3818.56
	32.63


Table 5: Economics of groundnut as influenced by different levels and methods of nano 
               DAP application.

	Treatments
	Cost of cultivation (Rs. ha-1)
	Gross returns (Rs. ha-1)
	Net returns (Rs. ha-1)
	B:C ratio

	T1 = Absolute control
	50500
	124758
	74058
	2.47

	T2 = Recommended dose of fertilizer.
	72891
	190099
	117207
	2.61

	T3 = 75 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	72045
	182495
	110450
	2.53

	T4 = 75 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	72975
	179251
	106276
	2.46

	T5 = 75 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	73755
	180365
	106610
	2.45

	T6 = T3 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	74085
	202022
	127937
	2.73

	T7 = T4 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	74415
	182960
	108545
	2.46

	T8 = 100 % recommended N & P + seed treatment of nano DAP @ 2.5 ml kg-1 of seeds.
	73224
	212230
	139006
	2.76

	T9 = 100 % recommended N & P + seed treatment of nano DAP @ 5 ml kg-1 of seeds.
	73554
	183921
	110367
	2.50

	T10 = 100 % recommended N & P + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	74934
	205792
	130858
	2.75

	T11 = T8 + one spray of nano DAP at 4 ml l- 1 @ 30 DAS.
	75264
	216980
	141716
	2.88

	T12 = T9 + one spray of nano DAP at 4 ml l-1 @ 30 DAS.
	75594
	185460
	109866
	2.45

	SEm. ±
	-
	3708
	2030
	-

	C.D. at 5%
	-
	10876
	5953
	-



Fig. 1: Per cent variation change in pod yield over the recommended dose of fertilizer as  
            influenced by different levels and methods of nano DAP application on 
            groundnut.

Note: Treatment details are provided in materials and methods

