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EFFECTS OF NANO DAP ON GROWTH AND YIELD OF TEA (Camellia sinensis (Masters) Wight)


ABSTRACT


A study was conducted to investigate the growth and yield parameters of tea after application of Nano DAP on tea plants during the time frame of March, 2024 to December,


 (
10
)
2024. The experiment was done on TV 23 clone of mature tea plants in experimental garden for plantation crops, AAU-Jorhat. The layout was in RBD with four replications and five treatments. Nano DAP is a foliar spray, sprayed on the leaves and the Nano particles enter to the plant through the stomata and other pores present on the leaves. In the present study, yield parameters viz., plucking point density, fine leaf percentage, green leaf yield and growth parameters viz., 100 shoot weight,  dormancy index were evaluated. Nano DAP was found effective towards the growth of tea plants. The growth and yield attributes of tea plants increased with application of Nano DAP.  The growth and yield parameters were recorded significantly higher in treatments T2  (Recommended doses of N, P2O5, K2O +3 sprays of Nano DAP @ 3ml/l) and T3 (Recommended dose of N and K2O + 75% recommended dose	Comment by Asrar: Weight dormancy	Comment by Asrar: T2 (Recommended





of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) over treatment T1 (Recommended doses of

N, P2O5 and K2O). The study revealed that the application of three sprays of Nano DAP @

3ml/l with recommended dose of fertilizers performed similar with reduction of 25 per cent of basal dose of recommended phosphate and recommended dose of nitrogen and potassium along with three sprays of Nano DAP in tea plants. This approach can be a potential and economically feasible method to increase yield of tea plants and to promote the sustainable development of the tea industry.

Keywords: Nano DAP; Tea; Foliar application; Plucking point density; Fine leaf count; Fresh weight of plucked shoots; Dormancy Index; Green leaf yield.

1. INTRODUCTION


Tea (Camellia sinensis (Masters) Wight) is a commercially grown perennial crop and widely cultivated across the world. Tea is the world's second most consumed beverage after water. India's tea sector is one of the most organized industries, contributing significantly to the nation's economy [1].

The tea production in world reached 6422.66 million kg in 2022 (Tea statistics, Tea board of India, https://www.teaboard.gov.in/). India produced 1291.49 million kg during
2023-24 (Tea statistics, Tea board of India, https://www.teaboard.gov.in/). At the international level, China, with a production of 3090.00 million kg (in the year 2020) dominates the world tea market (Tea statistics, Tea board of India, https://www.teaboard.gov.in/). Total export of tea from India has estimated at 226.98 million kg in the year 2022 (Tea statistics, Tea board of India, https://www.teaboard.gov.in/).

Nitrogen, phosphorus and potassium are the most important primary macronutrients required by tea. One quintal of made tea removes 5.00 kg of nitrogen, 1.00 kg of phosphate and 2.00 kg of potash from soil [2].

Manuring in mature tea is done on the basis of cyclic yield of the crop and available soil potash content. Soil potash status is termed as low when available potash content in soil is less than 60 ppm, medium when available potash content in soil ranges from 60 to 100 ppm & high when available potash content in soil is more than 100 ppm [2].

Fertilization with nitrogen, phosphorus and potassium is an effective strategy for achieving high tea yield and quality [3]. Nitrogen is an essential mineral nutrient for plant growth and reproduction. Apart from being a fundamental building block of proteins and


nucleic acids, nitrogen also participates in carbon fixation through photosynthesis as a component of chlorophyll [4]. Nitrogenous fertilizer application can significantly improve tea yield and quality [5]. It facilitates the formation of amino acids, including theanine, arginine, and glutamic acid, which are positively correlated with tea quality [6].

The bulk of the inorganic nitrogen, phosphorus and potassium given to the soil is lost by leaching, erosion, volatilization, or is immobilized in soil organic matter. Only a small part of soil nitrogen is readily available to the plants and the majority remains unavailable [7].

Phosphorus is crucial for plant development and reproduction and is a key component of fertilizers for modern agriculture. Phosphorus helps in photosynthesis, energy storage, and  cell  division. The  availability  of  phosphorus  governs  the  uptake  of  nitrogen  and potassium as well. Adequate response to nitrogen is possible only when phosphate need of the soil is well satiated [8]. An analysis of 30 years data of NPK experiments in Assam shows significant and positive interaction between phosphorus and nitrogen [9]. Positive effects of P-K interactions on yield were noticed in long-term NPK trials in tea plantations of Assam and Doors [10] as well as in Sri Lanka [11].	Comment by Asrar: And cell	Comment by Asrar: The availability

In acidic and highly weathered soils, 75-80 per cent of the applied phosphate is fixed onto the surfaces of iron and aluminium oxides and hydroxides [12]. It has been reported that less than 15 per cent of fertilizer applied phosphorus is taken up by the crop during the year of application [13].	Comment by Asrar: aluminum

In the present investigation, foliar spraying of Nano DAP along with recommended basal doses of N and K2O was found to be an efficient method for increasing growth and yield attributes in tea plants. Nanotechnologies have the potential to produce a significant boost in crop yield along with improvement of food production systems. Nano technology has a greater nutrient uptake efficiency, and it will soon transform the methods used for foliar application. Nano fertilizers were an effective alternative to costly conventional fertilizers [14]. Moreover, foliar spraying transports nutrients quickly and efficiently to the location of food synthesis, reducing the need for fertilizer. Foliar nutrient application was found to be more beneficial than soil application in terms of reducing losses due to leaching and fixation. When moisture availability is restricted, fertilizer administration via foliar spray provides excellent absorption. While foliar spray does not replace soil treatment, it should definitely be considered as a supplemental technique [15].


2. MATERIALS AND METHOD

The experiment was conducted at Experimental Garden for Plantations Crops (EGPC), Section number 2(A), Department of Tea Husbandry and Technology, Assam Agricultural University, Jorhat from February, 2024 to December, 2024. The experiment was laid out in Randomized block design (RBD) with five treatments and four replications. The planting material for the experiment was TV 23 clone planted with spacing 105 cm x 70 cm.

The treatment details of the experiment are presented below

T  : Recommended doses of N, P2O5 and K2O	Comment by Asrar: T1:
1

T  : Recommended doses of N, P2O5, K2O +3 sprays of Nano DAP @ 3ml/l	Comment by Asrar: T2:
2


T  : Recommended dose of N and K2O + 75% recommended dose of P2O5 + 3 foliar spray	Comment by Asrar: T3:
3

of nano DAP @ 3 ml/l


T  : Recommended dose of N and K2O + 50% recommended dose of P2O5 + 3 foliar spray	Comment by Asrar: T4:
4

of nano DAP @ 3 ml/l


T  : Recommended dose of N and K2O + 25% recommended dose of P2O5 + 3 foliar spray	Comment by Asrar: T5:
5

of nano DAP @ 3 ml/l


2.1. Fertilizer application

In this experiment, the recommended doses of fertilizers were N, P2O5, K2O @

100:25:75 kg/ha. The fertilizers were applied in the form of urea, single super phosphate (SSP) and muriate of potash (MOP) as basal application. For foliar application, Nano DAP was used @ 3ml/l. Nano DAP (Liquid) is a novel Nano fertiliser developed and patented by IFFCO (Indian Farmers Fertilizer Cooperative Limited) in 2023. It contains Nitrogen (8.0 % N w/v) and Phosphorus (16.0 % P2O5 w/v) [16].	Comment by Asrar: fertilizer

2.2. Time schedule for application of fertilizers

The application of urea and muriate of potash (MOP) was applied in 2 splits viz; first split (60%) during April, 2024 and second split (40%) during August, 2024. The single super phosphate (SSP) was applied as first split (100%) during April, 2024. The first, second and third foliar spray of Nano DAP @ 3ml/l was done on April, July, and October, 2024.


2.3. Methods for estimating plant growth and yield parameters

2.3.1. Plucking point density

It was determined by counting numbers of shoots plucked in each plucking round. At each plucking round the plucking point density was calculated by the method described by [17]. A bamboo grid of 50×50 cm2 was placed on the top of the tea bushes and the number of the plucking points was counted from where the shoots were plucked. The records were expressed in no/2500 cm2.

2.3.2. Fine leaf count (%)

A bulk of green leaves samples were collected from each nylon bags and weighed

100 g of green leaves. Separate the one leaf and a bud, two leaf and a bud, soft banjhis, single soft leaf and weighed all of them against the total weight of the sample and expressed in percentage (%) [18].	Comment by Asrar: soft banjhis,

2.3.3. Fresh weight of plucked shoot (g)

From each treatment and replication, 100 numbers of shoots were collected after each plucking round. Then weighed them in a digital weighing balance and the data was expressed in grams (g).

2.3.4. Dormancy index

The dormancy Index is the ratio between the number of shoots with buds which are less than half the length of the topmost leaf to those which are greater than half the length of the topmost leaf [19].

The dormancy index of tea was measured by using the following formula





Dormancy index =

The no. of shoots with buds which are less than half the length of the topmost leaf

The no. of shoots with buds which are greater than half the length of the topmost leaf


2.3.5. Green leaf yield

Plucking of green leaves was done at a time interval of 7-8 days. The green leaf yield per plot throughout the whole experiment period (March-November, 2024) was recorded against each treatment and replication using weighing balance and expressed in kg/plot.

2.4. Statistical analysis

Analysis of variance (ANOVA) was carried out as per the design (RBD) following standard statistical procedure. The treatment mean values was compared by least significance difference based on ANOVA [20]. All computations were carried out by using MS Excel 2021. The critical difference (C.D) values were calculated at 5 per cent level of significance.

3. RESULTS AND DISCUSSION


The experimental findings of the present research experiment are presented below. Field studies were conducted to study the growth and yield parameters of tea plants after application of Nano DAP. The data were statistically analysed to come to a conclusion on influence of Nano DAP application on tea plants. The mean values were tabulated and the associated CD values at the 5 per cent probability level were computed and displayed in tables.	Comment by Asrar: analyzed

3.1 Effect of Nano DAP on growth and yield of tea plants

The growth and yield parameters studied in this experiment were plucking point density, fine leaf count, fresh weight of plucked shoots, dormancy index and green leaf yield. All these yield attributes were recorded with respect to all the treatments during the time period from March, 2024 to November, 2024. For evaluating the yield parameters, the cropping season was divided into three seasons viz., early season (March - May), rainy season (June- September), back-end season (October - November).


3.1.1 Plucking point density

The experimental findings on number of plucking point density/2500 cm2 of tea plants in various treatments of the investigation are presented in Table 1.

Table 1. Plucking point density (No./2500 cm2) as influenced by application of Nano

DAP based fertilizers





Plucking point density (No./2500 cm2)

	

Treatment
	

Early season

(March - May)
	

Rainy season

(June - September)
	

Back-end season

(October - November)

	T1
	51.25
	66.31
	58.63

	T2
	64.12
	83.59
	83.13

	T3
	64.75
	83.77
	83.88

	T4
	59.50
	78.39
	78.26

	T5
	52.50
	66.59
	65.47

	CD
	2.34
	1.66
	2.22

	SE(d)
	1.07
	0.76
	1.02
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FIG. 1. PLUCKING POINT DENSITY (NO./2500 CM2) AS INFLUENCED BY APPLICATION OF NANO DAP BASED FERTILIZERS


As evident from the data presented in Table 1, Plucking point density of tea plants were significantly influenced by application of Nano DAP in all the three seasons. The treatments T2, T3  and T4 showed significant difference in numbers of plucking point density/ 2500 cm² of tea plants over treatment T1 (Recommended dose of N, P2O5 and K2O
) during all three seasons. The highest plucking point density (64.12 no/2500 cm², 83.77 no/2500 cm² and 83.88 no/2500 cm²) was observed in treatment T3 (Recommended dose of N and K2O + 75% of recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) followed by plucking point density (64.12 no/2500 cm², 83.59 no/2500 cm², 83.13 no/2500 cm²) observed in treatment T2 (Recommended dose of N, P2O5, K2O + 3 foliar spray of Nano DAP @ 3 ml/l) in all three seasons. However, treatment T2 and treatment T3 exhibited similar results in plucking point density during all three seasons. It was also reported that the plucking point density in tea was maximum (50 no/m2) during rain flush when they applied
0.4% Nano-urea in 3 sprays [31]. The increase in plucking point density in tea plants might be  due  to  the  synergistic  effect  of  foliar  application  of  Nano  DAP along  with  basal application of recommended fertilizer. Also, the increase in number of pluckable shoots led to higher yield in tea [25].

The plucking point density (59.50 no/2500 cm², 78.39 no/2500 cm² and 78.26 no/2500 cm²) in treatment T4 (Recommended dose of N and K2O + 50% of recommended dose of P2O5  + 3 foliar spray of Nano DAP @ 3 ml/l) was significantly lower than the plucking point density recorded in treatment T2 and treatment T3 in all three seasons. The lowest plucking point density (51.50 no/2500 cm², 73.08 no/2500 cm² and 52.94 no/2500 cm²) was observed in treatment T1 (Recommended dose of N, P2O5 and K2O ) followed by treatment T5 (Recommended dose of N and K2O + 25% P + 3 foliar spray of Nano DAP @	Comment by Asrar: P2O5+ 3	Comment by Asrar: K2O)
3 ml/l) in all three seasons.

3.1.2 Fine leaf count

The fine leaf count (%) of plucked tea shoots during early season (March - May), rainy season (June- September) and back-end season (October - November) are shown in Table 2.


Table 2. Fine leaf count (%) as influenced by application of Nano DAP based fertilizers



Fine leaf count (%)

	

Treatment
	

Early season

(March - May)
	

Rainy season

(June - September)
	

Back-end season

(October - November)

	T1
	54.62
	64.62
	45.25

	T2
	56.08
	68.58
	58.87

	T3
	56.78
	66.78
	54.37

	T4
	55.25
	62.75
	53.5

	T5
	54.20
	59.20
	49.5

	CD
	N/A
	5.42
	4.57

	SE(d)
	1.79
	2.49
	2.10
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FIG. 2. FINE LEAF COUNT (%) AS INFLUENCED BY APPLICATION OF NANO DAP BASED FERTILIZERS

From the data presented in Table 2, no significant difference was observed among the treatments in fine leaf count (%) during early season. Fine leaf count (%) was significantly higher in treatments T2, T3, T4  as compared to treatment T1 (Recommended dose of N, P2O5 and K2O) at back-end season. The treatment T2 (Recommended doses of N, P2O5, K2O +3 sprays of Nano DAP @ 3ml/l) showed highest fine leaf count (%) in rainy season (68.58%) and back-end season (58.87%). The fine leaf count (%) in treatment T3	Comment by Asrar: T4 as


(Recommended dose of N and K2O + 75% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) during rainy season (66.78%) and back-end season (54.37%) was not significantly different from the fine leaf count (%) observed in treatment T2. . Similar results were obtained by [31]. The fine leaf count was maximum during first flush when 0.4 per cent Nano-urea was applied in 3 sprays [31]. Increase in fine leaf count during back–end season due to application of nano DAP is expected to contribute to the production of quality made tea.	Comment by Asrar: T2

Lowest fine leaf count (%) was observed in treatment T5 (Recommended dose of N and K2O + 25% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) during rainy season (59.20%) and in treatment T1 (Recommended dose of N, P2O5 and K2O) during back-end season (45.25%).

3.1.3 Fresh weight of 100 shoots (g)

The observations of the fresh weight of 100 shoots (g) during early season (March - May), rainy season (June- September) and back-end season (October - November) are presented in Table 3.

Table 3. Fresh weight of 100 shoots (g) of tea plants as influenced by application of

Nano DAP based fertilizers

Fresh weight of 100 shoots (g)

	Treatment
	Early season

(March - May)
	Rainy season

(June - September)
	Back-end season

(October - November)

	T1
	78.54
	94.32
	90.40

	
T2
	
85.20
	
98.48
	
94.12

	
T3
	
83.87
	
97.25
	
93.84

	
T4
	
80.90
	
95.36
	
92.01

	
T5
	
78.29
	
93.24
	
84.75

	CD
	2.58
	1.33
	1.67

	SE(d)
	1.18
	0.61
	0.76
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FIG. 3. FRESH WEIGHT OF 100 SHOOTS (G) OF TEA PLANTS AS INFLUENCED BY APPLICATION OF NANO DAP BASED FERTILIZERS

The fresh weight of 100 shoots of tea plants recorded in treatments T2 and T3 were found significant in early season, rainy season and back-end season. The treatment T2 (Recommended dose of N, P2O5, K2O + 3 foliar spray of Nano DAP @ 3 ml/l) was found to produce  significantly higher fresh weight of shoots in early season (85.20 g), rainy season (98.48 g) and back-end season (94.12 g) over treatment T1 (Recommended dose of N, P2O5 and K2O ). The treatment T3 (Recommended dose of N and K2O + 75% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) exhibited similar results in fresh weight of	Comment by Asrar: produce significantly
100 shoots during early season (83.87 g), rainy season (97.25 g) and back-end season (93.84 g) as that of treatment T2 in all three seasons. These results are in conformity with [26]. It was reported that an increase in overall growth of young teas (measured in terms of leaf and pruning weights) due to potash manuring in young tea [24]. Nano phosphorus fertilisation increased maize weight when compared to other treatments and controls [28]. Application of Udaipur nano rock phosphate (34% P2O5) considerably boosted the yield attributes like	Comment by Asrar: fertilization
100 grain weight in maize plants as compared to the control [21].

Lowest fresh weight of 100 shoots was observed in treatment T5 (Recommended dose of N and K2O + 25% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) during early season (78.29 g), rainy season (93.24 g) and in back-end season (84.75 g).


3.1.4 Dormancy index

The experimental findings on dormancy index during early season (March - May), rainy season (June- September) and back-end season (October - November) are presented below in Table 4.
Table 4. Dormancy index of tea plants as influenced by application of Nano DAP based fertilizers

Dormancy index of tea plants

	Treatment
	Early season

(March - May)
	Rainy season

(June - September)
	Back-end season

(October - November)

	T1
	1.08
	0.51
	1.07

	T2
	0.88
	0.49
	0.90

	
T3
	
0.93
	
0.52
	
0.97

	
T4
	
1.01
	
0.54
	
1.05

	
T5
	
1.19
	
0.56
	
1.64

	CD
	0.07
	N/A
	0.24

	SE(d)
	0.03
	0.02
	0.11
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FIG. 4. DORMANCY INDEX OF TEA PLANTS AS INFLUENCED BY APPLICATION OF NANO DAP BASED FERTILIZERS


The lowest dormancy index (0.88, 0.90) was observed in treatment T2 (Recommended dose of N, P2O5, K2O + 3 foliar spray of Nano DAP @ 3 ml/l) followed by treatment T3  (Recommended dose of N and K2O + 75% recommended dose of P2O5  + 3 foliar spray of Nano DAP @ 3 ml/l) in early season (0.88) and back-end (0.90) season respectively. However, treatment T2 and T3 were not significantly different in both early and back-end season. These findings are in close agreement with [27]. More than 75 per cent of the stored nitrogen within the whole plant is re-translocated to promote the sprouting of dormant buds in tea plants [30].

The dormancy index (1.08, 1.07) in treatment T4 (Recommended dose of N and K2O

+ 50% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) and dormancy index (1.01, 1.05) in treatment T1 (Recommended dose of N, P2O5 and K2O ) were at par in both early season and back-end season. No significant difference was observed in dormancy index during rainy season.	Comment by Asrar: K2O)

The treatment T5 (Recommended dose of N and K2O + 25% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) showed highest dormancy index (1.19, 1.64) in early season and back-end season respectively. The reduction in basal application of phosphate in treatment T5 might hinder the growth of buds as compared to growth of buds in treatments T2, T3 and T4 due to reduced photosynthesis rate. The growth of tea plants is directly related to photosynthesis and phosphorus deficiency inhibited photosynthesis in tea plants [32].

3.1.5 Green leaf yield (kg/plot)

The experimental findings on green leaf yield of tea plants (kg/plot) during early season (March - May), rainy season (June- September) and back-end season (October - November) are presented in Table 5.


Table 5. Green leaf yield (kg/plot) of tea plants as influenced by application of Nano

DAP based fertilizers

Green leaf yield (kg/plot) (plot size = 44.10 m2)

	

Treatment
	

Early season
	Rainy season

(June -
	Back-end season

(October -

	
	(March - May)
	September)
	November)

	T1
	3.18
	4.89
	4.21

	
T2
	
4.45
	
6.32
	
6.25

	
T3
	
4.33
	
6.24
	
6.10

	
T4
	
3.83
	
5.75
	
5.71

	
T5
	
3.27
	
4.94
	
4.48

	CD
	
0.24
	
0.14
	
0.26

	SE(d)
	
0.11
	
0.06
	
0.12
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FIG. 5. GREEN LEAF YIELD (KG/PLOT) OF TEA PLANTS AS INFLUENCED BY APPLICATION OF NANO DAP BASED FERTILIZERS

From the data presented in Table 5, it was evident that the green leaf yield recorded in treatments T2, T3 and T4 showed significant difference over treatment T1 (Recommended doses of N, P2O5, K2O). The highest green leaf yield (4.45 kg/plot, 6.32 kg/plot and 6.25 kg/plot) was observed in treatment T2 (Recommended doses of N, P2O5, K2O +3 sprays of


Nano DAP @ 3ml/l) followed by green leaf yield (4.33 kg/plot, 6.24 kg/plot, 6.10 kg/plot) observed in treatment T3 (Recommended dose of N and K2O + 75% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) in all three seasons. The treatment T3 exhibited similar results in green leaf yield as that of treatment T2  during all three seasons. These findings are in close agreement with the findings of [31] in green leaf yield of tea crop for nano urea. Similar findings were reported in Nano DAP for other crops in grain yield of wheat [34], in grain yield of rice [23], in grain yield of maize[21], and in finger millet [ 29].	Comment by Asrar: T2 during	Comment by Asrar: Maize [21],

The green leaf yield (3.83 kg/plot, 5.75 kg/plot and 5.71 kg/plot) observed in treatment T4 (Recommended dose of N and K2O + 50% recommended dose of P2O5  + 3 foliar spray of Nano DAP @ 3 ml/l) was significantly lower than the green leaf yield observed in treatments T2 and T3 in all three seasons. Lowest green leaf yield (3.18 kg/plot,	Comment by Asrar: P2O5 + 3
4.89 kg/plot, 4.21 kg/plot) was observed in treatment T1 (Recommended doses of N, P2O5 and K2O) which was not significantly different from treatment T5 (Recommended dose of N and K2O + 25% recommended dose of P2O5 + 3 foliar spray of Nano DAP @ 3 ml/l) in all three seasons.

4. CONCLUSION


From the present investigation, it was evident that all the yield attributes viz., plucking point density, fresh weight of 100 shoots, fine leaf count, dormancy index was recorded maximum when three foliar sprays of Nano DAP @ 3m/l was applied along with recommended dose of N, P2O5, K2O or recommended dose of N and K2O and 75% of recommended dose of P2O5 in tea. Higher plucking point density, shoot weight and reduction of dormancy index might have contributed to higher yield in these treatments. Based on the superior results on these growth and yield attributes and considering reduction in cost of cultivation, foliar application of three sprays of Nano DAP @ 3ml/l along with recommended basal dose of N & K2O and 75 per cent of recommended dose of phosphate can be suggested for application in tea plants to get higher yield.


5. REFERENCES

1.   Jagadeesh, M. S., Vinay, H. T., Pavithra, V., Abhishek, G. J., Veershetty, A., Chikkalaki, A. S., & Jahnavi, A. P. (2024). India's Tea Export Potential: Stirring up Global Trade Opportunities. Journal of Experimental Agriculture International, 46(9). https://doi.org/10.9734/jeai/2024/v46i92827



2.   Barooah, A.K. and Phukan, I.K. (2020). Mineral nutrition in tea. Field Management in Tea, Tea Research Association, Tocklai Tea Research Institute, Jorhat, Assam, pp
135-146.

3.   Tang, S., Zheng, N., Ma, Q., Zhou, J., Sun, T., Zhang, X., & Wu, L. (2021). Applying Nutrient Expert system for rational fertilisation to tea (Camellia sinensis) reduces environmental risks and increases economic benefits. Journal of Cleaner Production. https://doi.org/10.1016/j.jclepro.2021.127197
4.   Bernard, S. M., & Habash, D. Z. (2009). The importance of cytosolic glutamine synthetase in nitrogen assimilation and recycling. New Phytologist, 182(3), 608-620. https://doi.org/10.1111/j.1469-8137.2009.02823.x 
5.   Ma, L., Yang, X., Shi, Y., Yi, X., Ji, L., Cheng, Y., Ni, K., & Ruan, J. (2021). Response of tea yield, quality and soil bacterial characteristics to long-term nitrogen fertilization in an eleven-year field experiment. Applied Soil Ecology, 166, 103976. https://doi.org/10.1016/j.apsoil.2021.103976 
6. Ruan, J., Haerdter, R., & Gerendás, J. (2010). Impact of nitrogen supply on carbon/nitrogen allocation: a case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants. Plant Biology, 12(5), 724-734. https://doi.org/10.1111/j.1438-8677.2009.00288.x 
7.   Banerjee, B. (1993). Tea production and processing. Oxford & IBH Publishing Co. Pvt. Ltd. 
8.   Biswas, A.K., Sarkar, S.K. and Biswas, A.K. (1984). Manuring syndrome for mature tea: a long-term study. Two Bud., 31: 22-27
9.   Sen, A.R. (1964). Regional responses to P and K manuring. Two Bud., 11, 98-108.

10. Sharma, P.C., Jain, N.K and Biswas, A.K. (1977). Response to nitrogen, phosphate and potash in mature tea. Proc. 28thTocklai Conf., 31-34.
11. Wickremaratne, D.P. (1971). NPK on seedling tea. Technical Report for 1970: Tea

Research Institute of Ceylon, Talawakele.

12. Adnan, A., Mavinic, D. S., & Koch, F. A. (2003). Pilot-scale study of phosphorus recovery through struvite crystallization – examining the process feasibility. Journal of Environmental Engineering and Science, 2(5), 315-324. https://doi.org/10.1139/s03-040
13. Brady, N.C. and Weil, R.R. (1984). The nature and properties of soils. 9th Edn.,

Macmillan Publishing Company, 866 Third Avenue, New York, pp 330-337.

14. Zulfiqar, F., Navarro, M., Ashraf, M., Akram, N. A., & Munné-Bosch, S. (2019). Nanofertilizer use for sustainable agriculture: Advantages and limitations. Plant Science. https://doi.org/10.1016/j.plantsci.2019.110270 

15. Sarkar, A., Jana, K., & Mondal, R. (2021). Growth and yield of hybrid mustard (Brassica juncea L.) as influenced by foliar nutrition in Gangetic plains of West Bengal. Journal of Crop and Weed. https://doi.org/10.22271/09746315.2021.v17.i3.1488 
16. IFFCO. (2023). Nano DAP brochure. https://www.iffconanodap.in/ 

17. Barua, D.N. and Dutta, K.N. (1971).Distribution of shoots on the plucking surface of a tea bush and its relation to spacing. Two and A Bud., 18: 8-11.
18. Anon. (1996). The planter’s Handbook., Tea Research Association.

19. Barua, D. N. (1989). Science and practice in tea culture. Tea Research Association. https://www.tocklai.net/product/science-and-practice-in-tea-culture-by-d-n-barua/ 
20. Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural research. John Wiley & Sons. https://www.wiley.com/en-us/Statistical+Procedures+for+Agricultural+Research,+2nd+Edition-p-9780471879312 
21. Adhikari, T., Kundu, S., Meena, V., & Rao, A. S. (2014). Utilization of nano rock phosphate by maize (Zea mays L.) crop in a vertisol of Central India. Journal of Agricultural Science and Technology A, 4, 384-394. https://www.researchgate.net/publication/267590000_Utilization_of_Nano_Rock_Phosphate_by_Maize_Zea_mays_L_Crop_in_a_Vertisol_of_Central_India
22. Bray, R. H., & Kurtz, L. T. (1945). Determination of total, organic, and available forms of phosphorus in soils. Soil Science, 59(1), 39-46. https://doi.org/10.1097/00010694-194501000-00006
23. Deo, H. R., Chandrakar, T., Srivastava, L. K., Nag, N. K., Singh, D. P., & Thakur, A. (2022). Effect of Nano-DAP on yield, nutrient uptake and nutrient use efficiency by rice under Bastar plateau. The Pharma Innovation Journal, 11(9), 1463-1465. https://www.thepharmajournal.com/archives/2022/vol11issue9/PartU/11-9-100-900.pdf 
24. Dutta, S. K. (1956). Manuring. Proc.  12th Annual Conf. Tocklai Experimental

Station. Jorhat. pp. 5-12.

25. Jayaraman, V. (1962). Fertilizer use in tea in South India.   Ferti l  N ew s  ., 7(8): 7-11

26. Khemshetty, A., Patil, D. H., Rathod, P. S., Patil, A. S., & Basavaraj, K. (2024). Studies on Nano DAP on Growth, Yield and Quality of Chickpeas under Rainfed Conditions of Northeastern Dry Zone of Karnataka. Journal of Experimental Agriculture International, 46(3), 139-145. https://doi.org/10.9734/jeai/2024/v46i32332
.
27. Liu, M. Y., Tang, D., Shi, Y., Ma, L., Zhang, Q., & Ruan, J. (2021). Foliar N Application on Tea Plant at Its Dormancy Stage Increases the N Concentration of Mature Leaves and Improves the Quality and Yield of Spring Tea. Frontiers in Plant Science. https://doi.org/10.3389/fpls.2021.753086 
28. Magda, S., & Hussein, M. M. (2015). Usage of the nano phosphorous fertilizers in enhancing the corn crop and its effect on corn borers infestations after fungi treatments. International Journal of ChemTech Research. http://www.sphinxsai.com/chemtech.php 


29. Nandeesh MU, Gaddi AK, Veeresh H, Ravi S, Ajayakumar MY. (2024). Effect of nano DAP on growth and yield of finger millet. International Journal of Research in Agronomy, 7(10), 521-524. https://doi.org/10.33545/2618060X.2024.v7.i10g.1823

30. Okano, K., Komaki, S., & Matsuo, K. (1994). Remobilization of nitrogen from vegetative parts to sprouting shoots of young tea (Camellia sinensis L.) plants. Japanese Journal of Crop Science. https://doi.org/10.1626/jcs.63.125 
31. Saikia, P., & Gogoi, A. S. (2023). Growth and Yield of Tea (Camellia sinensis) as Influenced by Nano Urea during Pre and Post Pruning Opertation. International Journal of Plant & Soil Science. https://doi.org/10.9734/IJPSS/2023/v35i203915 
32. Salehi, S. Y., & Hajiboland, R. (2008). A high internal phosphorus use efficiency in tea (Camellia sinensis L.) plants. Asian Journal of Plant Sciences. https://doi.org/10.3923/ajps.2008.30.36 
33. Tea Board of India. (n.d.). Tea statistics. https://www.teaboard.gov.in/ 

34. Thakur, D., Kumar, N., Manuja, S., Hetta, G., Chakraborty, M., Kumari, P., & Saqib, A. (2024). Effect of foliar spray of Nano DAP on growth of wheat (Triticum aestivum L.). Himachal Journal of Agricultural Research, 50(2), 284-290. https://hjar.org/index.php/hjar/article/view/172604 
