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Effect of Nano NPK on growth, quality and yield of tea (Camellia sinensis (L) O. Kuntze) in Assam


Abstract: (Background)Field experiment was conducted at Tocklai Tea Research Institute, Jorhat, Assam to assess the efficacy of Nano NPK (Liquid) on yield attributing character(growth???), quality and yield of tea. The area was planted with TV-23 at a spacing of 120cm x 70cm. The experiment was laid out in a randomized block design with 3 replications and 6 treatments. The treatments comprised four doses of Nano NPK (800, 1600, 2400 and 3200ml/ha), NPK mixture (2:1:2) @ 2% and one untreated control. Urea, DAP and MOP were used in NPK mixture. Different doses of Nano NPK and NPK mixture mixed with water separately as per treatment and were sprayed on the foliages of tea bushes with a spray volume of 400 L/ha. The nutrient solutions sprayed at monthly interval from June to November. Results of the study revealed that significant variations were observed in yearly mean values of no. of plucking points/m2 and fine shoot percentage. The highest values (123.67 No./m2 and 48.67%) of both the parameters were recorded under Nano NPK @ 2400ml/ha.  This treatment also recorded the highest made tea yield (1497 kg/ha) and net return ([image: Indian Rupee symbol.svg]48361.40/ha) which was closely followed by NPK mixture @ 2:1:2 (1483 kg/ha and [image: Indian Rupee symbol.svg]47657.20/ha) over rest of the treatments though the treatment effect was not found to be statistically significant. (Conclusion?)
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Introduction
Tea (Camellia sinensis (L) O. Kuntze) is a perennial crop cultivated for its tender shoot. Nitrogen, Phosphorus and Potassium, the three primary nutrients play significant role in yield and quality of tea. These three nutrients are highly mobile and concentrate mainly in tender shoots. Incidentally, young shoots of tea are plucked at a definite time interval for manufacturing. The manufactured tea contains approximately 5% N, 1%P2O5 and 2%K2O (Barooah, 2011). 
Fertilizers are the major inputs which play a significant role in economic crop production (Woldegebriel, 2007 and Drinnan, 2008). Application of fertilizers improves the nutritional status of soil and thus increases production of crop. Foliar application of fertilizers is the most effective way to boost the productivity as it is easily taken up by the growing shoots (Bonheure and Willson, 1992). Woldegebriel (2007) reported that foliar feeding of nutrients had enhanced the crop yield to the tune of 12 – 25 per cent when compared to that of conventional soil applied fertilizers as foliar fertilizers are fast acting and absorbed at the right site. 
Being a perennial and vegetatively nutrient exhaustive crop, tea requires balanced and adequate supply of all three primary nutrients. Among them, it consumes large amount of nitrogen for its vegetative growth throughout the flushing periods. Nitrogen promotes branching, leaf production, increases the number of plucking points (Ranganathan, 2015) and lowers banjiness. It makes the plants succulent, increases greenishness which increases photosynthetic capacity and thus yield (Bonheure and Willson, 1992; Owuor and Othieno, 1996). It also governs the utilization of phosphorus and potassium by the tea bush. Being an important constituent of protein, it also adds value to tea (Sitienei et al., 2013).  Potassium is the second major essential nutrient in tea after nitrogen (Sultana et al., 2014; Rajan and Anandhan, 2016; Singh and Pathak, 2018). Potassium gives tolerance to biotic and abiotic stresses (Jessy, 2011). It is essential for formation of carbohydrates and proteins. It is also important for starch reserve in roots and post pruning recovery. Potassium increases the weight of shoots (Ranganathan, 2015) and the formation and development of strong root and frame on tea bush with ample foliage (Kumar et al., 2015). It increases the efficiency of nitrogen assimilation. In addition to other two primary nutrients, phosphorus is also an important nutrient in tea nutrition though its requirement in tea is much less than those of N and K (Singh, 2013). Phosphorus is the carrier of energy for metabolic activities, constituent of nucleic acids, phospholipids and enzymes. It is essential for cell division. It plays major role in formation of new wood and root (Hamid, 2006). It is involved in the utilization of nitrogen (von Bernegg, 1936). Phosphorus along with potassium increased the quality parameters of made tea (Willson and Choudhury, 1968). Generally, these nutrients are applied through fertilizer on ground. However, commonly available water-soluble fertilizers viz. Urea, DAP and MOP were also sprayed on foliages in specific situations to maintain the nutrient balance for crop growth.
Nano fertilizer has been utilizing in many crops because of its numerous advantages. Nano fertilizers are absorbed by the plants very efficiently due to their ultra-high absorption feature and high surface to volume ratio (Elemike et al., 2019). Because of their nano scale size, foliar application of these fertilizers can directly enter leaf tissues through stomata. Due to its very small quantity requirement, Nano fertilizers can reduce the toxic effect caused by the overuse of commercial fertilizers and increase the nutrient use efficiency. Pruthviraj et al. (2022), Chhipa (2017) and Meena et al. (2017) reported that faster and higher translocation capacity of Nano fertilizers to different parts of the plant. Velmurugan et al. (2021) told that Nano fertilizers performed better in various crops than commercial urea. Raguraj et al. (2020) found that yield of tea was increased after application of a slow-release fertilizer urea-hydroxyapatite nanohybrids under Sri Lankan condition. They also reported that increasing rate of leaf nitrogen was noted under urea-hydroxyapatite nanohybrid applied plots as compared to control plot where traditional urea was used. 
Nano NPK which contains three primary nutrients in a single formulation, has been using in many crops with satisfactory results. However, very little is known about the foliar application of Nano NPK as a growth enhancer, especially in tea. Therefore, in the present investigation, an attempt was made to evaluate the commercial product Nano NPK fertilizer for its effectiveness as growth promoter and to find out the best dose as an alternative to NPK mixture commonly applied in Ttea plantations of North East India. Write the clear objectives for the study which are tally with the title.
Materials and methods: 
	This work was carried out at Cinnamara Tea Estate (Tocklai Division) by Department of Agronomy, Tocklai Tea Research Institute, Jorhat, Assam, India in a clonal mature unprune tea section to evaluate the liquid form of Nano NPK fertilizer on growth and yield of tea. (this should be the objective) NPK mixture (2:1:2) in the form of Urea, DAP and MOP were selected for foliar application as a standard to compare with the different doses of Nano NPK. The section was planted in 1998 with a Tocklai released clone, TV-23 (Cambod type) in single hedge planting pattern at a spacing of 120cm x 70cm. The area was flat with well developed soil profile and good drainage system. The soil of the experimental site was sandy loam in texture and acidic in reaction (pH: 4.54). The crop was grown under moderate stand of shade. The experiment was laid out in a Randomised Block Design with three replications and six treatments. Thus, 18 plots were prepared and each plot consisted of 60 tea bushes.  The plots were separated from each other by a guard line. Treatment comprised viz. Nano NPK @ 800ml/ha (T1), Nano NPK @ 1600 ml/ha (T2), Nano NPK @ 2400 ml/ha (T3), Nano NPK @ 3200 ml/ha (T4), NPK mixture (2:1:2) @ 2% (T5), Untreated control (T6). NPK mixture was prepared in the garden itself.  Treatments were imposed on foliages of the bushes from June to November at monthly interval. Knapsack sprayer (ASPEE make) fitted with NMD 60450 nozzle was used for spraying with a spray volume of 400 L water/ha. Recommended dose of NPK was applied @120-30-120 kg N-P2O5-K2O/ha on ground. The doses of fertiliser were broadcasted in two splits in equal ratio (50:50) in the month of June and September. Urea, Single Super Phosphate and Muriate of Potash were the sources for N, P & K, respectively. The crop was grown as rainfed. The total rainfall received during the period of study was 1252 mm. The monthly average maximum and minimum temperature ranged from 25.76 – 34.24 (better to mention only one decimal) ºC and 10.88 – 25.38 ºC, respectively throughout the period of study (Figure 1). All the cultural practices as well as plant protection measures were taken as per the package of practices followed at Tocklai Tea Research Institute, Jorhat. 

Figure 1. Mean monthly maximum as well as and minimum temperature (ºC) and total rainfall (mm) during the period of experimentation
Observations recorded: 
Density of plucking points (No. m-2 round of plucking-1)
One representative sample bush selected randomly in the centre of individual plot was tagged and counted the number of plucking points just after plucking by using a bamboo grid of 1.0 m x 1.0 m (100 equal size holes) at monthly interval from June to November and the average values were calculated out to express as yearly averages. 
Fine shoot count (%)
The quality of freshly harvested shoots was assessed in terms of fineness at monthly interval and the average values were calculated out for the year. For this, hundred (100) g shoots were taken from the plucker’s basket plucked from each plot and separated out the small two leaves and a bud, single leaf and a bud and also single soft banji. Separation of fine portion from larger shoots was also done, where necessary, by breaking back the two leaves and a bud and soft banji from the plucked shoots which was added to fine shoots and rest of the broken stems was added to coarse components. Weighing of fine shoots was done separately for each treatment and replication and their masses were expressed as percentage of fine shoots. 
Yield of tea (kg made tea ha-1) 
On an average, plucking was done at 7 days interval. Weight of fresh shoots plucked in each net plot in each round was recorded.  At the end of the year, cumulative yield of harvested shoot per plot was converted to kilogram made tea ha-1 multiplying with a standard factor of 0.225. The formula used in conversion of green shoots per plot to kilogram made tea ha-1 is given below: 
			                                 Green leaf yield (kg plot-1) x 10,000 m2    
Made tea yield (kg ha-1) = --------------------------------------------------- X 0.225
			                                                Net plot area (m2)                      
Use the equation format if possible.
*Recovery percentage of tea is 22.5% (Anon., 2016). 
Phytotoxicity study on Tea plants 
The observation on phytotoxicity was done after first spraying of Nano NPK on the basis of phytotoxicity rating scale at 1, 3, 5, 7, 10 and 15 days after application (DAA) of treatments. In this regard, visual observations were noted on leaf epinasty, hyponasty, necrosis, vein clearing and wilting of tea bushes. The observation on the level of Phytotoxicity was rated in the scale of 0 – 10 (No injury – Heavy injury) by counting the affected plants, if any. 
Taint in made tea
Samples of made tea, manufactured from shoots harvested on the 7th and 14th days after first application of all the doses of Nano NPK were tested by the tea taster of Tocklai Tea Research Institute, Jorhat.  
Economics of study
Cost of cultivation in details was calculated in rupees on hectare basis for each treatment by taking into account the prevailing inputs, labour, operational and manufacturing cost. Gross and net returns against each treatment were calculated in rupees per hectare ([image: Indian Rupee symbol.svg] ha-1). Gross return was the value of the economic yield calculated at prevailing price. Net return was calculated by subtracting the total cost of cultivation from gross return on per hectare basis. Benefit-cost ratio (B:C) was computed by dividing gross return by total cost of cultivation. 
Statistical analysis
Data pertaining to yield was statistically analysed as per Randomized Block Design (RBD) described by Panse and Sukhatme (1985). Critical differences (CD) at 5% probability level were calculated only when the F value been found to be significant. 
Results and discussion: 
Variation in density of plucking points (No. m-2 plucking round-1)
Density of plucking point is an important yield attributing parameter of tea indicating the yield potential of the crop. A perusal of data presented in Table 1 indicated that the density of plucking points/m2/round of plucking was increased in every observation under all the treatments compared to control except Nano NPK @ 3200ml. The highest and the lowest values were recorded under Nano NPK @ 2400 ml/ha and Nano NPK @ 3200 ml/ha respectively. However, the treatment affect effect was found to be statistically not significant in the month of June, July, August, September and November. Significant variations were observed in October and mean the middle of June – November. In October, there was no significant difference was observed among the treatments except Nano NPK @ 3200 ml/ha. The mean values of June – November, indicated that T3 recorded the highest value (123.67 No./m2) of no. of plucking points/m2 which showed 7.74 and 2.44 per cent more over control (T6) and NPK mixture (T5) respectively. However, that treatment was statistically at par with those of T5 (120.72 No./m2) and T2 (118.22 No./m2) in this respect.  In the present study, it was showed that application of Nano NPK @ 800 – 2400 ml/ha recorded higher number of plucking points m-2 over control which might be due to production of more number of new shoots after proper utilization of nitrogen from Nano NPK throughout the flushing period resulted emergence of new shoots. As after application of Nano NPK, unutilized nitrogen, phosphorus and potassium present in the vacuoles utilized and distributed properly through pholem to the sinks and as a result, the leaf nitrogen, phosphorus and potassium percentage were increased. This result can be supported with the findings of Raguraj et al. (2020). Nitrogen contributing to vegetative growth, might be attributed a greater number of growing/harvestable shoots. Similar finding was also reported by Kaushal (2018). Increase in number of plucking points per unit area due to nitrogen was also reported by (Ranganathan, 2015). It was also seen in every observation that the No. of plucking points/m2 was decreased after foliar feeding of Nano NPK at higher dose (3200ml/ha). That indicated that higher dose of Nano NPK had the negative impact on number of plucking points/m2. 
Table 1. Effect of Nano NPK on density of plucking points (No. m-2 round-1) 
	Treatments
	Density of plucking points (No. m-2 round-1), month

	
	June
	July
	August
	September
	October
	November
	Mean
(June-Nov)

	T1: Nano NPK @ 800 ml/ha
	82.00
	133.33
	148.67
	131.67
	106.33
	95.33
	116.22

	T2: Nano NPK @ 1600 ml/ha
	82.00
	137.67
	152.00
	133.00
	109.67
	95.00
	118.22

	T3: Nano NPK @ 2400 ml/ha
	89.33
	142.67
	158.67
	136.00
	113.00
	102.33
	123.67

	T4: Nano NPK @ 3200 ml/ha
	88.00
	106.67
	140.33
	125.67
	84.67
	99.00
	107.39

	T5: NPK mixture (2:1:2) @ 2%
	85.67
	138.33
	154.67
	134.33
	111.67
	99.67
	120.72

	T6: Untreated control
	81.67
	132.33
	148.00
	127.00
	104.67
	95.00
	114.78

	SEm (±)
	4.78
	13.77
	6.57
	6.03
	4.46
	3.87
	2.75

	CD at 5%
	NS
	NS
	NS
	NS
	9.93
	NS
	6.12


NS= Non significant

Variation in quality of harvested shoots (g 100g-1 fresh shoots)
The weight of fine shoots/100g sample is considered as quality percentage of the sample. Higher percentage of fine shoot percentage, ultimately reflect the cup characteristics and Taster’s scores of manufactured teas.  Data on quality of fresh shoots counted in terms of fine shoot percentage presented in Table 2 indicated that, foliar feeding of Nano NPK could improve the quality of harvested shoots in each round of plucking. Significant variations in per cent fine shoot were observed in the month of June, August and September. The mean values calculated during June – November also showed significant differences among the treatments. The highest value (48.67%) was recorded under Nano NPK @ 2400 ml/ha which was significantly higher than those of other treatments. This treatment recorded 7.78 % and 3.73% higher fine shoot percentage over control and NPK mixture (2:1:2) respectively.  However, values of NPK mixture (2:1:2) @ 2% and Nano NPK @ 1600 ml/ha were statistically similar in this regard. Similarly, there was no significant variation was observed in between Nano NPK @ 3200 ml/ha and control. Increase in fine shoot percentage after application of Nano NPK might be due to ample supply of nitrogen which lowered the banji percentage in the sample. Reduction of banjiness by nitrogen was also reported by Ranganathan (2015). Higher percentage of fine shoots after application of Nano Urea was also reported by Saikia and Gogoi (2023).
Table 2. Fine shoot percentage as affected by different doses of Nano NPK
	Treatments
	Fine shoot (%), month
	

	
	June
	July
	August
	September
	October
	November
	Mean
(June-Nov)

	T1: Nano NPK @ 800 ml/ha
	45.67
	45.33
	44.33
	40.67
	42.33
	35.67
	42.33

	T2: Nano NPK @ 1600 ml/ha
	47.67
	45.67
	45.00
	42.67
	44.67
	40.33
	44.33

	T3: Nano NPK @ 2400 ml/ha
	52.33
	50.33
	50.33
	49.33
	47.00
	42.67
	48.67

	T4: Nano NPK @ 3200 ml/ha 
	40.33
	40.00
	40.67
	40.67
	40.00
	41.67
	40.56

	T5: NPK mixture (2:1:2) @ 2%
	50.00
	45.33
	47.00
	42.67
	45.00
	39.67
	44.94

	T6: Untreated control 
	41.67
	45.67
	41.67
	38.67
	40.67
	37.00
	40.89

	SEm (±)
	3.15
	2.66
	2.03
	2.09
	3.08
	2.96
	1.02

	CD at 5%
	7.03
	NS
	4.52
	4.65
	NS
	NS
	2.27


NS= Non significant
Variation in yield of made tea (kg ha-1): 
It was observed from the data presented in Table 3 and illustrated diagrammatically in Figure 2 that foliar application of Nano NPK resulted better yield under Nano NPK @ 800 ml/ha, 1600ml/ha and 2400 ml/ha over control, though the treatment effect was noted to be non significant. Among the doses tried, Nano NPK @ 2400 ml/ha (T3) produced the highest yield (1497.37 kg made tea ha-1) which was closely followed by standard recommendation of Nano NPK Mixture (2:1:2) @ 2% (1482.56 kg made tea ha-1). This treatment (T3) recorded 6.17% more yield over control and showed a slight increment of crop yield than NPK mixture (2:1:2) @ 2%. This result was in alignment with the result of Saikia and Gogoi (2023); Mirji et al. (2023); Drostkar et al. (2016); Abdel-Aziz et al. (2018) and Sohair et al. (2018). Higher yield of tea under Nano NPK might be due to the higher number of plucking points m2 and more shoot weight, shoot size and leaf size. The result was supported by the findings of Wijeratnne and Fordham (1996) where they stated that tea yield is determined by the shoot population density and the size of shoots harvested. They also stated that both shoot growth and number of plucking points per bush determine the yield of tea. Indika and Abeysinghe (2009) also pointed out that the number of plucking points per bush is the most influenced growth parameter which determine yield of tea. De Zoysa and Abeysinghe (2013) reported that the high yields of treatment plots were probably due to higher shoot growth and number of plucking points per tea bush of treated plots than control. In this experiment, it was also observed that the highest dose of Nano NPK @ 3200ml/ha, failed to exhibit any positive impact on yield of made tea. From the results, it was seen that higher dose of Nano NPK is detrimental to the crop. 
Table 3. Effect of different doses of Nano NPK on yield of made tea (kg ha-1), net monetary return ([image: Indian Rupee symbol.svg] ha-1) and benefit-cost ratio (B:C)
	Treatments
	Yield (kg made tea ha-1)
	Net monetary return ([image: Indian Rupee symbol.svg] ha-1)
	Benefit-cost ratio

	T1: Nano NPK @ 800 ml/ha
	1452.49
	40327.80
	1.14

	T2: Nano NPK @ 1600 ml/ha
	1466.53
	42496.60
	1.15

	T3: Nano NPK @ 2400 ml/ha
	1497.37
	48361.40
	1.17

	T4: Nano NPK @ 3200 ml/ha
	1364.57
	18225.40
	1.06

	T5: NPK mixture (2:1:2) @ 2%
	1482.56
	47657.20
	1.17

	T6: Untreated control
	1410.31
	35718.20
	1.13

	SEm (±)
	62.07
	-
	-

	CD at 5%
	NS
	-
	-


NS= Non significant 


Figure 2. Effect of different doses of Nano NPK on yield of tea (kg made tea ha-1)
(Inclusion of the table is enough)
Variation in net return ([image: Indian Rupee symbol.svg] ha-1)		
Maximum net return of [image: Indian Rupee symbol.svg] 48361.40/ha was recorded under Nano NPK @ 2400ml/ha which was  closely followed ([image: Indian Rupee symbol.svg] 47657.20/ha) by NPK mixture (2:1:2) @ 2% over rest of the treatments (Table 3). Nano NPK @ 3200ml/ha showed the lowest return of [image: Indian Rupee symbol.svg]18225.40/ha among all the treatments. Trend similar to net returns was observed in benefit-cost ratio also. However, both Nano NPK @ 2400ml/ha and NPK mixture (2:1:2) @ 2% recorded similar value (1.17) in this regard which was the highest benefit:cost ratio. (Discussion should also be included)
Phytotoxicity study
In case of phytotoxicity study, it was found that any dose of Nano NPK did not show any phytotoxicity symptoms like epinasty, hyponasty, necrosis, vein clearing and wilting on tea bushes at 1, 3, 5, 7, 10 and 15 DAA of Nano NPK. (Discussion should also be included)
Taint testing in made tea 
Testing of tea samples manufactured after spraying of different doses of Nano NPK were found free from any taint.   (Discussion should also be included)
Conclusion: 
Among the doses tried, Nano NPK @ 2400 ml/ha produced 6.17 per cent more yield compared to Control (T6) and found at par with standard recommendation of Nano NPK Mixture (2:1:2) @ 2%. Higher dose of Nano NPK could not show any positive results regarding yield, density of plucking points m-2, fine shoot (%) and net returns. Tea samples manufactured after spray were found free from any taint. (Write this section matching with the title and objectives where you better to mention the achieved objectives)
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