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ABSTRACT 
 
The tea plant (Camellia sinensis (L.) O. Kuntze) is the most popular beverage plant in the world because of its high bioactive 

compounds and antioxidant properties contained in its shoots. The productivity of tea shoots highly depends certain factors, 

including fertilization. In a commercial tea plantation, the application of N fertilizer plays essential roles in determining the 

productivity of tea shoots. It is commonly implemented by mixing N with organic + inorganic liquid fertilizer. However, the 

response of tea plant to N fertilizer varies depending on its requirement and climate condition. This study investigated the 

effect of Nitrogen addition in organic + inorganic liquid fertilizer on the productivity of tea shoots in different seasonal periods. 

The observation parameters consisted of five indicators, namely shoot number, shoot length, shoot elongation rate, shoot fresh 

weight, and shoot dry weight. Randomized complete block design using overseason was set up with three blocks. Each block 

was occupied by five different treatments, namely control, no addition N, addition 2.33 g N, addition 7.00 g N, and 11.67 g N. 

Data analysis was conducted using ANOVA (5%) and followed with HSD Tukey (5%). Results demonstrated that there was a 

significant difference in the productivity of tea shoots in every treatment. The application of 3000 ppm organic + inorganic 

liquid fertilizer without Nitrogen addition performed the best outcome than others. This treatment significantly increased the 

productivity of fresh weight shoots around 56.34% (24.14-ton ha 
-1

 year 
-1

) higher than the control treatment (10.54 ton ha 
-1

 

year 
-1

). Interestingly, it also highly improved the production of dry weight shoots by around 61.51% (4.8 ton ha 
-1

 year 
-1

) 

greater than the control treatment (1.84 ton ha 
-1

 year 
-1

). Thus, it was recommended to replace the conventional fertilization 

that was commonly implemented in the tea plantation with low productivity. 
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INTRODUCTION 

The tea plant (Camellia sinensis (L.) O. Kuntze) is the most popular beverage plant in the world because of its 

high bioactive compounds and antioxidant properties contained in its shoots. Also, tea shoots are useful as raw 

materials for the functional food processing industry, herbal capsule formulations, tablets, herbs, cosmetics, 

shampoos, organic fertilizers, pesticides, herbicides, preservatives, and as raw materials for traditional health 

healing therapies [1][2][3]. The area of smallholder tea plantations dominates the area of tea plantations in 

Indonesia (46%) with a low production rate of only 36% of the total national production because its 
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management does not meet technical standards, the majority of Indonesian tea is old tea plants with low 

productivity [4]. 

Tea productivity is measured in terms of weight per unit area of land per year. The size of tea shoot weights is 

directly related to the fresh weight of shoots when picked. The number of shoots picked per unit area and the 

average weight per shoot is the yield component that determines the productivity of tea plants [5]. The number 

of shoots per unit area indicates higher productivity. Variation in shoot growth speed is the main parameter that 

causes variation in yield from season to season of certain genotypes [6][7][8]. The number of shoots and shoot 

weights are affected by the duration between two consecutive harvest times or the picking cycle. Weight per 

shoot is determined by picking standards, i.e. whether two leaves and one bud or three leaves and one bud are 

picked [9]. 

Besides climatic factors, technical knowledge of tea maintenance in commercial plantation, especially about the 

type, dosage, method, and application time of appropriate and balanced fertilizers play a vital role to increase 

the productivity of premium tea shoots. Therefore, it is necessary to stipulate a fertilizer application which be 

recommended to gain the results of premium tea shoots in a sustainable manner. 

 Nitrogen is one of the primary macronutrients that have an effect on increasing the productivity and quality of 

tea shoots optimally [10]. The application of nitrogen fertilizer is considered essential to maintain the yield of 

tea shoots economically [11]. The response of various tea clones to nitrogen fertilizer is very good at various 

locations [12]. Application of suitable nitrogen fertilizer dosage is one of nutrient management that can affect 

the growth, yield, and quality of tea shoots. Tea shrubs have a high level of sensitivity to the application of dose 

N. The yield response to the application of the amount of N fertilizer is often in a quadratic pattern, with the 

highest yield in the range of doses of 200 - 400 kg N ha 
-1

 [13]. Nitrogen doses up to the optimal level are 

usually applied to tea cultivation because the yield and quality of tea are significantly related to the total 

nitrogen content. Moreover, the productivity of tea is also potentially influenced by climate, particularly related 

to dry and wet conditions [14]. 

Climate change cannot be predicted precisely and has created uncertainty in the agricultural sector, including the 

productivity and quality of tea plants [15]. Changes in rainfall, sunlight intensity, temperature, humidity, and 

extreme weather conditions such as drought and high-intensity rainfall have negatively impacted the yield and 

quality of tea in the last few decades [16]. Therefore, intensive and sustainable application of technical 

innovation in tea cultivation related to local climate change is very much needed in tea plantations owned by the 

people, tea plantations owned by private companies, and state-owned tea plantations. The purpose of this study 

was to exam the addition of various levels of nitrogen concentrations to organic + inorganic liquid fertilizers to 

the productivity of tea shoots in the rainy and dry seasons. 

 

MATERIALS AND METHODS 

 

Materials and Experimental Design  

The usage materials were fresh tea shoots of TRI 2025 clones as a result of the treatment of N addition in 3000 

ppm of organic + inorganic liquid fertilizers which were done from January 2017 to January 2018 at the 

community tea plantation in Tritis, Ngargosari village, Samigaluh District, Kulon Progo, Yogyakarta. Altitude 

ranged 904 m above sea level. This study used an over season 5x2 complete randomized block design consisting 

of N addition factors in 3000 ppm organic + inorganic liquid fertilizer and seasonal factors. Each factor repeated 

three times. 

The treatment of N addition factors consisted of 5 levels, i.e. control, without N addition on organic + inorganic 

liquid fertilizer, but used the conventional fertilizer recommendation, namely 60 g urea, 10 g SP-36, and 20 g 

KCl  plant ⁻¹ ha ⁻¹ (N0), 0 g N (N1), 2.33 g N (N2), 7.00 g N (N3), and 11.67 g N ( N4). Each N treatment was 

added at 3000 ppm organic + inorganic liquid fertilizer. The volume of application for each treatment is 0.35 

liters per plant through a fertigation irrigation system under shrubs at 10-day intervals after shoot picking. The 

season factors consisted of the rainy season and the dry season. 

The source of N used as urea fertilizer. The formula of organic + inorganic liquid fertilizer contained a mixture 

of liquid organic fertilizer and the low nutrient hydroponic mineral solution made based on the formula of Resh 

(1981). The nutrient composition of liquid organic fertilizer consists of 0.72% N; 0.1% P₂O₅; 0.03% K₂O; 40 

ppm Ca; 10  ppm Mg; 12.6 ppm Fe; 5.8 ppm Cu; 5.21 ppm Mn; 4.29 ppm Zn; and 1.6% amino acids. The 

composition of the hydroponic mineral solution compounds of 27 ppm KH2PO4; 38.81 ppm KNO3; 100 ppm 

Ca(NO3)2; 49.97 ppm MgSO4.7H2O; 66.66 ppm S; 2 ppm Fe EDTA; 0.5 ppm MnSO4.7H2O; 0.05 ppm CuSO4; 

0.1 ppm ZnSO4; 0,5 ppm H3BO3; and 0,02 ppm NaMoO. Application of treatment of N addition in 3000 ppm 

organic + inorganic liquid fertilizer was carried out at 10-day intervals after picking shoots for one year. To 

analyze the chlorophyll and EGCG levels, and the ability antioxidant activity of tea shoots from each treatment 

was picked in March and October 2017 to represent rainy and dry seasons. 
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Table 1. Total N concentration of each treatment the N addition in 3000 ppm organic + inorganic liquid 

fertilizers 

N addition in 3000 ppm 

organic + inorganic liquid 

fertilizer 

Total N in organic + 

inorganic liquid fertilizer 

(ppm)* 

N-urea dosage in 

block sample year 

⁻¹ 

N-urea dosage  

 ha ⁻¹ year ⁻¹ 

Control - 1.325.00 g 383.3 kg 

0 g N 105.00  ⁺      61.60 g 17.80 kg 

2.33 g N 260.00  ⁺    177.36 g 51.32 kg 

7.00 g N 571.33 ⁺⁺    409.36 g 118.44 kg 

11.67 g N 882.67 ⁺⁺    641.10 g 185.57 kg 

Note:  sample area = 7.5 m
2
, spacing = 0.6 x 1.2 m, * = criteria for the range of nutrient concentrations for 

hydroponic plants,  
+
 = sufficient, 

++
 = above average.  

 

Observation Parameters 

Observation of tea shoot productivity parameters included the number of shoots, shoot length, shoot fresh 

weight, shoot dry weight, and shoot yield. Observation of shoots productivity was carried out 37 times from 

each treatment with details of 21 times to represent the effect of treatment in the rainy season with rainfall 

conditions every 10 days interval ≥ 50 mm and 16 times to represent the effect of treatment in the dry season 

with rainfall conditions every 10 intervals day <50 mm. The productivity evaluation of tea shoots ha ⁻¹ uses the 

method of picking analysis on the fresh weight and shoot dry weight with the formula: 

 

                        
                     

                       
                             

 

                     
                     

                       
                          

 

Data analysis 

Data were analyzed using ANOVA (5%) and followed with HSD Tukey (5%). The response pattern of the 

observed variables of each treatment was determined by regression-correlation analysis (5%). Statistical analysis 

was conducted using an Excel program for Windows 2010. 

 

RESULTS AND DISCUSSION 

 

Shoot number, shoot lengths and shoots extension rate  

In the table 2 evident that there is an interaction effect of  N addition in 3000 ppm organic + inorganic liquid 

fertilizer with season on shoot length and there is no interaction on shoots number and shoot extension rate, but 

there is an effect of  N addition in 3000 ppm organic + inorganic liquid fertilizer and season to number of shoots 

and rate of shoot extension. 

The application of 3000 ppm of organic + inorganic liquid fertilizer without the addition of N and or the 

addition of 2.33 g N and 7.00 g N has an effect on increasing the number of shoots of tea. This condition is 

caused by the total N concentration in organic + inorganic liquid fertilizer is in the range sufficient for plant 

needs (105.0 ppm) (Table 1) [11]. If the addition of 2.33 - 7.00 g N in 3000 ppm organic + inorganic liquid 

fertilizer causes the total N concentration to increase to 260.00 - 531.33 ppm so that it is in the range of the 

average concentration of plant requirements (Table 1) [7]. The concentration range is in a balanced condition in 

the soil solution so that it is easily absorbed by the roots for the synthesis of hormones and enzymes that are 

directly involved in the budding initiation process.  The more buds formed have a direct effect on increasing the 

number of shoots in the picking field.  The N addition relatively high (11.67 g N) caused a decrease in the 

number of shoots so that it was no different from plants that were not given organic + inorganic liquid fertilizer 

(control), because the addition of 11.67 g N increased N concentration in organic + inorganic liquid fertilizer so 

is above the average range of optimal levels for plant needs (882.67 ppm) (Table 1; Figure 1A).  High nutrient N 

concentrations in soil solutions cause nutrient imbalance so that it affects the decrease in the ability of 

absorption of other nutrients by roots [17]. Thus, it can be stated that when the number of shoots of tea is low, 

the application of organic + inorganic liquid fertilizer is more effective and efficient in increasing the formation 

of shoots in the picking field. The number of shoots formed in the rainy season is higher than the dry season, 



21 
Zakarias F.M. Hukom

 
et al., 2019. Effect of Nitrogen Addition to Organic + Inorganic Liquid Fertilizers 

and Seasons on Productivity of Tea Shoots. American-Eurasian Journal of Sustainable Agriculture. 

13(4): 18-26. DOI: 10.22587/aejsa.2019.13.4.2 

 
because in the rainy season the sunlight, water, temperature, humidity, and nutrients in the soil are available 

sufficiently to support the synthesis of enzymes and growth hormones so that the process of division and 

enlargement of shoot meristematic cells tea can grow actively. 

 

Table 2. The number of shoots, shoot lengths (cm) and shoot elongation rate (cm) at various levels of N 

addition on 3000 ppm of organic + inorganic liquid fertilizer during the rainy and dry seasons. 

N addition in 

3000 ppm liquid 

fertilizer organic 

+ inorganic (g) 

  Shoot number   Shoot length (cm)   

Shoot elongation rate 

(cm) 

  
Rainy Dry 

Averag

e 
  

Rain

y 
Dry 

Averag

e 
  

Rain

y 
Dry 

Averag

e 

Control   7078.7 6184.3 

6631.3 

d   3.8 f 

3.5 

g 3.6   0.58 0.54 0.56 d 

0   

10758.

7 9225.7 

9992.2 

a   5.9 a 

5.1 

b 5.5   0.82 0.73 0.78 a 

2.33   8323.7 7067.7 

7695.7 

b   4.8 c 

4.2 

d 4.5   0.66 0.59 0.62 b 

7   7646.3 6845.3 

7245.8 

c   4.3 d 

3.7 

f 4.1   0.64 0.59 0.61 c 

11.67   7590.7 6692.3 

7141.5 

d   4.0 e 

3.5 

f 3.9   0.61 0.58 0.59 d 

Average   

8276.6 

p 

7203.1 

q -   4.55 

4.0

7 +   

0.66 

p 

0.61 

q - 

HSD α  5 %     276.42 437.05       0.2     0.02 0.03 

Note:  Letters in rows or columns followed by the same letter show no significant effect on α 5%, - = no 

interaction, 
+
 = interaction. 
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Figure 1. Graph: A) Number of shoots, B) Shoot length (cm), and C) shoot elongation rate (cm) at various 

increments of (N) increase in organic + inorganic liquid fertilizer in the rainy and dry season. 

 

The application of 3000 ppm of organic + inorganic liquid fertilizer without N addition in the rainy season had 

the highest effect on increasing shoot length and 35.59% (2.1 cm) of control plants in the rainy season and 

40.68% (2.4 cm) of control plants in the dry season and 13.56% (0.8 cm) are longer than the shoots of tea which 

applicated 3000 ppm of organic + inorganic liquid fertilizer in the dry season (Table 1;Figure 1B). This 

phenomenon is caused by the N concentration in the formula of organic+inorganic  liquid fertilizer is in the 

range of sufficient concentration of N (105.00 ppm) for the synthesis of the amino acid L-tryptophan as a 

precursor of auxin hormone that functions in the process of division and enlargement of tea shoot cells actively 

[18].  The rainy season has a shoot size that is always longer than the dry season because in the rainy season, 

water, temperature, humidity, N nutrients and other macro and micronutrients are available in condit ions 

sufficient to synthesize enzymes and growth hormones to stimulate bud formation and size shoot extension [19]. 

Table 2 and Figure 1C show that application 3000 ppm of organic + inorganic liquid fertilizer without N 

addition or 2.33 - 7.00 g N addition has an effect on increasing the rate of elongation of tea shoots, because the 

total N concentrations in these three formulas range from 105.00 - 533.31 ppm ( Table 1) so that it is in the 

range of level sufficient to average for plant growth. This condition indicates that the rate of shoot elongation is 

strongly influenced by the availability of N nutrients but the addition of relatively high N (11.67 g N) in 3000 

ppm of organic + inorganic liquid fertilizer until it is above the average plant requirement (882.67 ppm) has an 

effect on reducing the elongation rate shoots. The rate of elongation of tea shoots in the rainy season is higher 

than the dry season as it influences the number of shoots. The faster rate of shoot elongation affects the size of 

the shoot length and weight per shoot [8]. 
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The fresh and dry weights of shoots  

In Table 3 and Figure 2A it is proven that the application of 3000 ppm of organic + inorganic liquid fertilizer 

without the N addition gave a significant effect  and 56.34% higher than the fresh weight of the control plants 

and 39.02% and 51.04% higher than the addition of 2.33 g N and 11.67 g N in 3000 ppm organic + inorganic 

liquid fertilizer. This phenomenon is caused by its effect on the formation of shoot number, shoot length and 

shoot elongation rate (Table 2). This fact is shown by the presence of a strong positive correlation between shoot 

fresh weight and shoot number, shoot length and shoot elongation rate (Table 4). The fresh weight of tea shoots 

in the rainy season is higher than the dry season because the intensity of sunlight in the rainy season is in the 

range of optimal sunlight intensity to increase the rate of photosynthesis to produce fresh shoots of tea compared 

to the dry season [20]. 

 

Table 3. Fresh shoot weights (ton ha ⁻¹), shoot dry weight (ton ha ⁻¹), and shoot yield (%) at various levels of N 

addition on 3000 ppm of organic + inorganic liquid fertilizer in the rainy and dry seasons. 

N addition in 3000 

ppm liquid 

fertilizer organic + 

inorganic (g) 

  Shoot number   Shoot length (cm)   

Shoot elongation rate 

(cm) 

  
Rainy Dry Average   Rainy Dry Average   Rainy Dry Average 

Control   5.62 4.91 5.27 d   0.99 

0.8

5 0.92 d   17.65 

17.3

3 17.49 c 

0   12.95 

11.1

8 12.07 a   2.57 2.2 2.39 a   19.81 19.7 19.75 a 

2.33   7.94 6.78 7.36 b   1.5 

1.2

8 1.39 b   18.9 

18.8

3 

18.88 

ab 

7   6.56 5.88 6.22 c   1.22 

1.0

9 1.16 c   18.59 

18.5

3 18.56 b 

11.67   6.29 5.53 5.91 c   1.07 

0.9

1 0.99 d   17 

16.5

4 16.77 c 

Average   

  7.9 

p 

 6.9 

q -   

1.47 

p 

1.2

7 q -   

18.39 

p 

18.1

8 p - 

HSD α  5 %   0.27   0.43   0.07   0.12   0.23   0.99 

Note:  Letters in rows or columns followed by the same letter show no significant effect on α 5%, - = no 

interaction. 

 

Based on Table 1 and Table 3, the conversion of shoot fresh weight  year ⁻¹ demonstrates that the application of 

liquid fertilizer without the N addition (38.7 kg urea ha ⁻¹ year ⁻¹) gives the highest increase in shoot fresh 

weight of 24.14 tons ha ⁻¹ year ⁻¹ and more effective and efficient compared to the results obtained through 

conventional cultivation techniques (10.54 tons of fresh weight shoot ha ⁻¹ year ⁻¹) using a dose of urea fertilizer 

of 833.28 kg ha ⁻¹ year ⁻¹. This phenomenon is due to the fact that plants are more responsive to the availability 

of nutrient ions in certain concentrations which are much smaller than the provision of nutrients in the form of 

granules (solid form) [10]. This situation causes plant roots to be very sensitive to the concentration level of 

nutrient ions in soil solution, so that differences in nutrient ion concentrations in nutrient solution greatly affect 

the increase in shoot productivity. 

 

Table 4. Correlation coefficients between observational variables 

Variable JP      Pp LPp BSP BKP Rend 

JP 1           

Pp 0.81* 1         

LPp 0.82* 0.99** 1       

BSP 0.81* 0.97** 0.98** 1     

BKP 0.96** 0.98** 0.98** 0.88** 1   

Rend -0.65* -0.66* -0.64 -0.58* 
-

0.67* 
1 

Note : * = significant α = 0.05, ** = significant α = 0.01. JP = number of shoots, Pp = shoot length, LPp = rate 

of shoot extension, BSP = shoot fresh weight, BKP = shoot dry weight, and Rend = shoot yield. 

 

The application of 3000 ppm organic + inorganic liquid fertilizer without N addition gave significant effect and 

highest increase in shoot dry weight of 61.51% of the control plants and 41.84% and 51.46% of the plants which 
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were given additional of 2.33 and 7.00 g N. This phenomenon is the same as the effect on shoot fresh weight. 

The addition of relatively high N (11.67 g N) had an effect on reducing shoot dry weight and did not differ from 

control plants, because the total N concentrations in the formula were in the range of concentrations above the 

average plant requirements or close to the maximum plant requirements (Table 1; Figure 2B).  Dry shoot weight 

of tea shoots in the rainy season is higher 14.95% than dry season, because the number of shoots formed in the 

picking field and shoot shoots in the rainy season is higher than the dry season so that the net assimilation rate of 

the tea shoots in the rainy season is higher than dry season. High assimilation rate affects the productivity of 

shoot dry weight [3]. These results are consistent with the fact that there is a strong positive correlation between 

shoot dry weight and shoot number, shoot length, shoot elongation rate and shoot fresh weight (Table 4). The 

results of conversion of shoot dry weight on a ha⁻¹ year scale based on Table 1 and Table 3 show that the 

application of liquid fertilizer without the addition of N concentration (38.7 kg urea ha ⁻¹ years⁻¹) has an 

influence on the highest shoot dry weight increase of 4.8 tons ha ⁻¹ years ⁻¹ and more effective and efficient 

compared to results obtained through conventional cultivation techniques (1.84 tons dry weight shoots ha ⁻¹ 
years) using a dose of urea fertilizer of 833.28 kg ha ⁻¹ years ⁻¹ as the same as the effect on shoot fresh weight. 

 
 

 
Figure 2. Graph: A) shoot fresh weight (g), and B) shoot dry weight (g) at various levels of addition of Nitrogen 

in liquid organic + inorganic fertilizer in the rainy and dry season, O + A = organic + inorganic. 

 

The application of 3000 ppm of organic + inorganic liquid fertilizer without N addition  gave the highest effect 

on the formation of the best tea yields and was 11.44% higher than the control plants and respectively 6.03% 

and 15.09% higher than the plants given the addition of 7.00 g N and 11.67 g N.  This phenomenon is due to the 

formula having a high dry weight/shoot fresh weight ratio.  The addition of relatively high of N  (11.67 g N) in 

3000 ppm of organic + inorganic liquid fertilizer affected the decrease in the percentage of tea shoot yield 

because it affected the decrease in dry weight. Thus it can be found that the application of 3000 ppm of organic 

+ inorganic liquid fertilizer without N addition is more efficient to increase the productivity of tea shoots per 

unit area of land for one quotation period with better shoot rendering values. 
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CONCLUSION 

 

Giving 3000 ppm of organic + inorganic liquid fertilizer without the N addition in the rainy season has a 

significant effect on increasing the length of tea shoots.  Giving 3000 ppm of organic + inorganic liquid 

fertilizer without N addition gives a significant and higher effect on increasing number of shoots, shoot length, 

shoot elongation rate, shoot fresh weight, shoot dry weight and shoot yield.  The rainy season has a significant 

effect on the number of shoots, shoot extension rates, fresh and dry weights of shoots but has no effect on shoot 

yield. The application of liquid fertilizer without the N addition has a significant effect on increasing the 

productivity of tea shoot fresh weight by 24.14 tons ha⁻¹ years⁻¹ or 4.8 tons dry weight ha⁻¹ years⁻¹ and higher is 

56.34% and 61.51% on the productivity of fresh weights and dry weights of control plants.   
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