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ABSTRACT 
 
Effect of nitrogenous fertilizer on the growth and yield of mature tea crop 
pruned in flat vs curved shape, was studied at National Tea Research Institute, 
Shinkiari, Mansehra, Pakistan during the year 2010. The layout system was 
RCBD with split plot arrangement having three replications. The treatments 
included control (no fertilizer), NPK @125-125-75, 187.5-125-75, 225-125-
75,312.5-125-75 and 375-125-75 kg per hectare. All P and K were applied as a 
basal dose while N in the form of ammonium sulphate, was applied in three 
split doses. The data revealed that flat pruning proved to be the best and gave 
highly significant results. The nitrogenous level of 375 kg increased fresh 
leaves yield significantly (6796 to 8797 kg/ha), tea yield (1352 to 1760 kg/ha) and 
shoot length (35 to 71 cm) over control. In case of interaction, 375 kg N with flat 
shape pruning produced the highest fresh leaves yield (9286.66 kg/ha) and 
black tea yield (1857 kg/ha) with a shoot growth  of 70.33 cm as compared to 
curved shape pruning (8307.33 kg fresh leaves, 1661.33 kg black tea and 72.33 
cm shoot growth). 
 

KEYWORDS: Camellia sinensis; nitrogen fertilizer; shoot pruning; agronomic 
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INTRODUCTION 
 

Tea (Camellia sinensis L.) is a perennial evergreen shrub belonging to the 
Camellia genus of the Theaceae family (10). It is one of the most popular 
beverages consumed in the world (9). Green tea, the favourite type 
consumed in Japan and China, has been increasingly used also in western 
countries in recent years (6). Farmers usually apply urea for tea production, 
and apply organic manures for P, K and Mg nutrition. In fact, tea plants need 
large amounts of N, P, K and Mg for growth. The deficiency of these nutrients 
could adversely affect the yield and quality (5, 17, 19). Nutrient deficiency in 
soils and poor fertilization are two factors limiting the yield and quality of tea 
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(18). Nitrogen is the part of DNA of plant and is major contributor towards the 
plant growth. Phosphorus is an important part of ATP and converts the light 
and energy into chemical energy during photosynthesis. Potash plays an 
important role in water retention by the plant. It also regulates the opening 
and closing of stoma. 
 

Chamuah (2) reported that increased N level through urea increased Cl 
circulation. Shahram et al. (13) reported that urea application significantly 
affected the tannin and water extract percentage.  Obatolu (8) observed that 
N rate of 150 kg for tea plant per hectare per year proved better for optimum 
growth and yield. It could be supplied once in June or twice in equal split 
doses in June and September.  Ipinmoroti et al. (4) reported that use of both 
organic and inorganic fertilizer materials improved tea plant growth 
performance indicating that the soil require the application of fertilizer before 
meaningful tea cropping could be carried out. William and Carr (15) studied 
the responses of tea to irrigation and fertilizer. They reported that well 
fertilized treatment (375 kg N/ha) has yielded 4.9 tons tea per hectare. Yield 
responses to nitrogen (applied as NPK at 20:10:10) were essentially linear 
upto maximum of about 375 kg N. Nishino (7) reported that increasing N 
application from 68 kg to 135 kg per acre per year led to vigorous growth of 
new autumn shoots in first year where yield and quality seemed to be 
improved with higher N application. 
 

Hamid et al. (3) reported that N @ 225 kg N per hectare as ammonium 
sulfate was optimum level of nutrient. In another study (1), mean crop height 
increased with application of nitrogenous fertilizer. Crop height was 
significantly higher (129 cm) for clone 207 followed by K7 (112 cm) and the 
lowest for K35 and clone 205 (104 cm). Across the nitrogen treatment crop 
height ranged from 108 cm (0 kg N/ha) to 116 cm (400 kg N/ha) with a mean 
height of 113 cm. 
 

Pruning is one of the most important operations, next to plucking, which 
directly determines the productivity and quality of tea (14). In most of the 
regions, flat shape pruning is followed but in some areas a curved upper 
surface is used, so that rows of bushes have a semi-cylindrical surface 
(16).The present research was conducted to find out the judicious use of 
fertilizers in association with other appropriate pruning practices for sustained 
production of tea. 
 

MATERIALS AND METHODS 
 
This study was conducted at National Tea Research Institute, Shinkiari, 
Mansehra, Pakistan during the year 2010. The experiment was laid out in 
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RCBD with split plot arrangement by placing pruning shapes in main plots 
and nitrogen treatments in sub-plots.  The experiment was replicated thrice. 
Plot size was kept as 18 m2. Six N levels viz. 0 (N1), 125 (N2), 187.5 (N3), 225 
(N4), 312.5 (N5) and 375 (N6) kg per hectare were tried. Source of nutrients 
(NPK) used were ammonium sulphate, diammonium phosphate (DAP) and 
sulphate of potash (SOP).  P and K @ 125-75 kg per hectare was kept as 
constant as a basal dose while N was applied in three split doses in March, 
July and September. All agronomic practices were kept as uniform and 
plucking was done manually by keeping two leaves and a bud as standard. 
Black tea was made involving the withering, rolling, CTC, fermentation and 
drying process at Black Tea Processing Plant. 
 
Data regarding fresh leaves yield, made tea yield and shoot length were 
recorded and analyzed statistically by using the analysis of variance 
technique with computer software MSTAT-C. Treatment differences were 
compared by using least significant difference (LSD) test. 
 

RESULTS AND DISCUSSION 
 
Fresh leaves yield 
 
The results (Table 1) indicated that increased nitrogen levels, pruning shapes 
as well as their interaction significantly affected the fresh leaves yield.  The 
data (Table 2) further showed that tea pruned in flat shape produced more 
fresh leaves yield (8279.05 kg/ha) as compared to curved shape pruning 
(7521.00 kg/ha). Among N levels, N7 produced higher (8797 kg/ha) followed 
by N5 (8485.33 kg) and N4 (8213.66 kg). The control treatment (0 kg N) gave 
the lowest fresh leaves yield (6796.33 kg/ha). In case of interaction between 
nitrogen level and pruning shapes, N6P1 (375 kg N and flat shape pruning) 
gave significantly maximum fresh leaves yield (9286.66 kg/ha) followed by 
N5P1 (8975.00 kg) and N4P1 (8709.33 kg) (Table 2).  
 
Minimum fresh leaves yield was obtained form N1P2 (6617.66 kg/ha). Similar 
results were reported by Rojoya et al. (12) where 375 kg N per hectare per 
annum produced higher fresh leaves yield. Rikhter and Lyashko (11) 
obtained higher yield from 300 kg N per hectare than from 450 or 600 kg N. 
In another study (1) positive trend of increasing yield in four clones was 
observed upto 160 kg N per hectare. The optimum rate of N fertilizer for all 
the clones appeared to be just under 200 kg N per hectare. Results also 
indicated that nitrogen (N0) plot yielded 1770 kg made tea per hectare while 
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plots receiving nitrogen fertilizer the annual mean yield ranged form 2590 per 
hectare at lowest rate (N5) to 5610 kg at highest rate (350 N kg) per hectare. 
 
Table 1. Analysis of variance for various traits at different nitrogen levels and pruning 

shapes of tea. 
 

Source of variance Df F-value 
Fresh leaves yield 

(kg/ha) 
Made tea yield  

(kg/ha) 
Shoot growth 

(cm) 
Nitrogen levels (N) 5 92.91** 97.09 * 99.02** 
Error 10 -- -- -- 
Pruning shape (P) 1 285.24** 353.55 ** 8.61** 
Interaction (N x P) 5 6.005* 6.19** 2.98 NS 
Error 12 -- -- -- 

*Significant, **Highly significant, NS = Non-significant 
 
Table 2. Effect of nitrogenous fertilizers on the growth and yield of tea pruned in flat 

vs curved shape. 
 

Treatments Fresh leaves yield 
(kg/ha) 

Made tea yield 
(kg/ha) 

Shoot growth (cm) 

Nitrogen levels (kg/ha) 
N1 = 0      6796.33 f 1351.66 f 35.33 f 
N2 = 125   7325.50 e 1464.83 e 41.66e 
N3 = 187.5   7783.33 d 1556.66  d 50.16d 
N4 = 250  8212.66 c 1640.16 c 57.33 c 
N5 = 312.5   8485.33 b 1698.66 b 63.33 b 
N6 = 375   8797.00 a 1759.50 a 71.33 a 
LSD value at 5% 244.9 48.68 4.277 
Pruning shape (P) 
Flat (P1) 8279.05** 1655.83** 55.27** 
Curved (P2) 7521.00** 1501.33** 51.11 ** 
Nitrogen levels (N) x  pruning shapes (P) 
N1 x P1 6975.00 h 1395.00 h 35.66 
N1 x P2 6617.66 i 1308.33 i 35.00 
N2 x P1 7598.66 fg 1519.33 fg 41.66 
N2 x P2 7052.33 h 1410.33h 41.66 
N3x P1 8129.66 de 1626.00 de 56.66 
N3x P2 7437.00 g 1487.33 g 43.66 
N4x P1 8709.33 c 1742.00 c 62.33 
N4 x P2 7716.00 f 1538.33 f 52.33 
N5x P1 8975.00 b 1795.00 b 65.00 
N5x P2 7995.66 e 1602.33 e 61.66 
N6x P1 9286.66 a 1857.66a 70.33 
N6x P2 8307.33 d 1661.33 d 72.33 
LSD value at 5% 239.50 43.85 N.S 

Means followed by different alphabets within each column differ significantly (P = 0.05). 
*Significant, **Highly significant, NS = Non-significant. 
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Made tea yield 
 
The data (Table 2) indicated that nitrogen application increased made tea 
yield significantly. Maximum tea yield (1759.50 kg/ha) was recorded in N6 
(375 kg N) followed by N5 (1698.66 kg) and N4 (1640.16 kg). Treatment 
receiving no fertilizer (N1) produced minimum tea yield (1351 kg/ha). Hamid 
et al. (3) also reported that the highest N level (300 kg/ha) produced 
maximum fresh and dry weight of tea. Made tea yield in flat pruning was 
higher (1655.83 kg/ha) than curved pruning (1501.33 kg/ha). The interaction 
between pruning shapes and nitrogen levels was significant at 5 percent level 
of probability. The made tea yield ranged from 1308.33 kg in N1P2 (0 kg N 
and curved pruning) to 1857.66 kg in N1P1 (375 kg N and flat pruning). 
 

Shoot length 
 

The data further showed that shoot length of tea increased significantly with 
increasing levels of N fertilizer. Maximum shoot length was recorded in N6 
(71.33cm) followed by N5 (63.33 cm). These results agree to the earlier 
findings. Like other parameters shoot length was significantly higher in flat 
pruning shape (55.27 cm) than curved shape (51.11 cm). The interaction 
effect was non-significant. However, N6P2 (375 kg N and curved pruning) 
produced more shoot length (72.33 cm). 
 

CONCLUSION 
 

The study concludes that 375 kg N alongwith 125-75 kg PK per hectare 
produced higher tea yield. In case of pruning, flat shape pruning performed 
better. 
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