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ABSTRACT 
An experiment was conducted to study the effect of various dosage of fertilizer on yield of mature 
tea and to determine the nutrient concentrations in tea soils and leaves under different dosage. 
The standard clone TV-1 was taken into consideration in three different agro-climatic zones of 
Assam. Total eight treatments were imposed in the trial along with normal fertilizer dose. Although 
T6 (50% excess of normal dose ie. 195 kg Nitrogen, 60 kg phosphate and 195 kg Potassium per 
hectare per year) give maximum yield, it is evident from plant nutrient analysis values that the 
above & higher dose of nutrient application tends to create micronutrient imbalance. Therefore it 
has been inferred that T5 (25 % excess of normal dose ie. 162.5 kg Nitrogen, 50 kg Phosphate 
and 162.5 kg Potash per Ha per year) has emerged as best treatment without adversely affecting 
the nutrient status of the soil. It was observed that soil N, P and K are positively correlated with leaf 
N, P and K respectively and also the yield of green leaf. 

Key Words: Assam, Fertilizer dose, Major Nutrient, Minor Nutrient, Soil and leaf Nutrient status, 
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INTRODUCTION Plucking and pruning assume the most vital 
Tea (Camellia sinensis L. (0.) Kuntz) is a woody operations in tea plantation. Pruning is essential 
perennial plant whose nutrient uptake is influenced to maintain the bush at an operable height and 
to a great extent by the environmental factors and also to stimulate the vigour. Tubbs (1 937) felt that 
management practices. The plant tea is very unique pruning is, at best, a necessary evil, and should 
in the sense that its tender shoots with a bud and be judiciously substituted by milder forms for a 
two leaves are periodically harvested. Moreover, severe one, whenever possible, while Tanton 
in NorthEast, apart from 30-32 rounds of plucking, (1 979) opined that pruning reduction in size of 
the tea bushes undergo regular annual pruning of stems is not likely to be advantageous. Barua 
various magnitudes. These practices result in (1981) advocated a reduction in the frame and 
removal of large amount of nutrients from the soil wood to minimise the respiratory losses and to 
every year. Judicious application of fertilizers, thus, enhance the harvest index. 
helps in maintaining a sustained and increased 
production of tea over a longer period. 
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Removal of young, growing shoots comprising 
the apical bud, the internodes and the two or 
three leaves immediately below it ,  which 
constitute the crop in tea, is called plucking. 
Tender shoots with growing tips (sinks) and 
young foliage, which would in normal course 

have contributed to food reserves (source) are 
perpetually harvested at short, regular intervals, 
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stimulating a rapid succession of new crop of 
shoots. The important objective of an efficient 
system of plucking should be to harvest the 
maximum possible crop, leaving a minimum 
period of rest to the buds, while simultaneously 
ensuring the health of the bush by retaining 
adequate maintenance foliage on the bush to 
meet the carbohydrate requirements of buds in 
active phase (Sharma, 1983). 

Tea is well known as fertilizer dependent crop and 
its response to N, P and K has been well- 
documented (Sen, 1967; Dey, 1971 ; Rahman, 
1977). With the introduction of high yielding clones 
and improved agronomic practices, the importance 
of increasing the dosage of these nutrients in order 
to sustain a high productivity has been acutely felt. 
There are reports of variable responses to fertilizer 
application from different tea growing regions of 
the world (Jain, 1988). 

The present investigation therefore, was taken up 
with the following objectives: 

To find out the effect of various graded doses 

of NPK on yield. 
To find out the effect of various graded doses 
of NPK on soil and leaf nutrient status. 
To establish the relationship between the yield, 
soil nutrient levels and leaf nutrient content 
under different agro-climatic conditions. 

MATERIALS AND METHODS 
The investigation was carried out as multilocational 
trial under three different agro-climatic tea zones 
of Assam in three estates of Tata Tea Limited 
during January1 996 to December 1999. The three 
experimental sites were Teok T.E., Nahortoli T.E. 
and Diffloo T.E. 

Samples of soil and leaf were collected from the 
respective experimental sites at various points of 
time over a span of one pruning cycle of three 
years duration, which were analysed in the 
laboratory for detection of levels of various nutrient 
elements (Shimadzu 6401 F AAS, CE Instruments 
NC 2500 Elemental Analyser). Sample analyses 
were undertaken at the University College of 
Ag.riculture, Kolkata and the Research and 
Development Center, Tata Tea Limted. A single 
standard clone TV-1 was chosen for the above 

programme. 

The experiment consisted of the following 
treatments, all laid out in a Completely Randomised 
Block Design. Each of the treatments was replicated 
thrice, consisting of 100 bushes each. 

1. T I  : Normal Fertilizer dose (NPK @ 130,40,130 
kglha respectively) 

2. T2: 25% deficient of normal fertilizer dose (NPK 
@ 97.5., 30, 97.5 kg/ha respectively) 

3. T3: 50% deficient of normal fertilizer dose (NPK 
@ 65, 20, 65 kglha respectively) 

4. T4: 75% deficient of normal fertilizer dose (NPK 
@ 32.5, 10, 32.5 kg/ha respectively) 

5. T5: 25% excess of normal fertilizer dose (NPK 
@ 1 62.5, 50, 1 62.5 kglha respectively) 

6. T6: 50% excess of normal fertilizer dose (NPK 

@ 1 95, 60, 195 kglha respectively) 
7. T7: 75% excess of normal fertilizer dose (NPK 

@ 227.5, 70, 227.5 kg/ha respectively) 
8. T8: Special Schedule (NPK @ 200,80,200 kg1 

ha respectively. Based on cyclic yield Tea plant 
response to a maximum of 200 kg N) 

The fertilizer was applied in 3 splits each year in 
the ratio of 40:30:30 at appropriate soil moisture 
by broadcasting them in respective plots. Nitrogen 
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was applied in the form of urea, P,O, as single 
superphosphate and K,O as muriate of potash. 
The above experiment was laid out in plantations 
under three different agro-climatic conditions. Soil 
and two and a bud leaf samples were collected 
at various points of time throughout the pruning 
cycle. The levels of N, P, K, Ca, Mg, S, Mn and 
Zn were estimated. The pretreatment cyclic vield 
of the experimental sections of Teok. Diffloo & 
Nahortoli TEs were 2520. 2392 & 1972 ka/Ha 
respectively. The crop records were also 
maintained. Efforts were thus made to establish 
a relationship between the soil nutrient content, 
leaf nutrient level and the green leaf yield with 
the various fertilizer doses applied, and to arrive 
at some conclusion regarding the optimum level 
of NPK requirement for an economic yield and to 
study internutrient relationship. 

RESULTS & DISCUSSION 
I. Leaf Yield: 
NPK fertilizer application brought about significant 
increase in green leaf yield at all tea plantations 
where the trials were carried out. At Teok, the 

treatment T6 (50% excess of normal fertilizer dose) 
recorded the highest cyclic yield of 2922 kg/Ha. 

(Table 1). 

Table 1. Effect of graded doses of NPK fertilizer 
on yield of mature tea, at Teok T.E 
l~reatment I Treatments I Cyclic Yield I 

No. I I (Kg/Ha) 
T I  I Normal Fertilizer (1 30:40:130) 1 2537 
T2 
T3 
T4 
T5 
T6 

Soil and plant samples were analysed following 
standard procedures with sufficient control and 
were repeated whenever necessary. Soil 
samples were drawn from a depth of 0-30 cm as 
top-soil and also from 30-60 cm as sub-soil, 
generally a month after the 1" dose of fertilizer 
application (April) and continued at regular 
intervals till December. The first two leaves and 
a bud were collected as plant samples. Soil 
(available) and twig contents were determined 
using standard methods of analysis (Bray and 
Kurtz, 1945; Chapman & Pratt, 1961 ; Black, 1965; 
Jackson, 1973; Lindsay & Norvel, 1978; Barua 
and Ghosh, 1993). 

T7 
T8 

All analyses were done in triplicate and 
simultaneously to reduce experimental errors to a 
minimum. 

25% Less (97.5:30:97.5) 
50% Less (65:20:65) 
75% Less (32.5:10:32.5) 
25% Excess (1 62.5:50:162.5) 
50% Excess (1 95:60: 195) 

At Diffloo, T5 (25% excess) recorded the highest 
cyclic yield of 2547 kg/Ha followed by T6 (50% 
excess). The difference between T5 and T6 was 
small and statistically insignificant (Table 2). At 
Nahortoli also, the highest yield of green leaf was 
recorded in T6 at 21 04 kg/Ha (Table 3). 

2230 
1845 
1768 
261 4 
2922 

75% Excess (227.5:70:227.5) 
Special Schedule (200:80:200) 

Table 2. Effect of graded doses of NPK fertilizer 

2653 
2653 

on yield of mature tea, at Diffloo T.E. 
l~reatment I Treatments I Cyclic Yield I 

I T5 1 25% Excess (1 62.5:50:162.5) 1 2547 

No. 
T1 
T2 
T3 
T4 

I I 

T8 I Special Schedule (200:80:200) 1 2434 

Normal Fertilizer (1 30:40:130) 
25% Less (97.5:30:97.5) 
50% Less (65:20:65) 
75% Less (32.5:10:32.5) 

T6 1 50% Excess (1 95:60:195) 

(KgIHa) 
2434 
2344 
2299 
2028 

2524 
T7 1 75% Excess (227.5:70:227.5) 1 2434 
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From cyclic yield point of view, T6 appeared to be Table 5. Major nutrient status of the soil & leaf 
the best treatment for Teok and Nahortoli while for under different graded doses of NPK fertilizers 
Diffloo, T5 proved to be the best . at Diffloo TE. 

Table 3. Effect of graded doses of NPK fertilizer 
on yield of mature tea, at Nahortoli T.E. 
(Treatment I Treatments I Cyclic Yield 1 

No. 
TI  

T6 1 50% Excess (1 95:60:195) 1 2104 
T7 1 75% Excess (227.5:70:227.5) 1 2043 

I (K!J/Ha) 
Normal Fertilizer (1 30:40:130) 1 1985 

T2 
T3 
T4 
T5 

I T8 I Special Schedule (200:80:200) 1 2014 
Table 6. Major nutrient status of the soil & leaf 

25% Less (97.5:30:97.5) 
50% Less (65:20:65) 
75% Less (32.5:10:32.5) 
25% Excess (1 62.5:50:162.5) Special Schedule 

LSD 5% 

LSD 1% 

11. Soil & Leaf Analysis: under different graded doses of NPK fertilizers 
Major Nutrients: Data is presented in Tables 4,5,6 at Nahortoli TE 
The study of changes in soil nutrient status revealed 
that in almost all the sampling occasions and sites, 

1839 
1751 
1664 
1955 

the soil N level in both top and sub-soil layers tended 

0.144 

0.001 

to increase with increasing application of NPK. The 
available P content of the soil also follows a near 

4.74 

0.775 

1.061 

similar trend up to T6, but showed a declining trend 
when the fertilizer application exceeded 50% of 
normal fertilizer dose. The same trend has been 
observed for K. Leaf analysis also reveals the 

21.74 

7.75 

10.62 

similar trend (Table 4, 5 & 6). 

2.010 
- 
- 

Table 4. Major nutrient status of the soil & leaf 
under different graded doses of NPK fertilizers 
at TeokTE 

Special Schedule 

I-SD 5% 

LSD 1% 

Treatments 

138.07 

35.41 

48.48 

0.346 

0.0011 

0.0015 

0.188 

0.162 

0.223 

1 25% Excess [ 0.11 0 / 3.99 1 7.87 / 0.365 1 11 8.45 ( 2.1 34 ( 

50% Less 10.089 / 3.61 1 4.55 / 0.333 1 89.93 

75% Less 10.080 1 3.43 1 3.55 1 0.316 1 74.55 

50% ~ x c e s s  10.119 1 4.23 1 9.6 1 0.384 1 130.98 1 2.275 

75% Excess 10.128 ( 4.25 ( 8.18 10.361 1 118.81 12.151 

4.63 

0.318 

1.378 

1.876 

1.741 

[ Special schedule] 0.200 / 4.43 1 9.45 / 0.364 1 116.90 1 2.111 1 
LSD 5% 1 0.019 1 0.427 1 0.75 / - 1 34.92 / - 
LSD 1% ( 0.027 / 0.584 1 1.08 1 - 

23.05 

5.69 

7.79 

Minor Nutrients: Data is presented in Tables 7,8,9 

show that in general, soil S tends to decline with 
increasing application of NPK at all locations. 
Though no specific and clear cut trend was noticed 
in the fluctuations of available (Diethylene Triamine 
Penta Acetic Acid - DTPA extractable) soil Ca, in 
general, the treatments supplying higher doses of 
NPK recorded lower soil values as compared to 
the treatments supplying lower NPK dose. The 
available (DTPA extractable) soil Mg also tended 
to decline with heavy doses of NPK application. The 
available (DTPA extractable) soil Mn was found to 
follow a reverse trend to increase with increasing 

2.015 

0.032 

0.340 

169.98 

22.34 

30.60 

0.422 
- 
- 
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dose of NPK fertilizer application. The available soil Zinc, on the other hand, showed no systematic trend 
or fluctuation in response to fertilizer application. The chemical analysis of 'two leaf and a bud' showed a 
more or less similar trend of changes in micronutrient contents (Table 7, 8, 9). 

Table 7. Minor nutrient status of the soil & leaf under different graded doses of NPK fertilizers at 
Teok TE. 
Treatments S ( P P ~ )  Ca ( P P ~ )  Mg ( P P ~ )  I 

Soil 1 Leaf I Soil I Leaf I Soil 1 Leaf I Soil 

Table 8. Minor nutrient status of the soil & leaf under different graded doses of NPK fertilizers at 
Diffloo TE 

75% Excess 

Special Schedule 
LSD 5% 

LSD 1% 

Table 9. Minor nutrient status of the soil & leaf under different graded doses of NPK fertilizers at 
Nahortoli TE 

14.29 

13.25 
1.07 

1.54 

0.208 
0.201 
- 
- 

393.07 
312.07 

102.99 

0.260 
0.263 
- 

46.11 

57.11 
14.70 

20.15 

1235 
1288 
- 
- 

58.98 

51.37 
19.88 

27.23 

524.4 

522.8 
- 
- 

3.50 
3.20 
0.50 

0.73 

22.45 

24.46 
- 
- 
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Leaf N content increased steadily with increasing 
NPK application showing the peak values with 75% 
excess of NlPD fertilizer dose, indicating possible 
luxury consumption. Leaf P and K, however, 
showed declining trend beyond 50% excess of 
normal fertilizer dose. Although T6 (50% excess of 
normal dose i.e. 195 N: 60P: 195K) appeared to 
give maximum yield, higher dose of NPK application 
result in micronutrient deficiency as evident from 
leaf nutrient status. Thus, the treatment T5 i.e. 162.5 

N : 50P : 162.5K emerged as a better treatment, 
giving good yield of crop without adversely affecting 
the nutrient status of the soil (Figures 1,2,3).The 

correlation studies have established that both soil 

& leaf N, P, K is positively correlated with each other 
and also with the yield of green leaf. (P=0.05). 

Fig. 1. Regression line between soil N & leaf N 

2.994 
0.000 0.050 0.100 0.150 0.200 0.250 

Soil N, % 
r = 0.849** ; P(0.01)=0.83 for d.f. (n-2)=6 

Y = 8.066 .X + 2.994 

Fig. 2. Regression line between soil P & leaf P 

2.000 4.000 6 000 8.000 10.000 12.000 

Soil P, ppm 
r = 0.933** ; p(0.01)=0.83 for d.f. (n-2)=6 

Y = 0.0089 .X + 0.292 
- -- - - - - 

Fig.3. Regression line between soil K & leaf K 

2.462 
2.262 

.g 2.062 
1.862 

5 1.662 
A 1.462 

1.262 
1.062 

0.00 25.00 50.00 75.00 100.00 125.00 150.00 

Soil K, pprn 
r = 0.984** ; p(0.01)=0.83 for d.f. (n-2)=6 

Y = 0.0092 .X + 1.062 
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The Latest 
Record of deliberations at the 3rd lnternational Conference 
on Global Advances in Tea Science, held at Kolkata November 
20-22, 2003. Issued as Volume 3 (3&4) IJTS published in 
November 2004. 

Objective 
The ultimate objective of this book is to respond to the 
paradigm shift in the focus of the tea industry from increase in 
productivity to the economics of operating tea estates as viable 
units by using scientific methods. 

The need 
Fluctuating fortunes with periods of relative prosperity followed 
by adversity has been the notable feature of the tea industry. 
For the last decade the costs (COP) have spiraled linearly 
while the prices have continue to decline in China, lndia and 
Srilanka. To meet the cost price squeeze, till about 5 years 
ago, the industry wanted the research scientists to enhance 
productivity to spread out the cost of production. To meet he 
declining international prices by higher realization, the tea 
industry ought solution in marketing innovations. Bu the cost- 
price squeeze became eve more severe with losses reaching 
a frightening 30% of the cost of production in lndia and China 
and threatening the very existence of the tea industry in the 
present form. 

The contents of the book 
This 375-page, 50-chapter volume presented in 11 parts, 
has just come out of the Printer's Press. It is a mine of 
information on what the science can do for reducing the cost 
of production in field and factory, improving quality & 
enhancing value by eliminating pesticide residues and finally 
enhance receipts by switching over to value added 
pharmaceutical & industrial products. Another part discusses 
setting up tea information network, publication patterns in 
China, abstracting & other networked services, Website as 
Tea lndia Portal and finally the role of museums for 
information of the public. The last technical session is a 
compilation of 8 presentations on chemo-protective effects 
of tea on human healtii. Recommendation and brief summary 
bring up the rear of the book. 

Deliberations and the contributors 
Starting with a keynote address by Dr. David Hallam of the 
FAO, all the 50 papers have been delivered by top experts in 
their area of specialization - to mention some names - Tei 
Yamanishi, Baker, Banerjee, Choudhury, Das, Dasappa, 
Delimonthe, Dhawan, Han, Hara, Juneja, Linzhi, Kodomari, 
Melican, Rahman, Ramakrishna, Ravindranath, Sakata, 
Sharma, Siddiqi, Sivepalan, Zhu. More than academic, this 
problem-solving conference deliberated upon how science can 
help meet the economic goals of the tea industry in his period 
of cost-price squeeze. 

New Vistas 
This book opens new vistas of discoveries for researchers to 
meet the changing needs of the tea growers an the tea industry. 
It offers alternate solutions to the corporate and policy planners 
about the future of the largest agro asset of India. 

Priced at Rs. 20001 or US $ 125 or yen 12500. A rebate of 
25% will be offered to members of lnternational Society of 
Tea Science. 
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