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Abstract

The effect of different levels of nitrogen on watextracted substances (WE), total polyphenols (TP),
epigallocatechin (EGC), epicatechin (EC), caffearel amino acids in fresh tea leaves grown at higher
altitude (1500 meter from sea level) and pluckedarious months of the years, was studied. Aftackihg

the tender leaves (bud+3) from tea bushes, theetemere oven's dried at 6C for 24 hours. The dried
leaves were used for determination of water-exéisubstances, total polyphenols and amino acitbntm

by using 751G UV-spectrophotometer and EGC, EC cafteine contents were determined by the high
performance liquid chromatography (HPLC). The mgeo level did not affect the WE significantly. The
data show that TP content was increased up toicdetzel with the increase of nitrogen level (189 hka)

but decreased with further increase of nitrogermnfitreatment T4 (N=180, P=30, K=90 kg ha-1).TP
increased significantly by the application of 18 & ha-1. The EGC, EC contents increased up taicert
level with the increase of nitrogen and then dedliafter the application of 180 kg ha-1. The nigrodevel

did not affect the caffeine contents.

Key Words: C. sinensid., polyphenols, amino acid, EGC, caffeine, alteuBakistan.

Introduction

Fertilizer application is one of the major agrotitgpcontributing to the cost of production and picitvity in tea
plantation. Tea is normally grown as a long terrmowlture. For proper maintenance of the healtieatbushes
and to obtained high yield, a well-balanced fergiti application and manuring is necessary at ceitdervals
throughout the year. Amongst the various esseglgahents for tea becoming a leaf crop, nitrogegioty is the
key element in plant nutrition. It accounts for abd-5% of the dry weight of the shoot plucked foocessing
tea. Nitrogen is essential for growth and develamnad all living tissues, promotes branching, lpabduction,
enlargement of leaf surface and yield. Between @%-Bf the protoplasm is made up of nitrogenous aamgds
and 18-20% of dry protein is in the form of nitrogel]. Tea crop consists of leaves; the plant is thegefo
sensitive to application of nitrogen fertilizer. &ity of processed tea broadly depends on the csitipo of
leaves, which in turn is influenced by nutritiofhe optimum level of nitrogen is best derived fradhe
quadratic relationship that exists betwe®tnogen levels and yield. Any increase above thgnmum caused
reduction in dry matter contents and increase berficontents, which affected the quality of the nfactured
product in Malawi[2]. The China variety in particular and the hybridgeneral produce very fine, flavor tea
when they are grown above an altitude of about If6@al. The brightness, briskness and strengtheofidgluor
assess quality of tea. Aroma and flavor add morthéooverall quality. Formation and biogenetic pati of
chemicals responsible for quality are weather ddgehand even a small change in the climatic faatan
result in the significant change in the compositidrine chemicals in the plucked sholdtlton [3] studied
the concentrations of epigallocatechin, epigallechin gallate, gallocatechin and epicatechin galiatthe
southern hemisphere. These catechins exhibit prinp@rtance in specifying the qualitidilton et al [4]
described that the concentration of flavanols @slfr apical shoots of tea was highest during the: eedhson.
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Shoots plucked during the slow growth conditionsntamed a higher proportion of catechin and
epigallocatechin (EGC) being most significantlyeatied.Goswani and Barborgs] mentioned that quality
of made tea is dependent on the caffeine contehflamanol glycosides of fresh leavé&sheng[6] studied
the effect of season and climatic factors on tleoshrowth and chemical composition of tea tree stated
that at higher altitudes total polyphenol, caffeiand catechin contents are increased and positively
correlated with relative humidity. The apical stoof tea consisting ideally of the terminal bud ahd
adjacent leaves known as ‘tea flush’ make up tiaemaaterial, which is processed to make black, g@en
other forms of tea. The flush contains the groupaf/phenolic compounds, which are responsiblettier
unigue character of tea. These compounds are méeanols, together with flavonols and flavonol
glycosides, flavones, acids and depsides. Duriegotiocessing of black tea, about 90-95% of theaftals
undergo enzymatic oxidation to products which dreatly responsible for the characteristic colotitea
brews, their astringency and unique taste. Theeptestudy was designed #00 mael to determine the
chemical composition of fresh tea leaves with vagylevels ofnitrogen at higher altitude of potential tea
growing area of Pakistan.

2. Materialsand Methods

The research study was conducted on seven yeare®ldushes (Chinese Qi-Men) at village Battal (150
masl), district Mansehra during the year 2010, 2@hH 2012. The Physico-chemical characteristic of
experimental site is given ihable 1. The study was organized under the Randomized &enBlock Design
with eight treatments replicated four times. Theatments were kept, = control, T, = 0-30-90, F= 120-30-90,
T, =180-30-90, T =240-30-90, F= 300-30-90, ¥ =360-30-90, § 420-30-90 kg N-P-K hhan' in three split
doses. The sources for nutrients application wemen@nium sulphate, di-ammonium phosphate, tripleesup
phosphate and potassium sulphate. Other agronamitiges were applied uniformly to all the treattsemhe
tender shoots “bud+3” were plucked from the teahbaof each treatment apthced in the oven at 6C for
drying for 24 hours to avoid fermentation procesfote the analysis of other chemical componenth@feaves.
The dried leaves were ground in the grinder andealén the desiccator. Liquor was prepared and lssmyere
analyzed for moisture contents, water extractedtanbes (WE,) total polyphenols (TP), caffeine amino acid
contents, by using 751G UV-Spectrophotometer, asrdeed byAnonymous[7] High-tech Agriculture Co., Ltd.
China. For the determination of epigallocatechis(@ and epicatechin (EC), the High Performance idiqu
Chromatography (HPLC) system was used to obtaiclihematograms of fresh tea leaves “bud +3. Thepkesn
of the tea leaves were prepared for analysis bgguagueous extraction procedure, which simulatédahc
brewing conditions for a cup of t§3].

2.1 Statistical analysis

The data were collected for consecutive three yaadsstatistically analyzed by using one-way ansilg$é
variance and multiple range test. Analyses werdezhout by using the statistical sefere Minitab [9] and
Statgraphic$10].

3. Results and discussion

3.1. Moisture contents

The moisture content of the tea leaves, plucketienvarious months of the year and dried in thenate60
C, is given inTables 2-6.The highest percentage of moisture content intéaeleaves was obtained in
treatment T (9.96+1.92%) and the lowest in treatmerg (7.0G:0.72%) during the month of MafTable-

2).The mean value for the moisture content was+8.531% for all the 8 treatments from the harvestngur

the month of May. Subsequently, in the month ofeltime highest percentage of moisture content was
obtained (9.28%) form the plants given the treatnignand lowest in the plants receiving treatment T
(7.85%). The average percentage of moisture comerdll the eight treatments was 8:6256% (Table-3)

From the plants harvested in the month of Julyntleésture content ranged from 7+48661% in treatment gT
to 8.65:0.53% in treatment I The mean value of all the eight treatments was 8.0.55% for the month of
July (Table-4) In the month of August the highest percentagmoisturecontent was 8.48.63% in plants
treated with treatment,Tand lowest was 6.80.81% intreatment §. The average percent for all the eight
treatments was 7.6%.06%(Table-5) The lastmonth of plucking season was September in whicthtbkeest

74



J. Mater. Environ. Sci. 5 (1) (2014) 73-80
ISSN : 2028-2508
CODEN: JMESCN

Hamid et al.

% of moisture content (9.80.63%)was present in treatment @&nd lowest (6.980.66%) in was in treatment
Te. The average value ofoisture content was 7.83.89%(Table-6) Though the moisture content of tea leaves

were different for the different levels of nitrogeeatment and for different plucking months, ahtar altitudes
(1500 masl), but the differencgas statistically not significant. It seems thatiaon in the altitude and

fertilizer doses may not be playing a significaslerin moisture content of the fresh tea leaves.

Table 1: Physico-chemical characteristics of the experimgitd at Battal (pre-experiment)

. . Soil depth
Properties Unit 15cm 30 cm 25 cm
Sand % 51 47 43
Silt % 29 29 31
Clay % 20 24 26
Textural Class - Loam Loam Loam
ECe mS kg 0.34 0.26 0.20
Soil Ph - 5.71 5.91 6.37
Organic matter % 1.28 1.10 0.97
Available K mg kg’ 48 52 52
PO,-P mg kg 13.35 10.57 5.63
NOs-N mg kg’ 1.27 0.98 0.70
Zn mg kg' 4.6 4.8 3.4
Cu mg kg 4.8 4.6 2.6

3.2. Water extracted substances

The highest percentage of water-extracted sulesaincthe tea leaves was in treatmen8d.29+11.4%) and the
lowest in treatment ;1(18.09+7.69%) during the month of Méyable-2) Themean value for the water-extracted
substances was 25H829% for all the 8 treatments from the harvestrduthe month of May.

Table 2: Effect of different levels of nitrogen on thdesgted chemicals of fresh tea leaves in the mohMay

. Water Poly : Amino

Treatments | Moisture Extracted EGC EC Caffeine .
Phenols Acid

Substance

T, 9.06+1.06| 29.03+1.69 | 11.33+0.0Ff | 1.72+0.03| 0.88+0.13| 3.68+0.53| 1.81+0.05
T, 9.52+2.62 | 28.57%1.31 | 12.19-0.41*" | 2.08:0.06 | 0.86+0.06 | 4.29:0.40 | 1.80+0.07°
T, 9.58+1.51| 35.2911.40| 13.82:2.15° | 1.92:0.03 | 0.90+0.08 | 3.93+0.28 | 1.86+0.06°
T, 8.83:1.48| 27.9%2.59 | 16.64:1.53' | 2.11+0.01| 1.18:0.03 | 4.32:0.01 | 1.85:0.07°
Ts 7.00:0.72 | 22.564.47 | 14.720.80° | 2.45:0.28 | 1.160.22 | 4.230.30| 1.840.06°
Te 9.96+1.92| 19.868.60 | 15.030.27° | 2.20:0.17 | 0.9%0.15| 4.4@0.22 | 1.930.10°
T, 7.351.03| 18.097.69 | 13.530.33° | 2.03:0.10| 0.790.32| 4.490.20| 1.9%0.07°
Ts 7.45:1.77| 19.6910.89| 14.280.80° | 1.91+0.01| 0.720.20| 4.530.24| 1.930.07*
Mean 8.59+1.74| 25.138.29 | 13.941.80 | 2.0#0.20| 0.940.20| 4.240.36| 1.8%0.08

M+ S.D.; n =3 (May 2010 - 2012)
2 Mean followed by different superscripts in theurnhs are significantly different at P< 0.001

Subsequently, in the month of June the highesteméage of water extracted substances was obtad@e5206)
form the plants given the treatment dhd lowest in the plants receiving treatmen{2lL.61%). The average
percentage of water-extracted substances for alleight treatments was 26#648% (Table-3) From the
plants harvested in the month of July, the wateragked substances ranged fr@h.834.44% in treatment
T, to 29.62+1.17% in treatment T The mean value of all the eigintatments was 27.147.42 % for the
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month of July(Table-4) In the month of August the highgsercentage of water extracted substances was
36.34t2.26% in plants treated with treatmentdnd lowest was 26.82.26% in treatment ;T The average
percent for all the eight treatments wa8.63+3.99%(Table-5). The last month of plucking season was
September in which the highest % Weater-extracted substances (38®9%) was present in treatmentand
lowest (24.868.11%) in treatment I The average value of water extracted substanees 28.27+5.02%
(Table-6) It was evident from theresent findings that the water extracted substamasl no significant
difference with the change fertilizer doses at experimental site at highetumles. It means that the variation in
the altitude and fertilizer doses did not play gn#icant role. Genetic variation may be of moregpartance for
these components as indicated by these results.

3.3. Polyphenol contents of tea leaves

Young green tea shoots are extremely rich in payplic compounds, the largest group being the
catechins, which constitute up to 30% of the dryighte of material. Although there are other classés
the phenols present in green tea shoots, all aesept at relatively low concentrations. Other plant
species synthesize flavanols compound, but Camaillieensis is unique in the range it contains the
flavanols [11]. The quantites and proportions of polyphenols sgné in fresh tea leaves
generally, are reflected in the chemical compositef made tea in the liquor characters. It is, dfwee,
expected that as the level of total polyphenol riesh tea leaves rises, the quality of black ted ado
improve and that would translate into better t&sterevaluation [12]. During the present
study the polyphenols content of the fresh tea dsawere determined during the different months of
the plucking seasons.

Table 3: Effect of different levels of nitrogen on thdesgted chemicals of fresh tea leaves in the mohfiuoe

Treatments| Moisture Water Extracted Poly EGC EC Caffeine| Amino Acid
Substance Phenols
T, 8.84 28.99 11.55 1.89 0.66 3.87 1.37
T, 9.04 30.52 13.05 1.94 0.63 3.68 1.35
Ts 9.11 30.23 14.28 1.85 0.69 3.73 1.42
T, 8.79 28.81 16.19 1.91 0.84 3.76 1.39
Ts 7.98 25.98 15.04 2.01 0.56 3.80 1.41
Te 9.28 24.43 14.30 1.88 0.55 3.95 1.45
T, 7.85 21.61 13.70 1.82 0.60 3.94 1.45
Ts 8.08 22.67 14.30 1.74 0.52 3.97 1.46
Mean 8.62+0.56 26.66+3.48 14.05+1.37 1.85+Q.0163+0.10| 3.84+0.11 1.41+0.04

The polyphenol contents in fresh leaves pluckethfr@rious treatments supplemented with differeneli of
nitrogen is presented ihables 2-6 Data presented in Table- reveals that the highelsfphenols content was
obtained during month of May in treatmenj ife. 16.64+1.53% and lowest in treatment (€ontrol) i.e.
11.3+0.01%. The mean value of all the 8 treatmesats 13.84+1.80%. The polyphenol contents of tegekean
treatment } was significantly higher (P<0.08s compared to treatment (Controls) and treatments, T3 T,
and T and non significantly highahan treatment Jfand treatment ¢l This observation suggests that nitrogen
dose above 180 kg has not beneficial for the quality of tea and cowlot help any more in improving the
quality of tea.

During the month of June, the polyphenol conteatgyed from 11.55% in treatment b 16.19% in treatment
T4 The average of all the 8 treatments for polypheoatents during the month were 14.05+1.3{Rable-3).
The higher doses than treatmentshiow the decrease in polyphenol content. In thetimof July, the polyphenol
contents of tea leaves ranged from 11.78+0.42%treatment T to 15.08+0.43% for treatment; Wwith an
average value of 13.62+1.23% for all the 8 treatsi€Fable-4).All the doses of nitrogen significantly increased
the polyphenols contents in fresh tea leaves owetral (T, and T) and were highest in treatment, Dut
declined for the remaining higher doses of nitrogerthe month of August, the polyphenols contdrita leaves
grown at higher altitude ranged from 11.98+0.33%tfeatment T to 15.31+0.33% for treatment, ith an
average value of 13.45+1.31% for all th&éatmentgTable-5).During the month of September, the polyphenols
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contents ranged from 11.61+0.16% for treatmartbTL5.01+0.29% for treatment, TThe mean value for all the 8
treatments was 13.34+1.23%. The polyphenols comtentased with the nitrogen level up to treatmenbut
decline beyond this levél'able-6).

Table 4: Effect of different levels of nitrogen on the seégtchemicals of fresh tea leaves in the monthulyt 5

. Water Poly . Amino
Treatmenty Moisture | Extracted EGC EC Caffeine .
Substance Phenols Acid
T, 8.65+0.53| 23.43+11.83 11.78+0.42 | 1.56+0.38| 0.60+0.03| 3.51+0.46| 1.44+0.11
T, 8.370.59| 29.60:9.98 | 13.29:0.59" | 1.70:0.25| 0.59:0.11 | 3.89:0.24 | 1.13+0.12
T, 8.270.42 | 26.83+12.38| 15.08:0.43" | £.60:0.35| 0.64t0.06 | 3.68:0.25 | 1.51+0.11
T, 8.44+0.28 | 24.95:10.42| 14.85-0.80° | 1.92:0.04 | 0.79+0.06 | 3.83:0.05| 1.56+0.18
Ts 8.26+0.59| 29.62-1.17 | 13.5%2.06° | 1.91+0.13| 0.88:0.00| 3.92+0.08 | 1.62+0.24
Te 8.16+0.68| 31.16:2.06 | 13.38:0.63° | 1.86+0.02| 0.65:0.13| 4.01+0.16 | 1.63+0.25
T 8.33+1.00| 24.83+4.44 | 13.52:0.32° | 1.75+0.03| 0.68:0.06| 4.10+0.22 | 1.63+0.24
Ts 7.95:0.61| 27.781.97 | 13.58:0.62° | 1.69+0.21| 0.61+0.10| 4.11+0.25| 1.62:0.25
Mean 8.30+0.55| 27.1A#7.42 | 13.621.23 | 1.75:0.21| 0.68+0.11| 3.88:0.27 | 1.56+0.19

M+ S.D.; n =3 (July 1998 to 2000)
2 Mean followed by different superscripts in theurnhs are significantly different at P< 0.001

The polyphenol contents significantly increasedtrisatment T from treatment T The data show that the
polyphenols content were increased up to certa levith the increase of nitrogen level,J but decreased with
further increase of nitrogen from treatment (N=180, P=30, K=90 kg Fj. Willson and Choudhury13]
observed the reduction in quality with the increiaseitrogen in KenyaNakagaweet al.[14] pointed out that the
shoot of the first crop had the greater contersrafno acids and lower content of flavanols thanskeond
and third crops plucked in summer. He indicatedrémge of flavanols during the month of May fromQt3
14.0 % whereas in June from 18.82%. According td akayanag[15] the flavanols during the month of April
was 9.2- 11.7% and during May it was 9.1-9.7%. Tihdings are comparable with the results of thespng
study.

3.4.Epigallocatechin (EGC) -
The EGC contents of the tea leaves plucked fronowsitreatments with different levels of nitrogee aresented

in Table 2-6 The EGC content during the month of May rangedhft..72+0.03% in bushes given the treatment T
to 2.451£0.28% in treatments With the average values (2.07+0.20%Yor all the 8 treatments. The values in
different treatments show the variation but theyeanstatistically non significar{Table-2)During the month of
June, the highest quantity of EG@s obtained from the bushes grown in treatmeneT2.01% and the lowest
guantity form bushes given the treatmegti.€.1.74%(Table-3) The mean value for all the tBeatments was
1.850.11%. The EGC contents in tea bushes harvestdatleirmonth of July rangeffom 1.56+0.38% in
treatment Tto 1.92+0.04% in treatment, {Table-4).The average value for d@lie 8 treatments was recorded as
1.75:0.21%. The doses of nitrogen up to 180 kg hirogen intreatment T increased the EGC contents and
declined for the remaining higher doses of nitroBnTg). Though the values show the variation for diffeere
treatments but were statistically non signific&@itnilarly, theTable-5reveals that the EGC contents were at peak
in bushes grown in the presence of treatmer{iL 74+0.11%) during the month of August. The lowestount
was observed in treatment {1.47+0.40%). The average value for all the 8tineats was 1.63+£0.22%. All the
treatments with high doses of nitrogen show ane@mee in EGC as compared to treatmgnfcontrol) in which
fertilizer was added but there was decline forhiger doses FTg). The EGC contents in fresh tea leaves was
the highest in T(N=240, P=30, K= 90 kg ha during themonths of May, June and August during the
experimental years. During July theeatment T(N=180, P=30, K=90 kgh® gave the highest contents of
EGC at 1500magirables 2-6).

Table 5: Effect of different levels of nitrogen on thdessted chemicals of fresh tea leaves in the mohth o
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August.*?

. Water Poly . Amino

Treatments Moisture | Extracted EGC Caffeine .

Substance Phenols Acid
T, 7.66+0.33| 28.96+0.58| 11.98+0.38 | 1.49+0.40| 0.56+0.03| 3.45+0.54| 1.33+0.04
T, 8.78:0.63| 31.10:1.04 | 12.16+0.8G" | 1.58:0.31| 0.61+0.03 | 3.80:0.06 | 1.33:0.02
Ts 8.771.10| 36.34:2.31| 14.09:1.49" | 1.53+0.37| 0.56t0.06 | 3.47£0.52 | 1.42+0.05
T, 7.35:0.25| 32.95:5.67 | 15.311.10° | 1.64+0.35| 0.69:0.03 | 3.73:0.20 | 1.37%0.03
Ts 7.05:0.45] 29.14:1.02 | 14.310.35° | 1.74+0.11| 0.69:0.08 | 3.68:0.00 | 1.41+0.04
Te 6.82:0.68 | 32.49:4.83| 12.42:0.43" | 1.73:0.16| 0.62:0.07 | 3.84:0.16 | 1.45+:0.05
T, 7.94+1.81| 26.84:2.26| 13.14:0.1F" | 1.67:0.13| 0.55:0.03| 3.89:0.12 | 1.44+0.05
Tg 6.81+0.81| 27.2%2.32| 14.1%0.4G" | 1.63:0.14| 0.52:0.01| 3.96:0.12 | 1.44+0.03
Mean 7.65+1.06| 30.63:3.99| 13.451.31 | 1.63+0.22| 0.60+0.07 | 3.73+0.28 | 1.40+0.06

M+ S.D.; n =3 (August 2010 to 2012)
2 Mean followed by different superscripts in theurohs are significantly different at P< 0.001

3.5. Epicatechin (EC)

The epicatechin contents of the tea leaves pludkedifferent months andupplemented with different
levels of nitrogen are shown in tii@bles 2-6 The data inTable 2 and 3how that during the months of May
and June, the highest epicatechin contents ofdhdetavesvere present in plants given the treatment.&.
1.18+0.03% and 0.84% and the lowest in treatmeiNF420, P=30, K=90 kg h3 i.e. 0.79+0.20% and 0.52%
respectively. The mean values of EC from the pfamvested in the months of May and June recordedlifthe

8 treatments were 0.94+0.2086d 0.630.10% respectively. The EC contents increased thighincrease of
nitrogen level up tdreatment T but declined for treatments; To Tg when the higher doses of nitrogen were
applied during MayTable-2) In the month of July the EC ranged from 0.59+@lih treatment T (N=240,
P=30, K=90 kg hd) (Table-4) During the month of August the bushes grown igspnce of treatment; fave
the highest EC content of 0.69+0.08% while treatni®®n(N=420, P=30, K=90 kg F& shows the lowest EC
contents(Table-5) The mean value of all the 8 treatments was okseto be 0.68+0.11% in July and
0.60£0.07% in the month of Augudduring the present findings, EGC and EC quantity Wwagh in the first
flush. It may be due to thereceding dormant winter season, the quantity o€CE®d EC was found steady
during the regular plucking season from May to Saflter at both the experimental sites. These reatdtalso
in line with the results o€loughley{16].

Table 6: Effect of different levels of nitrogen on thdesged chemicals of fresh tea leaves at in the mofit
September-?

Treatments Moisture Wagirbgt)g Licged Poly Phenols Amino Acid
Ty 8.04+0.22 24.86: 8.11 11.610.16a 1.62:0.03
T 7.650.36 29.60:7.55 11.83:0.30a 1.61+0.05
Ts 9.01+1.68 30.0G6:9.07 14.480.57* 1.7G:0.09
T4 7.68:0.25 26.45:7.62 15.010.29" 1.66:0.06
Ts 7.22£0.46 29.681.00 13.160.75¢ 1.64+0.01
T 6.96:0.66 31.8642.89 13.141.18* 1.7G:0.06
T7 8.33%1.37 25.76&4.73 13.720.83* 1.69:0.05
Te 8.05:0.63 28.031.15 13.6%0.35* 1.72:0.07
Mean 7.8#0.89 28.2#5.02 13.341.23¢ 1.6#0.06

M+ S.D.; n =3 (September 2010- 2012)
2 Mean followed by different superscripts in theurohs are significantly different at P< 0.001

3.6. Caffeine
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The effect of different levels of nitrogen on thaffeine contents in tea leaves is resenteddble 2-6.The
caffeine contents of the tea leaves during the mohtMay ranged from 3.68+0.53% in treatmen{dontrol) to
4.5310.24% in treatment gT(N=420, P=30,K=90 kg h§ with a mean value of 4.24+0.36% for all the 8
treatmentgTable-2).During the month of June, the highest contentsaffeine were in treatmeng13.97%) and
the lowest in F(3.68 %) with the average value of 3.84+0.11% fbthee 8 treatmentgTable-3) Again, during
the month of July and August the caffeine contergee at peak in treatmeng ife. 4.11+0.25% and 3.96+0.12%
respectively.

Table 7: Meteorological data of experimental site durstgdy period

2010 2011 — 2012
Temp.’C | RH %|Rainfalll Temp.’C |RH % Rainfalll Temp.°C |RH % Rainfall
Months|— : -
Min | Max mm Min | Max| mm Min | Max mm

Jan. 1.3] 1.8/ 593 120 12 82 624 138 .1 9.4 b6.86.5
Feb. | 1.9| 10.8 77 7091 3P 10.63.4| 109 | -0.2] 11.11 49Pp 385
March| 49| 15.8 82.71 94.01 6 14.35.8| 248 3.8| 17.4 46. 62.5

April | 10 | 24.2| 60 | 101.2710.6| 22.2 39.7 34 9.4 26 | 36.1 22.5
May | 14.3| 29.8| 60.35( 10.8| 13.1 26.35.9 42 155 329 37. 54.5
June | 16.3 30.9| 63.9 330 | 15.3 28|840.4 76 17.4 31.§ 47. 103.5
.
D

7

3

1

2
July | 18.5 28.4 64 58.3| 18.4 27(662.5 152 18 294 71p 168
Aug. | 17.4| 25.2| 77.5 105 17.2 25{371.1| 1754 18 29.1] 698 163
N
al
8
b
!

Sep. | 149 21.8| 82.7 92 15.3 25|867.6| 160 | 16.1] 27.3 63. 198
Oct. 9 | 189 79 36 9.4 22{A3.9 7 12.1f 26.6, 48.

7 Nov. | 41| 12.7] 60.5 0 |— 6| 148&27| 11.8| 52| 183 47.

Dec. | 3.2 15.7 54.7 0 24 14.90.9 0 1.8| 10.3] 44.
Mean | 9.58 19.66| 68.47| 1018.209.88 | 20.1152.19| 2731.8] 9.9 | 22.45] 51.5

4

4

45.5
950.5

The control (T) shows the lowest range of caffeine contents ith ibe months_of July and August i.e,
3.61+0.46% and 3.45+0.54% respectivélable-4 &5).During the present investigation it was evideatt tthe
concentration of caffeine and its metabolism in tha leaves is dependent on climatic factors, agnin
practices and altitude. The caffeine concentratvas found in active growing season during the efulsh. It
remained steady during the regular plucking seasoindeclined in the late plucking season. Simiteseovations
were made byeranishi and Hornsteiji17] andSuzukiet al.[18]. -

3.7 Amino acids -

The effect of different levels of nitrogen on teaves is presented frables 2-6 The data_ifTable-2show that
the amino acid contents during the month of Mayeahfrom 1.80+0.08% in treatmeng (N=0, P=30, K=90 kg
ha') to 1.9320.10% in treatment T6 (N=300,P=30,K=90hkg). The average value for all the treatments was
1.87+0.08%. The amino acid contents showed thetiani for different levels of nitrogen but the \aion are
statistically non significantDuring the month of June, the highest amino acidtexdts were obtained in
treatment Fi.e. 1.46% whereas; the treatmentghve the lowest contents (1.35%) of amine- &Cible-3).
The average value for all the 8 treatments wastD.44%. In the months of July and August the amicid a
contents in tea leaves were at peak in treatmenNE300, P=30, K=90 kg h3 i.e. 1.63:0.25% and
1.45+0.05% respectively. The treatment(N=0, P=30, K=90 kgh§ showed thdéowest content of amino acids
in both the months i.e. 1.13+0.12% in July and 332% in Augus{Table 4-5).The average value for all the 8
treatments during July was observed to be 1.56£0.48d in August 1.480.06%. The amount of amino acid
contents shows the variation but it was statidyicabn significantDuring the month of September, the highest
amount of amino acid contents was obtained in teshdswhich were given treatmeng T1.72:0.07 %) against
the treatment 7 (1.61+0.05%) as lowest. Thaverage for all the 8 treatments was $®BW@6%—Though the
contents of amino acid show thvariation in different treatments but statisticallyey were non significant
(Table-6).The present study shows that the amino acids ebimgreased with the increase of nitrogéakeo|[19]
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found in Japan that high rates of sulphate of anan(H,), SO, improved the quality of green tea and increased
the amino acids content of tea leaves.
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