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Abstract

Recent threat on global warming and change in climate are not only the topic related with agricultural and biomass productivity; but
on the basis of quality consciousness consumers demand, agriculturalists are indebted to offer due importance to the quality of the
agricultural commodities. Quality attributes depends mainly upon the biochemical constituents. How far climatic changes influence
the quality attributes of tea are unknown. In the pilot scale study, polyphenols, catechins and their oxidative enzyme are considered
and variations in their ratios with respect to prevailing climatic conditions of the Anamallais are attempted. Crop shoots were
collected at monthly intervals and subjected to determination of polyphenols, catechins and polyphenol oxidase assay. Weather data
collected at UPAS| meteorological observatory were used for correlation and factor analysis. Irrespective of the clones, "Cambod"
cultivars registered higher quantum of polyphenols followed by "Assam" cultivar. Clones studied within the taxonomic group aso
significantly varied among them, irrespective of the sampling time. As the catechins are polyphenol derivates, the same trend was
observed with total catechin content. Among the clones, SA-6 registered least amount of polyphenols and catechins when compared
to other clones. Ratio of catechin to polyphenol exhibited different trend; "Cambod" cultivars registered higher values in catechin,
polyphenal ratio followed by "China' and "Assam" cultivars. Polyphenol oxidase activity was significantly varied among the jats
and the clones within the taxa. Microclimatic variables played an important role in accumulation of predominant quality constituents,
polyphenoals or catechins and the enzyme, poly phenol oxidase. Sunshine hours positively related with the above said biochemicals
whilerainfall has negative influence on the biochemical constituents. Maximum temperature had positive and significant correlation
with quality constituents whereas, minimum temperature registered negative impact on their production. Relative humidity recorded
at 8.00 am and 2.30 pm exerted negative influence on polyphenols, catechins and PPO activity. Multiple regression models derived
based on the climatic variables are presented and discussed in detail.
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I ntroduction

Quality of commercial made teais brought about
by complex biochemical constituents including the
substrates, enzymes and their interactions. Even though
the raw materials of the harvested crop and the
manufacturing methodol ogiesinfluence to an extent upon
the quality and falavour profile of the final tea product,
substrate/enzyme specificity is an important factor in
black teamanufacture (Marimuthu and Rgj Kumar, 2001).
It has been established that the quality related enzymes
and substrates are influenced by several factors like
cultivar type, maturity of the harvested crop and seasons
besides the agricultural operations carried out in the
plantations (Marimuthu, 2000; Rgj Kumar, 2005). Tea
growing regions of south India, being located along the
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Western Ghats are not adversely affected by the gradual
change in climatic conditions in terms of productivity
and the cropping pattern (Raj Kumar and M ohan Kumar,
2009; 2010). But how far the patterns of weather
parameters instrumental to affect the quality attribute of
tea is unknown. Recent threat on global warming and
change in climate are not only the topic related with
agricultural and biomass productivity; but as a demand
of the quality consciousness consumer, agriculturalists
are indebted to offer due importance to the quality
produce. Polyphenols, catechins and their oxidative
enzymes are the important components of quality
(Roberts and Fernando, 1981; Thanargj and Seshadri,
1990; Ramakrishnan et al., 2002) and hence variations
in their composition with respect to changing weather
parameters are attempted in the present study.
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Materials and Methods
Experimental

The experiments were conducted at UPASI Tea
Research Institute during 2009. Three tea clones each
representing “ Assam” (UPASI-9, UPASI-16 and UPASI-
18), “China’ (UPASI-10, UPASI-15 and SA-6) and
“Cambod”’ (UPASI-8, UPASI-17 and CR-6017) cultivars
growing under uniform cultural conditionswere selected
for the study (Raj Kumar, 2005). All cultural practices
were carried out as per UPASI guidelines, uniformly
irrespective of the cultivars/clones(Muraleedharanet al .,
2007).

Sampling

Crop shoots comprising three leaves and a bud
from the above said tea clones were collected
individually, at monthly interval sduring the study period.
Minimum three individual crop shoot samples were
collected at random from the selected mother bushes for
biochemical analyses. Weather data collected at UPAS
meteorological observatory for the study period were used
for correlation studies and to compute the regression
models. It may be noted that the crop shoot sampling
was done at monthly intervals, particularly last week of
each month, mean monthly weather parameterswere used
as such for dtatistical analysis, since the sampling was
done at end of each month.

Quantification of polyphenol oxidase, polyphenol and
catechin

Crop shoots were subjected to biochemical
analysis, particularly, polyphenols, catechins and
polyphenol oxidase (PPO). Although, three leaves and
buds are collected from the field, PPO estimation was
done with two leaves and a bud following the method
described by Singh and Ravindranath (1994) and these
were expressed as U/mg protein. Protein was estimated
following the method of Bradford (1976). Quantification
of catechin was donefollowing the methodology of Swain
and Hillis (1959) while polyphenols was determined
adopting the methodology of Dev Choudhury and
Goswami (1983) and both catechins and polyphenols
wereexpressed as percent dry weight. Ratios of catechins
to polyphenol, polyphenol to polyphenol oxidase and
catechins to polyphenol oxidase were also computed.

Satistical analysis

Factorial design statistical analysis was adopted
in the present study where three factors cultivar type,
sampling time (month) and clones were considered for
primary, secondary and tertiary variables (Gomez and
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Gomez, 1984). Mean monthly climatic variables were
correlated with the representative values of substrates/
enzymes and their ratios. Factor analysiswas carried out
with SPSS Ver. 10.0 software.

Results and Discussion

When considering the quality of tea, biochemical
congtituents that play a paramount role are polyphenols
and their oxidative enzymes. As mentioned earlier,
endogenous level of oxidative enzyme, PPO which acts
upon polyphenols and catechins, prime importance was
given to these enzyme and substrates (Ramakrishanan et
al., 2002). Tea contains about 30 % of dry matter as
polyphenols out of which two parts is comprised of
catechinsand remaining portion accountsfor other phenol
derivatives. The enzyme PPO acts upon the polyphenols
during processing of green leaves which in turn
contributes the black tea pigments theaflavins and
thearubigins.

Irrespective of the clones, jats showed a distinct
variation in polyphenol content where “Cambod”
cultivars registered higher quantum of polyphenols
followed by “Assam” cultivar while “China’ hybrids
recorded significantly lower amount of polyphenols
(Table 1). Clones studied within the taxonomic group
also significantly varied among themselves, irrespective
of the sampling time (months). Mean monthly polyphenol
ranged between 26.69 and 31.28 %, irrespective of the
clones/cultivarsand statistically significant in accordance
with prevailing climatic conditions.

Asthecatechinsare polyphenol derivates, the same
trend was observed with total catechin content with
respect to the clones jats and sampling period (Table 2).
Among the clones, SA-6 registered the least amount of
polyphenolsand catechins (27.08 and 16.64, respectively)
when compared with other clones. It has been noticed
that the interaction between the jat Vs clone and jat Vs
sampling periods are statisticaly significant in certain
occasions.

Ratio of catechinto polyphenol exhibited different
trend; “Cambod” cultivars registering higher values in
catechin, polyphenoal ratio followed by “China’ and
“Assam” cultivars. Among the clones, SA-6 recorded
significantly lower values of catechin to polyphenal ratio.
Interestingly, being an estate selection recognised for its
quality, CR-6017 registered the values on par with SA-6
in terms of catechin to polyphenol ratio, irrespective of
the sampling time (months). Catechin to polyphenol ratio
ranged from 0.577:1 to 0.693:1 during different months
and irrespective of the clones.
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Table 1. Seasonal and cultivar variation in polyphenal content in crop shoots of varioustea clones

Polyphenal (%)

Mean Mean Mean
Month Assam (Jat x China (Jat x Cambod (Jatx  Mean
UP-9 UP-16 UP-18  month) UP-10 UP-15 SA-6 month) UP-8 UP-17 CR month) (month)

Jan. 30.20 28.56 31.26 30.01 3154 3161 29.78 30.98 3098 2969 3042 3036 3045
Feb. 30.27 26.96 30.99 29.41 3224 31.92 26.56 30.24 3118 3091 3101 3103 3023
Mar. 29.86 33.10 31.30 3142 29.88 30.86 27124 29.33 2080 3415 3258 3218 3097
Apr. 3173 33.26 30.61 31.87 30.32 28,57 28.64 29.18 3139 3388  3R9%6 3R74 3126
May 30.19 28.84 29.49 29,51 30.55 27.85 2717 28,52 2973 3134 3075 3061 2955
June 30.86 28.55 29.08 29.50 29.91 21.32 27.16 28.13 2932 2890 2841 2883 2883
July 29.14 26.56 27.88 27.86 2751 2752 24.53 26.52 2917 2676 2826 2806 2748
Aug. 28.69 27.35 28.26 28.10 26.04 27.17 22.09 25.10 2868 2664 2529 2687  26.69
Sep. 30.70 30.26 28.75 29.90 27.14 29.98 28.04 28.39 2765 3309 3146 3073 2967
QOct. 3228 28.36 3228 30.97 3119 3167 28.15 30.34 3045 2805 2945 2932 3021
Nov. 31.89 3210 30.96 31.65 29.76 33.05 26.97 29.93 3357 3365 2955 3226 3128
Dec. 30.13 30.15 3161 30.63 30.86 31.30 2857 30.24 3078 2846 3128 3017 303
Mean: Clone 30.50 29.50 3021 29.75 29.90 27.08 3023 3046 3012
Mean: Jat 30.07 28.91 30.27
Satistical significance: SE. CD. CV. (%)

Jat 0.06 012 5.08

Clone 0.06 012

Jat x month 0.71 140

Month 0.24 0.47

Jat x Clone 0.18 0.35
Table 2. Seasonal and cultivar variation in catechinsin crop shoots of varioustea clones

Polyphenal (%)
Mean Mean Mean
Month Assam (Jat x China (Jat x Cambod (Jatx  Mean
UP-9 UP-16 UP-18  month) UP-10 UP-15 SA-6 month) UP-8 UP-17 CR month) (month)

Jan. 19.71 1855 21.36 19.87 23.06 21.95 19.40 21.47 2081 218 1826 2031 2055
Feb. 20.89 1755 20.63 19.69 2358 22.87 1751 21.32 2161 2300 2115 2192 2098
Mar. 20.90 21.38 19.68 20.65 20.36 20.59 15.60 18.85 262 2402 2170 2278 2076
Apr. 20.53 2273 19.77 21.01 20.35 21.22 17.45 19.67 2373 2472 28 2376 2148
May 20.60 19.64 19.98 20.07 20.38 21.07 17.29 19.58 2149 2332 2031 2171 2045
June 18.66 16.55 18.61 17.94 19.06 16.29 14.98 16.78 16.53 1835 1843  17.77 1750
July 16.88 14.16 17.75 16.26 16.19 16.68 1367 1551 17.46 1457 1560 1588 15.88
Aug. 17.02 15.25 1822 16.83 16.63 17.08 1422 15.98 1838 1449 1500 1596  16.25
Sep. 16.69 17.68 16.74 17.04 16.97 16.59 16.67 16.74 16.87 1914 2028 1876 1751
QOct. 20.48 18.70 2218 20.45 20.36 20.70 17.68 1958 2164 1853 1535 1851 1951
Nov. 20.12 19.66 17.70 19.16 17.72 19.08 17.03 17.94 2001 2093 1740 1945 1885
Dec. 1854 1954 19.71 19.26 2253 21.03 18.16 20.57 2000 2072 1900 1991 19.91
Mean (Cl) 19.25 18.45 19.36 19.77 19.60 16.64 2010 2030 1878
Mean (jat) 19.02 18.67 19.73
Satistical significance: SE. CD. CV. (%)

Jat 0.05 011 721

Clone 0.05 011

Jat x month 0.65 128

Month 021 0.43

Jat x Clone 0.16 0.32

Polyphenol oxidaseactivity wassignificantly varied
among the jats (819.76, 539.89 and 377.06 U/mg protein
registered by “Assam”, “Cambod” and “China’ jats,
respectively) and the clones within the taxa (Table 3).
Considering the seasons (range irrespective of the clones/
cultivars, 432.70 to 652.56 U/mg proteins), though there
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was significant variation in PPO, the variation was not
very wide as observed among the jats/clones. Ratios of
polyphenols to PPO and catechins to PPO aso exhibited
variations.

Climatic variables played an important role in
synthesis and accumulation of predominant quality



Quiality related substrates and enzyme in tea

Table 3. Seasonal and cultivar variationsin polyphenol oxidase activity in tea clones

Polyphenal (%)

Mean Mean Mean
Month Assam (Jat x China (Jat x Cambod (Jatx  Mean
UP-9 UP-16 UP-18  month) UP-10 UP-15 SA-6 month) UP-8 UP-17 CR month) (month)

Jan. 724.50 1091.00 111221 975.90 334.24 437.50 30950 36041 80950 44154 43850 56318 63317
Feb. 706.25 114823 112823 994.24 325.24 421.85 296.23  347.77 821.36 42854 42336 557.75 63325
Mar. 736.23 1201.12 102853  988.63 348.54 436.25 30225 36235 790.28 45236 48278 57514  642.04
Apr. 692.23 1156.25 115423 100090  375.92 389.81 34690  370.88 864.29 40325 490.18 58591  652.56
May 408.15 962.79 890.00 753.65 289.90 359.12 28466  311.23 67322 36682 45644 49883 521.23
June 408.99 743.29 766.88 639.72 276.11 324.76 267.33 28940 630.23 32013 45306 46781  465.64
July 716.58 825.64 704.69 748.97 529.24 464.93 42239 47219 51539 50031 689.77 56849  596.55
Aug. 625.85 897.21 568.10 697.05 348.67 437.68 35399  396.78 49479 50031 50312 49941 531.08
Sep. 673.59 613.24 338.53 541.79 364.42 306.65 28558  318.88 44177 44838 42212 43742 43270
Oct. 751.00 876.32 689.23 772.18 540.23 489.36 32165 45041 52436 53125 656.23 57061 597.74
Nov. 756.21 863.25 679.53 766.33 521.36 496.23 39526  470.95 53125 53328 691.23 58525 607.51
Dec. 743.11 103428  1096.01  957.80 343.09 454.28 32314 37350 79821 45423 45416 56887 633.39
Mean (Cl) 661.89 951.05 846.35 383.08 422.37 325.74 657.89 44837 51341
Mean (jat) 819.76 377.06 539.89
Satistical significance: SE. CD. CV. (%)

Jat 473 9.27 20.80

Clone 473 9.27

Jat x month 56.77 111.26

Month 18.92 37.09

Jat x Clone 14.19 271.82

constituents, polyphenols/catechins and their oxidative
enzyme, PPO (Table4). Sunshine hourspositively related
with the polyphenals, catechins and PPO while rainfall
exhibited negative impact on the above biochemical
constituents (Table 5). Maximum temperature had
positive and significant correlation with quality
constituents whereas, minimum temperature registered
negative impact on their production. Relative humidity
recorded at 8.00 am and 2.30 pm exerted negative
influence on polyphenals, catechins and PPO activity.
Multiple regression models developed in the present
study could be used to predict the expected quality related
enzyme and substrates during different periods under the
prevailing conditions of the Anamallais.

The enzyme and substrates (polyphnol and
catechins) could be predicted using weather parameters.
Confidence levels are 98.6 % against polyphenals,
98.1 % against catechinswhileit was 75.0 % against the
PPO. Formula for prediction of polyphenols using the
climatic variables is. polyphenols = (0.334) + sunshine
hours (-0.181) + rainfall in cm (0.0284) + max.
temperature (1.252) + min. temperature (-0.284) + RH
maximum (-0. 0517) + RH minimum (0. 0704).
Correlation coefficient value (0.986) is highly
significant at 1 % probability. Among the independent
variables, sunshine hours, minimum temperature and
RH maximum had negative rel ationship with prediction
of polyphenals.

Table 4. Mean monthly variationsin weather parametersand biochemical constituents

Temperature (°C) Relative Humidity (%) Mean Sunny
Rainfall Rainy days sunshine days Poly Catechins  PPO(U/mg

Mean min. Meanmax. 8.30am 230p.m (mm) (no.) period (h/day) (no.) phenols (%) (%) protein)
Jan. 116 27.8 79 54 0 0 84 31 30.36 20.31 563.18
Feb. 139 29.9 76 43 0.8 0 9.6 28 31.03 21.92 557.75
Mar. 16.1 29.9 83 65 190.8 8 6.5 31 32.18 22.78 575.14
Apr. 15.7 29.6 87 69 322 2 55 27 32.74 23.76 585.91
May 17.8 276 89 79 263.8 10 41 28 30.61 2171 498.83
Jun. 18.3 25.2 93 83 455.6 23 24 18 28.88 17.77 467.81
Jul. 19.1 2.7 94 90 1223.6 27 05 7 28.06 15.88 568.49
Aug. 19.0 24.1 94 86 379.8 23 14 18 26.87 15.96 499.41
Sep. 19.1 24.6 92 86 639 19 24 19 30.73 18.76 437.42
Oct. 18.1 26.1 89 82 371 13 53 28 29.32 18,51 570.61
Nov. 17.1 26.5 87 78 164.6 10 45 28 32.26 19.45 585.25
Dec. 14.7 271.2 87 79 73 8 5.6 29 30.17 19.91 568.87
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Table 5. Correlation coefficient values and interaction between hiochemical constituents and seasons

Sunshine Rainfall Temperature (°C) Relative humidity (%) Polyphenols Catechins  PPO (U/mg
hours cm (total) Max. Min. Max. Min. (%) (%) protein)
Sunshine h 1.000
Rainfall -0.802 1.000
Max.temp. 0.875 -0.839 1.000
Min.temp -0.889 0.729 -0.722 1.000
RH max. -0.969 0.727 -0.821 0.895 1.000
RH min. -0.918 0.677 -0.810 0.850 0.964 1.000
Polyphenols 0.715 -0.630 0.917 -0.599 -0.654 -0.636 1.000
Catechins 0.729 -0.712 0.946 -0.584 -0.674 -0.661 0.973 1.000
PPO 0.673 -0.604 0.648 -0.620 -0.604 -0.515 0.601 0.531 1.000

Values > 0.602 & 0.735 are statistically significant at 5 and 1 per cent, respectivel

Similarly catechins could be predicted with the
regression model: catechins= (-11.282) + sunshine hours
(-0.516) + rainfal in cm (0.0195) + max. temperature
(1.726) + min. temperature (-0.153) + RH maximum
(-0. 193) + RH minimum (0. 0823). Correlation
coefficient value, 0.981 ishighly significant at 1 % level.

Formulafor prediction of PPOis: PPO = (271.661)
+ sunshine hours (12.396) + rainfall incm (0.196) + max.
temperature (10.392) + min. temperature (-7.445) + RH
maximum (-2.262) + RH minimum (3.274); r = 0.750.
Even though the confidencelevel isrelatively lesser than
thesubstrates, thevaluesare significant at 1 % probability.
Unlike the substrates, sunshine hours and RH minimum
exhibited positive relationship with PPO.

Ecological variables are independent in nature
which influenced the biochemical constituents of tea to
agreat extent. Out of eight climatic variables, number of
rainy and sunny days was excluded from the factor
analysis. Sunshine hoursaccounted for 73.37 % variation
followed by rainfall (13.81 %). Cumul ative effect of these
two variables contributed 87.19 %. Considerable amount
of variation was contributed by both maximum and
minimum temperatures (~10 %), while other variables
like relative humidity collectively showed negligible
impact.

Higher amount of polyphenols and catechins
observed during post monsoon/winter and summer
periods are attributed to the longer period of sunshine
hours which in turn triggers the biosynthesis of phenolic
compounds (Yao et al., 2005). Fermenting ability of
harvested crop shoots solely depend on the endogenous
level of enzymes (Marimuthu, 2000), particularly the
PPO which initiates the process. Earlier Marimuthu
(2000) reported that the collective response of oxidative
enzymes gained importance and offered a better index to
identify certain quality parameters. Irrespective of the
cultivars, it can be noticed that the tea leaves harvested
during summer recorded higher amount of enzymewhich

y
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areresponsiblefor transformation of phenolic compounds
in to desired quality attributes (Robertson, 1992).
Variations in enzyme activities are due to longer
photoperiod and concurrent enhancement in metabolic
activities. Lower enzyme activity during monsoon was
observed in the present study but Pruidze et al. (2003)
reported higher levels of PPO. Positive and significant
correlation existed between maximum temperature and
sun shine hours favoured the accumulation of
polyphenols and catechins as mentioned earlier (Yao et
al., 2005).

From the data presented, biochemical constituents
related to quality attributes are influenced by weather
parameters. Sunshine hours showed apositive correlation
with the synthesis and accumulation of polyphenols,
catechins and PPO under prevailing conditions of the
Anamallais. It may be noted that the temperature (max)
ranges between 22.66 and 29.73 °C where it exerted
positive impact on above quality related biochemical
congtituents; but the temperature rises beyond 30 °C, the
fate of these biomolecules are not yet brought out by any
report even under in vitro or in situ conditions. However,
rise in temperature had a quadratic relationship with
atmospheric carbon dioxide assimilation of tea leaves
(Raj Kumar, 2003). This type of relation could be
expected when the atmospheric temperature rose from
the existing scenario. Minimum temperature had a weak
negative relationship with substrates but it influence on
the enzyme was very strong, where the correlation
coefficient values are significant at 1 % level. Relative
humidity recorded at 8.30 am and 2.30 pm negatively
related with al quality related substrates and enzymes
documented in the present study. This is due to the
existing relationship among the climatic variables.

Earlier regression models were developed to
predict the quality attributes of made tea using the green
leaf constituents (Joseph Lopez, 2002; Ramakrishnan
et al., 2002). Clonal and seasonal variations were aso
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reported from time to time (Gulati and Ravindranath,
1996; Gulati et al., 1999). But theresultsare not subjected
to the factor analysisto fix the contributory factor. Asfar
our knowledge is concerned this is the pioneering report
where certain biochemical constituents are subjected to
factor analysis along with climatic variables. Results of
the factor analyses denoted that sunshine hours is the
primary contributing factor on quality related enzyme
and substrates. Regression model s devel oped herein may
be applicable to the Anamallais only because of the data
pertaining to this region is exploited to derive the
regression model. Tea clones representing all the
cultivated Camellia hybrids only were considered in the
present study. Application of the regression model to
predict the substrates/enzymes using the weather
parameters variables pertaining to seedlings may deviate
to an extent. However, for confirmation, the study needs
to be further experimentation with seedlings as well.

Acknowledgments

Thanks are due to Dr. P. Mohan Kumar, Director,
UPA S| Tea Research Foundation, Tea Research Institute,
Valparai, for hissupport in publishing the research work.
First author expresses her sincere thanks to CSIR-
NMITLI, New Delhi for the financial support and Dr.
A.K.A. Manda and project colleagues, S. Muralidaran
and S. Ramkumar for their kind help.

References

Bradford, M.A. 1976. A rapid and sensitive method for the
quantification of microgramof protein utilising the principle
of protein-dye binding. Anal. Biochem. 72: 248-254.

Dev Choudhury, M.N. and Goswami, M.R. 1983. A rapid method for
the estimation of total polyphenolic mattersin tea (Camellia
sinensisL.). Two and A Bud 30: 59-61.

Gomez, K.A. and Gomez, A.A. 1984. Satistical Procedures for
Agricultural Research. John Wiley and Sons, New York.

Gulati, A. and Ravindranath, S.D. 1996. Seasonal variation in quality
of Kangratea (Camellia sinensis (L) O Kuntze) in Himachal
Pradesh. J. Sci. Food Agric. 71: 231-236.

Gulati,A., Tamang, M.B. and Ravindranath, S.D. 1999. Clond variations
inquality related biochemicasin Kangratea (Camelliasinensis
(L) O Kuntze). J. Plantn. Crops 27: 175-178.

Joseph Lopez, S., Pius, PK. and Ra Kumar, R. 2002. Strategy to
identify superior quality clones from tea germplasm. pp.78-
82. In: Proceedings of the 15" Plantation Crops Symposium
(PLACROSYM XV). (Eds.). Sreedharan, K., Vinod Kumar,
PK., Jayaramaand Basavara] M. Chulaki. Codeword Process
and Printers, Mangalore.

Marimuthu, S. 2000. Role of enzymes in tea processing. Final
Technical Report submitted to National Tea Research
Foundation, Kolkata, India. p. 35.

Marimuthu, S. and Raj Kumar, R. 2001. Variations in biochemical
constituents of south Indian clonal teas. pp. 312-315.

277

In: Proceedings of 2001 International Conference on O-Cha
(Tea) Culture and Science. Session I1: Production. Shizuoka,

Japan.

Muraeedharan, N., Hudson, J.B. and Durairgj, J. 2007. Guidelines
on tea culture in south India. Eighth revised edition (2007).
United Planters’ Association of Southern India, Glenview,
Coonoor 643 101, The Nilgiris. p. 222.

Pruidze, GN., Mchedlishvili, N.I., Omiadze, N.T., Gulua, L.K. and
Pruidze, N.G. 2003. Multiple forms of polyphenol oxidase
from Kolkhidatealeaves (Camellia sinensisL.) and Mycelia
sterilia IBR 35219/2 and their role in tea production. Food
Res. Intl. 36: 587-595.

Raj Kumar, R. 2003. Crop physiology in relation to dry matter
production in tea (Camellia sinensis (L) O. Kuntze). D. Sc.
Thesis. Vol.1. p.122. Vol.lla & Ilb: Research publications.
Bharathiar University, Coimbatore 641 046, Tamil Nadu,
India.

Raj Kumar, R. 2005. Physiological and biochemical basis of clonal
selection in tea IX Five year plan project. p.161. Final
Technical Report submitted to the Tea Board, Kolkata.

Raj Kumar, R. and Mohan Kumar, P. 2009. Climate change adaptation
strategies in agriculture: Influence of ecological variables on
productivity in tea. pp. 139-153. In: Proceedings of the
National Seminar on* Climate change adaptation strategies” .
GS.L.H.V. PrasadaRao,A.V.R. KesavaRao and D. Alexander
(Eds.). Centre for Climate Change Research, Kerala
Agricultural University, Vellanikkara, Thrissur, Keraa

Raj Kumar, R. and Mohan Kumar, P. 2010. Contributing factors of
crop productivity in tea: a case study in the Anamallais.
Planters’ Chronicle 106(1): 15-23.

Ramakrishnan, M., Raj Kumar, R., Marimuthu, S. and Joseph Lopez,
S. 2002. Prediction of black tea quality by using fresh leaf
constituents as indicators. pp. 400-404. In: Proc.
PLACROSYM XIV. (Eds.). P. Rethinam, H.H. Khan, V.M.
Mandal, PK. Manda and K. Suresh. Coconut Development
Board, Kera Bavan, Kochi, India.

Roberts, GR. and Fernando, R.S.S. 1981. Some observations on the
correlation of polyphenol content to the quality of tea clones.
Tea Quart. 50: 30-34.

Robertson, A. 1992. The chemistry and bio-chemistry of black tea
production: The non-volatiles. In Tea: cultivation to
consumption. (Eds.) K.C. Wilsonand M.N. Clifford, Chapman
and Hall, London.

Singh, H.P. and Ravindranath, S.D. 1994. Occurrence and distribution
of polyphenol oxidase activity in floral organs of some
standard and local cultivars of tea. J. Sci. Food Agric. 64:
117-120.

Swain, T. and Hillis, W.E. 1959. The phenolic constituents of Prunus
domestica. |I. The quantitative analysis of phenolic
constituents. J. Sci. Food Agric. 10: 63-68.

Thanargj, S.N.S. and Seshadri, R. 1990. Influence of polyphenol
oxidase activity and polyphenol content of teashoot on quality
of black tea. J. Sci. Food Agric. 51: 57-69.

Yao, L., Caffin, N., Arcy, B.D., Jiang, Y., Shi, J.,, Singanusong, R.,
Liu, X., Datta, N., Kakuda, Y. and Xu, Y. 2005. Seasonal
variations of phenolic compounds in Australia-Grown Tea
(Caméllia sinensis). J. Agric. Food Chem. 53: 6477-6483.



