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Abstract The spatial distribution of theaflavin and
thearubigin fractions and their impact on black tea quality
were investigated using multivariate and geostatistics tech-
niques. Black tea samples were collected from tea gardens
of six geographical regions of Assam and West Bengal,
India. Total theaflavin (TF) and its four fractions of upper
Assam, south bank and North Bank teas were higher than
the other regions. Simple theaflavin showed highest signifi-
cant correlation with tasters’ quality. Low molecular weight
thearubigins of south bank and North Bank were significantly
higher than other regions. Total thearubigin (TR) and its frac-
tions revealed significant positive correlation with tasters’ or-
ganoleptic valuations. Tea tasters’ parameters were signifi-
cantly and positively correlated with each other. The
semivariogram for quality parameters were best represented
by gaussian models. The nugget/sill ratio indicated a strong/
moderate spatial dependence of the studied parameters.
Spatial variation of tea quality parameters may be used for
quality assessment in the tea growing areas of India.
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Introduction

Tea is a heterogeneous plant with many morphological and
physiological overlappings and its quality is determined by
genetic factors based on morphological characters and bio-
chemical compositions (Roberts 1962). The environmental
factors such as temperature, rainfall, altitude and soil, and
cultural practices such as plucking, pruning, shade and use
of fertilizer influences the quality of black tea (Bhuyan et al.
2009; Owuor and Obanda 1998; Carloni et al. 2013).

The variability of total as well as the fractions of TF and TR
of different regions may be attributed to factors such as type of
cultivar, environment, soil and method of processing. The
characteristic quality attributes of black tea are theaflavins
(TF) and thearubigins (TR), which are largely responsible
for briskness, brightness, strength and colour (Biswas and
Sarkar 1973; Yang and Liu 2013). TFs and TRs are formed
by enzymatic oxidation of catechins and their gallates during
the fermentation/oxidation stage of tea processing. The four
major theaflavins formed from different catechins are simple
theaflavin [Epigallocatechin (EGC) + Epicatechin (EC)],
theaflavin-3-gallate [Epigallocatechingallate (EGCG) + EC],
theaflavin-3"-gallate [EGC + Epicatechingallate (ECG)] and
theaflavin-3-3'-digallate [EGCG + ECG] (Robertson 1992).
Astringency is a tactile sensation perceived through tongue
elicited primarily by flavanol polymers (Lesschceve and
Noble Lesschceve 2005). Astringency is described sensorially
as a puckering or drying mouthfeel. Monomers, dimmers and
trimers of flavan-3-ol i.e. the theaflavins gallates in tea have
been shown to elicit the sensation of astringency. This may
arise due to formation of unprecipitated complexes with saliva
proteins. The TF fractions have vast differences in their astrin-
gency levels (Olmez and Yilmaz 2010). The relative astrin-
gency levels of four predominant TFs, viz. theaflavin-3,3'-
digallate (TF4), theaflavin-3'-gallate (TF3), theaflavin- 3-
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gallate (TF2), and simple theaflavin (TF1) in black tea were
found to be 6.4, 2.2, 2.2 and 1, respectively (Owuor et al.
2006). More gallate content in the TF means more astringen-
cy. An astringency normalisation factor, the theaflavin
digallate equivalent (TDE), is more relevant than the individ-
ual TFs. It takes into account the astringency levels of indi-
vidual TFs in black tea (Owuor and Obanda 2007).

TRs are polymeric compounds derived from polyphe-
nols and their structures are still not well elucidated.
TRs are thought to be formed from TFs; therefore,
prolonged oxidation during fermentation results in less
TFs and more TRs (Robertson 1992). Considering
polarity/molecular weight, Roberts and Smith (1963)
separated TRs into two large groups, viz. low molecular
weight TRs (TRSI) and high molecular weight TRs
(TRSI). TRs contribute about 35 % of total colour. It
is responsible for taste, tone of colour, body and
strength of the brew.

Total soluble solid (TSS) is an important physico-chemical
parameter of black tea quality (Bhuyan et al. 2009) and has
been regarded as an international standard for quality control
(Yao et al. 2006). TSS consists of several biochemical com-
pounds such as polyphenols, sugars, caffeine, amino acids and
minerals (Harbowy and Balentine 1997; Wood et al. 1964). A
high content of TSS in brew is an indication of good quality
(Wood et al. 1964).

Geostatistical methods are applied to study spatial variabil-
ity of the different properties of soil, sediment etc. (Goovaerts
1997; Santra et al. 2012). Geostatistics is based on the theory
of a regionalized variable (Burgos et al. 2006), which is dis-
tributed in space (with spatial coordinates) and shows spatial
autocorrelation such that samples close together in space are
more alike than those that are farther apart. The geostatistical
approach consists of two parts: one is the calculation of an
experimental variogram from the data and the model fitting
and the second is the estimation or prediction at unsampled
locations. A variogram (or semi-variogram) is used to measure
the spatial variability of a regionalized variable and provides
the input parameters for the spatial interpolation of variogram
kriging (Webster and Oliver 2001). Among the several esti-
mation methods, kriging is the most popular (Santra et al.
2008). Kriging is not just used to estimate unsampled areas;
it is also used to build probabilistic models of uncertainty
about the unknown but estimated predicted values (Burgos
et al. 2006). The kriging estimates can be mapped to reveal
the overall trend of data. Maps provide helpful visual displays
of the spatial variability in the field and can be used for the
summarization and representation of soil properties where
natural hazards can be identified (Goovaerts 1997).

Studies have shown that the black tea quality is influenced
by many factors such as season and altitude, genetic make-up
of the plant (Owuor and Obanda 1995) and the region of
production and climate (Owuor et al. 2008). The formation

of theaflavins depends upon geographical areas of production
and genetic variations of cultivar. Theaflavins formation is
also dependent upon the environmental conditions
(McDowell et al. 1991). Roberts (1962) reported a very good
correlation of theaflavins with high cash value of CTC black
tea. Tea composition and also the taste and aroma vary with
climate, soil, cultural practices, cultivar (variety), season etc.
(Sarmah and Rao 2009). Significant relationship between
theaflavins and tasters’ quality was established for Kenyan
tea (Owuor et al. 2006). The relationship of theaflavins and
thearubigins with tasters’ quality was reported for black tea
from the geographical regions of Northeast India (Bhuyan
et al. 2009, 2013). For assessing tea quality, the use of TF
fractions is more appropriate than the use of total TF content.
This is because of (a) the contribution of TF to astringency of
the tea brew varies with the extent of galloylation of TF and
(b) the relative abundance of TF, TF-monogallates (TFMG)
and TF-digallate (TFDGQG) in the tea brew (Muthumani and
Senthil Kumar 2007). Organoleptic evaluation of tea is a vital
process to correlate the effects of biochemical components for
assessment of quality. Evaluation is carried out by skilled and
experienced tasters who determine the market value oftea on a
purely subjective basis. Four important liquor characteristics
of brew are brightness, briskness, strength and quality. The
study of individual theaflavins or thearubigins and their rela-
tionship with tea tasters’ quality is limited. To the best of our
knowledge there is no reported data on spatial distribution of
black tea quality parameters from the regions of Northeast
India. Therefore, under this study an attempt was made to
understand the impact of individual theaflavins and
thearubigin fractions on black tea quality. Statistical and
geostatistical methods were used in order to reveal the spatial
distribution and the relation between the variables determined
in soil.

Materials and methods

A total of 102 CTC (crush, tear and curl) black tea samples
were collected from commercial gardens of six tea producing
regions of Assam (upper Assam, south bank, North Bank and
Barak valley) and West Bengal (Dooars and Terai), India
(Fig. 1).

Total theaflavins, total thearubigins and thearubigin
fractions were determined by spectrophotometric method
(Ullah et al. 1984; Obanda et al. 2001). Theaflavin pro-
files were identified and estimated by using HPLC
method (Opie et al. 1990; Sabhapondit et al. 2014).
Total soluble solids (TSS) were estimated by the meth-
od IS 13862 1999.

The tasters’ sensory (organoleptic) evaluation was per-
formed as described by Bhuyan et al. (2009).
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Fig. 1 Locations of Study Areas: (1) Upper Assam, (2) North Bank, (3) South Bank and (4) Barak valley from Assam, (5) Terai and (6) Dooars from

West Bengal, India
Statistical and geostatistical analysis

Statistical analyses such as principal component analysis
(PCA) and analysis of variance (ANOVA) were done using
SPSS statistical package. ANOVA and least significant differ-
ence (LSD) tests were carried out to evaluate differences be-
tween the variables. A Pearson-correlation analysis was car-
ried out to check the significances of the linear relations be-
tween the obtained variables.

The characterization data were analyzed through PCA
using factor extraction with an eigenvalue >1 and varimax
rotation. All data were log-transformed to achieve closeness
to normal distribution and all the variables were standardized
by ‘z-score’ analysis to measure the similarity between the
samples. Furthermore, we performed factor score analysis to
understand the source relevance of black tea samples collected
from six different regions. The raw data were used for graph-
ical presentation (Box-Whisker diagram), whereas the trans-
formed (log-transformed and standardized) ones were used for
factor analysis (principal components analysis).

In this study, omnidirectional semivariogram was prepared
for each biochemical property because no significant direc-
tional trend was observed. Then, the variogram plots were
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fitted to a theoretical model, such as spherical, exponential,
linear or Gaussian models. The geostatistical software GS+
version 9 was used for fitting the appropriate semivariogram
model to each data set. Best-fit model with smallest nugget
values with minimum root mean square error (RMSE) and
root mean square standardized (prediction) errors (RMSSE)
close to 1 were selected for each measured parameter. Finally,
the cross-validation method was applied to validate the param-
eters of the model (Goovaerts 1997). Using the model
semivariogram, basic spatial parameters such as nugget (Co)
and partial sill (C + Co) were calculated. Nugget is the vari-
ance at zero distance; partial sill is the lag distance between
measurements at which one value for a variable does not in-
fluence neighbouring values ( Lopez-Granadoset et al. Lopez-
Granados et al. 2002). Geostatistical analysis consisting of
variogram calculation, kriging, cross-validation, and mapping
was performed using the GS+ software.

Results and discussion

Total TF and its four major fractions [simple theaflavin,
theaflavin-3-gallate, theaflavin-3'-gallate and theaflavin-3—
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3’-digallate] of CTC black teas of the six tea growing regions
of Assam and West Bengal, India are presented in Fig. 2. Total
TF contents of upper Assam, south bank and North Bank teas
were distinctly higher than other regions. These three regions
of Brahmaputra valley are situated in similar geographical and
climatic zones. Because of similarity in their soil status, dis-
tribution of TF is also similar (Bhuyan et al. 2013). The in-
creasing or decreasing trends of four TFs of the regions were
not similar. Simple TF (TF1) was found to be highest in South
bank region tea followed by upper Assam, North Bank, Barak
valley, Dooars and Terai. A significant variation in TF2 was
observed between the regions and was found highest in upper
Assam tea and lowest in Terai region tea. The variations in
TF3 and TF4 between the regions were less in comparison to
TF1 and TF2. The variation was also similar among the re-
gions except North Bank. Although the variation of TF3 and

TF4 between the regions was not highly significant, these two
components were found to be the highest in upper Assam and
south bank followed by the North Bank, Barak valley, Terai
and Dooars. Of the four major TFs, the amount of theaflavin-
3-3’-digallate (TF4) was the highest and simple theaflavin
(TF1) was the lowest. Owuor et al. (2006) reported the
astringency level of TF4 to be 6.4 times and TF3 and
TF2 2.2 times more than TF1.The level of astringency
and/or briskness is usually associated with simple
theaflavin, theaflavin-digalate equivalent and unoxidised
catechins (Ding et al. 1992). In our study it was observed
that significant level of tasters’ brightness, briskness,
strength and quality was more in TF1 which was in con-
formity with earlier observations (Ding et al. 1992). As
per tasters’ evaluation the impact on quality of TF frac-
tions was in the order of TF1 > TF2 > TF3 > TF4.
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Total thearubigins (TR), their fractions i.e., low molecular
weight TR (TR1) and high molecular weight TR (TR2) and
total soluble solid (TSS) of CTC black tea of upper Assam,
south bank, North Bank, Barak valley, Dooars and Terai re-
gions are presented in Fig. 3. Like total TF, total TR contents
ofupper Assam, south bank and North Bank regions teas were
higher than those in teas from other three regions. Low mo-
lecular weight TR (TR1) was found to be highest in south
bank followed by North Bank, Terai, upper Assam, Barak
valley and Dooars. High molecular weight TR (TR2) of upper
Assam, south bank, North Bank, Dooars and Terai regions tea
were comparable. Barak valley tea contained the lowest (mean
83.48 mg/g) among the regions.

The individual TFs have different astringencies. TF-3, 3-
digallate is 6.4 times, TF-3-gallate and TF-3-gallate are 2.22
times more astringent than TF1. TDE was calculated from the
following equation (Owuor et al. 2006):

TDE = TF1/6.4 + (TF2 + TF3) x 2.22/6.4 + TF4

TDE in black teas from upper Assam, south bank and
North Bank regions was higher than TDE in teas from the
other three regions (Fig. 2). TDE in black tea followed the
same trend as of TF fractions. Correlation between the studied
parameters showed that TF and its fractions had significant
positive correlation with organoleptic parameters (Table 1).
This result was well corroborated with the earlier studies

280

(Owuor et al. 2006). Organoleptic parameters were also better
correlated with TFs and TF fractions as compared to TDE. So,
unlike central African tea, TDE is not the most appropriate
parameter to determine the Indian black tea quality.

Factor scores, calculated using factor loading matrix, rep-
resent relative intensities of each factor (Fig. 4). The tea sam-
ples from upper Assam, North Bank, and south bank showed
the highest factor 1 and factor 2 scores, indicating the high
contents of theaflavins, thearubigins and their fractions. Tea
samples from Barak Valley, Terai, and Dooars regions showed
the lowest scores for factor 1 and factor 2, indicating lower
theaflavin and thearubigin fractions. Upper Assam, North
Bank and South bank are situated in geographically and cli-
matically similar regions. Apart from these two factors, simi-
lar soil conditions are also responsible for better tea quality
(Bhuyan et al. 2013). Comparable theaflavins and thearubigin
and their fractions of the Terai region and Barak valley are due
to their similar climatic conditions although they are far apart
from each other. Even though Dooars is nearer to the Terai
region, different climatic conditions of these two regions are
reflected in the tea qualities. (Mcdowell et al. 1991; Owuor
et al. 2006, 2010).

The levels of total soluble solid (TSS) of upper Assam teas
(399.35 mg/g) was comparable with the other regions like
south bank (mean 404.72 mg/g), North Bank (mean
406.88 mg/g), Barak valley (mean 373.91), Dooars (mean
368.84) and Terai regions (mean 394.81 mg/g) teas (Fig. 3).
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Table 1  Correlation coefficient among biochemical parameters and tasters’ quality (n = 102)

Parameters TF TR TR1 TR2 TSS TF1 TF2 TF3 TF4 TDE
TR 0.59**

TR1 0.49%* 0.61%*

TR2 0.50%* 0.92%* 0.40%*

TSS 0.57** 0.38%* 0.33%* 0.36%*

TF1 0.81%* 0.53%* 0.45%* 0.45%* 0.48%*

TF2 0.74%* 0.36%* 0.25%* 0.31%** 0.34%* 0.59%*

TF3 0.61%* 0.42%* 0.38%* 0.34** 0.35%* 0.47** 0.78**

TF4 0.53%* 0.40%* 0.39%* 0.31%* 0.36%* 0.38** 0.60%* 0.89%*

TDE 0.63%* 0.43%* 0.41%* 0.35%* 0.39%* 0.48%* 0.73** 0.95%* 0.98%*

Brightness 0.60%* 0.47%* 0.46%* 0.44%* 0.46%* 0.60%* 0.42%* 0.28%* 0.23* 0.30%*
Briskness 0.54%* 0.45%* 0.43%* 0.39%* 0.45%* 0.54%* 0.38%* 0.24* 0.18 0.25%*
Strength 0.60%* 0.50%* 0.46%* 0.47%* 0.51%* 0.56%* 0.43%* 0.28%* 0.22* 0.30%*
Quality 0.58%* 0.50%* 0.45%* 0.47%%* 0.49%* 0.54%%* 0.43%* 0.30%* 0.23* 0.30%*

* Significant at 5 % level; * significant at 1 % level

The TSS contents of black teas of all the regions were more
than 320.00 mg/g, the minimum value of PFA (Prevention of
Food Adulteration) act, below which teas become substandard
(Venkatesan and Ganapathy 2004). The variation in TSS of
the samples depends mainly on the amount of chemical con-
stituents present in green leaf and processing system. High
amount of TSS in tea is an indication of good quality (Wood
et al. 1964).

The organoleptic evaluations (10—100 scale basis) of black
tea from upper Assam, south bank, North Bank, Barak valley,
Dooars and Terai are presented in Fig. 5. A distinct variation
in all the tasters’ parameters of Brahmaputra valley teas with
other regions was observed. Tasters’ organoleptic valuations
of the regions of Brahmaputra valley i.e., upper Assam (mean
67.83), south bank (mean 68.42) and North Bank (mean
72.91) were comparable and found to be higher than the teas
of Barak valley (mean 57.82), Dooars (mean 58.32) and Terai
(mean 56.55) regions. The correlations between biochemical
components and tasters’ parameters are presented in Table 1.
Quality of tea as characterised by tea tasters is the masking

¢ Upper Assam 3
O South Bank 25
A North Bank X U2
X Barrack Valley X
X Dooars i

O Terai

2

Fig. 4 A bi-plot factor score for each site

effect of biochemicals present in tea, out of which theaflavins
and thearubigins are largely responsible for brightness, brisk-
ness and strength (Bhuyan et al. 2009). All the analysed bio-
chemical components showed significant positive correlations
with tasters’ observations. Among the TF fractions TF1
showed highest significant positive correlation with all the
four parameters of tea tasters followed by TF2, TF3 and
TF4. No distinct variation in the levels of significance be-
tween low molecular weight TR and high molecular weight
TR was observed. Although both TF and TR showed positive
correlations with tasters’ brightness, briskness, strength and
quality, the impact of theaflavins was more than thearubigins.
Linear correlation analysis showed that there were significant
linear relationships between the individual tea quality attri-
butes, and the total quality score was significantly correlated
to the individual tea quality attributes (Table 1). This suggests
that a good tea should have good individual quality attributes.

Spatial distribution of tea quality parameters such as
theaflavins, thearubigins and organoleptic parameters were
carried out through geostatistical techniques. Ordinary
Kriging was used to obtain the spatial distribution of tea qual-
ity parameters over the area. The distribution map clearly re-
veals that the tea quality of upper Assam, North Bank and
south bank area are better compared to other tea growing areas
with respect to the measured quality parameter (Fig. 6).
Table 2 represents characteristic parameters of best fitted
semivariogram models of tea quality parameters in the regions
of study area. Semivariograms showed a lower nugget effect
on TF, TR faction and organoleptic properties of black tea,
indicating that the sampling density was adequate to reveal the
spatial structures (Burgos et al. 2006). The results showed that
the TF, TF1, TF3, TF4, TR fractions (TR1 and TR2), TDE and
TSS semivariograms were well described with the Gaussian
model, while the TF2 semivariogram was well described with
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the exponential model. In the semivariogarm analysis, the
nugget values represented the variability of measured param-
eters at zero distance, which were positive in this study for all
the parameters. This spatial random variance is caused by the
artificial nature of tea quality; meaning that anthropogenic
inputs like tea variety and tea processing conditions play a
significant role in the tea quality. The sill and the sum of partial
sill and nugget, showed the maximum variance between data
pairs that reflected the variations of regionalized variables in
the study area. The ratio of nugget and sill is commonly used
to express the spatial autocorrelation of regional variables,
which also indicates the predominant factors among all natural
soil conditions, weather, geographical locations and anthropo-
genic factors (Bhuyan et al. 2013). The ratio of nugget and sill
expressed in percentages can be regarded as a criterion for
classifying the spatial dependence of tea quality parameters.
The variable is considered to have a strong spatial dependence
if the nugget-to-sill ratio is less than 25 %, a moderate spatial
dependence if this ratio is between 25 % and 75 %, and a weak
spatial dependence if the ratio is more than 75 % (Cambardella
et al. 1994). The nugget-to-sill ratio of all the variables
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showed a strong spatial dependence except TR2, TF3 and
TF4. The MSE values were close to zero and their correspond-
ing RMSSE values close to one represent a good prediction
model. Close values of RMSE and ASE for all the tea quality
parameters also showed good agreement with the model. Best
fit model with lowest value of Akaike Information Criterion
(AIC) was also used in this study. The model with the lowest
value of AIC was adjudged the best one to describe the spatial
variation of the studied parameters (Santra et al. 2012). The
Gaussian and exponential models were found with the lowest
value of AIC and this was considered as the best to fit the
computed semivariogram values.

Spatial maps prepared through ordinary kriging using the
semivariogram parameters were cross validated. Evaluation
indices resulting from cross validation of spatial maps of black
tea properties are given in Table 2. Except for three cases the G
value was greater than zero, which indicates that spatial pre-
diction using semivariogram parameters was better than as-
suming mean of observed value as the property value for
unsampled location (Santra et al. 2008). This also showed that
semivariogram parameters obtained from fitting of
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Fig. 6 Spatial predicted map of tea quality parameters

experimental semivariogram values were reasonable to de-  cases were below zero, inclusion of more number of samples
scribe the spatial variation. Although the G values for the three  might lead to a proper fitting of experimental semivariogram

Table 2 Characteristics parameters of variogram models

Parameters Best fitted ~ Nugget  Sill Nugget/Sill*100 Spatial AlC ME RMSE ASE MSE RMSSE G
model (C0) (CoO+C) dependency

TF Gaussian 0.0214 0.1198 17.86 Strong —100.5  0.0020 0.178 0.165 -0.002 1.08 42.57
TR Gaussian 4.86 19.8600  24.47 Strong 645 0.0393 2747 1906 0.019 133 8.37
TR1 Gaussian 1.06 5.0070 21.17 Strong 27.1  0.0068 1.407 1.082 0.010 1.28 19.15
TR2 Gaussian 4.05 13.2600  30.54 Moderate 525 -0.0333 2284 1.832 —0.008 1.17 2.64
TSS Gaussian 0.23 10.8700 2.12 Strong 784 -0.1877 3.897 3.712 —0.050 1.05 -12.99
TF1 Gaussian 0.000075  0.0013 591 Strong -207.1  0.0004 0.026 0.026 0.012 0.98 43.64
TF2 Exponential 0.000002  0.0029 0.07 Strong -170.9 -0.0005 0.056 0.056 -0.011 1.00 4.05
TF3 Gaussian 0.001686  0.0034  49.85 Moderate —187.6  0.0006 0.049 0.046 0.007 1.05 -1.92
TF4 Gaussian 0.00538 0.0169 3191 Moderate —-160.6 —0.0006 0.090 0.085 -0.009 1.04 -10.26
TDE Gaussian 0.58 2.85 20.35 Strong —89.3  0.0067 0.067 0.68 0.069 1.08 -17.01
Brightness  Gaussian 0.252 1.6910  14.90 Strong -19.2  0.0258 0.570 0.606 0.037 0.95 56.57
Briskness  Gaussian 0.372 1.9050 19.53 Strong -19.7 0.0338 0.712 0.739 0.043 097 30.09
Strength Gaussian 0.265 1.8910 14.01 Strong —28.6 0.0172 0.613 0.643 0.025 0.96 30.03
Quality Gaussian 0.326 1.6730 1949 Strong —25.2 0.0245 0.650 0.702 0.032 0.93 38.51

AIC — Akaike Information Criterion; ME — Mean error; MSE — Mean square error; RMSE — Root mean square error; ASE — Average standard error;
G — Goodnees-of-prediction
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and describe the spatial variation in a better way. This also
showed that semivariogram parameters obtained from fitting
of experimental semivariogram values were reasonable to de-
scribe the spatial variation of all the studied parameters.

Conclusion

Theaflavins and thearubigins are the two basic biochemical
components for determination of CTC black tea quality.
These two components of black tea from Brahmaputra valley
i.e., upper Assam, south bank and North Bank were distinctly
higher than those of Barak valley, Dooars and Terai region
teas. Among the theaflavin fractions, simple theaflavin
(TF1) was also distinctly higher in the regions of
Brahmaputra valley and its impact on quality was more than
other theaflavin fractions. The tea tasters’ assessment was in
agreement with all these biochemical findings. The variations
in total theaflavins, total thearubigins and their fractions were
the main causes of variations in CTC black tea quality of the
regions. TF, TF fractions and TDE showed positive significant
correlations with organoleptic parameters. Among the TF
fractions, TF1 was better correlated with the organoleptic pa-
rameters. Hence, TF and TF1 are the key components of CTC
black tea which can influence the tasters’ sensory evaluation.
A good variogram structure of studied parameters was obtain-
ed, showing that there were clear spatial patterns of tea quality
parameters on the distribution map and also that the current
sampling density was sufficient to indicate such patterns.
Cross validation of kriged map showed that spatial prediction
of tea quality parameters using semi variogram parameters
was better than assuming mean of the observed values for
any unsampled location. This study demonstrates that the mul-
tivariate and geostatistical analyses are effective tools for
assessing tea quality parameters in major tea growing areas
of India.
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