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Abstract: A field experiment was conducted for the two consecutive to evaluate effect of organics (compost and vermicompost) from
different bio resources under different treatments (T, to Tg) on quality of made tea . Results indicated that Polyphenol contents of made
tea was significantly influenced by seasonal variation as well as by different organics application. Caffeine content of made tea, which is
one of the important quality parameter also significantly influenced by seasonal variation as well as by different organics treatments,
except in case of organic application of 1.50 t/ha under few treatments during all the seasons, except compost application. Organics at
higher rates (3.00 t/ha and 4.50 t/ha) resulted in increase in thearubigin. Maximum total colour i.e. 0.35 per cent, 0.28 per cent & 0.31
per cent was observed with the application of tea skiff vermicompost at the rate of 4.50 t/ha during first, second and third season,

respectively
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1. Introduction

Tea {Camellia sinensis (L) O. Kuntze}, one of the most
popular beverages worldwide, is increasing in popularity
because of its positive effect on human health. Tea is an
important crop of most of the hilly region and as such
prefers very acidic conditions. Tea is consumed by almost
all age group of the population [10]. Tea is one of the
commercial crops of India as well as Himachal Pradesh, but
yield has been considered to be quite low as compared to
other parts of world. However, immense possibilities are
there for increasing the productivity of green as well as
orthodox black tea through the adoption of various scientific
techniques among which effect of liquid manures occupies
an important aspect.

In Himachal Pradesh, India the China type tea (Kangra local
jat) bushes grows on the gentle slopes of the outer
Himalayas (Latitude: 32°07° 15.68”N , Longitude: 76°31°
47.26” E altitude 1290 m above mean sea level, soil pH 4.8-
5.8) where the annual rain fall of 2500 mm with hot humid
summer and cold winter. Owing to low temperatures during
the winter months of the tea bushes experience complete
dormancy for about 120-150 days and plucking is done from
April to October.

Tea is a perennial plantation crop preferring acidic and
sloppy lands under high rainfall conditions. Soil and
associated micro-environmental parameters are well known
factors that affect the growth of tea plants in terms of yield
and seasonal cropping characteristics. Tea grows well along
undulating slops of alluvial soil that are highly acidic in
nature (pH 5-6) Tea plants required good moisture contents
for growth. The competitive advantage can be achieved only
by improving the productivity, quality (value addition) and
curtailing the cost of production by using low input energy
sources. In this context, the production of organic tea
assumes a considerable significance. The produce should be
free from pesticides residue so as to avoid carcinogenic

effects on human health. Also the price of organic tea is 3-4
folds the conventional tea, thus making organic tea
production more remunerative to the tea growers.

Tea cultivation of tea in Kangra Valley was initiated by
growing of tea nursery raised at different locations. During
1849 planting material was brought from China by the
Europeans and the first tea plantation was established at
Holta (Palampur) during 1852. The produce of plantation
fetched a premium price at auction centers during 1860
excellent quality of produce encouraged many other
plantations were developed with the total area of 4180
hectares.

It was [15] reported that high values of tea could be
correlated with high levels of theraflavins and adequate
levels of thearubigins. By and large, theaflavins are
considered to be an important parameter for determining the
quality of made tea [11,19] the terms ‘TF’ and ‘TR’ started
that TRs are as important to the flavor and quality of black
tea as the TFs. TFs impart the mouth sensations of
‘briskness’, ‘freshness’, and ‘aliveness’ while TRs are
responsible for ‘body’ and ‘richness’ of tea brew.

The catechins[19] that take part in enzymic oxidation during
the fermentation in the presence of polyphenol oxadase
resulted in the formation of black tea pigments viz., TF, TR
etc. TF is responsible for briskness and brightness while TR
is responsible for colour and strength of liquor. The enzyme
polyphenol oxidase is actively involved in biochemical
changes when the leaf temperature is maintained below
35°C. After the fermentation, to have maximum TF in made
tea, the enzyme should be deactivated during initial stage of
drying. The TF level dropped when the fresh leaf was
subjected to high temperature in made tea from good leaf.
Therefore, proper handling of green leaf is necessary to
exploit the quality of tea.
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At present total area under tea plantation is 2312 ha out of
which 1200ha is being well maintain by progressive
growers, whereas, 1100 hectares is in neglected state.

Compost and vermicompost are commonly used organic
manures in organic farming. Composting is the biological
process of decomposing of organic constituent of bio-waste
material under controlled condition. During composting
process, organic residue of plant and animal origin are
converted into organic manure that is rich in plant nutrients
and can be observed directly by plants. Rate of
decomposition and mineralization of organic residue vary
among species having different plant chemistry.

The role of earth worms in the soil formation and soil
fertility is well documented and [1,6,9]. An approach toward
good soil management, with an emphasis on the role of soil
inhabitants like earthworms in soil fertility, is very important
in maintaining balance in an ecosystem. There are evidence
to show that vermicompost improve the physical, chemical
and biological properties of soil [8] and have a favorable
influence on growth of the plants in many crops [2,13].

2. Material and methods

The field experiment was conducted at the Tea Experimental
Farm of the Department of Tea Husbhandry and Technology,
CSK Himachal Pradesh Krishivishvavidyalaya, Palampur,

situated at an elevation of 1291 m above the mean sea level

with latitude 32°6° N and 76°3'E receiving an annual rain
fall of 2016 mm.

The experiment was laid out in Randomized Block Design
(RBD) with (1+9) treatment combinations at three levels
(1.5, 3.0, and 4.5 t/ha) of organics (Compost and
Vermicompost) from three sources (tea skiff, Albizzia and
weed waste) each, replicated thrice and one control.

The biomaterial (tea skiff litter, weed flora and shade tree
litter) was collected and compost prepared as per the method
described by [17]. Tea skiff litter, weed flora and shade tree
litter were collected and vermicompost was prepared by the
method [3] Eiseniafoetida, Eudriluseuginia and locally
available spp. of earthworms were used for converting
biomaterial into vermicompost

Tea shoots consisting of two leaves and bud were collected
at different plucking seasons i.e. summer (April-June),
monsoon (July-August) and back end seasons (September-
October). Orthodox black tea samples were manufactured in
a miniature manufacturing unit [20]. Qualitative analysis for
Theaflavin (%TF), Thearubigin (%TR), Total Colour (%TC)
and Brightness (%B) were carried out as [16]. The statistical
analysis of the data was done by the procedure suggested

[4}.

[Treatments

Vermicompost level (VC)

Compost level (C)

Ty Control (No use of organics)

Control (No use of organics)

T, Tea skiff vermicompost @ 1.5 t/ha

Tea skiff compost @ 1.5 t/ha

T, Tea skiff vermicompost @ 3.0 t/ha

Tea skiff compost @ 3.0 t/ha

T, Tea skiff vermicompost @ 4.5 t/ha

Tea skiff compost @ 4.5 t/ha

T, Albizzia litter vermicompost @1.5 t/ha| Albizzia compost @ 1.5 t/ha

Ts Albizzia litter vermicompost @3.0 t/ha] Albizzia compost @ 3.0 t/ha

T Albizzia litter vermicompost @4.5 t/ha| Albizzia compost @ 4.5 t/ha

T Weed flora vermicompost @ 1.5 t/ha Weed flora compost @1.5 t/ha|

Tg Weed flora vermicompost @ 3.0 t/ha Weed flora compost @3.0 t/ha|

Ty Weed flora vermicompost @ 4.5 t/ha Weed flora compost @4.5 t/ha

3. Results and Discussion

Polyphenol contents of made tea

Polyphenol contents of made tea was significantly
influenced by seasonal variation as well as by different
organics application during all the seasons, except compost
application during season-1 (Table -1). The maximum
polyphenol content was observed (20.57%, 16.77% &
18.50% during first, second and third season, respectively)
with the application of tea skiff vermicompost at the rate of
4.50 t/ha (T3), which showed an increase of 20.71 per cent,
12.23 per cent & 22.25 per cent over the control. Treatment
Tsalso proved to be superior under compost application.

A critical examination of data presented in table showed that
application of different organics at the rate of 3.00 and 4.50
t/ha resulted in significant increase in polyphenol contents
over application of organics at a rate 1.50 t/ha, whereas non-
significant difference was observed between these two
treatments. As regard to individual effect of different
organics, vermicompost from all three resources resulted in

superior effect in respect of compost from corresponding
resource.

Improvement in polyphenol content might be due to increase
of available nutrients in soil through organic manure
mineralization, which leads to more uptakes and ultimately
the plant health improvement. So, better physiochemical
status of tea shoot may be probable reason for higher
polyphenol contents over the control.

Caffeine contents of made tea

Caffeine content of made tea, which is one of the important
quality parameter also significantly influenced by seasonal
variation as well as by different organics treatments, except
in case of organic application of 1.50 t/ha under few
treatments.

As indicated in Table -1, maximum caffeine content i.e. 4.62
per cent, 3.51 per cent and 3.94 per cent was recorded with
tea skiff vermicompost at the rate of 4.50 t/ha (T3) during
first, second and third season, respectively, which was 34.47
per cent, 19.55 per cent & 21.75 per cent higher over the
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control treatment during the first, second and third season
respectively. Among the different types of organics,
vermicompost from all three resources was dominant in
caffeine content in respect to compost from these resources.

Decomposition of organic manure releases certain acids
which increase the available nitrogen in soil along with
phosphorous and potassium and ultimately the nitrogen
uptake increased. Secondary metabolism in plant system
also resulted in better growth with higher caffeine content

Among the different type of organics, vermicompost from
all three resources was dominant in caffeine content in
respect to compost from these resources due to higher
available nitrogen in the soil.

Theaflavin (% TF) of made tea

Different organic treatments significantly influenced the
thearubigin contents during all three seasons of tea crop
(Table -2) except T4, Ts and T; during Season-1 and T, of
Season-3 under compost and all treatments of vermicompost
during Season-3. Maximum thearubigin content to the tune
of 7.49 per cent, 6.89 per cent & 6.76 per cent was recorded
in treatment Ts; (vermicompost), which resulted in an
increase of 42.15 per cent, 58.32 per cent & 39.86 per cent
over control during, first, second and third season,
respectively..

A critical examination of data showed that application of
different organics at higher rates (3.00 t/ha and 4.50 t/ha)
resulted in increase in thearubigin contents over 1.50 t/ha,
whereas the increase was non-significant with each other.

Increase in theflavins may be due to gradual release of
nutrients during all the growing seasons which resulted in
quality improvement in corresponding season over the
control.

As regard of two types of organic manure, vermicompost
treatments resulted in higher theaflavin content in
comparison to corresponding compost application. This is
due to the fact that vermicompost enhances the available
nutrients during decomposition and possesses certain phyto-
hormones responsible for better plant growth and quality
improvement. Theaflavin content was greatly influenced by
the seasonal variation. Season-l was most prominent in
theaflavin content followed by Season-3 and lowest
theaflavin content was reported during Season-2, similar
finding has been reported [5].

Thearubigin (%TR) of made tea

Different organic treatments significantly influenced the
thearubigin contents during all the three seasons of tea crop
except T, Ts and T; during Season-1 and T; of Season-3
under compost and all treatments of vermicompost during
Season-3. Improvement in the thearubigin contents of tea
liquor may be due to better growth of plant and
accumulation of secondary metabolites in tea shoots. It was
reported that variation in climatic parameters greatly
influenced the thearubigin content in made tea. The results
are in close conformity with [18]. Non-significant effect of
all treatments of vermicompost during season-3 may be due
to higher available nutrients in soil under all treatments and

climatic conditions which improved the thearubigin level
over the corresponding treatment during season-2. The
cumulative effect of climate and available nutrient may
result in a non-significant increase over the control.

Total colour (%TC) of made tea

A deep insight in to the data presented in Table -3 indicates
that different organics treatment levels influenced the total
colour of tea liquor during all growing seasons of tea crop. It
was observed that the increase was non-significant at the
level of 1.50 t/ha of all types of organics. During the second
season, all the treatments of vermicompost and compost
reported to be non-significant for total colour over the
control. Maximum total colour i.e. 0.35 per cent, 0.28 per
cent & 0.31 per cent was observed with the application of
tea skiff vermicompost at the rate of 4.50 t/ha during first,
second and third season, respectively, similar seasonal trend
was reported [18].

Per cent brightness (%B) of made tea

It is evident from Table -3 that per cent brightness of tea
liquor significantly increased due to different treatments of
organics during all the seasons of crop over the control.
Maximum brightness content (17.61 per cent, 13.28 per cent
& 16.42 per cent) was noticed with the application of tea
skiff vermicompost at the rate of 4.50 t/ha during first,
second and third seasons of tea crop, respectively, which
showed an increase of 70.39 per cent, 88.86 per cent &
61.01 per cent over the control during first, second and third
season, respectively. Similar trend was observed for
compost treatments i.e. tea skiff compost (T3) showed
maximum brightness of tea liquor in comparison to other
compost applications. The per cent increase of brightness
content was higher for all treatments under vermicompost
than the respective compost applications, thus, showing
importance of vermicompost in enhancing quality of tea
liquor as compared to compost.

4. Conclusion

All quality parameter of tea liquor greatly influenced by
seasonal variation. Seasonal variation could be reduced by
application of organic manure as gradual release of nutrients
from organic manure result in upgradation of tea quality
during rainy season. Organic manure at one end improve the
quality of tea liquorwhile on other side also contribute in
sustainability of agro-ecological system.
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Table 1: Effect of vermicompost and compost on polyphenol and caffeine contents of made tea of young plantation

Treatments Polyphenols (%) Caffeine (%)
Vermicompost Compost Vermicompost Compost
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3
To 16.36 | 1490 | 1513 | 16.36 | 14.90 | 15.13 | 3.43 2.93 3.23 3.43 2.93 3.23
T, 18.17 | 1557 | 16.76 | 18.47 | 1581 | 16.73 | 3.73 3.26 3.56 3.79 3.19 3.43
(11.04)| (4.47) |(10.75)| (12.90) | (6.09) |(10.53)| (8.74) | (11.02) | (10.00) | (10.49) | (8.75) | (5.98)
T, 19.17 | 16.17 | 17.8 | 18.66 | 15.86 | 17.58 | 4.22 3.34 3.51 4.09 3.29 3.55
(17.16)| (8.50) |(17.62) | (14.06) | (6.42) |(16.19)| (23.01) | (13.86) | (8.66) | (19.03) | (12.27) | (9.79)
T, 20.57 | 16.77 | 1850 | 19.64 | 16.35 | 18.10 | 4.62 3.51 3.94 4.28 3.34 3.64
(25.71)|(12.53) | (22.25) | (20.03) | (9.73) |(19.60)| (34.47) | (19.55) | (21.75) | (24.56) | (13.98) | (12.68)
T, 17.80 | 1557 | 16.56 | 1753 | 15.33 | 16.57 | 3.53 3.11 3.50 3.55 3.03 3.43
(8.80) | (4.47) | (9.43) | (7.13) | (2.91) | (9.47) | (2.91) | (6.02) | (8.14) (3.40) | (3.41)) | (6.08)
Ts 18.25| 16.32 | 16.56 | 17.92 | 1541 | 16.93 | 3.67 3.17 3.58 3.63 3.14 3.48
(11.55)| (9.55) | (9.45) | (9.52) | (3.40) |(11.89)| (6.80) | (7.95) | (10.62) | (5.83) (7.05) | (7.63)
T 18.33 | 16.30 | 16.82 | 18.67 | 16.17 | 17.62 | 3.89 3.35 3.66 3.79 3.39 3.53
(12.02)| (9.40) |(11.12)| (14.10) | (8.50) |(16.41)| (13.30) | (14.20) | (13.09) | (10.49) | (15.68) | (9.18)
T, 18.03 | 16.00 | 16.40 | 17.68 | 15.40 | 16.47 | 3.87 3.15 3.36 3.95 3.12 3.43
(10.23)| (7.38) | (8.37) | (8.09) | (3.36) | (8.81) | (12.62) | (7.27) | (3.92) | (15.15) | (6.25) | (5.98)
T 19.08 | 16.25 | 18.02 | 18.66 | 15.70 | 17.72 | 4.24 3.33 3.57 4.03 3.27 3.46
(16.65)| (9.08) |(19.05) | (14.08) | (5.37) |(17.07)| (23.50) | (13.41) | (10.52) | (17.48) | (11.36) | (7.01)
Ty 20.43 | 16.57 | 1845 | 20.23 | 16.20 | 184 4.30 3.48 3.80 4.24 3.45 3.55
(24.90)|(11.19) | (21.92) | (23.63) | (8.72) |(21.70)| (25.24) | (18.52) | (17.42) | (23.40) | (17.50) | (9.69)
CD(5%) | 1.43 | 1.01 | 0.93 1.42 NS 0.40 0.14 0.20 0.49 0.16 0.14
S, S;and S;= Season-1, Season-2, and Season-3
values in parenthesis is percentage change over control
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Table 2: Effect of vermicompost and compost on theaflavins and thearubigins contents off made tea of young plantation

Treatments Theaflavins (%) Thearubigins(%)
Vermicompost Compost Vermicompost Compost

S1 S2 S3 Sl S2 S3 Sl S2 S3 S1 S2 S3

Ty 0.82 0.78 0.98 082 | 0.78 | 0.98 5.27 4.33 4.83 5.27 4.33 4.83
T, 1.41 1.18 1.53 136 | 0.86 | 1.49 5.95 5.27 5.50 6.33 6.00 5.83
(71.26) | (51.50) | (56.46) | (65.9) |(10.73)|(52.38)| (12.97) | (21.73) |(13.86)| (20.20) | (38.75) | (20.69)

T, 1.57 1.25 1.76 147 | 0.95 | 1.72 7.12 6.65 6.63 6.17 6.30 5.88
(91.09) | (60.94) | (79.59) |(78.14) |(22.75) |(75.85) | (35.19) | (53.78) [(37.18)| (17.09) | (45.61) | (21.59)

T3 1.56 1.40 1.84 153 | 1.05 | 1.78 7.49 6.85 6.76 7.01 6.13 6.47
(89.47) | (80.26) | (87.76) |(86.23) |(34.76) |(81.63) | (42.15) | (58.32) [(39.86)| (33.02) | (41.57) | (33.95)

T, 1.18 1.47 1.26 116 | 0.90 | 1.18 5.59 4.70 5.48 5.72 4.90 5.32
(42.91) | (89.27) | (28.57) |(41.30) |(15.58)|(20.75)| (6.14) | (8.64) [(13.45)| (8.61) | (13.17) | (10.00)

Ts 1.23 1.30 1.36 121 | 093 | 1.27 5.77 5.47 5.93 5.83 4.99 5.40
(48.99) | (66.95) | (38.44) | (47.37) [(19.31)[(29.25)| (9.62) | (26.35) [(22.76)] (10.70) | (15.41) | (11.72)

Te 1.29 1.05 1.54 126 | 0.98 | 141 6.40 5.62 6.17 6.16 5.45 5.92
(56.28) | (34.76) | (57.48) |(53.44) |(26.61)|(43.88) | (21.58) | (29.82) |(27.72)] (16.90) | (25.96) | (22.48)

T, 1.28 0.97 1.52 136 | 1.05 | 1.35 5.82 5.62 6.21 5.78 5.19 5.52
(55.47) | (24.46) | (55.10) |(65.59) |(34.76)|(37.76) | (10.44) | (29.89) |(28.48)| (9.79) | (19.95) | (14.14)

Ts 1.35 0.88 1.70 131 | 115 | 153 6.51 5.88 6.32 6.12 5.49 5.98
(64.37) | (12.88) | (73.81) | (58.70) |(48.07) |(55.78) | (23.67) | (35.98) [(30.830| (16.14) | (26.81) | (23.79)

Ty 1.44 1.00 1.76 138 | 1.18 | 1.68 6.97 6.10 6.46 6.76 6.13 6.28
(75.30) | (28.76) | (79.93) |(68.02) |(52.36) |(71.77)| (32.28) | (40.91) [(33.59)| (28.35) | (41.68) | (30.00)

CD (5%) 0.03 0.03 0.02 0.02 | 0.03 | 0.05 0.23 0.63 NS 0.62 0.41 0.40

Sy S,and S, = Season-1, Season-2, and Season-3
values in parenthesis is percentage change over control

Table 3:Effect of vermicompost and compost on total colour andbrightness of made tea of young plantation

Treatments Total colour Brightness
Vermicompost Compost Vermicompost Compost

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

To 0.19 0.16 0.17 0.19 0.16 0.17 | 10.33 | 7.03 | 10.20 | 10.33 | 7.03 | 10.20
T, 0.25 0.21 0.25 0.24 0.19 0.21 1222 | 8.74 | 11.35 | 12.08 8.33 11.08
(29.31) | (26.53) | (44.23) | (24.14) | (18.37) | (19.23) | (18.23) | (24.22)| (11.27)| (16.94) | (18.48)| (8.66)

T, 0.32 0.23 0.27 0.30 0.22 0.26 1471 | 1259 | 13.16 | 13.84 | 12.44 | 13.50
(65.52) | (40.82) | (55.77) | (55.17) | (36.73) | (51.92) | (42.35)|(79.00)|(28.99)| (33.97) | (76.92)| (32.35)

T3 0.35 0.28 0.31 0.33 0.26 0.27 1761 | 13.28 | 16.42 | 16.74 | 1249 | 15.64
(81.03) | (71.43) | (78.85) | (70.69) | (61.22) | (57.69) | (70.39)|(88.86)|(61.01)| (62.03) | (77.54)| (53.33)

T, 0.23 0.20 0.21 0.22 0.18 0.24 11.70 | 8.47 | 11.90 | 11.35 8.37 11.40
(18.97) | (24.49) | (19.23) | (13.79) | (8.16) | (38.46) |(13.23)|(20.38)|(16.63)| (9.84) |(18.96)| (11.76)

Ts 0.29 0.23 0.24 0.27 0.18 0.22 1331 | 11.27 | 12.85 | 13.38 | 10.04 | 12.37
(50.00) | (38.78) | (38.46) | (41.38) | (10.20) | (28.85) | (28.84)|(60.24)| (25.95)| (29.52) | (42.80)| (21.31)

Ts 0.33 0.25 0.26 0.29 0.24 0.26 1444 | 1090 | 13.76 | 14.35 | 10.92 | 14.03
(70.69) | (53.06) | (51.92) | (48.28) | (46.94) | (50.00) | (39.77)|(54.98)|(34.93)| (38.87) | (55.21)| (37.58)

T, 0.31 0.19 0.22 0.23 0.19 0.20 1228 | 845 | 12.34 | 12.37 8.32 11.22
(58.62) | (14.29) | (28.85) | (17.24) | (18.37) | (13.46) |(18.84)|(20.09)|(20.95)| (19.68) | (18.25)| (10.03)

Tsg 0.33 0.23 0.26 0.30 0.21 0.24 14.00 | 11.60 | 12.36 | 14.85 | 12.06 | 12.82
(68.97) | (38.78) | (48.08) | (56.90) | (30.61) | (40.38) | (35.48) | (64.98)|(21.18)| (43.71) | (71.47)| (25.65)

Ty 0.34 0.28 0.30 0.32 0.25 0.28 16.67 | 12.35 | 15.73 | 16.00 | 12.98 | 14.66
(75.86) | (71.43) | (71.15) | (65.52) | (55.10) | (63.46) | (61.35)|(75.59)|(54.25)| (54.84) | (84.50)| (43.73)
CD(5%) 0.07 NS 0.09 0.02 NS 0.08 0.38 | 0.89 | 0.34 0.94 0.48 0.17

Sy, S,and S = Season-1, Season-2, and Season-3
values in parenthesis is percentage change over control
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