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Preface

The journey into tea germplasm characterization and conservation is a delicate dance
between tradition and innovation, where the roots of ancient agriculture intertwine with the
future of sustainability. As climate change, habitat loss, and the ever-growing thirst for tea—
an elixir steeped in heritage—cast long shadows over our fields, the call to protect and
cherish the genetic diversity within tea species becomes more urgent. This preface beckons
us to delve into the mysteries of phenotypic and genotypic diversity within tea germplasm,
for it is within this knowledge that we find the keys to refining cultivation, nurturing

biodiversity, and fortifying tea crops against the unpredictable storms of our changing world.

At the core of this quest lies the art of germplasm characterization, a process that unfolds like
a meticulous tapestry, weaving together morphological, biochemical, and agronomic threads.
Through careful study and documentation, we craft a living archive—a repository of tea’s
finest traits, from pest resistance and drought tolerance to the subtle notes that define its
flavor. This endeavour reaches beyond the mere improvement of tea production; it is a
guardianship of genetic treasures, a pledge to preserve the agricultural legacy passed down

through generations.

Yet, no tale of preservation is complete without the theme of conservation—a commitment to
the enduring stewardship of these genetic jewels. The importance of conservation strategies
in safeguarding the genetic integrity of tea germplasm cannot be overstated. Whether
through in situ practices within native landscapes or ex situ methods like seed banks and
tissue cultures, these strategies ensure that the rich diversity of tea species is shielded from
the brink of extinction. As educators, it is our duty to instill an understanding of these
practices, nurturing a new generation of agronomists and environmentalists who will carry

the torch of tea biodiversity forward.

In essence, the study of tea germplasm characterization and conservation transcends the
realm of academia; it is a responsibility, a calling that resonates with the rhythms of ecological
balance and economic vitality. As educators, we are entrusted with the privilege of imparting
wisdom and cultivating a deep appreciation for the intricate symphony of our agricultural
ecosystems. By championing these efforts, we are not merely preserving tea plants but
embracing a holistic vision of biodiversity, one that honors the profound connections between
agriculture, culture, and the earth itself. Through collaboration, creativity, and unwavering
dedication, we hold the power to secure a sustainable future for tea cultivation, while
celebrating the timeless traditions that make this beloved brew so much more than a simple
drink.



Figure no.

2.1
2.2
2.3
2.4
3.1
3.2

3.3

3.4

3.5

3.6

3.7
3.8
3.9.A
3.9.B
39.C
3.9.D
3.9.E
5.1
5.2

5.3.A

List of Figures

Figure title

World map of different tea-producing areas

Major Tea producing states of India

Systematic position, cultivated and wild tea plant

General morphology of Tea plant (Camellia sinensis)

Outline map of the study area of the Terai region of Darjeeling district

Graph represents the variation in mean minimum temperature across the months
between 2019-2023.

Graph represents the variation in mean minimum temperature across the months
between 2019-2023.

Graph represents variation in average rainfall (mm) across the months between
2019-2023.

Variation in average relative humidity (%) across the months in between 2019-
2023.

Pie chart describing the land (percentage) of the Terai region covered by forest
and utilized for tea cultivation.

Tea growing areas of the Terai region of Darjeeling District

The pie chart represents the percentage of visited tea estates.

Different tea estates of the Terai region

Different tea estates of the Terai region

Different tea estates of the Terai region

Different tea estates of the Terai region

Different tea estates of the Terai region

Map showing tea estates of the Terai region of Darjeeling District (QGIS Map)

Graphical representation of cultivation percentage of thirty-six tea clones across
different tea estates of the Terai region. A. Bar graph representing the
percentage of various tea germplasm accession. B. Histogram representation of
the variation of tea clone cultivation across different tea gardens in the Terai
region.

Growth habit, stem type, and branch angle of different tea germplasm accessions

~ XXiii ~

Page
No.
20
22
37
38
63
65

66

67

69

72

72
74
75
76
77
78
79
108
117

124



Figure no.

5.3.B
53.C
53.D
5.3.E

5.3.F

5.3.G

5.3.H

5.3.1

5.3J

5.3.K

53.L
5.3.M
5.4.A

5.5.A

Figure title

Growth habit, stem type, and branch angle of different tea germplasm accessions
Growth habit, stem type, and branch angle of different tea germplasm accessions

Growth habit, stem type, and branch angle of different tea germplasm accessions

Branch Zigzagging, leaf angle, leaf pose and leaf blade attitude of different tea
germplasm accessions

Branch Zigzagging, leaf angle, leaf pose and leaf blade attitude of different tea
germplasm accessions

Branch Zigzagging, leaf angle, leaf pose and leaf blade attitude of different tea
germplasm accessions

Mature leaf colour, leaf shape, leaf upper surface, leaf venation, upper surface
bullations, the undulation of leaf edges, leaf lower surface, leaf vestiture, leaf
apex shape, leaf base shape, leaf apex habit and petiole colour of different tea
germplasm accessions.

Mature leaf colour, leaf shape, leaf upper surface, leaf venation, upper surface
bullations, undulation of leaf edges, leaf lower surface, leaf vestiture, leaf apex
shape, leaf base shape, leaf apex habit and petiole colour of different tea
germplasm accessions.

Mature leaf colour, leaf shape, leaf upper surface, leaf venation, upper surface
bullations, undulation of leaf edges, leaf lower surface, leaf vestiture, leaf apex
shape, leaf base shape, leaf apex habit and petiole colour of different tea
germplasm accessions.

Mature leaf colour, leaf shape, leaf upper surface, leaf venation, upper surface
bullations, undulation of leaf edges, leaf lower surface, leaf vestiture, leaf apex
shape, leaf base shape, leaf apex habit and petiole colour of different tea
germplasm accessions.

Leaf margin types of different tea germplasm accessions

Leaf margin types of different tea germplasm accessions

A. PCA scatter plot of all 36 tea clones based on their vegetative quantitative
morphological traits. B. Dendrogram of hierarchical clustering analysis of 36
tea clones based on vegetative quantitative traits.

Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions

~ XXIV ~

Page
No.
125
126
127
128

129

130

131

132

133

134

135
136
161

163



Figure no.

5.5.B

5.5.C

5.5.D

55E

5.5.F

5.5.G

5.5.H

5.5.1

5.5J

55K

55.L

5.5.M

5.5.N

5.5.0

5.5.P

5.6.A

Figure title

Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions

Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions
Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions
Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions

Receptacle shape, corolla shape, corolla colour and flower diameter of different
tea germplasm accessions

Relative height between androecium and gynoecium and position of stigma of
different tea germplasm accessions

Relative height between androecium and gynoecium and position of stigma of
different tea germplasm accessions

Pistil length, style length, style column length, style arm length and pistil
structure of different tea germplasm accessions

Pistil length, style length, style column length, style arm length and pistil
structure of different tea germplasm accessions

Different types of the ovary, ovary pubescence density and the number of ovary
locules of different tea germplasm accessions under light microscope (4x).

Different types of the ovary, ovary pubescence density and the number of ovary
locules of different tea germplasm accessions under light microscope (4x).

Different types of the ovary, ovary pubescence density and the number of ovary
locules of different tea germplasm accessions under light microscope (4x).

Splitting pattern of style, type of stylar arms and number of stylar arms of
different tea germplasm accessions under light microscope (4x).

Splitting pattern of style, type of stylar arms and number of stylar arms of
different tea germplasm accessions under light microscope (4x).

Splitting pattern of style, type of stylar arms and number of stylar arms of
different tea germplasm accessions under light microscope (4x).

PCA scatter plot of all selected tea clones based on reproductive morphological
guantitative traits

~ XXV ~

Page

No.

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

193



Figure no.

5.6.B

5.7.A

5.7.B

5.7.C

5.7.D

5.7.E

5.7.F

5.8.A

5.8.B

5.8.C

5.8.D

58.E

5.8.F

5.9.A

5.9.B

5.9.C

Figure title

Dendrogram of hierarchical cluster analysis of all selected tea clones based on
the reproductive morphological quantitative traits

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of adaxial (Ad) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50pum)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of different tea clones
under LM (40x&Scale bar-50um)

Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature)
leaf of different tea clones under SEM (Scale bar-20 um and 50 pm)

Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature)
leaf of different tea clones under SEM (Scale bar-20 um and 50 pm)

Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature)
leaf of different tea clones under SEM (Scale bar- 20 um and 50 pm)

~ XXVi ~

Page

No.

194

197

198

199

200

201

202

203

204

205

206

207

208

212

213

214



Figure no. Figure title Page

No.
59.D  Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature) 215
leaf of different tea clones under SEM (Scale bar-50 um)
5.9.E  Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature) 216
leaf of different tea clones under SEM (Scale bar- 20 um and 50 pm)
59.F  Characteristics of abaxial (Ab) leaf epidermal surfaces of young (immature) 217
leaf of different tea clones under SEM (Scale bar-50 um)
5.10.A  Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 219
young leaf of different tea clones under SEM (Scale bar-100 um and 200m)
5.10.B  Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 220
young leaf of different tea clones under SEM (Scale bar- 100 pm and 200um)
5.10.C  Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 221
young leaf of different tea clones under SEM (Scale bar- 100 pm and 200um)
5.10.D Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 222
young leaf of different tea clones under SEM (Scale bar-100 um)
5.10.E Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 223
young leaf of different tea clones under SEM (Scale bar-100 um and 200 pm)
5.10.F Characteristics of abaxial (Ab) leaf epidermal surfaces; trichomes density of 224

young leaf of different tea clones under SEM (Scale bar- 100 pm and 200um)

5.11.A  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density of 225
trichomes of different tea clones under LM (10X&Scale bar-200 pm)

5.11.B  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density 226
of trichomes of different tea clones under LM (10X&Scale bar-200 pum)

5.11.C  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density 227
of trichomes of different tea clones under LM (10X&Scale bar-200 pum)

5.11.D  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density 228
of trichomes of different tea clones under LM (10X&Scale bar-200 pum)

5.11.E  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density 229
of trichomes of different tea clones under LM (10X&Scale bar-200 pum)

5.11.F  Characteristics of abaxial (Ab) leaf epidermal surfaces of mature leaf; density of 230
trichomes of different tea clones under LM (10X &Scale bar-200 pum)

5.12.A  Pollen morphological structure of different tea germplasm accessions under 239
SEM

~ XXVii ~



Figure no.

5.12.B

5.12.C

5.12.D

5.12.E

5.12.F

5.12.G

5.12.H

5.12.1

5.12.]

512K

5.12.L

5.12.M

5.12.N

5.12.0

5.12.P

5.12Q

Figure title

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

Pollen morphological structure of different tea germplasm accessions under
SEM

~ Xxviii ~

Page

No.

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255



Figure no.

5.12.R

5.13.A
5.13.B
5.13.C
5.13.D
5.13.E
5.13.F
5.13.G
5.13.H
5.13.1
5.13.J
5.13.K
5.13.L
5.13.M
5.13.N
5.13.0
5.13.P
5.13.Q
5.13.R
5.13.5
5.13.T
5.13.U
5.13.V
5.13.W
5.13.X
5.13.Y
5.13.Z
5.13.AA
5.13.AB
5.13.AC

Figure title

Pollen morphological structure of different tea germplasm accessions under
SEM

Stem, leaf petiole and lamina anatomy of TV1 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV9 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV16 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV17 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV18 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV19 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV20 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV21 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV22 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV23 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV25 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV26 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV27 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV28 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TV29 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TVV30 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of AV2 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of BB157 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of CP1 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of HB19 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of Heeleakh (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of Kopati (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of P126 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of PB312 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of RR (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of S3A1 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of S3A3 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of SS10 (under 4x and 10x).

Stem, leaf petiole and lamina anatomy of SS27 (under 4x and 10x).

~ XXIX ~

Page
No.
256

259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287



Figure no.

5.13.AD
5.13.AE
5.13.AF
5.13.AG
5.13.AH
5.13.Al
5.13.AJ
5.14
5.15.A

5.15.B

5.16.

5.17.A

5.17.B

5.18

5.19

5.20

5.21

5.22

5.23

5.24

Figure title

Stem, leaf petiole and lamina anatomy of Sundaram (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of T3E3 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of Teenali (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of TS520 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of Tukdah78 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of Tukdah383 (under 4x and 10x).
Stem, leaf petiole and lamina anatomy of 124.24.8 (under 4x and 10x).
Principal component and cluster analysis.

Principal component analysis of all tea clones based on leaf anatomical
characteristics.

K-means cluster analysis of all tea clones based on leaf anatomical
characterization.

A. PCA plot of all clones based on their petiole parameters. B. Hierarchical
clustering analysis of clones based on their petiole parameters.

Pictorial representation of leaf size, shape and venation pattern of different tea
clones

Pictorial representation of different tea clones' leaf size, shape and venation
pattern.

General morphology of Tea leaf and leaf morphological variation of various tea
clones.

Variation in minor venation patterns includes areoles type and freely ultimate
vein endings of tea clones.

Distribution Pattern of the various parameters across the different clones using
violin plots.

PCA analysis of all clones based on the leaf morphological and architectural
analysis. A- PCA biplot of all clones, B- PCA biplot of all parameters.

Cluster analysis of all clones based on leaf morphology and architecture. A. K —
means cluster analysis, B- dendrogram of hierarchical cluster analysis

Leaf image of the most representative clones of each cluster, clustered-based on
the morphology.

Phytochemical and preliminary antioxidant potential analysis of aqueous leaf
extract of all clones.
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Figure no.

5.25

5.26

5.27

5.28.A
5.28.B
5.28.C
5.28.D
5.29

5.30.A
5.30.B
5.30.C
5.30.D
5.31

5.32
5.33

5.34

5.35

Figure title

PCA and K-means cluster analysis of all clones based on the phytochemical, and
antioxidant analysis. A- PCA biplot of all clones, B- K-means cluster analysis of
the all clones.

Dendrogram of hierarchical cluster analysis, B-E. leaf image of representative
clones of each cluster

In vitro antioxidant analysis of the most representative clones of the antioxidant
clusters by DPPH radical scavenging capacity of the TS520, TV9, P126 and
TV27 leaf extract (A-D), ABTS radical scavenging capacity of the TS520, TV9,
P126 and TV27 leaf extract (E-H), and total antioxidant capacity of TS520,
TV9, P126 and TV27 leaf extract (I).

GC MS total ion chromatography spectrum of TV1 extract.
GC-MS total ion chromatography spectrum of TV23 extract
GC-MS total ion chromatography spectrum of TV30 extract
GC-MS total ion chromatography spectrum of 124.48.8 extract

The Ven diagram represents the comparative phytochemicals in TV1, TV23,
TV30, and 124.48.8 extract.

GC MS total ion chromatography spectrum of TS520 extracts
GC MS total ion chromatography spectrum of TV27 extract
GC MS total ion chromatography spectrum of TV9 extract
GC-MS total ion chromatography spectrum of P126 extract

Ven diagram represents the comparative phytochemicals present in TV27, TV9,
TS520 and P126 extract.

Boiled egg representation of drug-likeliness of different phytochemicals

In silico molecular docking with EGFR and sycllo-inositol. Sycllo-inositol
docked with EGFR, B- magnified image of the docking, C- interaction patterns
of sycllo-inositol with EGFR.

In silico molecular docking with EGFR and epigallo-catechin. Epigallo-catechin
docked with EGFR, B- magnified image of the docking, C- interaction patterns
of epigallocatechin with EGFR.

In silico molecular docking with EGFR and gallic acid. gallic acid docked with
EGFR, B- magnified image of the docking, C- interaction patterns of gallic acid
with EGFR.

~ XXXI ~

Page
No.
342

343

345

348
350
351
353
355

358
360
362
365
367

374
375

376

377



Figure no.

5.36

5.37.A

5.37.B

5.38.A

5.38.B

5.39.A

5.39.B

5.40.A

5.40.B

541.A

5.41.B

541.C
5.42
5.43
5.44

5.45

Figure title

In silico molecular docking with EGFR and caffeine. caffeine docked with
EGFR, B- magnified image of the docking, C- interaction patterns of caffeine
with EGFR.

RAPD analysis with primer OPA8_band count image of5 tea clones (1.Ladder,
2.TV25,3.TV23,4.TV1, 5.TV26, 6. TV30)

RAPD analysis with primer OPA8_band match image of 5 tea clones (1.Ladder,
2.TV25,3.TV23,4.TV1,5.TV26, 6.TV30)

RAPD analysis with primer OPA10_band count image of5 tea clones (1.Ladder,
2.TV25,3.TV23,4.TV1, 5.TV26, 6. TV30)

RAPD analysis with primer OPA10_band match image of 5 tea clones
(1.Ladder, 2.TV25, 3.TV23, 4.TV1, 5.TV26, 6. TV30)

Dendrogram of genetic Distance and Similarity (OPA8_UPGMA) among5 tea
clones as shown by RAPD analysis (A-TV25, B-TV23, C-TV1, D-TV26, E-
TV30).

Dendrogram of genetic Distance and Similarity (OPA10_UPGMA) among 5 tea
clones as shown by RAPD analysis (A-TV25, B-TV23, C-TV1, D-TV26,E-
TV30).

Dendrogram of genetic Distance and Similarity (OPA8_NJ) among 5 tea clones
as shown by RAPD analysis (A-TV25, B-TV23, C-TV1, D-TV26,E-TV30).

Dendrogram of genetic Distance and Similarity (OPA8_NJ) among 5tea clones
as shown by RAPD analysis (A-TV25, B-TV23, C-TV1, D-TV26, E-TV30).

Variation of pollen germination of different tea germplasm accessions
Variation of pollen germination of different tea germplasm accessions
Variation of pollen germination of different tea germplasm accessions
Pollen germination percentage of all 36 tea germplasm accessions
Variations of pollen tube length of 36 studied tea germplasm accessions

Tea germplasm conservation and maintenance at the Department of Tea Science,
NBU

Tea germplasm conservation and maintenance at the Department of Tea Science,
NBU
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