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The Phenotypic Diversity Analysis of Ancient Tea Germplasm
Resources in Jiulong County, Sichuan Province, China
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Abstract: To explore the distribution area, morphological characteristics, and genetic diversity of
agronomic traits of Jiulong ancient tea germplasm resources in Ganzi, Sichuan province, China. 21 qualitative
traits and 12 quantitative traits in 67 Jiulong ancient tea germplasm resources were evaluated, followed by the
genetic diversity using basic statistical analysis, coefficient of variation, diversity index, principal component
analysis and cluster analysis. The results showed that Jiulong ancient tea resources had rich variation at different
agronomic traits. Except for tree type and growth habit, the genetic diversity index of qualitative traits ranges
from 0.17 to 1.27, with an average of 0.82. Among them, the smallest of diversity index is petal color, and the
largest is the fruit shape. The coefficient of variation of quantitative traits ranges from 1.38% to 29.94%, with an
average of 15.27%. The highest coefficient of variation is leaf area, while the lowest is the number of sepal.
Principal component analysis showed that the cumulative contribution rate of the first 11 principal components
was 76.49%, among which leaf width, leaf length, leaf color, and petal color were the main factors that affected
the differences at agronomic traits of Jiulong ancient tea germplasm resources. The cluster analysis showed that

these ancient tea resources divided into four categories when the distance coefficient was 16.9, and the clustering
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results have no significant correlation with altitude and region. Among the germplasm resources investigated in

this study, 13 of them are located at an altitude of 2400 meters or above, showing good growth, satisfactory

cold and drought resistance. In addition, there are two germplasms with unique petal color and one germplasm

has larger grains and higher fruiting rate. The results laid a foundation for the collection, protection, and

utilization of germplasm resources of Jiulong ancient tea germplasm resources.
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Table 1 Information of 67 populations of ancien tea tree resources in Jiulong

5 SRR 54K (m) PR B ARlE R
Code Sampling site Altitude Sampling number Tree age Resource number
1 L2 R 2812.8 1 [EKRY 1

2 Bt A BT KA 2379.7 1 HAELLE 2

3 T 22 B R AN IR 2407.1 10 AL 3~12
4 2 AR AL R 2163.5 1 AL 13

5 PR 10 A 2B 2206.8 10 HAELLE 14~23
6 ek 2 FE LA 2379.7 5 AL E 24~28

7 Sk 2 FE HLRAR B W (FEJe 41) 2637.7 2 AL E 29~30
8 L AT RRAS 23243 7 HAELLE 31~37
9 A AR AL 2162.4 7 HAELLE 38~44
10 B BT T F 1896.7 4 HAELLE 45~48
11 VA LN 1947.9 1 HAELL L 49

12 e BB T TR 2202.6 1 HAELE 50

13 JiEZ Vg 2274.2 4 HAELL 51~54
14 JSEZ 2 LRy B o o4 2176.8 4 HEU L 55~58
15 JHASTEFEAHAS 2 1969.9 8 HAELL 59~66
16 THZ AR 2187.9 1 HELE 67
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Table 2 Qualitative traits and assignment criterion

ErRs? PR b

No. Traits Criterion for documenting

1 R TT HEART=1 /N ARRI=3, Fr AR H=5

2 W% GH Hor=1, k=3 FFik=5

3 s LC 4k fa= 1, IR =2, 5t 0=3,
Wekta=4

4 iR P LUS F= 1, b R= 2, BEil=3

5 e LS EEIE= 1,50 RIE=2 , #EE=3,
KFIE= 4, 9 5E=5

6 nHJEA LCS F= 1L =2, Wdr=3,
T 45=4

7 MR i LT F=1,=2 =3

%% DLT fi=1,H1=2,%=3
MG LTD E=1,"P=2,1%=3

10 VLR LTS Bi=1,%1=2,5li=3

11 IEEA LBS BIE= 1, T AE=2

12 B LTS = 1,1=2,5=3 ,
5] e=4

13 HZIEA LMS F=1,5=2, =3

14 M4 PC =1,k 4=2 IR =3

15 T PT H=1,H=2,)8=3

16 TPHE OP J=1,4=2

17 FE3L 24457 SPS f&=1,+=2,m=3

18 BEHESHAX S RHGA  WEEIG=1, Mt & =2,
WSS =3

19 RITEAR FS BE=1, k=2, =flt=3,
M= 4, M= 5

20 FFIEAR SS BRIE=1,8k=2 4= 3,
PFIE= 4, R HLN= 5

21 Al B SCC FRE=1, FEia=2, 1w E=3

TT: Tree type; GH: Growth habit; LC: Leaf color; LUS: Leaf
upper surface; LS: Leaf shape; LCS: Leaf cross section; LT: Leaf
texture; DLT: Density of leaf tooth; LTD: Leaf tooth depth; LTS:
Leaf tooth sharpness; LBS: Leaf base shape; LTS: Leaf tip shape;
LMS: Leaf margin shape; PC: Petal color; PT: Petal texture; OP:
Ovary pubescence; SPS: Splitting position of style; RHGA : Relative
height between gynoecium and androecium; FS: Fruit shape; SS:

Seed shape; SCC: Seed coat color; The same as below
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A: Morphological characteristics of typical shrubby ancient tea trees; B: Ancient tea trees with larger stem thickness;
C: Branching of ancient tea trees; D: Leaf morphology of ancient tea trees; E: Flower morphology of ancient tea trees;
F: Fruit shape of ancient tea trees; G: Seed shape of ancient tea trees; Bars=2 cm
B1 AREFHARFEDSRKEERESEHE

Fig. 1 Morphological characteristics of part agronomic traits of Jiulong ancient tea germplasm resources
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Table 3 Diversity index of qualitative traits

" A5 A1 (% ) . ) .
AR Distribution frequency il ZREPERTEL
Traits H'

1 2 3 4 5

WL TT 100.00 — 0 — 0 0

% GH 0 — 100.00 — 0 0

e LS 0 10.45 29.85 43.28 16.42 1.26
s LC 7.46 2.99 67.16 22.39 — 0.90
iE R M LUS 35.82 46.27 17.91 — — 1.03
B LCS 49.25 37.31 11.94 1.49 — 1.03
i LT 0 44.78 55.22 — — 0.69
14 % % DLT 38.81 38.81 22.39 — — 1.07
R LTD 52.24 47.76 0 — — 0.35

SRZS
U BLEE LTS 14.93 52.24 32.84 — — 0.99
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ARG A5 (%)
L2 Distribution frequency e ZREEARAL
Traits H'
1 2 3 4 5

9L LBS 83.58 16.42 — — — 0.45
I LTS 17.91 50.75 20.90 10.45 — 1.22
24 LMS 46.27 49.25 4.48 — — 0.84
eI, PC 96.08 0 3.92 — — 0.17
M PT 9.80 62.75 27.45 — — 0.86
FPiHE OP 5.88 94.12 — — — 0.22

FESL 2L SPS 74.51 15.69 9.80 — — 0.74
RS AT 5 B RHGA 66.67 2745 5.88 — — 0.79
REIBAR FS 39.22 21.57 33.33 3.92 1.96 127
FhFIEK SS 62.75 5.88 15.69 0 15.69 1.04

Tz B8, SCC 74.51 9.80 15.69 — — 0.74

— FORAR LR N A2 B

— represent that the qualitative trait has not been assigned a value

éﬁ%ﬂﬁiﬂl%ﬁ% B AR LR 28 A, Ho A 25 otk
()35 15 Z FE P8 B0E B R 0.17~1.27, 735 0.82, FL

H LSRR ZREVERR B =, 0 1.27, B IR
Z R 1.26, VB AR R W it A% 728 S 5 AR €2
WAL ZREMEFERURAG, M 0.17, BB MR 32 31 55

SRR RN 15.27% ., HorpiF iR R AE S R 5
K, R 29.94%, R R KN, BHREH
22.529% , F A RS SR SR/ Z A A b AR S
R, G SRR o 5 2 B AR S R B
AN AU 1.38%, FoRk W AE A TF 2450, 8 7 R EOh

mé@mf?ﬁiﬂﬁl 10.95% , F WX AR 2 A /b, it f% ZE
R2AFCERIEIR A AR B 25 5 (R 4), HRBMIR.
F4 FEMHEROSITSW
Table 4 Statistical analysis of quantitative traits
PR o/ ME SEONIEL ¥y b2 5 7 H(%) 353 T g
Traits Min. Max. Mean SD cv Kurtosis Skewness
M (em)LL 5.80 14.30 9.45 1.64 17.32 0.58 0.54
5 (ecm) LW 2.80 5.30 3.84 0.60 1572 -0.52 0.48
1A (em?) LA 12.74 50.05 25.81 7.73 29.94 0.67 0.88
KPEtt LWR 1.72 3.69 248 0.38 15.16 0.62 0.42
ikt LVL 4.60 10.00 7.11 1.07 15.09 -0.04 0.27
2 HHINS 470 5.20 498 0.07 1.38 751 -2.08
15K/ (em)CD 3.70 6.00 4.81 0.57 11.75 -0.44 0.25
TEMALNP 5.00 8.00 6.60 0.76 11.51 -0.15 -0.18
AR (em)SL 1.10 1.80 1.35 0.18 13.20 -0.07 0.73
AEREIT 245 NSP 2.90 4.00 3.20 0.35 10.95 0.51 1.41
TR/ (em)FZ 1.60 3.90 2.51 0.56 22.52 -0.62 0.10
¥R/ em)SZ 0.70 1.80 1.30 0.24 18.69 -0.31 -0.10

LL: Leaf length; LW: Leaf width; LA: Leaf area; LWR: length-width ratio; LVL: Leaf vein logarithm; NS:
diameter; NP: Number of petal; SL: Style length; NSP: Number of style splitting; FZ: Fruit size; SZ: Seed size; The same as below

number of sepal; CD: Corolla
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Table 5 Excellent landraces obtained by screening

WA G5 R 1.3~12.29 .30 T 25 Y0 Tk
2400 m D b, - 280 ek, R LR IRE R 3
A 9.7 em, M5 19 4.2 em, H KR I,

H B B PUIE P AT

o Y533 .45 B aspet

@t IR, AL IR @, i 0
%5 41 vﬂﬁﬁ%ﬂf%;&jﬁffﬂ,ﬂ

J\/—J‘\

PNEELE =S T (B N g E i ess

el B U5

Sy TRlEgns R e S & mEgE MR RN RN RN
;;;; Resource (m) Bifa, JEAR (cm) (cm) (em?) (ecm) (cm) (cm)
number  Altitude ~ PC FS LL LW LA CD FZ Sz

AT FE TR 1 2812.8 — — 10.60 3.70 27.45 — — —

High altitude and cold 3 2407.1 =] ity 14.30 5.00 50.05 5.80 3.00 1.50

Resistant resources 4 2407.1 H gy 9.50 5.10 33.92 5.50 3.10 1.20
5 2407.1 = =i 10.60 4.00 29.68 5.00 2.60 1.10
6 2407.1 S| =f 8.80 4.30 26.49 5.10 2.60 1.00
7 2407.1 = = 7.70 420 22.64 5.60 2.80 1.10
8 2407.1 S| = 10.30 4.60 33.17 470 2.80 1.00
9 2407.1 H = 10.40 4.60 33.49 5.30 2.90 0.90
10 2407.1 S| 292 8.60 3.80 22.88 5.50 2.20 1.30
11 2407.1 = (5¥/2 10.60 4.40 32.65 5.20 2.20 1.10
12 2407.1 M g 8.70 4.60 28.01 5.20 2.00 1.00
29 2637.7 S| 297 7.90 3.00 16.59 4.80 1.70 1.20
30 2637.7 E| BRI 8.60 3.80 22.88 4.60 1.80 1.40

WLBR el B 33 2324.3 IRLT e 11.40 4.60 36.71 4.80 2.30 1.50

Ornamental tea garden resources 45 1896.7 IRZL Y 11.70 4.80 39.31 4.40 2.50 1.20

AR R 41 2162.4 H HE 8.60 3.80 22.88 5.00 3.90 1.60

High yield tea seed resources

— FRZHIRIE R

— represent that the trait value is missing
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Table 6 Principal component analysis of agronomic traits

Pk 43 Principal content
Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCY PC10 PC11
- LC -0.128 0.048 0.579 0.217 0.067 -0.353  -0.023 0.059 0.207 0.193 0.307
R M LUS 0.108 0.546 0.148  -0.132 0.244 0.130 0.129  -0.150 -0.305  —0.244 0.111
& LSP -0.247 0.587  -0.413 0.058 0.105  -0.140  -0.139 0.094 0.255 0.194  -0.222
BB LCS -0.265 0.007  -0.424 0222 -0.152 0.051  -0.002 0373  -0216  -0.258 0.246
M S LT -0.045 0212  -0.026  -0.548 0.085 0.263 0231  -0.096 0.513 0.193  -0.003
- BELRE LTS ~0.464 0.418 0.141  -0.049 0.069 0.105 0.249 0.044 0303  -0.366  —0.053
5% DLT -0.599 0.220 0.287 0.098 0.067 -0.092  -0.056 0.200  -0.289 0298  -0.112
MR EE LTD 0.570 -0.354  -0.351 0.233 0.025 0232 -0.234 0.043 0.134  -0.152 0.071
nILIEA LBS 0.223 -0.338  -0.049  -0.148 0370  -0.004 0.411  -0.270 0.133  -0.042 0.264
MRIEZS LTS 0.584 -0.499 0.021 0.222 0.025  -0.210 0.154  -0.067 0.030 0.002 0.006
MZIEAE LMS -0.428 0.117  -0.156 0.426  -0.012 0.018 -0296 -0311  -0.037 0.032 0.449
AL t8 PC 0.145 0.358 0251  -0.661  -0.061 0.042  -0.228 0.111  -0.243  -0.200 0.143
ACHE L PT 0.020 0.001  -0.388 0.121 0.409 0.394 0.398 0.402  -0.041 0.127  -0.169
T IEE OP 0.060 0.107 0.466 0226 -0.196  —0.048 0.086 0.535 0332 -0.134 0.128
¥R 24 SPS 0.275 0.670  -0.045 0.128  -0.060  -0.076 0.089 -0.148  -0.152  -0.126  -0.092
S A A X 0.035 0.457  -0.050 0.190  -0.318 0.410 0.274 0.056  -0.078 0.208 0.403
RHGA
SRR FS 0.534 -0.057 0.371 0.488 0.205  -0.106 0.125  -0.091 0.021 0.015  -0.022
FFIEIR SS 0.148 -0.002  -0.027 0.381 0.127 0.630  -0.219 0.013 0.034 -0317  -0.072
Rz gifa SCC 0.033 -0.081 0416  -0.238 0.022 0.484  -0.374 0.218 0.104 0.182 0.215
M LL 0.570 0.729  -0.141 0.056 0.112  -0.146  -0.158 0.069  -0.041 0.089  -0.011
55 LW 0.881 0.098 0.021  -0.151 0.019 0.058 0.081 0.049  -0.236 0.215 0.036
MR LA 0.794 0.487  -0.061  —0.053 0.061  -0.059  -0.055 0.080  -0.152 0.162  -0.015
K98 LWR -0.334 0.695  -0.213 0.227 0.111  -0247 -0300  -0.029 0209 -0.111  -0.081
kX% LVL 0.348 0.551  -0.332  -0.082 0.171  -0.227 0.174 0.068 0232  -0.033 0.374
NS -0.197 -0.204  -0.058 0.275 0.705  -0.030  -0.075 0.305  -0.080 0.248 0.061
5@ A/N CD 0.427 -0.106  -0.103 0.080  -0.495  -0.240 0.301 0.333 0.103 -0.117  -0.074
AL NP -0.581 -0.068  -0.267 0.103  -0.086  -0.081 0.441  -0.172  -0.205 0.048 0.147
A K SL -0.033 0.243 0.144 0308  -0.585 0.162 0.160  -0.008  -0.074 0.198  -0.121
AT 24 NSP -0.212 0.099 0.442  -0.037 0370  -0.185 0.246 0224 -0242 -0312  -0.020
W5k FZ 0.455 0.222 0.393 0.417 0.117 0.128 -0.018  -0.281 0.136  -0.087  —0.130
R T AN SZ -0.295 0.447 0.296 0.177 0.027 0.338 0304 -0.198  -0.015 0.118  -0.155
FRIE(E 4.907 4.164 2.430 2212 1.926 1.723 1.617 1362 1.256 1.083 1.032
Eigenvalue
DUk (%) 15.83 13.43 7.84 7.14 6.21 5.56 5.22 439 4.05 3.49 3.33
Contribution
STk (%) 15.83 29.26 37.10 44.24 50.45 56.01 61.23 65.62 69.67 73.17 76.49
Cumulative

contribution
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