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Abstract: [ Objective ] This study aimed to analyze the genetic diversity of phenotypic traits of tea germplasm
resources from Jiuwan Mountain, Guangxi, providing theoretical reference for tea origin and evolution studies, superior
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gene mining, and germplasm innovative utilization and conservation. [ Method] A total of 120 tea germplasm resources
from Jiuwan Mountain, Guangxi were taken as research materials. A total of 19 phenotypic traits of them (including 13
qualitative traits and six quantitative traits) such as tree architecture and leaf morphology were determined, and genetic
variation analysis, correlation analysis, principal component analysis, and cluster analysis were performed to systemati-
cally evaluate the major phenotypic traits and their genetic diversity. [Result] Most tea germplasm resources from Jiuwan
Mountain, Guangxi, were shrubs (61.67%) and semi-arbors (35.00%) ; semi-spreading type accounted for the largest
proportion (45.00%) , followed by erect type (30.00%) and spreading type (25.00%). Leaf insertion angle was mainly
flat type (70.00%). Leaf color was dominated by green (74.17%) , followed by light green (19.16%). Leaf apexes were
mainly acuminate (38.33%) and acute (36.67%). Leaf bases were mostly cuneate (74.17%). Leaf blades were mainly
flat (57.50%) and involute (39.17%). Leaf surfaces were mainly slightly convex (38.34%) and relatively smooth
(30.00%). Leaf margins were mainly flat (87.50%). Leaf texture was relatively soft or brittle (each accounting for
34.17%). Leaf serration density were mostly moderately (55.84%) and intensely (38.33%) dense; leaf serration depth
was moderate (58.33%) or shallow (25.00%) ; leaf serration sharpness was mainly sharp (47.50%) or moderately sharp
(45.83%). The average Shannon-Wiener diversity index (H') of 13 qualitative traits was 1.31, with coefficients of varia-
tion ranging from 25.01% to 45.07%. The average H' of six quantitative traits was 2.03, and the coefficients of variation
ranged from 13.83% to 38.63%. Correlation analysis showed that 11 pairs of traits had extremely significant positive corre-
lations, nine pairs had significant positive correlations, 10 pairs had extremely significant negative correlations, and 10
pairs had significant negative correlations. Principal component analysis extracted the first seven principal components
with a cumulative contribution rate of 67.29%, and five superior germplasms with high comprehensive scores for leaves
were screened according to principal component scores. Cluster analysis showed that the 120 germplasm resources were
divided into seven groups at a Euclidean distance of 5.38: Group I and Group II had more germplasms, making up
75.83% of all materials; LZ099 and LZ110 in Group V, along with LZ034 and LZ081 in Group III, could serve as vital
materials for tea breeding for their good characteristics such as big leaves and double buds. [ Conclusion ] Phenotypic traits
of tea germplasm resources from Jiuwan Mountain, Guangxi show rich genetic diversity, with great development poten-
tial for breeding new distinctive tea varieties and innovative utilization of germplasm. Rare group conservation and explo-
ration and utilization of core germplasms should be strengthened.
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Table 1  Valuation standard for qualitative traits
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Table 2 Grade-level frequency distribution of qualitative traits
of tea germplasm resources from Jiuwan Mountain, Guangxi

E27N SRR (%) Frequency distribution
Trait 12 3 4 5 6 7
I Tree architecture  61.67 35.00 3.33

P4 Tree habit 30.00 45.00 25.00

B A A 8.33 70.00 21.67

Leaf insertion angle
€4 Leaf color

19.16 2.50 74.17 4.17

242 Leaf apex 0.83 24.17 38.33 36.67
IH2E Leaf base 74.17 25.83
- Leaf blade 39.17 57.50 3.33

17 Leaf surface 20.83 30.00 38.34 10.00 0.83
% Leaf margin 87.50 11.67 0.83

I J5i Leaf texture 5.83 34.17 34.17 15.83 4.17 5.83
R 5.83 55.84 38.33
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Table 3 Grade-level frequency distribution of quantitative traits of tea germplasm resources from Jiuwan Mountain, Guangxi

[N I AN (%) Frequency distribution

Trait 1 2 3 4 5 6 7 8 9 10

K Leaf length 0.83 2.34 8.51 1269  20.87  22.04 11.69 14.69 3.01 3.34
53¢ Leaf width 0.50 2.34 10.03 17.39 1421  20.07 15.22 8.03 10.54 1.67
I X Leaf area 0.33 2.67 10.02 17.36 11.69  25.04 15.19 8.01 3.01 6.68
I PkXF4% Vein pair number 1.01 3.02 7.04 1407 20.10 17.09 15.24 14.74 6.03 1.68
1 2£ 2K Length of one bud and two leaves  0.34 3.70 7.07 1414 2357 2121 12.96 12.12 1.52 3.37
[ 2f 7 Hundred-bud weight 0.34 2.69 5.56 21.55 1936 2222 16.50 6.73 0.00 5.05
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Table 4 Difference and diversity analysis of phenotypic traits of tea germplasm resources from Jiuwan Mountain, Guangxi

PER M brif 22 FoME FRME gl AR R E(%) H
Trait Average  Standard deviation Minimum Maximum Range Coefficient of variation

# 7Y Tree architecture 1.42 0.56 1 3 2 39.45 1.12
F % Tree habit 1.95 0.74 1 3 2 38.10 1.54
I F %5 4= /i £ Leaf insertion angle 2.13 0.53 1 3 2 25.01 1.14
I{% Leaf color 2.63 0.84 1 4 3 31.88 1.10
4R Leaf apex 3.11 0.80 1 4 3 25.64 1.61
I3 Leaf base 1.26 0.44 1 2 1 34.93 0.82
it Leaf blade 1.64 0.55 1 3 2 33.31 1.15
17 Leaf surface 2.40 0.96 1 5 4 39.84 1.91
%% Leaf margin 1.13 0.37 1 3 2 32.22 0.59
i Leaf texture 3.02 1.36 1 7 6 45.07 2.15
1% Leaf serration density 2.33 0.58 1 3 2 25.04 1.24
-5 Leaf serration depth 1.92 0.64 1 3 2 33.54 1.38
{88 Leaf serration sharpness 1.59 0.61 1 3 2 38.63 1.29
K (cm) Leaf length 9.86 1.42 5.72 14.10 8.37 14.37 2.07
IF5& (cm) Leaf width 3.69 0.53 2.59 5.23 2.64 14.42 2.06
I FL (cm?) Leaf area 26.18 6.62 12.38 43.71 31.33 25.28 2.03
kX% Vein pair number 10.17 1.41 7.03 13.53 6.50 13.83 2.11
1ZF 21K (em) 4.97 0.90 2.30 7.82 5.52 18.15 2.01
Length of one bud and two leaves

H %1 (g) Hundred-bud weight 21.43 6.48 7.78 53.22 45.44 30.23 1.92




- 1814 -

B R b ¥R

57 %

K& I) e G 4R B TR A R R
i, Horp, L2099 (i FR 43,71 en?, T A8 37.22 g) .
LZ110 (1 FL 41.24 em?, H 2£ 5 30.23 g) £ LZ061
(MR 40.97 cm?, 25 30.47 g) e H K 5 HE 2
e, TR s 7 8 Bl OEASRORHIN LRI A 5 B4R
LZ066 Fl1 LZ119 M- FREEK | 1k 42.80 F141.35 em’,
(B ZEEAH 23.29 F120.92 g, AT EAE KA 5E
A, LZ104.LZ067 .LZ011 F1LZ041 255159035 .
2.5 TAAFTLUENMBRERBESER

1203 ) PG LT L AS P 5 05 1 19 A~ 7 1
ARPATEIE T, A5 (81 3) s eI 25 5.38 4L,
AL 120 47 5T 55 P50 43 £ R 2EHE . SEI2EHEIL
SSUFPIER, A K, FEBAFAE AL LIEACR 32

W2 Jp ek e 5 AR AR LT R s 2, 6 LA
g R RIS RIETR N 32, i3 2 R T
B DSV RN PS4 A =, I T DA RN A
W25 22 J -, it I ARSI PN SR 30k 32, i 2 1
PAHOREE A 3 G R EE DA 3 S R DL RN
Ry 2 SR DA RN B R AR O URURRE . SR
AL 36 A oT , = EEHFAE BB LAE AR TR R
h 3 B DL TR AR R T 0 R B A A AR
JEATT Ak 32, i LASR €8 R 32 R DL SRR
A ML LAY N 3=, i B LUSF RS S T DA
RE RN o =, o DA R RO M o =, (A
A I A RO LR . SRTTIE RS 4 007
Fh i (LZ012 . LZ034 . LZ049 . LZ081) , F= B HRAF « )

Fig. 1

gl 0.0710. 066 0. 078 0. 28 0. 031-0. 11 -0. 16 0. 096 0. 057 ~0. 21 ~0. 11-0. 03-0. 042-0. 11-0. 072-0. 13-0. 060-0. 12 1.00
A 0.14-0. 00270. 096-0. 089.0. 024:0. 0540. 056 0. 10 0. 0380. 00880. 10 0. 15 -0. 24 -0: 23 0. 048 0. 0400. 0044
I F 5 4 ~0.00250. 18 0. 16-0. 036-0. 140, 037 0. 19-0. 0320. 0650. 091 0.32 0081 0.20 0.18 0.12 0.17 0.80
-, -0.0780.0830.17 0.21-0.0580.13 0.21 0.15-0. 032-0. 12 0. 046-0. 032-0. 22-0. 0380. 03
-2 | sk * ~0.20 0. 032-0. 0900. 037 -0. 13-0. 29 0. 12 ~0. 13 0. 30 0. 069, 0. 24 0. 083 0. 049-0. 03 0.60
-2 * -0. 14-0. 0280. 045-0. 0640. 063 -0. 19 0. 083 -0. 10 0. 17 0. 022 0. 035 -0. 15-0. 04
= 0.230.20 0.0310.026 0. 11 0.011-0. 0100. 079 0. 036-0. 0670. 089-0. 02 040
IH- 1 * * -0.130.072 0.11 0.15-0. 0770. 00260. 14 0. 081 0. 069-0. 0540. 04
%% * 0.18 -0.170.012 0.17 0.11 0.095 0. 11-0. 00670. 10-0. 06 r0.20
-5 * * 0.13 0.098-0: 10 -0. 42 ~0. 23 -0. 35 -0. 20 0. 16 -0 17
588 35 | C* * G 0.095 0. 21 -0 40 ~0. 30 0. 40-0. 0140. 0540. 073 - 0.00
P VR 3 * -0.49-0.19-0.12-0. 18-0.11 0.16 0.11
-5 B ) @ 0.11 0.12 0.13 0.025-0.26-0. 1 --0.20
K %% %% @« 0.56 0.86 0.42 0.22 0.24
-5 ok ) Gk @ 0.860.0000.047 0.12 -0.40
AR = x ok ) @) - o206 02
I ko % * Gek) 4 ok 0.11 0.17 -0.60
1252 MK FK) (* 0.81
HAEE %k * y 4 -0.80
oM@ LW xR LG = N e
EEE& LT T £ F TEXE LT ETEETETR -1.00
H "o T=q @
iz T == )
i —
=
B 1 JEAGLFEEMREERSREMEKEREX ST

Correlations analysis of phenotypic traits of tea germplasm resources from Jiuwan Mountain, Guangxi
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Table 5 Eigenvalues and variance contribution rates of principal components

HHIH 3 5P R ik AH 2 (P<0.05) A i A 9¢ (P<0.01)

* indicated significant correlation (P<0.05), ** indicated extremely significant correlation (P<0.01)

F WIRIRES FEIEATF 5 TEAE A AT - 5 Al
Principal The initial Extraction sum of squared loading Rotation sum of squared loading
component FRfiL{  JyZETIsriL RiFTUELE PR JrEnsrt Bt viEeR R Emsre Bk
Eigenvalue (%) (%) Eigenvalue Percentage of (%) Eigenvalue (%) (%)
Percentage of ~ Cumulative variance Cumulative Percentage Cumulative
variance contribution rate contribution rate of variance  contribution rate
PC1 3.51 18.48 18.48 351 18.48 18.48 3.20 16.84 16.84
PC2 221 11.62 30.10 221 11.62 30.10 1.91 10.03 26.87
PC3 1.76 9.28 39.38 1.76 9.28 39.38 1.75 9.19 36.06
PC4 1.66 8.76 48.14 1.66 8.76 48.14 1.63 8.55 44.61
PC5 1.33 6.98 55.12 1.33 6.98 55.12 1.49 7.85 52.46
PCo6 1.21 6.36 61.48 1.21 6.36 61.48 1.47 7.74 60.19
PC7 1.11 5.82 67.29 1.11 5.82 67.29 1.35 7.10 67.29
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Table 6 Loading of principal components of different traits

AL E LZ004 2 1 BT, 2 ZREAE « 4 RUHE AR, B
AL, SRR, it Bad i, DAt R g ik [EDE it
R A g 5 T S LA SR X 4. B VIS B AL
5 3 F T (LZ054 . LZ065 . LZ067 . LZ104 . LZ120) , &
FERRAE T LU T AR Ry 32, W ST LA 2 s R A
T, RN (AR 12.38~19.41 cm?) |, J& T/ i
JERIZEHE . 2R LA, ) VY LT L AR o o 5 i %
RZRMEF S, LIRSS I R IE A (ot &
H AP E SR E R e, Hh ST 2R R
FBE, R B 75% DL B S VREER
LZ034 FEETZEREAY LZ081 K HA K | H 4 4540
RAFRE, AE RSB R0y SRR AR

IR Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7
H A Tree architecture -0.01 -0.14 -0.04 -0.70 0.16 0.26 -0.01
R%E Tree habit -0.39 0.11 0.28 -0.02 0.48 -0.05 0.17
I %5 A A Leaf insertion angle 0.18 0.16 0.19 -0.11 0.65 -0.03 -0.12
I, Leaf color 0.01 -0.02 -0.01 0.18 0.16 0.82 -0.09
42 Leaf apex 0.35 -0.19 -0.46 -0.41 0.35 -0.13 0.00
- Leaf base 0.04 0.00 0.35 0.00 -0.61 -0.09 -0.11
It Leaf blade 0.09 -0.02 -0.15 0.42 0.18 021 0.53
I Leaf surface 0.14 -0.20 -0.21 0.64 0.02 0.23 -0.04
4% Leaf margin 0.08 -0.02 0.12 -0.12 -0.01 -0.10 0.81
)5 Leaf texture -0.43 -0.10 -0.10 -0.05 -0.16 0.28 0.41
1% & Leaf serration density -0.50 0.11 0.01 0.44 -0.03 0.16 -0.30
-G VRE Leaf serration depth -0.16 0.12 -0.74 0.16 0.03 0.07 0.12
541 B Leaf serration sharpness 0.13 -0.22 0.75 0.00 0.12 -0.01 0.18
K- Leaf length 0.83 0.14 0.07 -0.01 0.26 -0.24 -0.02
5% Leaf width 0.84 0.07 0.13 0.12 -0.20 0.15 0.08
I Leaf area 0.95 0.13 0.09 0.04 0.02 -0.03 0.04
K4 Vein pair number 0.22 0.06 0.07 0.29 0.29 -0.63 -0.18
1 2£2 K Length of one bud and two leaves 0.11 0.89 -0.21 -0.02 0.12 -0.03 0.00
T4 21 Hundred-bud weight 0.13 0.92 -0.07 0.05 0.06 -0.04 -0.07

R7T TRERESERSHF[S RH

Table 7 Matrix of principal component score coefficients of principal components of different traits

PR Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7
#47Y Tree architecture 0.02 -0.04 -0.02 -0.45 0.09 0.24 -0.07
7S Tree habit -0.19 0.08 0.21 0.03 0.35 -0.03 0.13
I 25 4 Leaf insertion angle 0.01 0.04 0.15 -0.03 0.44 0.07 -0.11
{4, Leaf color 0.07 0.02 0.08 0.06 0.17 0.62 -0.14
2R Leaf apex 0.12 -0.19 -0.32 -0.22 0.19 -0.08 -0.03
IH-3E Leaf base 0.02 0.07 0.18 -0.03 -0.42 -0.05 -0.06
& Leaf blade 0.04 -0.02 -0.07 0.28 0.14 0.08 0.39
I-TA] Leaf surface 0.09 -0.17 -0.12 0.40 0.07 0.10 -0.05
%% Leaf margin 0.00 0.05 0.05 -0.04 -0.04 -0.12 0.62
IFJ5¢ Leaf texture -0.11 0.02 -0.03 -0.05 -0.09 0.12 0.30
1M1k %5 i Leaf serration density -0.15 0.06 0.06 0.25 0.05 0.08 -0.21
5 ¥R % Leaf serration depth -0.02 0.01 -0.42 0.08 0.00 -0.05 0.11
{55 ¥ Leaf serration sharpness 0.01 -0.06 0.43 0.04 0.12 0.05 0.11
K Leaf length 0.24 0.00 0.01 0.02 0.12 -0.08 -0.01
IH-9% Leaf width 0.30 0.03 0.06 0.05 -0.17 0.18 0.04
T Leaf area 0.31 0.03 0.03 0.02 -0.04 0.07 0.02
I KX 4L Vein pair number 0.01 -0.07 -0.01 0.25 0.19 -0.44 -0.09
1 2£ 21K Length of one bud and two leaves -0.01 0.48 -0.05 -0.06 0.00 0.04 0.06
'H % Hundred-bud weight -0.01 0.50 0.04 -0.02 -0.04 0.05 0.01
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Fig. 2 Comprehensive scores of leaf traits of tea germplasm resources from Jiuwan Mountain, Guangxi
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Fig. 3 Cluster of tea germplasm resources from Jiuwan Mountain, Guangxi
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