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Phenotypic Diversity Analysis and Comprehensive Drought
Tolerance Evaluation of 57 Superior Hevea brasiliensis

Clones

LI Xiaogin, ZHANG Fengliang, YANG Tian, ZHOU Yan, WU Yu

(Yunnan Institute of Tropical Crops/Yunnan Key Laboratory of Sustainable Utilization Research on Rubber Tree, Jinghong 666100)

Abstract: This study investigated 57 superior Hevea brasiliensis clones collected from first-generation rubber
plantations in China. A total of 25 quantitative traits were determined, including stem circumference, leaf
morphological features, and anatomical structure. The variation extent, genetic diversity indices, and correlations
among these traits were further analyzed. Based on the comprehensive set of phenotypic traits, systematic cluster
analysis and principal component-based evaluation were subsequently conducted. The results indicated that all 25
phenotypic traits exhibited highly significant differences among the 57 superior H. brasiliensis clones. The
coefficient of variation (CV) ranged from 7.26% to 45.29%. Among them, the CV of stem circumference at the
seedling stage (the first year) was the largest, while that of the left vein width/leaf width ratio was the smallest. The
phenotypic genetic diversity index ranged from 1.018 to 2.188, with leaf area showing the highest diversity index
and the left vein width/leaf width ratio exhibiting the lowest. Among the 25 phenotypic traits, except for left vein
width/leaf width, leaf vein number, midrib thickness, leaf vein angle, palisade to spongy tissue ratio, lower

epidermis thickness, and cell structural looseness, which showed no significant correlation with most other traits,
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the majority of the remaining traits exhibited highly significant or significant correlations. Notably, the positive
correlation coefficients between stem circumference and leaf area, leaf length, and leaf thickness all exceeded 0.8.
Among the leaf anatomical structure, indicators such as leaf thickness, cuticle thickness, palisade tissue thickness,
spongy tissue thickness, and upper epidermis thickness showed highly significant or significant pairwise
correlations (only the correlation between palisade tissue thickness and spongy tissue thickness was not
significant). Moreover, these anatomical parameters were also showed highly significant or significant correlations
with most leaf morphological traits. Systematic cluster analysis classified the 57 superior clones into six distinct
groups. No clear relationship was observed between the clustering results and the geographic origins of the clones.
Approximately half of the clones were grouped into Group I. Groups IV and V exhibited desirable traits such as
larger stem circumference and leaf area, sparse vein distribution, and greater thickness across various leaf
anatomical parameters. Based on cluster analysis and principal component comprehensive evaluation, six superior
clones with fast-growing and strong drought resistance were screened out, namely No. 7, 10, 33, 27, 46, and 14. By
the seventh year, the stem circumference of all these clones had exceeded 52 cm. Among them, No. 7 and No. 10
were triploid clones. This study adequately demonstrates the phenotypic diversity of scattered superior tree
resources in domestic rubber planting areas, providing valuable genetic materials for parental selection and
targeted breeding in H. brasiliensis improvement.

Key words: Hevea brasiliensis; growth; leaf morphology; leaf anatomical structure; phenotypic diversity;

comprehensive evaluation
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Table 1 Basic information for the 57 superior H. brasiliensis clonal original plants

%' E G BFE (m) I IR R (m) KA

No. Stem circumference  Crown base height ~ Straightness Branch angle Altitude Collection location

1 135 3.7 H 30~60 600 5 FE P XU AR N stk Tl
2 128 35 H 30~60 620 5 FE P XU AR N stk Tl
3 159 43 H <30 620 2 PR M Sk
4 160 24 H <30 600 5 FE P XU AR stk Tl
5 570 T TR AR stk Tl
6 680 2 PR M S
7 160 2.7 <30 650 5 FE P XU AR stk Tl
8 TR E T RER

9 600 B P UG S5 gk
10 152 22 H <30 800 2 AR T
11 150 26 30~60 - 2 R I T A A
12 50 TR R L
13 I K L
14 70 TR R L
15 150 3.1 H 30~60 55 T AR T A )
16 50 TR A [ B



17 150 39 H 30~60 45 TR TR
18 - - - - 685 Z PR Sl
19 - - - - 620 Z P PRGN Sl
20 - - - - 620 Z PRGN Sl
21 - - - - 650 T T XU stk 1l
22 - - - - 650 = T T XU stk 1l
23 - - - - 600 Z PRGN S Tl
24 - - - - 650 T T XU stk 1l
25 - - - - 600 T T XU stk 1l
26 113 10 H 30~60 800 25 T i T T
27 161 6 H <30 780 AR N ER N
28 87 2.2 H 30~60 800 25 T 2 i T T
29 240 2.4 GE D) 30~60 800 AT N ER N
30 88 25 - <30 138 2 LR 1 B
31 72 238 - 30~60 150 2 LR 1 B
32 147 25 H 30~60 120 2 B LR 1 B
33 106 35 e >60 1050 2 PR AN B L
34 131 35 H <30 910 2 PR AN B
35 170 25 H 30~60 928 = TG XU Bhifg £
36 117 2.1 - 30~60 128 2 B LR 1 B
37 151 2 g 30~60 938 = T XU Bhifg £
38 143 2 H 30~60 920 = TR Bhifg £
39 180 22 i 30~60 911 BN BT R
40 174 22 H <30 900 BN BT
41 150 4 H 30~60 290 ZESCUN DR E
42 180 4.3 H 30~60 290 ZESCUN DR
43 120 3 H <30 210 =R SO MRS B
44 147 5 H 30~60 893 BN BT R
45 166 35 H 30~60 893 BN BT
46 146 25 H 30~60 893 BN BT
47 128 25 H 30~60 128 P EARGPVMONE=Y
48 100 5.6 H >60 973 2 B I i O i
49 105 8 H >60 940 = A P Hi T
50 280 3 H 30~60 960 BN BT
51 115 2 H 30~60 900 BN BT
52 120 3 H 30~60 900 BN BT
53 123 2.3 H 30~60 900 BN BT
54 - - - - 920 BN BT
55 - - - - 950 = FE VXU Bh it £
56 - - - - 800 = A P Hi T
57 - - - - 800 2T R T 1
— RN R

—indicates data missing
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Table 2 Leaf morphological indicators and measurement standards of superior H. brasiliensis clones

1845 Indicators W E:FR#E Measurement standard & J7¥2: Measuring method
FH LL T 0 28] Pt ) o LB YMJ-D TR
M LW P i B A 1 B YMJ-D A A AX
AR LA 7 R T YMJ-D AR
/g LLILW USSR i
/MR PEL P iy 28 - 1 BR
AN/ PEL/LL TH A 5 PR BB 5
/N PUL NP O K 20 R HR
JiH:EH WBD It 5 G AL B 2 HR
FEHEHE/H WBD/LL S L5 I A LU 2
Jik7e 56 LVW T 52 i Ak 7 5 38 K P HR

K BEIT 55 LVWILW ik e e 5 v B A AR 2
HHBK#C LVN B35 30 25 7 A PN I B T
Wik % B2 VD BER K 5L 5
EWH MT T e S A 2 R bR R
HHIK A LVA T LT A 00 2 ok 5 o 5 D S Ay B

LL: Leaf length; LW: Leaf width; LS: Leaf area; LL/LW: Leaf length/Leaf width; PEL: Petiole length; PEL/LL: Petiole length/leaf length;
PUL: Pulvinus length; WBD: Wide basal distance; WBD/LL: Wide basal distance/ leaf length; LVW: Left vein width; LVW/LW: Left

vein width / leaf width; LVN: Leaf vein number; VD: Vein density; MT: Midrib thickness; LVA: Leaf vein angle; The same as below.
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Table 3 Analysis of variation and genetic diversity of stem circumference

FHRS AR 72

BME BOKME B P o kR
AR (B 1) % 2 (cm) (%) i A5 R

(cm) (cm) (cm) %
Year (age) Range Relative SD (%)CV

Min Max Mean H’

range

2018 (1) 3.25 9.28 6.03 118.24 5.10** 2.31 45.29 1.432
2019 (2) 7.30 15.53 8.23 77.24 10.66** 2.82 26.46 1.655
2020 (3) 13.40 25.69 12.29 65.85 17.66** 4.38 23.48 1.559
2021 (4) 15.96 35.40 19.44 75.83 25.64** 4.89 19.09 1.635
2022 (5) 23.46 44.93 21.47 63.25 33.94%* 5.65 16.64 1.666
2023 (6) 31.94 52.07 20.13 47.81 42.10** 6.22 14.78 1.594
2024 (7) 36.68 58.12 21.44 44.30 48.40** 6.61 13.65 1.637

*HRORAEEAE P<O.0L KV BB EZESR; N

** indicates that there is a highly significant difference between the treatments at the P<0.01 level; The same as below
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SC: Stem circumference; CAl: Current annual increment; MAI: Mean annual increment



1 BN it RZE T L& E
Fig. 1 The variation of stem circumference of superior H. brasiliensis clones

222 R IEMRMAESIFEER SN 15 M A ESFHEN RIS R ERE (R,
SARTCNE FR A 55 PR 22 ¥k 3 T M B KF, B KRB 7.26%~45.10%. b, 1
Jik#y (45.10%) . /NAHFEAC (37.38%)  /NIHARK (37.09%) . ENKHH (36.14%) . /it
WK/ (32.67%) FIMFIHAR (26.72%) RIHFE LR, HAEBKMBESRET,
AT E R AT O R . TS SR/ RE (7.26%) FHBKIE S (9.25%) AR SEFEE R,
BAREE RO, TEAFRE N R fa e . — ekt HD M ZEtiok, SRR, mARE,
Horbhmbbige s ANHERRR S NIRRT T ARURE S (R AR R R ZE 3R, E— 2D T
KRR SR =, BREE.

15 M R IEAS TR B AL Z A Fe S v 1.018~2.188, “FIIME N 1.664, HrmrHfd
Mg AE Z AR O OR, HRI KBS FE /N A iR e /i B 5 R 38 £ 2 REPE 4R 4K
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Table 4 Analysis of variation and genetic diversity of 15 leaf morphological traits

RN BAME EBOKME RE HIRRZE®%) FHIE TRRE eI
Traits Min Max Range  Relative range Mean (%)CV H'
M (em) LL 1034 2044  10.10 64.37 15.69+42.81** 17.90 1.779
HgE (em) LW 6.53 9.47 2.94 37.93 7.7540.90** 11.67 1.705
A (cm?) LA 5430  116.00  61.70 72.50 85.10-422.74** 26.72 2.188
/3R LLILW 133 2.72 1.39 68.41 2.0340.36** 17.70 1.868
K (em) PEL 0.56 1.90 1.34 124.94 1.0740.40%* 37.09 1.796
/NI PEL/LL 0037 0117 0.080 117.45 0.06820.022%* 32.67 1.875
ALK (em) PUL 0.50 2.08 1.58 190.09 0.83340.311** 37.38 1.710
WHEE (cm) WBD 1018  13.80 3.62 30.86 11.73:41.34** 11.39 1.674
S HEPE/H-K WBD/LL 0.66 1.10 0.45 58.34 0.76420.127** 16.64 1.572
k% (em) LVW 3.22 459 1.37 35.76 3.8340.51** 13.41 1.612
Jik /2 S5 I 55 LVWILW 0.46 0.54 0.09 17.60 0.49420.036%* 7.26 1.018
ik LVN 16.20  24.70 8.50 41.61 20.4349.21** 45.10 1.331
FEKK (mm) VD 1.25 171 0.46 31.97 1.4440,52%* 36.14 1.186
MK (4%/m) MT 9817 20071 102.54 77.87 131.67426.36** 20.02 1.927
MRS () LVA 4885 6725  18.40 31.18 59.0145.46** 9.25 1.713

2.2.3 MMTMERMBERNEWLESR SR 9 DA R A TEIRIA R o Hra R R (RS,
BARIRETCNE R 0] 22 S SIE B TR KT, 225 R BGEHDY 10.42%~38.91%, Hri R
B )R REAR 5 2 Kk, FLUCH B ARR R B AN L AR R R BB AR, M T
20%; AANEE K B E LRSS R RA FE PSR AR IS 57 R BBV, KT 15%.

9 AN A A A R AR (R A a8 A 2 R TR BGE B D 1.261~1.957, ~¥{E 7y 1.819. H



H, R TR AL 2 VRSBV, W TR R EE A Sy HABPRAR A 4%
ZRVETR B ROR, RYTIZEER A B 2R, A 2.

ARG BREH (B 2) Bor, IR otk 2R A i B3R T 20 N R4S
WZERBOR, RIFEA. ERIOMAZHS BRI RA R, S0 R%, NRmE
SR AN ERR A ML A 1, RS BAR -
x5 9 AMBRISHIERNERBRIEE SO

Table 5 Analysis of variation and genetic diversity of 15 leaf anatomical structure traits

PER mAME RKE S WE S HXRE(%) SR E R AE(%) LR EE
Traits Min Max Range  Relative range Mean cv H
MRS (um) TL 137.42  236.40 98.98 53.39 185.37438.22** 20.62 1.860
fRZEE (um) TEC 2.61 5.21 2.60 68.44 3.8040.81** 21.39 1.898
MHLHGUESE (um) TP 58.02  120.60 62.58 73.94 84.64416.33** 19.29 1.875
HAALERE (um) TS 48.92 8350  34.58 49.16 70.34+11.77%* 16.73 1.909
HHEE TPITS 0.82 1.78 0.96 78.29 1.2340.27** 21.97 1.822
REJEE (um) TUE 9.50 17.76 8.26 55.74 14.8242.39%* 16.10 1.957
TREERE (um) TLE 8.73 2534  16.61 137.54 12.0844.70%* 38.91 1.261
N5 R E (%) CTR 36.6 54.2 17.6 38.74 45.00+5.01** 10.42 1.932
LB RE (%) SR 30.6 45.4 14.8 38.97 38.02+4.23** 11.49 1.854

TL: Leaf thickness; TEC: Thickness of cuticle; TP: Thickness of palisade parenchyma; TS: Thickness of spongy parenchyma; TP/TS:
Thickness of palisade parenchyma/ thickness of spongy parenchyma; TUE: Thickness of upper epidermis; TLE: Thickness of lower

epidermis; CTR: Cell tightness ratio; SR: Spongy ratio; The same as below

Cu: fifif; Ue: L3RH: Pp: MHZHZY: Sp: W4RZHEY: Le: FRE: 5K L FH
Cu: Cuticle; Ue: Upper epidermis; Pp: Palisade parenchyma: Sp: Spongy parenchyma; Le: Lower epidermis; No. are the same as in table

1; The same as below

[ 2 ZF REEE TR SRR 5 R 454
Fig. 2 The anatomical structure of the leaves of some superior H. brasiliensis clones under an optical microscope
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“and™"means significant correlation at P<0. 05 and P<0.01 level, respectively

B3 25 MREMIREEX S
Fig. 3 Correlation analysis of 25 phenotypic traits
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Fig. 4 Cluster analysis of 57 superior H. brasiliensis clones
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Table 6 Factor loading matrix and contribution rates of principal components for each trait

E %4 Principle factor

PR Traits
1 2 3 4 5 6

25l sC 0.893 0.251 0.121 -0.042 0.085 0.036
M LL 0.932 0.023 -0.161 0.217 0.077 0.042
B LW 0.326 0.590 0.584 -0.373 -0.054 -0.163
AR LA 0.918 0.293 0.118 -0.056 0.028 -0.084
/B LL/LW 0.672 -0.292 -0.472 0.407 0.081 0.133
/N PEL 0.737 -0.160 -0.360 -0.350 -0.047 0.103
NI PEL/LL 0.497 -0.220 -0.376 -0.538 -0.108 0.112
NHREK: PUL -0.420 0.213 0.602 0.419 -0.104 0.221
S5 3R WBD 0.516 0.210 0.242 0.440 0.168 0.267
S BEPE/HK WBD/LL -0.794 0.100 0.352 0.019 0.088 0.124
Jik 72 %6 LVW 0.402 0.561 0.460 -0.394 0.073 -0.083
ik e g ot 5 LVWILW 0.258 -0.041 -0.344 -0.392 0.391 0.224
KA LVN 0.092 -0.146 -0.266 0.231 0.812 -0.164
Bk E E VD -0.801 -0.100 0.030 -0.063 0.479 -0.087
Tk MT 0.103 0.515 0.406 -0.139 0.094 0.229
K A LVA -0.215 0.392 0.217 0.222 0.568 -0.209
W R TL 0.903 0.086 0.079 0.108 0.125 -0.168
F S TEC 0.489 0.154 0.027 0.395 -0.180 0.381

M2 SR E TP 0.808 -0.315 0.358 0.030 0.142 -0.143



A LEE TS 0.514 0.629 -0.392 0.117 0.062 -0.190

HHEE L TPITS 0.393 -0.707 0.574 -0.044 0.065 -0.010
R JEEE TUE 0.548 0.214 0.120 0.301 -0.190 0.013
TREJEETLE -0.097 0.108 0.045 -0.311 0.440 0.640
MM L5 B % E CTR 0.450 -0.670 0.538 -0.074 0.101 -0.081
N S5 AL L SR -0.307 0.723 -0.577 0.034 -0.040 -0.058
FHIEMH Eigenvalue 8.595 3.577 3.304 2.030 1.780 1.051
TUHk% (%) Contribution rate 34.38 14.31 13.22 8.12 7.12 421
Bl TTEk% (%) Cumulative contribution rate 34.38 48.69 61.90 70.02 77.14 81.35

ZE4 64 F2 S AR SR BR BT R R ) SR AR, R 7 6 S 2 By 1 R R IA X,
B 5 LA E R BT 0 o Bk R E O BCE # o E R g A R R D, )
F=0.344F1+0.143F,+0.132F3+0.081F s+ 0.071Fs+0.042Fs. 4 F (X 57 MEEHL L 1E £
AT RIVVEIRGE S VAN, 13500k, RZFIEA . JrRMEMR. R T W, 6155
FEXT 2MEERA 84, WNEBRKRIK N: 75, 10 5. 335, 275, 46 5. 14 5,
25K 95, LRETRTHT 6 Bk ARBL RN IVIBAEE VIHE, BT EREAr i
R WK ATERG G M JERE . WA E B Sl SR R R LUK R
B JEHA,

RT 57T MERRAKEMEREEE I REZ

Table 7 Comprehensive scores and rankings of 57 superior H. brasiliensis clones

%5 F i o %5 F{i s %5 F i oAy
No. F value Score ranking | No. F value Score ranking | No. F value Score ranking
7 4.528 1 51 0.102 20 56 -1.222 39
10 4.107 2 17 0.072 21 34 -1.240 40
33 2.886 3 23 0.032 22 49 -1.318 41
27 2.755 4 5 0.027 23 18 -1.754 42
46 2.616 5 6 0.033 24 48 -1.850 43
14 2.502 6 3 -0.025 25 15 -1.863 44
2 2.377 7 44 -0.062 26 52 -1.971 45
9 2.306 8 12 -0.197 27 36 -1.986 46
47 1.713 9 21 -0.504 28 8 -2.015 47
13 1.437 10 1 -0.603 29 20 -2.022 48
37 1.257 11 42 -0.610 30 32 -2.151 49
25 1.251 12 38 -0.637 31 50 -2.685 50
39 1.161 13 53 -0.707 32 28 -2.983 51
31 0.828 14 43 -0.877 33 30 -2.986 52
24 0.740 15 40 -0.879 34 22 -3.397 53
35 0.567 16 55 -0.990 35 45 -3.744 54
19 0.389 17 26 -1.031 36 29 -4.615 55
16 0.245 18 54 -1.121 37 4 -4.742 56
57 0.106 19 11 -1.194 38 41 -5.425 57
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