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Tab.1 Main information of 21 Hevea brasiliensis varieties

s EA i R b/ ST b EA i R KR
Serial number Clone Variety type  Variety source  Serial number Clone Variety type  Variety source
1 ‘93114’ EIES HNEH 12 ‘R’ PR HNEH
2 ‘PR107’ A 5% 13 “RE95 i HNEE
3 ‘PB86’ = gl Fh 14 ‘I 628’ (=158 5| #h
4 ‘Tl s g1 Fh 15 ‘R 5257 Ak g Fh
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Fig. 1 Genealogy of the tested materials
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Tab.2 Comparative analysis of anatomical structure characteristics of Hevea brasiliensis leaf blades among 21 strains

M2

P R WAL A LE TR Y F R4 AT i) AT 1
clone JEFE/pum JEFE/pum F£/um JEFE /um JEE /pm YU fEM’A P 1% ﬁl” F1%
TU TP TS TL LY TPITS SR CTR
‘03114 8.15+097c  41.32+11.36c 40.19+246d  8.56+0.67c  98.22+12.70d 1.03+0.29b 41.36+593ab  41.57x6.21c
‘RRIM623°  12.33+0.65ab  65.00+0.76bc  61.98+1.59ab 1021+1.09b 149.52+3.21bc  1.05+0.02b 41.45+048ab  43.48+0.55hc
R 1129+027be 10935+4.00a  67.30+10.81a  8.67+0.62¢c 196.61+14.95a 1.65+0.19ab 34.09+2.82bc  55.73+2.28a
‘PR107"  13.32+1.30ab  57.39+6.60bc 55.48+5.92bc 11.06+0.53ab 137.25+8.67cd 1.04+0.18h 40.42+322abc  41.80+3.77¢c
CSCE1T 1367+232a 63.78+641be  61.14+1.95ab  12.07+1.28a 150.66+7.38bc  1.05+0.14b 40.69+3.33abc  42.26+2.27c
‘FITE1 12.88+044ab  109.00+72.86a 57.33+2.63bc  10.80+0.58ab 190.01+70.33ab 1.94+1.38a 32.90+11.12c  53.59+15.40ab
‘TAN873”  10.96+021bc  65.32+0.68bc  60.78+2.31ab 10.12+0.77b 147.18+1.91bc  1.08+0.05b 41.29+1.06ab  44.39+1.01hc
‘PB86’ 1227+1.11ab  71.43+830abc 58.63+4.22h  11.03+1.00ab 153.35+14.58bc 1.22+0.06ab 38.29+0.93abc  46.51+1.05abc
R 1T 1353+127ab  71.5442.18abe 52.06+2.64bc  9.27+0.34bc 146.40+4.20bc  1.38+0.09ab 35.56+1.27abc  48.88+1.61abc
‘RRIM600"  12.75+0.77ab ~ 67.07+3.56bc  58.58+3.56b  11.66+0.31a  150.05+4.47bc  1.15+0.12ab 39.04+1.97abc  44.70+2.17bc
HEE2’ 1240£1.35ab  70.20+7.83abe 63.81+12.60ab 11.64+045a 158.15+21.29abc 1.12+0.13b  40.11+3.15abe  44.56+1.67hc
‘HATF8T9”  1056+090be  56.44+4.48bc  46.83+4.03cd  8.34+1.58c 122.17+10.67cd 1.21+0.03ab 38.34+0.71abc  46.22+0.51abc
“TLL’ 10.56£0.62bc  66.27+6.54be  51.35+5.89bc  9.74+0.15bc 137.92+12.61cd 1.29+0.08ab 37.19+1.49abc  48.04+1.06abc
CHIF1067  952+4072¢  5330+442bc  49.95+278¢  9.46+026bc 122.23+7.60cd  1.07+0.05h 40.88+096abc  43.58x1.14hc
‘Gr1’ 12.67+0.89ab  66.09+3.69bc  61.98+2.15ab 11.16+0.70ab 151.91+534bc  1.07+0.07b 40.82+1.39abc  43.50+1.61bc
‘AR 6287 1046+042bc  53.14+0.92bc  57.02+3.00bc  9.71+0.68bc 130.34+3.10cd  0.93+0.06b 43.73+1.48a 40.79+1.38¢c
‘KF957  1143+098be  64.16+629bc  49.80+2.14c  10.09+0.72b  135.48+3.76cd  1.29+0.16ab 36.80+2.36abc  47.29+3.37abc
CHEL5257 1067+1.59be  57.16+4.95bc  51.76+3.86bc  9.30+0.87bc 128.91+10.75cd 1.10+0.04b 40.18+1.07abc  44.34+0.59hc¢
;2/1;51?, 11.83+0.89b  64.90+6.30bc  54.19+7.26bc 11.60+1.06a 142.52+15.44cd 1.2040.05ab 37.95+1.10abe  45.58+0.56bc
‘PIIFO177 10512091be  90.17+64.74ab 53.1843.76bc  9.78+1.12bc 163.63+67.32abc 1.69+1.19ab 35.61+11.55abe  51.02+15.11abe
CHAAT
73397’ 9.82+0.79¢c  52.95+393bc 48.30+2.95cd 10.13+0.66b 121.20£2.72cd  1.10£0.15b 39.90+3.12abc  43.66+2.35bc
NG FRERIRAE0. 05 K P LR 3 , K57 RERIRIE0. 01 /K B &, FE.
Note: Lowercase letters indicate significance at the 0. 05 level , the same below.
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Fig.2 Anatomical structural characteristics of leaves of 21 strains of Hevea brasiliensis
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Tab.3 Comparative analysis of stomatal characteristics of leaves of 21 strains of Hevea brasiliensis

st A ALK /um LT /um AT e pm™) AALE LA +mm )
clone SL SW Pore area SD
‘931147 21.30+1.08cd 11.31+0.62cd 241.04+20.42cd 477.97£63.99a
‘RRIM623’ 24.58+0.91b 13.26+0.90ab 326.58+34.24b 325.80+39.81c¢
R 20.60+0.60cd 13.43+0.78ab 276.39+13.49¢ 339.74+23.06bc
‘PR107’ 21.71x1.18cd 12.28+0.44bc 267.10+24.37cd 431.64+54.32ab
LB 20.22+0.81d 11.03+0.55¢cd 223.30+19.33d 394.73+41.01bc
‘BtE1 19.41+0.53d 10.60+0.44cd 205.63+8.12de 347.65+37.16bc
‘TAN873’ 26.44+1.22a 14.21+0.76a 375.14x14.51a 377.40+24.05bc
‘PB86’ 23.68+0.18hc 12.55+0.08h 297.29+0.43be 401.48+20.06b
R 20.64+0.35¢d 11.52+0.38be 237.84+9.45¢d 364.60+43.56hc
‘RRIM600’ 24.48+1.21b 14.06+1.03a 344.90+42.33ab 409.04+15.82ab
E2 23.42+0.99bc 13.10+0.79ab 307.28+30.34be 362.34+36.25hc
‘3Tt 8797 21.44+2.42¢cd 9.99+0.31d 214.13+23.03d 334.09+19.32be
“TJIL1’ 24.20+0.81b 13.21+0.64ab 319.88+22.86b 370.62+28.48bc
‘FHE 1067 20.46+0.86d 10.21+0.90d 209.21+24.67de 331.83+13.00bc
‘GT1’ 24.02+1.60b 12.65+1.41b 305.48+54.58bc 397.74+76.28b
628’ 16.91+0.57e 10.05+0.24d 169.88+2.29¢ 314.12+30.51¢
“R+E95 22.24+0.89¢ 12.09+0.33be 268.98+15.79cd 393.22+68.95bc
‘B 525’ 24.51+0.99h 13.49+0.60ab 331.00+25.73b 315.25+63.64¢
‘R 327137 20.28+0.36d 11.39+0.52¢ 230.96+10.33d 378.91+56.12bc
CHto1T’ 19.80+0.04d 10.79+0.07cd 213.59+1.86d 464.41+9.04ab
‘I 73397’ 20.37+1.12d 10.85+0.98cd 221.08+25.11d 315.63+34.05¢
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Fig.3 Characteristics of stomatal structure in leaves of 21 strains of Hevea brasiliensis
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Tab.4 Correlation analysis of relevant indicators of 21 strains of Hevea brasiliensisr leaves

RRE WMELY BRALY TR WRERE MRSy ARG ARG R SALE RALE
S8 pm pwm pwm pwm pm (@éﬁéﬂ% FifaE  BEE JE/pm H/um ol
TU TP TS TL LY TP/TS SR CTR SL SW  Pore area

ERB
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pm 0.632"  0.546° 1
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TR
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R
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W 2R 4
WAHL 0149 0.892° 0116  -0.147  0.715 1
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Z //\,n*‘]
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SR

LG

ﬁua}# 0.132  0.901" 0215 -0241 07457  0.943" -0.943" 1

CTR

SALKE

pm 0.132  -0.133 0.222 0.163  -0.02 -0.269 0.179  -0.142 1
SL

LB/
pm 0.261  0.139 0.498° 0216 028 -0.112 0.032 0.058 0.843" 1
SW

AL

Pore area

0.198  -0.002 0.385 0.201 0.135 -0.208 0.131 -0.057 0.956" 0.961" 1




% 4 1]

Mo RIAE: 21l SR RGBS B B R R 9T 379

‘HaF106°
CHATIF73397° J

< HTI879°

‘628
‘93114’

‘PR107’
AL I
SH32713°
“Tjill’

CRF95° I
HEs2s
‘GT1’
R’
‘RRIM600’
‘RRIM623°
‘JANS73’ —l
‘PB86’
CBEIF917°

L]

‘jﬁ;%l’

HEL
LR

4 21 MR A RRRIRN SFLAFHERN R X 4R

Fig. 4 Cluster analysis of anatomical and stomatal characteristics of 21 strains of Hevea brasiliensis leaves

3 W

VR SRR A 5 OSP34 ik T R e K ) %
B AU A 1 T 5 7, 3 AT 28 B 1R
FH WP A P 45— 2R 50 A BEYE B I R ALY BRI
TR A £ b P55 F) o 2 4k 2 T A I B A b,
o I 0 R DR AT AR5 45 4 B R R LML o 3 855
RS REPEDT, ok 21 b L G R T P A 2
UE X253 W % B o R TR ot o D6 ) I 5 4 A
FEARL , I 3 Rz 347 by 24 J2 O A e, 5530 b 2 B2 1
MR 2L 23 40 SR K AR S 0 R HE 5] 535 g 44 2 41
2R M B T MR ZH RN R K R 2 1 % R AR B
WRERE AR EL YE 3 B 5 A2 41 27 5 g 4 4L 23 4 Ak
FEEEAFN , HEF A B % . kgl g bap, B3R
B2 T VA SO S B T R B 3R A A5 B 5
FA o £ 10 R S AT e AR . MR i
I HEAT SR s A ML X B, R
IEFRBE 5 A TR B B AT 6, I WA A A L
P 75 B8 N g 0, B BE R Ol & A F v vl K 4y
TG RE BRI R0 o T 9 2 B ok JEE R 7 2 Al

2 SR IR A RO B AE AR B ) R AR
MRS, At REW, CBR U VCCCE 11,
‘PR107’ « “RRIM600 & [ 3% 57 1) J& & AE G
by 5 SR R A R BT DA B 1R K Ay UK B
UF R A AR S AT R A AE A . 3G 917
‘PB86 AL 17\ R U R 27 AR R I A
P2 SR T kB TR A 2H 4R B it 4 2 )
JELFE B LUAR LA B2 2H 2R 25 1 3505 S 4% S A X 3R
K, R A REPEEREIISE -2 E
RE /7. W FE 3 AR AR Wy i 4 4 2R i i 3t %2
AR T ok 27 @SR, S s i Re
FIF RO ARSI SCE 117 AR 1T GTL
“RRIM623” it Folt (8 65 47 2H £ 110 J55 P 2 v, N A o
G RER 2

AL AE AT K AR LR e S E R A
PRAZ e () @Y TR AS IR A A g
Lo W E L WAAE Y6 A 1R FH A0 28 1 1 46 AR 3
T B 0 RE AR A g B A A R Y. A
KB FLR I, AN MEDEAE A E
fa1, B LA B PR b i R A S B85 R AR R



380

2024 4F

SEOSILE S R G A s S5 AR R B, KGR
LR 5L E AILE T R R EAE
KR, &l 2\ Z 0P R, 21 MEIR
A R R R E Z R, P AR
628" . < #HIF 1067 F1 < #AF 9177 (A FLKFE, K FL
B 2N A SL T AR B R bR A X BN, 931147
CHIIF 9177 F1RRIM600” <L %8 i 45 vy » HHEIU H ok
A F A H A PR AT, X 5 TR YRR SN E R R
R BB TR —E

T3 PR ) B I FE B 1R K/ EARFRIUY EASR
AH TR, AR HME A5 e v — TR A 1) 25 2K A1) 8 i M 4
PIEA R . BB ITIER S RFE Zua i
FHEE GGt 7%, BE AR 35 1 2 48 b 1 AH 1Lk
B S, 8 B R AN [ SRR R R SRR OG R AT
oy B SCEED IR AN A e R i o B
AR S BT A, UESE TR 52-7 A
WA . AR IE T BBk
21 Fofr EL VA TR it ooy JHG 2 Bl 2 288, 50t ik
LAV, ARG R, ‘e AR,
UEER 1 CIGFO17 SRR R A 22N
S 2R Gh R B0 ARG FL A R AR R B v . I R
B, RIS B B R R RS Ril
SRR R T I 45 R — BU B, SRR A
SR I AR 25 R AR D R R B A e P R AR
SEZRIE , AW Py fife 51 225 14 AR A0 oK B ) AN [R] 368 7 A4
BHE 2Rk R — NI %

CEORAE, LD, CURE LD, CBRWE1T &R
[ A RE ML 2R A R B B S AL
FEEARRE FE At ity F SR B AL ARG, 0
HREIFFEE R, A — PR L5 B
GRS BURME PR Z B R .

SE R

(1] BREZSY, W4, Wil &5 AR oIk R Oe A s Fo
Jr B A LA D], #s Lol B, 2021, 44(4): 1-5.

(2] EH0E0, 545 B A file 5 454 5 e & 18 B BF 704
W1 Ak 580K, 2023, 43(16): 78-82.

(3] B, MRk, W, 5. EF R EH g mn
R2AFHETTH RPN 2 PR E Fr, 2023,
21(17): 5824-5833.

(4] 7%, KB, M, 25 5 AN R H i 31 45
¥y J Ho o B 4 0 [0 #4T AR 0 4R, 2017, 8(3):
301-306.

(5] WU, BRAL, ZET5 0K, 25 . 36Tk 1 M) 45 Fg o) 35 i e L

25 FEEAR I HUF VT (1] e ARl K22 224k, 2015,
36(2): 61-68.

L6] Jl &, £ owie, ZoMl, 45 . 7 PRI 5 Jm A Pt 1 A
SER T SN RAEVEA (0] T AR AR, 2023, 5009):
173-180.

[7] 5RM3F, T E2E, BN, . BT B L8 A 0PN
A5 AN [ i Ff (ZR) B P (0] SR 22 4R, 2023, 40(11):
2381-2390.

[8] 1A, miFh, FHL, & . 55 06x B K At Jy 451 5
JeAREE R R [J]. U )10l K 25 224, 2023, 41(5):
755-764.

L9 W=, BRIEMS, FMA, 55 . #H#(Populus euphratica)Rt:
F SRR R ()], T EVDE, 2018, 38(4): 765-771.

[10] SRIFE, FRiR, ZE 205, 55 RO A [ A% H ) ALk
RZE AT B fEY 4. 2017, 38(3): 389-394.

[11] REE, B, RAMR, 5.3 MR g & 451
550 % R[] R ERE 4R . 2016, 22(12),
11-14.

C12] X, W7, d B, 55 . oL A 2 A <AL 5 BT
HE A RS R R [J]. bR, 2018, 22(3):
14-19.

[13] B4R, BT, 48N, 55 . T FHHasss T~ st
J AU (). TR IXATA, 2018, 35(5): 1111-1117.

[14] DRAKE P L, FROEND R H, FRANKS P J. Smaller,
faster stomata: scaling of stomatal size, rate of response,
and stomatal conductance [J]. Journal of Experimental
Botany, 2013, 64(2): 495-505.

[15] CARINS MURPHY M R, JORDAN G J, BRODRIBB T J.
Acclimation to humidity modifies the link between leaf
size and the density of veins and stomata [J]. Plant, Cell
& Environment, 2014, 37(1): 124-131.

L16] XIAEE, i, dBiEe, 25 KA RN T /N R
AR S R 5 G S HII R R Z2KED
4R, 2024,44(3): 360-369.

[17] ZRNEHE, HREAE, JH 227, &5 B AL 3% AN [ f Fl g
JREARS It ) KA A AR K I s M (], B (R 22 3,
2019, 40(1): 45-53.

L18] BREZF, #aillh, 25/ N25, 25 R IR To Mk R I figf 1 45 44
St FAEWETT [J]. PEEAOL AR, 2020, 49(1): 92-98.

[19] #EF, 24T, PR, &5 . B hr 35 1 X 9 M2 76 U SE 1 )

B ARG SRS )], A SRR R (E

SREBLFAR), 2000, 21(3): 65-71.

Tk, AR, R, & BT 0 g A5 A i v T T

L1 FRI T AR A P B R VEVEAN . DU bR AR R 4 K2

SEAR(E SRR AR,

[21] MA M, ZHAO C Z, KANG M P, et al. Periploca sepium
leaf dry weight, area, and thickness scale differently

[20]

under different light environments in Taohe riparian for-
ests [J]. Flora, 2023, 301: 152255.

[22] XU R, CHENG S, ZHOU J, et al. Intraspecific variations
in leaf functional traits of Cunninghamia lanceolata prov-
enances [J]. BMC Plant Biology, 2023, 23(1): 92.

(23] BEH), ERRA, Bk E, 5. IR g aisg . e



% 4 1]

Mo RIAE: 21l SR RGBS B B R R 9T 381

HEESLAERMEN XA . EE%
36(6): 1590-1596.

[24] &1} S R BKI 28 PR S RS Jea g
BLDIRERI R AR[D]. 85 HARE AR, 2023

(251 1847, WR/NAL, 8220 G vy D 4 S SR s At v
fEE 25K 5 LR AT J]. PEALAE A4, 2015, 35
(11): 2227-2234.

[26] 154677, BURERE, EASRE, 55 . 16 N2 SRl iy A5
LRI EL. Bt A4, 2022, 43(10): 2099-2105.

[27] AASAMAA K, SoBER A, RAHI M . Leaf anatomical char-
acteristics associateeaf water status in temperate deciduous
trees. Aust J Plant Physiol, 2001, 28: 765-774.

&, 2017,

[28] ZEpk s, RO, YEo00y, 55 . FOKPAMON K Z 664
PSR S ELEREREZI [1]. B EAROL AL, 2019,
52(21): 3782-3793.

[29] S5, P, 5k, 25 HE A A (R)L &4
b5 RE 5. 7 FHEYE M, 2023, 21(21):
7153-7160.

[30] ZE4HBH, RALA, S B, 25 BT E M ok
A3 MRS TR R BB 22 A PR (). BT 25, 2022(9):
55-60.

[31] Bk, JHEMW, 5, . ARG E S EH 20
B L SRR IO R T, U RS2 R 2R
BLRR), 2014, 36(1): 24-31.

Anatomical traits of leaves in 21 clones of Hevea brasiliensis

YANG Yu', HU Xinxin', DING Shitao’, YUAN Zhineng’, HUANG Xiao',

OUYANG Yujun®’, GAO Xinsheng'
(1. Rubber Research Institute, CATAS, Haikou, Hainan 571101; 2. Guangdong Agribusiness Tropical Agriculture Institute Co., Ltd.,
Guangzhou, Guangdong 511365; 3. School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: In order to understand the anatomical traits of leaves among rubber clones of Hevea brasiliensis in
China and provide basis for breeding and adaptability evaluation of clones with high photosynthetic efficiency, 21
main Hevea clones in China, such as ‘Reyan 73397’, ‘Reyan 917’, etc., were used for anatomical analysis, and
their leaf structural traits such as the ratio of palisade tissue thickness to spongy tissue thickness, leaf thickness,
stomatal density, etc., were observed by using paraffin sectioning and nail polish imprinting. The results showed
that there were significant differences in leafl structural traits among the main clones. The clones ‘Nanhua 1’,
‘Hongxing 1’ and ‘Reyan 917’ were higher in palisade tissue thickness, leaf thickness and ratio of palisade
tissue to spongy tissue, whereas the clones ‘Reyan 879, ‘Reken 628’ and ‘Reyan 106’ were relatively lower in
stomatal length, stomatal width and stomatal density, which suggested that they had a higher photosynthetic
capacily and certain drought resistance ability. Hierarchical clustering showed the aforesaid clones were divided
into two groups. The clones ‘Nanhua 1, ‘Hongxing 1°, ‘Haiken 1’ and ‘Reyan 917’ were relatively higher in
leaf thickness, palisade tissue and density of the tissue structure. In summary, clones ‘Nanhua 1’ Hongxing 1’
and ‘Reyan 917 were higher in leaf thickness, palisade tissue thickness, density of tissue structure, and were
small and dense in stomata. It is hence speculated that these three clones have higher photosynthetic
performance, which needs further research. At the same time, this analysis also provides a technical basis for
further study of the environmental adaptability and gas exchange characteristics of the above-mentioned clones.

Keywords: Hevea brasiliensis ; leaf anatomy ; Cluster analysis
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