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Drought resistances analysis of 12 poplar clones based on
leaf anatomical structures

WANG Yanxia, FAN Junfeng, CHENG Weizhe,GAO Jianshe,ZHOU Yongxue

(College of Forestry s Northwest A& F University sYangling s Shaanzi 712100, China)

Abstract: [Objective] The drought resistances of 12 poplar clones were evaluated based on leaf ana-
tomical structures to provide basis for breeding and resource utilization of new poplar varieties. [Method]
The mature leaves of 1-year-old cuttings of poplar clones 84K,1-101,107,A23,A39,A50,A54,La,Pa,Qg,
Ta and Ti were obtained and 7 drought structural indexes including cuticle thickness, upper epidermis
thickness,lower epidermis thickness,leaf thickness, main vein thickness, palisade tissue thickness and leaf
tissue structure tightness (CTR) were compared by conventional paraffin sectioning method. Single factor
ANOVA was used to investigate the differences of 7 drought indexes, correlation analysis was used to judge

the correlation degree among indexes,and principal component analysis was used to screen main indexes af-
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fecting drought resistance. Finally, drought resistances of the 12 poplar clones were evaluated by fuzzy
mathematics membership function method. [Result)] There were differences among 7 drought resistant
structural indexes of 12 poplar clones,and the amplitudes of cuticle thickness, upper epidermis thickness,
lower epidermis thickness, leaf thickness, main vein thickness, palisade tissue thickness and CTR were
1.94—17.07 pm,5.82—26. 23 pm,3. 28— 18. 96 pm, 39, 62— 201. 59 pm,496.99—1 712, 35 ypm,25. 53—
86.94 um and 27% — 66 %, respectively. The coefficients of variation were 40. 11%,49. 02% ,50. 08% ,
39.13%,32.04%,27.87% and 59. 09% , respectively. Except there was no significant correlation between
cuticle thickness and upper epidermis thickness, lower epidermis thickness, main vein thickness and CTR
and between thickness of lower epidermis and palisade tissue,the correlations between other indexes were
extremely significant. Cuticle thickness,leaf thickness and CTR were selected by principal component anal-
ysis as main indexes. Using membership function method, the drought resistances of the 12 poplar clones
were in the order of A50>Qg>Ti>A23>1a>107>Ta>A54>1-101>A39>84K>Pa. [Conclusion] The

anatomical structure of leaves can reflect drought resistance of poplar and can be used reliably as an evalua-

tion index. A50,Qg.Ti,A23 and La can be used as drought resistant poplar clones for popularization.
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Table 1 12 poplar clones and their genetic background
i Ttk % AL R
Number Clones Genetic background
1 84K AW X BT GEED P, alba X P. glandoulsa(Korea)
2 I-101 HHE (RRFD P. alba(ltaly)
3 107 [’k 345 (B KF]D P. euramiercana(Italy)
4 A23 Bt GERFD P. alba(Ttaly)
5 A39 A GERFD P. alba(Ttaly)
6 A50 A GERHAD P. alba(ltaly)
7 A54 e GERFD P. alba(Ttaly)
8 La TR 2 A7 X S5 W 2B A% (B KR P. nigra X P. deltoldes(Ttaly)
9 Pa BRI 247 X 29 2 A CE R A P. nigra X P. deltoldes(Italy)
10 Qg R B A7 X & W B A7 (F& KR P. nigra X P. deltoldes(Italy)
11 Ta R A X 3 P 2 A (& R FD P nigra X P. deltoldes(Ttaly)
12 Ti TR B A7 X S5 N B A7 (B KA P. nigra X P. deltoldes(Ttaly)
1.3 HiELE JB PRHOENT X 12 A T M &R R B R AT 2
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Table 2 Leaf anatomical structure characteristics of leaves of 12 poplar clones

AR /pm BEREIEE/pm FREEE/pm M REE/pm FWKIESE/ pm M £ ZURE B / o

S

Clones Cuticle Uppelj epidermis LOWelj epidermis -Leaf ‘Prin?ipal Palis?de tissue CTR/ %
thickness thickness thickness thickness vein thickness thickness
84K 7.99+0.34 ¢ 12.23+0.74 be 16.99+1.34a 115.1742.64 cd 1049.44+12.84 ¢ 50.8240.65cd 444+0.01 b
I-101 12.47+0.55 b 6.71+0.68 ¢ 17.00£0.92 a 112.3740.89d 1 067.70£10.42 c 58.8340.97 be 5240.01 b
107 9.68%+0.46 bc 26.23£0.95 a 13.91£0.80 b 174.954+1.92b 1712.35+17.75 a 86.9443.48 a 5040.02 b
A23 16.43+0.67 a 12.132£0.59 be 11.9740.65 be 124.0741.56 ¢ 979.33410.87 be 58.5741.20 be 474+0.01 b
A39 9.35+0.35 bc 12.744+0.66 b 18.96+1.58 a 121.504+2.03 ¢ 1152.87+31.71b 59.4241.12 be 494+0.01 b

A50 17.07£0.83 a 14.8441.00 ab  10.0540.57 cd 167.64242. 38 be 930.76419.60 cd 78.9944.46 ab 4740.03 b
Ab54 13.2340.54 b 11.7040.77 be  10.72+0.63 ¢ 126.754+2.37 ¢ 955.47423.89 ¢ 57.9320.94 bc 4620.01 b

La 10.394+0.43 ¢ 16.324+1.19 ab  16.32+1.19 ab 194.734+1.17 a 1427.83£69.70 ab 53.25+0.89 ¢ 27+£0.00 ¢
Pa 1.9440.16 d 8.14+0.85 ¢ 3.28+0.35 e 39.624+1.59 ¢ 496.99+£20.92e 25.53+£1.18d  66+£0.03 a
Qg 14.5640.42 ab  15.992£0.84 ab  13.17£0.49 bc 201.59£4.39 a 769.13414.15d  62.2541.48 be  3140.01 ¢
Ta 12.04£0.68 b 5.8240.72 ¢ 4.35£0.34 e 48.64£3.26 de 742.33+45.76 d  31.67+1.16 b 65+0.12 a
Ti 10.1040. 44 be  10.66=+0.43 be 8.96£0.43 d 192.79+4.02 ab 1 040.00417.07 be 63.40%1.48 be  3340.01 ¢
Eﬁféﬁ/% 40,11 49.02 50.08 39.13 32.04 27.87 59.09

T« 7 95008 J5 AR R IR /NE 8 2R IE P=0. 05 K P £ 7E .35 M 25 5 (Duncan’s %)

Note: Different lowercase letters indicate significant differences at P=0. 05 level (Duncan’s method).

1.84K;2.1-101;3.107;4. A23;5. A39;6. A50;7. A54;8. La;9. Pa;10. Qg;11. Ta;12. Ti, & 2 [A]
1.84K;2.1-101;3. 10754, A23;5. A39;6. A50;7. A54;8. La;9. Pa;10. Qg;11. Ta;12. Ti. Fig. 2 is the same

E 112 Mo & i B R R (10 X10)
Fig. 1 Microstructure of leaves of 12 poplar clones(10X10)
2.1.2 PRkAFAE iR 2 ATLE M 12 MM SR ROV AMI R R R TR R 107 B3
PR Pk bk 38, JE BEAE 496. 99 ~1 712, 35 RYEE R, A23, A39, A50,A54.La. Ti fl Qg A 2
pm, o Pa (R BE B /N, 107 IR B R, B 5 R 4R IR 84K\ 1-101 ,Pa il Ta HA 1 AR,
ol 32,040, 2 aTLLE 12 DR R



1L

FER A BT R S5 R R 12 DT R T RS A 151

B2 12 AR T R 2 A SRR 1) THT A S B (10X 40)

Fig. 2 Microstructure of transverse section of vascular bundle of 12 poplar clones(10X40)
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Table 3 Correlation analysis between anatomical structure indexes of 12 poplar leaves

P 152 R R R R TREEE I R 5 B F PR B A 20 2R B
Eisgan “uticl id . I i . Leaf Principal vei Palisade ti TR
Index Cuticle Upper epidermis Lower epidermis _ea rincipal vein Palisade tissue C
thickness thickness thickness thickness thickness thickness
i 2 P :
Cuticle thickness
R REE 0.110 1
Upper epidermis thickness !
TR KRR -
Lower epidermis thickness 0. 126 0. 362
)R ‘e ‘e e
Leaf thickness 0. 349 0. 545 0.361 1
T =
E&R};fﬁ‘ . . 0. 049 0.592** 0.460" * 0.508* * 1
Principal vein thickness
A 2 R ‘e - - -
Palisade tissue thickness 0.538 0. 400 0.103 0. 370 0.416 1
CTR 0.012 —0.345" —0.397** —0.669"* —0.337** 0.203** 1

W% ox FTIRAE P<C0. 01 K CRUID - 25410 5,

Note: * * indicates significant correlation at P<C0. 01 level.

oI 3 Al A 78 12 Mg R B 7 A A i
FZE AR b b AR TR TR B S R A L SR

JE2Z ) B4R W IEAR G (P<0. 01D R IZEES
TR B R R KR A SUR
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Table 4 Principal components analysis of anatomical

indexes of 12 poplar leaves

B DB 3 A FR0Y . IS AR R 20 R L L R
pa . J L “umulative
[;i component Feature value  Contribution contribution
° 1 3.117 50. 913 50.913
MRS AL A AR AE 3 A 3R Y A e 2 1. 241 21. 527 72.440
AR 22 58 3655 AR (R 52T 3 25 L5 ; L s s
x5 LRAGHETERHRBHEHRERNEIR S HETER
Table 5 Principal component load matrix among anatomical structure indexes of 12 poplar leaves
e kR F %4> Principal component
Index 1 2 3
£ )5 )2 2 Cuticle thickness —0. 359 0.796 —0. 100
|- 3¢ {2 JEE ¥ Upper epidermis thickness —0. 295 —0.430 —0.012
F#FE KRR Lower epidermis thickness —0.615 0.319 —0.638
- FJE Leaf thickness —0. 657 0.127 0.725
FEJJKJE B Principal vein thickness 0. 879 —0. 141 —0. 140
M 4 4R B Palisade tissue thickness 0. 690 0. 464 0. 446
CTR 0.918 0. 264 —0.153

2.4 R2ABREERAEMHNEE TN

AR08 3 LAY 43T 45 SR R A 3 A Sk 4 A R R
FRIERE R R CCTR, 5 SRR of 507 208, 45
W 6 B, 12 A TCHE R R iR 5OF 3

(EHEAT HE ¥ 0T 00 H T 5 68 7 A B AR AR KR
A50>Qg > Ti > A23 > La > 107 > Ta > A54 >
[-101>>A39>>84K>Pa( 6) .,

F6 LAGHAIERIEENESTNER

Table 6 Comprehensive evaluation of drought resistance in 12 poplar clones

& R BUE Membership function value

y ==
Pt i L A o FHE P e ik
Cuticle thickness Leaf thickness Average
84K 0.303 0.432 0.091 0.275 11
I-101 0.496 0.419 0.126 0. 347 9
107 0. 376 0.725 0.118 0.406 6
A23 0.667 0.476 0.105 0.416 4
A39 0. 361 0.463 0.113 0.313 10
A50 0.695 0. 689 0.105 0. 496 1
A54 0.529 0.489 0. 100 0.373 8
La 0. 406 0.822 0.017 0.415 )
Pa 0. 041 0.062 0.187 0.097 12
Qg 0.586 0. 856 0.035 0.492 2
Ta 0.477 0.106 0. 607 0.397 7
Ti 0.394 0.812 0.043 0.417 3
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