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Leaf anatomical structure characteristics and drought resistance
of Chinese chestnut

GUO Sujuan, WU Yangqi

(Key Laboratory for Silviculture and Conservation , Ministry of Education ,Beijing Forestry University ,Beijing 100083 ,China)

Abstract: [Objective] The leaf anatomical structure, stomatal characteristics,the response mechanism
of water adaptability,and the drought resistance of ten Chinese chestnut varieties were compared and ana-
lyzed to provide theoretical basis for screening drought resistant chestnut varieties (strain) in Qianxi, He-
bei. [Method] Ten Chinese chestnut varieties (clones) including ‘ Dabanhong” (DBH), ¢ Yanlong” (YL),
‘Zijing” (Z]), ‘ Qianxizaohong” (QXZH), ‘ Yanshanduanzhi” (YSDZ), ¢ Yanshanzaofeng”’ (YSZF), ‘ Zipo’
(ZP), *Yankui’ (YK), ‘Qianxiwanhong’ (QXWH), ¢ Qianxizhuangli’ (QXZL) were selected and paraffin
sectioning and nail oil seal methods were used to compare 15 indices such as thickness of leaves, cuticle
thickness of upper (lower) epidermis, thickness of upper(lower) epidermis, thicknesses of palisade tissue

and spongy tissue,ratio of palisade tissue to spongy tissue,leaves compactness and porosity, stomatal size
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and density and stomatal aperture. The principal component analysis and subordinate function were used to
evaluate the drought resistance of the ten varieties. [Result] The drought resistant abilities of the 15 indi-
ces of ten Chinese chestnut varieties were in the decreasing order of leaves porosity>thickness of palisade
tissue>>ratio of palisade tissue to spongy tissue>>leaves compactness > thickness of spongy tissue>>thick-
ness of leaves™ thickness of upper epidermis > thickness of lower epidermis>>stomatal aperture width>>
stomatal density>>stomatal aperture length™stomatal length=cuticle thickness of lower epidermis™>stom-
atal width™ cuticle thickness of upper epidermis. Based on the subordinate function in combination with
weights of indexes, the drought resistance of the ten varieties (clones) of Chinese chestnut was in the or-
der of DBH>Z]>YL>YK>YSDZ>YSZF>Z7P>QXWH>QXZH > QXZL. By clustering analysis, the
ten varieties (clones) of Chinese chestnut were divided into three categories. The higher drought resistance
group included DBH,ZJ, YL and YK, the moderate drought resistance group included YSDZ,YSZF,ZP and
QXWH,and the lower drought resistance group included QXZH and QXZL. [Conclusion] Comprehensive
utilization of the leaf anatomical structure indices can better reflect drought resistance characteristics,and
can be used to identify drought resistance of Chinese chestnut. Among the ten studied varieties (lines),Z]J,
DBH,YL and YK had the strongest drought resistance and can be widely cultivated in Qianxi, Hebei.

Key words: Chinese chestnut; leaf anatomical structure; stomatal characteristic; drought resistance;

principle component analysis;subordinate function
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Table 1 Leaf anatomical structure characteristics of ten varieties (clones) of Chinese chestnut
Vaﬁe@ifole) X]/,um Xz/plm Xs/,um Xl/}lm X;/,um
S WA 173.99+1.51 b 10.23+£2.18 ab 28.16=£1.16 ab 11.54+1.23 ab 2.23%0.99 bed
231 ZP 196.01%2.23 a 9.1341.32 be 23.424+2.71 abc 8.56+2.38 ab 1.6040.07 d
KAHi 4 DBH 198.3442.19 a 9.85+1.73 ab 31.36+4.27 a 6.89+1.12 b 2.65+0.19 bed
#e g YL 129.9244.88 d 12.61£2.11 a 23.7343.81 abc 8.11+2.12 ab 3.214£0. 28 abed
HeZs YK 210.654+3.56 a 7.20+1.09 bed 20.9742. 64 be 10.70+£2.72 ab 1.684+0.95d
sl 4 YSZF 180.3249.85 b 7.0440.98 bed 18.48+2.92 ¢ 13.08+£2.71 a 4.61+1.12 a
el 5 A YSDZ 183.06+5.43 b 7.6640.78 bed 25.80+3. 42 abce 10. 84+2.20 ab 3.59+0.46 ab
VR4 QXZH 199.93+6.04 a 4.70£1.12d 24.7744.17 abe 10.96+2.17 ab 3.19+1.02 abed
TV 2T QXWH 197.0241.62 a 6.69+1.18 bed 21.9543. 26 be 12.78+1.15 a 3.46-£0. 24 abc
i BE QXZL 154.22412.64 ¢ 6.1141.19 cd 22.64+2.28 be 13.054+2.19 a 1.83£0.12 cd
R (%) Xs/pum X7 /ym X Xo/ % X10/ %
Variety(clone)

S WA 94.7748.97 ab 51.52+5.72 d 1.84+0.03 a 0.5440.02 b 0.30£0.02 f
I ZP 86.05411. 28 ab 80.8649.92 be 1.0640.01 de 0.4440.04 cd 0.4140.03 bed
KAHzer DBH 99.36+10.21 a 66.38+09. 11 bed 1.5040.06 b 0.50+0. 00 be 0.33+0.02 ef
M YL 80.2946.98 ab 60.06E7.29 cd 1.34=40.05 be 0.6240.00 a 0.46£0.02 b
M4 YK 103.78419.95 a 73.7247.82 be 1.4140. 29 be 0.4940.07 be 0.352£0. 06 def
Jg 1l B YSZF 72.1945.07 b 77.6643.48 be 0.93740.05 e 0.40+0.02 d 0.43740. 04 be
e 4k YSDZ 88.5842.50 ab 63.3244.76 cd 1.4140.13 be 0.49740. 04 be 0.35+0.04 ef
EVE R QXZH 92.61+10.56 ab 78.76+10. 22 be 1.1840.02 cd 0.46+0.02 cd 0.397+0.02 cde
VI 4 QXWH 49.15+3.17 ¢ 117.24+11.18 a 0.4240.01 f 0.2540.01 e 0.60£0.01 a
TV AL 5E QXZL 40.674+7.15 ¢ 85.42+11.18 b 0.47+0.03 f 0.264+0.02 e 0.55+0.02 a

T X0 MR TR Xo. EREMITR IR X, ERBRE X FRBIEE; Xs. TR M BRI Xo. IMAZ A GURE ; X0 WG4 4L SUR

JE 5 Xs. MR LU 5 Xo . I R B L U540 B0 5 Xno . M R TR R 4L

16 P22 5 (Duncan’s %) . F#[A,

GULER AR L

[ 51 B4 I b AN i) N B R ORTE P=0. 05 KA

Note: X;. Thickness of leaves; X,. Cuticle thickness of upper epidermis; X3. Thickness of upper epidermis; X,. Thickness of lower epider-

mis; X5. Cuticle thickness of lower epidermis; Xs. Thickness of palisade tissue; X7. Thickness of spongy tissue; Xs. Ratio of palisade

tissue to spongy tissue; Xg. Leaves compactness; X1o. Leaves compactness and porosity. Different lowercase letters in each column

mean significant difference at P=0. 05 level (Duncan’s). The same below.
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Table 2 Leaf stomatal structure characteristics of varieties(clones)of ten Chinese chestnut
Va?e@ifoile) X1/ pm Xi2/pm X13/pm X4/ pm Xi5/mm™?
0 7] 21.5542.18 ab 18.50+1. 61 be 7.7440.77 a 11.53+0.56 a 756.50+33.81 cd
291 ZP 22.6640.68 ab 19.31+1.48 ab 2.96+0.58 de 11.33+2.31a 676.05+42.77 de
K4 DBH 20.62=+1. 34 be 20.9042.40 ab 2.8440.62 de 10.31+1.22 a 817.39+20.05 ¢
My YL 18.17+2.19 ¢ 16.59+3.07 ¢ 6.14+0.74 b 11.92+0.50 a 932.13+29.53 b
HeZE YK 20.11£1.22 be 17.23+1.42 be 6.3840.77 b 11.05+1.63 a 739.51%+20.52 cd
el 4 YSZF 22.9241.80 ab 20.5341.47 ab 3.37+0.21 de 13.00+1.33 a 1 000.73417.04 a
el 4k YSDZ 22.8442.48 ab 20.5141. 44 ab 3.86+0.55d 11.42+1.43 a 762.42+34.95 cd
TR g QXZH 24.28+1.60 a 20.39£1.71 ab 7.53+0.16 a 12.84+1.52 a 744.70+75.26 cd
TP L QXWH 20. 3342, 69 be 19.27+1.97 ab 2.3940.55 e 10.1740.54 a 764.94+25.81 cd
TV IE QXZL 23.97+1.29 a 20.8741.22 ab 4,8740.94 ¢ 11.99+0.42 a 648.48+30.23 e

TE Xy AL BE 5 X AL IERE 5 Xos . AALIFIRGE L s Xoo . ALIFIRAC S 5 X AL .

Note: X1;. Stomatal length; X5, Stomatal width; X;3. Stomatal aperture width; X4. Stomatal aperture length; X5. Stomatal density.

=

x3 10NMRERM(RIS TSR ER ST S

Table 3 Principal component analysis of 15 indexes of ten varieties (clones) of Chinese chestnut

$e b F %43 Principle components
Indexes 1 2 3 4 5
X1 —0.10 0.71 —0.13 0. 30 0. 60
X: 0.72 —0.48 —0. 36 0.02 —0.27
X3 0.58 0.42 —0.24 0.21 —0.49
X, —0.72 —0.05 0.41 —0.22 0.16
X; —0.20 —0.48 0. 44 0. 66 0. 10
X5 0. 84 0.35 0.13 0.15 0. 34
X7 —0.87 0. 00 —0. 36 0.05 0. 26
X5 0.95 0.18 0.17 0.05 0. 06
Xy 0.96 —0.16 0.16 0.02 0.05
Xio —0.81 —0.43 —0.29 —0.16 —0.11
X1 —0.47 0.57 0.59 0. 00 —0. 26
X2 —0.48 0. 50 0.27 0.51 —0.43
X3 0. 45 0. 04 0. 48 —0. 66 0.10
X —0.09 —0. 20 0.91 —0.15 —0.09
Xis 0.22 —0.72 0. 31 0.52 0.16
FFE(H Eigen value 6.06 2.64 2.42 1. 66 1.21
Tk # /% Contribution rate 40. 41 17.58 16.13 11.06 8. 06
21 5tk %/ % Cumulative contribution rate 40, 41 58. 00 74.12 85.19 93. 25

TE: X~ Xos FHARR RIS R 1 AR 2 M. R4 [,

Note: The indexes of X; — X5 are the same as Table 1, Table 2,and Table 4.

MR T A A SR AT E R Fu Fe Fs
Fo Fs B3890 500 -
Fi=—0.04X, +0. 29X, +0. 24X, — 0. 29X, —
0.08X;+ 0. 34X, — 0. 35X, + 0. 39X, +

0.39X,— 0. 33X, — 0. 19X,
0.18X,;—0.04X,,+0.09X 5,
F,=0. 44X, — 0. 29X, + 0. 26X; — 0. 03X, —
0.29X;+ 0. 21X, + 0. 11Xy, — 0. 10X, —

- O. 19X12 +
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0.26X,,+0.35X,;, +0. 31X, +0. 02X,; —
0.13X,,—0.44X,5,

F,= —0. 08X, —0. 23X, —0. 16X, +0. 27X, +
0.28X;+ 0. 08X, — 0. 23X, + 0. 11X, +
0.10X,— 0. 18X,, + 0. 38X,, + 0. 17X, +
0.31X,,+0.59X,,+0.20X;,

F,=0.24X,+0.02X,+0.16X,—0. 17X, +0.51X; +
0. 12X, + 0. 04X, + 0. 04X + 0. 02X, —
0.12X,,+0. 40X,, — 0. 51X, — 0. 12X, +
0.41X,;,

F,=0.55X,—0.24X,—0. 44X, +0. 15X, +0. 09X, +
0. 31X, + 0. 24X, + 0. 06X + 0. 04X, —
0.10X,,— 0. 24X,, — 0. 39X,, + 0. 09X,;, —
0.08X,,+0.15X,5,

AR 5 A FE AT ALE RS RS F R RIA

XN
F=OF +0F, +3F 0 F A F) /(4 +

Ao T As A+

A A2 AsAu A 23R 5 A TR B AR AEAR .
.
F=0.13X, +0. 01X, +0. 11X, — 0. 09X, +

0.03X;+0. 24X, — 0. 17X, +0. 22X, +
0.17X,—0.25X,,+0. 03X,, +0. 02X,, +

0.08X,;+0.04X,,+0.05X,; .,

IR FRIR A5 A T RR(E RO R AL
KRR S AR SEBTEE. h SERT A, 15 TR bR
WAl S HT 5 1 BE D0 WY Ay - i VR 4 4 2L 4 R
FARE (0. 25) > Mt 42 4 21 I8 B (0. 24) > Hi} i L
(0. 22) > M J bR ZH R85 1 85 B2 (0. 1) > g 2 40
ZURFE (0. 17) > M i JEEJE (0. 13) > F R K E &
(0.11) > T & i J& B (0. 09) > = fL I 3K 5% B
(0. 08) > AL# I (0. 05) > FLIF 3K K i (0. 04) >
ALK BE 0. 03) = TF 3 J A i J2 )R BE (0. 03) > AL
FE B (0. 02) > bR/ A B2 R FE (0. 01D,

2.4 10 HERMBNEHNEEIESTR

Z&EM

HR A S8 i s A0 R4S 10 AR SR Al il (RO AN [+
o b 10 SR J R BUME S 25 5 32 B3 0 BT 7oK s 1Y 4% 4
PRAEE SRS TS B P FE R (GR ) L 48 X B 5
PEFEATHEY . 3R 4 AT, HU R R R R R Y
A RAREL(L. 27D Fe /N R 3 P AL SE (0. 36D, 10
A R CRO P R PEHE Y s KAREL (1. 27) >
2L 24) >y (1. 13) >34 (1. 13) > e 111 48 A%
(0. 94) > 111 F 42 (0. 94) =431 (0. 90) > 1T PG I £
(0. 84) = ¥F P4 HL£1.(0. 44) >3F PiH-ZE (0. 36) ,

R4 0T @EMEBWUEREENRERRENREEEEED)

Table 4  Subjection function values, index weights and drought resistance values(D) of

ten varieties(clones)of Chinese chestnut

BN CFRD

Variety(clone) X Xz Xs Xu Xs X X X Xo
WA 0.85 0.65 1. 00 0. 00 0.35 0.93 0.77 0.76 0.68
5 ZP 0.82 0.56 0.38 0.27 0. 00 0.72 0.55 0.45 0.51
KH 4L DBH 0.55 0.70 0.75 0.75 0.21 0.86 1.00 1. 00 0. 80
#p YL 1. 00 0.32 0.19 0.62 0.02 1. 00 0.66 0.70 0.66
#MZ YK 0.66 0.37 0.57 0. 64 0.66 0.76 0.82 0.69 0.65
eI YSZF 0.87 0. 00 0.49 0.66 0.53 0.82 0.59 0.53 0.58
e A% YSDZ 0. 00 1. 00 0.41 0.20 0.53 0.63 0.87 0.65 1. 00
E P20 QXZH 0.83 0.25 0.27 0.95 0.62 0.13 0. 00 0. 00 0. 00
TP QXWH 0.62 0.30 0. 00 1. 00 1. 00 0.50 0. 60 0.36 0.41
PG QXZL 0. 30 0.18 0.32 0.99 0.08 0.00 0.48 0. 04 0. 04
(=]

Va;zfy”ﬁgne) X1 X1 X1, X0, X Xis D Jr

L3 WA 0.87 0. 60 0. 00 0.92 0.95 0.48 1.24 2

235 7P 0.61 0.27 0.37 0.89 0.59 0.08 0.90 7

KH 41 DBH 1. 00 0.45 0.56 0.00 0.52 0.31 1.27 1

#p YL 0.82 0.68 0.85 0.25 0.69 0.26 1.13 3

M4 YK 0.83 0. 24 0.09 0.73 0.56 0.32 1.13 4

1 L YSZF 0.67 0.00 0.12 0.04 0.06 0.27 0.94 6

M1 48 A YSDZ 0. 44 1. 00 1. 00 0.30 0.38 0. 81 0. 94 5

TP R4 QXZH 0. 00 0.65 0.38 1. 00 1.00 0.33 0. 44 9

TG4 QXWH 0.55 0.22 0.09 0.82 0.00 1. 00 0. 84 8

FPEHTE QXZL 0.14 0.05 0.01 0.54 0.36 0. 00 0.36 10
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Fig.1 Clustering analysis on drought stress resistance of ten Chinese chestnut varieties (clones)
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