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Population variation of leaf anatomical structure of
Quercus variabilis and its adaptation to environmental factors

CHEN Kaixi's, HAO Fan', YUAN Yanqi', LIU Xinrui's WANG Xue', ZHANG Shuoxin'*"
(1 College of Forestry, Northwest A&F University, Yangling. Shaanxi 712100, China; 2 Qinling National Forest Ecosystem
Research Station, Ningshan, Shaanxi 711600, China)

Abstract [ Objective] The study aims to understand the population variation of leaf anatomical structure of
Quercus variabilis and its relationship with environmental factors. [ Methods | The leaves of 28 naturally
distributed Q. wvariabilis populations in China were studied by conventional paraffin sections combined
with optical microscopy. Nested analysis of variance and Pearson correlation analysis were performed to
analyze the relationship between population variation of leaf anatomical structure and environmental fac-
tors. [Results] (1) There were significant difference in the anatomic traits of Q. wariabilis leaves among
28 populations, and the average coefficient of variation was 7. 84 % —15.16% , while the variation range of
the same leaf anatomic trait varied among different populations. (2) There were significant difference
among the 9 anatomic traits within and among the populations, and the average phenotypic differentiation

coefficient was 37. 44%. The variation of anatomic traits mainly came from within the populations. (3)
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Leaf thickness, upper epidermal cell thickness, palisade tissue thickness, and spongy tissue thickness were

significantly positively correlated with latitude, and mean annual temperature and annual precipitation had

significant effects on the upper epidermal cell thickness and palisade tissue thickness. [ Conclusion] The re-

sults show that Q. wariabilis has rich genetic diversity. To adapt to low temperature and drought, Q.

variabilis leaves show a trend of thickening. The results provide a theoretical basis for understanding envi-

ronmental adaptation strategies of Q. wvariabilis.
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Table 1 Basic information of the sampling points of Q. wvariabilis

BE Iﬁéﬁ@) SN 6373 R AR H9m AR K I %fé@f (liﬂn

Sampling point 4ong101ude Lamoude Altitude MAT,C WMT/C MAP [ oK =
/() /() /m /mm WMP/mm

LB Fengyang. Anhui 117. 49 32.71 113.00 15.50 26. 90 1929 668. 00
LR I Huoshan, Anhui 116.09 31.98 763. 63 17. 60 26. 90 2 706 681. 00
Jt 5148 Pinggu. Beijing 117.12 40. 25 222. 25 12.00 25. 20 8 82 537.00
FIKZE Y Fengjie, Chongging 109. 14 31.29 622,47 17.70 27. 80 1947 702. 00
W % 4k Dehua, Fujian 118. 32 25.76 484,71 18. 60 25.70 2771 1237.00
AW Pucheng, Fujian 118. 66 28. 05 319. 88 18. 20 27. 30 2 924 580. 00
Fe i B Daozhen, Guizhou 107. 47 29.01 1 036.76 16. 20 25. 80 1574 424,00
ST Rongjiang, Guizhou 108.53 25. 94 480. 60 18.70 27. 00 2 058 596. 00
J7 PG AR Tianlin, Guangxi 105. 92 24. 44 556. 00 21.10 26. 90 2 496 788. 00
H it K7k Tianshui, Gansu 106. 65 34. 32 1029.43 11. 80 22. 50 950 424,00
TR G Lushi, He'nan 110. 98 33. 94 687.06 14. 40 25. 50 1025 358. 00
#Jb % H Luotian, Hubei 115.61 31.02 282.65 16. 90 27.80 2 871 528.00
116 FE % Nanzhang, Hubei 111.79 31.75 274, 44 15. 90 26. 60 1 340 805. 00
W ALIR & Xingtai, Hebei 113. 88 37.11 530. 25 14. 60 26. 20 1116 764.00
VI {7 PH Xinyang. He'nan 114.04 32.11 189. 46 15. 90 26. 60 2 149 661. 00
Tt S B Yixian, Hebei 115. 48 39.48 506. 88 12.50 25. 30 1180 595. 00
VLA %5 Jurong, Jiangsu 119. 20 32.13 157. 10 16. 00 27.50 2576 625.00
TTVE K% Yongxiu, Jiangxi 115. 63 29.08 201.15 17. 90 28. 60 2 795 688. 00
|82 75 22 B¢ Ankang, Shaanxi 109. 04 32.66 1 050. 00 14. 25 24.53 1237 546. 25
P11 JG Guangyuan, Sichuang 105. 59 32.33 535.57 16. 60 26. 00 1399 648. 00
B 76 # J& Huanglong, Shaanxi 110. 11 35. 54 904. 29 9. 40 20. 60 781 369. 00
I 4% # Ji'nan, Shandong 117.08 36. 34 609. 75 6. 20 17. 30 1901 1 233.00
e 74 Ji] & Zhouzhi, Shaanxi 108. 03 34.13 500. 00 13. 80 24.70 1094 540. 00
PY Il HR YT Zhongjiang, Sichuang 104. 60 31.01 742. 31 17.10 26. 30 1774 784. 00
= # B W Kunming, Yunnan 102. 62 24.97 2 136.57 16. 00 20. 20 1648 584. 00
= M % Mouding, Yunnan 101. 54 25. 25 1 828.00 16. 40 20. 60 1489 611.00
WL M Hangzhou, Zhejiang 120. 01 30.19 254, 43 17. 50 28. 70 1794 784. 00
WiiLF+ 1 Zhoushan, Zhejiang 122. 04 30. 00 54.63 17.10 27. 80 2 245 1011.00

1.4 SRYPFEHRE

WFE R I AR BG4 X R (MAT) (i A A
PR (WMT) | 4F %7K 5 (MAP) M iz #4H B K 2
(WMP) Sy 550 T 7 1 DX 58 1 30 b DX A <052 sl 0 )
B, T2k b E AL 8 W Chitp://data. cma.
en/ 19912020 4F)
1.5 HIESH

FH Excel 2016 X i Jy fige 1) P4 AR %5 4 i 47 %% 2
A3 M1 s FH IBM SPSS 25, 0 X A [ Flftt - 1 £ 351 45 44 19F

1705 22 57 At S Pearson #f &P 43 #1 s F| Origin 2022
2K,

2SR50

2.1 REHMFFHERETRISE

e BRI 9 A MR 19 AR S R BTE 6. 624
~22.18% 2 A (& 2), bbb 41 4UR B (9 A8 5 R
B K (22.18%0) B SR BE S 32. 75~87. 89 pm, 4
SIGEF BN B 1978 S R B /N (6. 62 %0) A8 SR N

N
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S5 R bR AR S R X B85 IR 1 3 775

0.36~0.52 pm, 9 i EIER A AL 55 28 8o K3
AR AR SR BE o DA R L B AR R
PR g AR AL AR L O L VA AR R LT
PR IE H R HRA L

R2 BEFHRBIERERSHN
Table 2 Analysis of leafl anatomic characters

of Q. wvariabilis

I AP A5 R AL
f’#ﬂj{ Averagei E;‘ZTH?E‘: Varlatlon
Trait Standard Data range  coefficient
deviation /%
MREE LT/pm 142,63422.91  92,9~218.95  16.07
L ERIEE UEC/pm 19.07+3.10  13.13~31.89  16.27

A 2 LR
T4 15

T#REEE LEC/pm 7.9540.57 6.71~9.59 7.16

£ PT/pm  54.564+12.10 32.75~87.89  22.18

% ST/pm  60.9349.73  37.12~96.91  15.96

AR MT/pm 115.49+20.23  71.95~177.39  17.52

Mt L PST 0.904+0. 14 0.56~1.48 15.33
AL B E TST 0.384+0.04 0.29~0.55 9. 40
R LE BN JE TSP 0.4340.03 0.36~0.52 6.62

2.2 BREGMBENHFBHIERERAE

Ha BRI P79 A M S PR AR (8] R A 7 22 43
Préi ik 3. &8 F K & B, 9 A i Fil v R A Bl i
[F1) B bR A S5 A TR A 25 22 57 (P <<0. 001) , R W]
BRI i w60 1 AR A Ao R ] B e A B A AR

=)
A5

AR R 9 A MR G B AR ifE 22 £
FEACEE SR LA 4. B B BR R SR FRE I o A 5 IR A
ﬁﬁlﬂﬁfﬁiﬁ%#o ZRUE WL g B AR

£ TV AR LRI RE I TR | 136 Hz JEE B A 4 41
J;EZ Y20 2 2 JRE R A X A A A R R EE AR
I“EHHM WAL % R R R JRE B (A 6 450N L B

L SEMARTL TV HORKR B VY R = R R R
3 R TR B A X /N A AR L AR AL %
FE VT VG A A ol B A A2 2 202 3 AR ) e A L R PR 2
5TV BRI B R R Ve A 2 4 A X A
TRUEE LI HON ROKFIE T 3R 5 B, ) P AR UL 95

FIRFPRET R B iRl 2R P PR 2 B L
B|#/iI S= I TR 7R 2 A IR E e i RN RS RSN,

JVE AR AL B AR R A PR B SRS

R3 BREGHEEARMBEANSRIERTESN

Table 3 Variance analysis of anatomic characters of Q. wariabilis among and within populations

47 Mean square F

Trait Tl B[] Tl e Rl AL R 22 T B [l g A

Among populations Within populations ~ Random error =~ Among populations Within populations
R JERE LT/pm 5 970. 58 953. 40 240. 68 24.81™ 3.96™
bR R UEC/ pm 123.77 15. 50 3.73 33.22™ 4.16™
M= 2R B PT /pm 1377.59 309.92 89.11 15.46™ 3.48™
MG ALUEREE ST/ pm 1 029. 45 177.19 47.68 21.59™ 3.72™
TR EEE LEC /pm 3.11 0.67 0.24 12,77 2.73™
iR JEEE MT/ pm 4 363.24 781.93 202. 14 21.59™ 3.87™
Wit Lk PST 0.12 0.05 0.018 6.56 " 2.837
MG B TST 0. 007 0. 003 0.001 6.347 3.05™
HRLE BT JE TSP 0.005 0.002 0.001 5.22™ 2.107

e oxoxx FORTE 0. 001 K- 1 WML,

Note: **x* indicates a significant correlation at the 0. 001 level.
2.3 REFEMBAMNABIERERSE

28 /N K AR AR I R i ) MEOIR R S R B
h 7,84 %5 (BEVE g ) ~15. 16 % (BRVE I &), 3
S RECHR 11, 65% (K 5) . [Fl— B BE N R [ MR
(978 S B BE AN [R] 72 9 AP AR o AR 2 S - 3
8 S R AR (17, 3400) ok o ik R (13.1206)
/N TR (5. 68%) o [a]— Ik F i ) PR 7E
A TR o B 18] ) 722 S 0 P A A [ o JFG vl e 76 J] 2 A A

MR (16. 62 9%6) . 3R IR (15. 64 %0) A4
YU RE (27, 34 %) (M A (19, 58 %) I 4 445 4
BB R (12,83 %0) 728 S R A Oy & B RE 0] 22 S R A
T RAE 25 20 5 PR BE I Le (22, 79 20) AL 21 2544
B A BE (10. 19 Y0) A8 S 2 B0Ch FhoRE ] 5 KAH 154 40
ST B T 3% M R B2 78 S 3 U AR 3 i) ol 22 Bl e
L FPRE (18, 23 %) AR B L AP RE (8. 88%0) . BEWIAR
(7] fige 0] PR 1) 7 S R AR AE R [ 5 AN 8 2 — 3K



44 %

(1

2
F

mode MY

776

[PAS] GO "0 PY) 1B S0ULIRJJIp 1uRdIjIuSis ajedipul suonendod usamIa( SI9119] JUIISFJI(] 9ION

CRESERE M A AN GO0 T L oL [u] N [l s o " o

JOP2qE0 027 0
JoP2q20 042V "0
JPP2q¥0 "0F2¥ "0
P2920 '0F€7 "0
JPP2920 '0F57 0
JPP220 0 F 17 70
qe0 "0+F77 0
JT0 0407 "0
qe0 "0F¥v "0
JPP2qE0 0 FEV 0
BEOT0OF LV O

BEOT0OF LY O

OP2q70 "0FE€V 0
2410 0F7¥ "0
OP2qZ0 "0FEF "0
PPAqT0 "0F€V "0
2420 "0FT¥¥ 0
JPE00F TV 70
JoP2q20 '0+37 0
JoP2q20 "0+2V "0
P2970 "0+7¥¥ "0
P2920 "0F7¥ "0
JPP2q20 '0F357 0
9P2qZ0 "0FE€V "0
JOP29E0 027 0
JoP2q20 '0+27 "0
JOPEO 01V 70

qe0 "0F¥¥ "0

P29BE0 "0F 07 "0

9qBEO "0F0V "0

JOP2qES0 "0 F 68 'O
JPPOE0 "0 T 8E "0
JPP4RT0 "0 F6€ "0
2qBS0 "0 F 0T 0
48§20 "0 F9€ 0
qez0 01V 0
JOPI£0 "0 F8€ 70
JPP9E0 "0 T 8E "0
1€0°0F € "0

g0 "0FFE 0
JOPOqET0 "0 F8€ "0
JP2Z0 "0 FLE 0
J2P2920 "0 F8€ "0
Y8100 LE 0
Y8Ja10 "0 FLE "0
P24®Z0 "0 F 07 '0
APIqET0 "0 F6€ "0

148320 "0 9¢ "0

9PqEY0 0 F6€ 0
8J9P2Z0 "0 F LE "0
J2P2qT0 0 F 8¢ "0
4820 '0F9¢ 0
JOP270 "0 F 8¢ "0
JOP2Z0 "0 8¢ "0
®G00F IV "0

Y3J£0 "0 9€ "0

POqRIT "0FS6 70
OqBET "0F L6 70
OPIqEIZ 0 F V6 "0
APIQLT "0 F88°0
9PIqRST "0 F 26 °0
qe8T "0F86 "0
JPP60 "0 F €870
2L0°0F €01
OPIZT '0+98 0
APGFT0F 1670
8L0°0F2L0
SJOT'0FSL 70
2P2q8T "0 F 16 70
9P2qL0 0 F 980
2p2q60 "0 F68 "0
2paq70 "0 F 98 '0
JPPOT "0 FS8°0
qeZ1"0F86 "0
aPIqEET "0 F 16 "0
9P290 "0 F 98 "0
OPIqELT S0 F 16 70
2p2q60 "0 F98 "0
OPIGBHT 0 F 1670
1280 "0F €80
9PAqRST "0 F 26 "0
2P2960 "0 F 16 "0
®0Z"0FE0 T

JPET0F€870

B99 "TZH2L2 "SV1

PP68 "ST+36 241

OP2469 LT FLO P21
Y31z "TTF89 011
Y3JP16 '8 F06 “L1T
YSGST "1ZF S0 "80T

8J9p99 "61F2S 121

JoPE€8 "ZT+68 131

48§22 €1 T 91 €Ll

48§02 9L F 19 211

P98 '8 F 2L €0l
H{MYB9¢e "L F76 20T
vLT 12T 96 20T
PS8 "1 F 18 621

qeLE 22 +8LS¢el

Y86 "STF96 "L0T

[0T "TTF96 26

W8J62 ‘ZLF¥8 211

YSPGT 8T F62 "STT

ITO 9T +7V. €6

14331PpH8 9T T 06 911

AOYTT61F8S 90T

§Y8yez 01 F2¥ 801

1462 "TT1F60 66

V6 "0T 29 "S6

Y8JapsT "STF80 021

2qe90 "€2+69 TET

8J2pz6 9T FEV 121

POES "0 60 '8
P289 "0F 90 '8
Pa8y "0 F 01 '8

OPAESOF 10 '8
JPPTIE 0FSL L
JPYE0TFES "L

OPI6T "0 F 66 "L
SIrE0FEV "L
JPPZZ 0FI18 7L

aPI89 "0 F 68 "L
SPLY 0T 29 "L
Yy 0F2E L

qers 0419 '8

o

POgE "0F 60 '8
Pz 0F ST 8
JPP9Z 0FSL L
8J9Z5 0F 1972
29L£°0F 62 "8

P9V "0F V8 7L

86T 0F€E "L

P2V T0F€0°8
PPIV0OFI87L
PYS0F21°8
9P20L '0F16 "L
8J20£°0F29 "L
JoP89 "0+8L 7L

BLV0+68°8

qeSS'0F29 "8

BOL6F TS TL
12P69 S FVE 29
2PI6T "8 F 61 19
8J20€ "7 F00 °6¢
1oP8Y "€ F6€ 19
439z "8F29 S

P2999 "0TF 17 "99
B196L V€6 "6¢
JPPLY LFIT 1Y
8J26€ "¢ F 96 89

SJOPYE "¢ F 65709

JOP8T "§ 00 '29

BYZ 0T F€6 "L

2qe60 "9+29 "69

qe0S 6 F 1S 1L
8J989 '8 F€0 8¢
4ze "y FFe 0S
BJSE9F V0 LS
8J96Z LT LY 68

ULV "LF8V 08

12P89 "6 F8€ 19
BPTY 0T T8S "L
8569 "V F L9 "9S
USLY "9F0€ TS
9Z6 7 F61 08
JPPI8 "L F 96 29
P46 "21F 28 99

PoqTV 657 99

B80 6T F €L 0L
9P3qL0 "TTF8S 09
JPPqOT "1 T 88 "6¢
48§90 "8 F 89 'IS
8Jopa8z "§ F 16 "9¢
48JOpT9 FIFEV €S
8Jopg8 "6 F 11 "6¢
Poq€s 8 F 6 19
Y35¢e¢ "L F00 '2S
UBPpES T1 69 €S
flg vFer-ev

410 "SF V6 ST
qe9Z "VTFE0 '89
JOP99T "8 FE€Z 09
2qu9Z "€TF LZ ¥9
y8z¢ " LF¢€6 67
fee "LF29 2y
8J9p20L "L F 08 "G
BJOpaG8 "TTF28 "¢¢
[6,'8F8z ¢y
8JopPST 0T F 26 "6
43¢y "6 F00 "67
WSJe8 "L FGL IS
150 9F 6L T¥
1y 82y "s¥
BJPa0¢ '8 F 2T "L¢
qey8 €1 F 28 L9

8JPPLC "6 T L6 TS

989 "7 F20 €2
48528 "TF 65 8T
OPILT " TF 66 02
Wy TFST LT
SpPETZF VY 61
69 'Z2F22 LT
9p26 'z F 8T "0Z
FPIT CF6€ 702
e TF9L 9T
ydee zFee 8l
Y896 "2 F 05 '8
Y868 TF V9 LT
¥SLZF6L VT
PoATE T F V9 12
4.6 CF61°€C
81209 "TF 52 61
08 ‘TF26 9T
8J966 "TF 9 61
YSyy 'ZF86 L1
/Y ZF G0 LT
0T 'ZF08 9T
48L TF62 LT
4369 "0F 9T 8T
W8z ZFV9 LT
10 TFLL ST
2T, ZF 6122
48ez "2 F8S 81

JoP86 T 1€ 03

®Z9°9ZF8S 9LT
JOPO6L 9T T8 "6V 1T
PO8Z "61F¢9 "€ST
48J¢8 "L F0€ "9€1
8JoPZL "9 F 00 'STVT
4800 "zgF 1€ "2€1
aP206 "1 F2€ "0ST
JOPOZL "TT 96 61
Y397 "1 F80 '8€1T
3P0y 'STF 0L "6€1
PIMZ9 "TTF6S 821
Y80y "8F 22 "c€1T
BI8 T FCLCLT
29FF ST F G0 09T
qees 12 F2S "L91
48§9L "LIF 6T "GEl
LS "€TF80 91T
USJPPHE €T F €€ "0F T
U3Jop9T "61F 68 "0V T
€6 "LTF8L '8TT
YSJPPEO 6T F 16 "TVT
§MY8z8 "02 F 924 161
326 "8 F00 "SE1
[MOy8 g1 F1e "cel

Mf26 '0TF0L 611

OP26E 9T €9 "0ST
XQBYT TLEF VL TE9T

PP206 "LTF 1V 08T

guetloyz curysnoyz I T IH
Buetloyy <noyzduepy |14 TL IR
upuun X < Supnopy A o Hl 7
uguun X ¢ Jutuny gy Bz
Suenyorg «SuwtBuoyz Tk |if il
xueeys “rqznoyy % [y hd ¥
Suopuryg ‘uvu I B 44307 M1
xueeyg ‘Suodueny] ¢ Hi hd ¥
uenyoig uend3uensy U0 (|1
Ixueeyg <Sueyuy 37 hd
xguel[ “nix8uox M hd Tk
NSSUBI[ < SUOIN[ & [u, [ Th
PGP UBIXIX 4 [k
uvu o BurAury ) B fu!
Aoy ‘reiSury L qr fuk
loqnpy < BuryzueN g B[
LYY ‘uenonTT i g7 qF [
RO ST 3 il B o
nsues) CMysuel] LY HH
xguens) cutuel] W H hd [
noyzne <BuriBuoy Tt 4 i

noyzing ‘usyzoe(] EH HC

a
=
uving <Buoyong Y W
uviing enya] B
Suib8uoy() *oHfBud, e Hi
Suliog *n33uly & 4 ¥ ¢
myuy ueysonpy [ E Y%,

myuy ‘Suekud,] [H\ 3H 27

dslL
HH Y 1715 W

ISL
HH A BN 1

1sd
H

wrl /N
FH Al M

wrl /3]
A F ¥ L

wil /1S
71 17 Ha 7 0t

wrl/1d
il 17 He Sl

wrl /AN
HE AT

wrl /1]

AlEH H o

jutod Zurdweg

g

$171QDIADO. g .wO mCOC.&T‘,_QOQ ﬁm.:zwﬂ Q7 EOYH.* ww\:wwﬁ .wO Slieny orwojeue .*O AEOCmm\wwﬁU piepuels J‘FCM@EV uostreduwod

(ZYUTFREE)GNESHT BH Y HENEXHTFL 8 ¢+ 2

SldBN ¥ 2IqRL



777

B
[y
=
i
X
N
=
e
[
RS
i
=
&
i
%_W.
2
H

ﬁ?’%

Prte

Lo

G9°TT 7876 1¢°8 AN ST el 89°G 8811 $E LT 111 G9°TI uesN H) fr

18721 2879 97 9 7021 16 71 €579 10°€T 67 81 2€°02 1871 Sueilyyz ueysnoyy I T,
L1701 167V 19°8 09 "€l €621 er 8 716 82 '81 LL°6 1211 Sueilyz <noyz3uey |14 T2 4
ge el 61°0T €1zl 61722 92 71 86 °G €z el 8812 00 66721 uguuUNX ¢ SUIPNOIN Yy Bl Z
8¢ 6 86 G Vi) ey 21 5001 6679 6272 09 ST g1 ol 6 ueuUN L ¢ Funwuny 3 Bz
18°8 87 G 91 '01T 8191 9674 00 ¥ L9°¢ G691 96 0T €9y Suenyoig < Buetfuoyz Txch |If hd
91 "¢1 00°9 €821 06 "81 8661 667 AN V€12 79 'Sl 2991 xueeyg 14znoyz & [gf il 3
20721 809 819 G601 8191 019 G0 9T 76 LT ¥1¥1 LS°VT Suopueyg cuvu I Bl 4G M
¥8°L €67 1676 81°L €601 €9y 66°L 62 €1 09 °0T 28°L Ixuveyg ‘SuoSueny A K hi 3
VL6 809 €6°L 70T 2.1 9.2 vS 21 0171 918 €€ 70T Suenyolg cuenf3uenn) 9 _(|f by
€221 6z 9 61°8 GV ST 6€ 71 79 °8 G1°6 90 °2¢ A A xuveys ‘Sueuy ¥ 27 h 3
L0°6 657G 216 €L°6 768 1279 ST°6 LV 0T 78 ¢l €06 IXguel[ ‘nix3uOx N hd T}
A 10°9 12°8 7621 789 S6°G Ge '8 1601 1,701 1£°9 nsBuel[ < FuoIn[ & fu (T}
9¢ €1 €8 SS°TT 16761 1871 1279 99 '¢1 16702 60°TT ARA PP URIXIX F 4 F [uk
1¢°8 ge e 19°¢ 9¢ 8 99 '01 €0 Y §L°8 $0 V1 L€ 701 7976 ueu Oy ‘Suvkury g 2k fu}
Sy UTT 8L ¢ er 9 166 LV 91 01°¢ 62 €1 79702 08 21 79 VI PYIH “rasurX Ll qF fub
96 '8 2Lz 29°¢ G9 ¥ 6L°V1 9¢ "¢ 96 V1 90 "G1 €8 Vel Pqny < SuvyzueN g B E
LY 0T 0L°S 0% 01 7E 11 7611 8.9 6578 02 L1 79 °0T 69°TT LY cuenonT iy & F If
L€°6 ¥2 9 687G 0121 0601 0S¥ PITI 6L°€1 §z 01 1576 URUDH 1SN Y] ef B uf
6221 €e g ov 6 69 ¢l 6L ¢l 06§ 8121 €2°12 86 "¢l 09 "€1 nsuen) <mnysuel], MY M H
9T '11T GL'¢ 86 ¢ ¥E L 80 L1 802 08 7T 2202 ¥S¥1 01 ST xSuens) ‘uruel], YW ki _(
00 €T 918 6901 87 81 I at €6°g 92T 82 81 1621 7 el noyzine) ¢3uet3uoy Ti¥Y
20°21 G0°¢ 1179 7701 €6 LT 1278 80 81 6261 1201 08 'ST noyzing ‘usyzor( ¥ B
60°6 19°6 76 01 92 ST §¥ 6 8979 878 er et z8°¢ 6979 uetn, «Sudyon g Y ik
90 °0T 91 °¢ 819 7S '6 6€ 11T 888 2611 16°€1 2L°el 6z 01 ueting <enys(q 33 B
§6 0T L 111 08 9T AN 86 ¢ 18°6 2681 1179 916 Sutbguoy)) orl3ud ] gl sl Y
2801 9¢°¢ 99 °¢g 26°6 2921 6.8 oV 2t 88 V1 2221 88 01 Suthog ‘ndduld & 4 ¥ qF
€z V1 808 0€ 1T 1681 AR €e’g €281 17°02 0021 8691 myuy cueysony 7154 7
89 "I1 V2L S1°6 SI°GT 76 €1 9 9T 71 I7°L1 GL'6 06°TT mnyuy < SuedSud g Hy\ ¥4 2%
U dS.L LSL 1Lsd LN eci! LS 1d odn L1 yutod Burjdueg

H&r HWWAREH  HERWZ G PRSI Hl A M -y HAE ¥ L 17 H7 e 1wk F 17 W HAER T FAH 5

%

$1719D1ADO. G WO wEOCmTJQOQ TW.MSHNC Q7 .*O mhwwomhmﬂu Jlwoleue .twwﬁ .*O uﬂwmom*wwOo uonele A

BELERFEHH MY XYWL 8T %



778 ode Moy % iR 44 4

2.4 REHMHFBIHMERTRRIERMEERKE
sk

28 AR B BRFPAE O A i E R B 5 22 2H 4 W
B 1, RA b R BOS TR e R ) D7 22 4 0 S
SOTZA SR A 9 AN A R Y R B 4y
b RENAE 17. 35 %0 CLHEAUEE ) BB ) ~52. 29 % (|
R R Z 0], FhRER] 9 ANk R fig 5 R O 22 4
Oy BRI S 21, 29%  FEEN S 32, 85%, F
PIRAI AL R ECR 37, 4406, R AR B2 A% it R i 1)
G S EEORIE T RREN .

FE LR Z Random error
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FEE S
Variance component/%

) ) ) ) ) ) 9.38 ) 771 ) 9.77 )
LT UEC PT ST LEC MT PST TST TSP
IR Trait
LT. i JREJE s UEC. b3k B RS s PT. M A L SUR &
ST. G4 A LU ; LEC. N J RS MT. R JE

PST. MiHif bt s TST. 4141454 S 1%
TSP. HHA LGN E . T,
BT F e BR g Mok B T 22 4

LT, leaf thickness. UEC, upper epidermal cell.

PT, palisade tissue. ST, spongy tissue. LEC, lower
epidermal cell. MT, mesophyll thickness.
PST, palisade-spongy tissue ratio. TST, tightness of
organizational structure. TSP, organizational
structure looseness. The same as below.

Fig. 1 Variance components of anatomic traits

of Q. wvariabilis
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MAT, mean annual temperature. WMT, mean temperature
for the warmest month. MAP, mean annual precipitation.

WMP, mean precipitation for the warmest month.

Fig. 2 Correlation between leaf anatomic characters

of Q. wariabilis and environmental factors
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