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Genetic diversity of leaves anatomical traits in different
provenances of Liriodendron chinense seedlings

ZHAO Li-Jun’, ZHU Li-Qiong, HUANG Shou-Xian, WEN Xiang-Feng

( College of Forestry, Guangxi University, Key Laboratory of Fast-growing Wood Breeding

in Central South China of State Forestry Administration , Nanning 530004, China )

Abstract: Using the mature leaves of one-year old seedlings of five Liriodendron chinense provenances as materials,
the 16 anatomical traits of leal epidermis,leaf cross section and main vein cross section were observed and variance
analyzed. The results showed that there were abundant variances in leaves anatomical traits among/within L.
chinense provenances. Highly significant differences existed in all anatomical traits among/within provenances except
the lower epidermis density among provenances. The mean phenotypic differentiation coefficient was 27.5% ; this in-
dicated the variation of main leaves anatomical traits within provenances (72.5%) was obviously higher than that of
traits among provenances. The correlations among the anatomical features,geography and climate were also analyzed.
The results indicated that the variations among provenances had the gradient regularity,and there were negative cor-
relations between all epidermis traits and longitude and mean annual temperature. Most of traits of leaves and main
vein cross section there were positive correlations with longitude and latitude, however, most of them had negative
correlations with mean annual precipitation and mean annual temperature. According to the UPGMA cluster analysis
based on the Euclidean distance,the five L. chinense provenances could be divided into three groups.
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A 22 B} (Magnoliaceae) A 88 2 Wk J& (Lirioden-
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B 1 el b 2t Ak L A FH B B AR (558, 2005)
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2000) B A ) (B IRAR L 1998) L 24 8 B Rl (22 A
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B SRR E 5 A B R A % U R R A 45 )
A B AR Ak B I B ol BB L T M B B K (Joesting
et al.,2009) , PRI 4400 X6 AN [) B 858 19 3 07 A o4 A
S WA I (9 JE 25 2548 | (Jackson, 1967) , £ E &
IAETE A (AR Ak I R RS B R 350 45 40 11 22 5 (U I
45,2001 5 AR BEIEE,2007) . AR SCHE X 5 AN
T R 5 Bk A M BR E AT BSE D E  BIF A L A
Z R B A R R ) T B R B LR R s
R IR B K
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2009 4 43 B 78 = M 4 (CYNJP) | 5t 22
(GZLP) .J P 2 M (GXQ2) A& @ s 3 1 (FJWY)
FUHIT 2 35 (ZTAJ) R 5 b b 3437 B % 4F K
EEERERRILE D5 A ARIERERE 5 MRl
BORBIER KR T4 100 KL 3 SRS E . T 2010
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Table 1 The main geographic and environmental factors
in different provenances of L. chinense
AERE K i AR B IR
o 2 4%  Annual  Mean
Fh s . . o
Provenan Longitude Latitude precipi- annual-
ovenance (E) (N)  tation temperature
(mm) (O]
PN 103°24"  23°17" 2330 18.0
Jingping of Yunnan, YNJP
G 109°14"  26°24" 1 267 16.0
Liping of Guizhou,GZLP
IR 111°06"  26°36' 1492 17.7
Quanzhou of Guangxi, GXQZ
iyl 118°12"  29°03' 1 864 17.6
Wuyishan of Fujian, FJWY
Wi 255 120°08"  31°08" 1509 15.5

Anji of Zhejiang,ZJAJ

1.2 Fik
1.2.1 R/ 7 % WG D) 2 7% 2% 0E B (1996) 19 J5
5 O P PR A4S 0.5 cm AR RS BB R
K TO AWl 3505 W, U R )& 10~15 pm, T 20—
[ 200 G, I KA I B, 3 R ) 2 BN [) 2%
A5 (2002) 715 ORI i rp B A 2, 2 v AR R
AEHREIY 3000 VR B LAk S R TR 5 W . 60 °C Il
FATPCE 12~24 h, HEM R & AR, B 47818
KPP S B e 1 Y H I E A
1.2.2 B R £ EF2EMNE A Nikon E100 1 4
WLEAT - VLI IR A 7= 1 JD801 R 43 # 4K 2R 46
BRI A0 o A SO0 3 47 R £ 30 AR BT, 44>
PRI 30 S HME .
1.2.3 Ml 25 A7 WL F8 AR AL 46 . o 7 R B L L
TR AN BE 0 bR SRR A MR AL
FLKBE AL SE S A 2 SR B Vg 4 L SRR
JOKJEE B | 2 Tk A 7 AR B | S K 3R B A A K T
NI, AT

WA e (PSR) = MR 4 2R R / i 46 4 41 TR

- ik 28 56 B (VPD) = M Jhk 5L / I - JEE B,
1.2.4 3t oAk HE RSk, &b &1 IE
AR B b 22, AR 5 R CV o R
BB, ISR 2807 22 43 B B FL e MR AR (5 A0 45
1988) 1 fifp AN 6] P R AEFEAA 18] FAE A4 P9 119 728 S R 0L
SR RS 55 A 56 43 BT 75 43 Bt PR IR ) DA S 45k AR 5 b

H A A
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Table 2 Variance analysis of leaves anatomicaltraits among/within provenances of L. chinense

¥ih (AHE) MS(dDH

F {f F value

PEAR Traits F FhPY Blig F FRPY
Among provenance Within provenance Random errors Among provenance Within provenance

UED 0.160 4.248 0.015 10.809 * * 286.240 % *
LED 0.035 5.713 0.026 1.362 222,717 % *

SD 0.180 1.420 0.006 32.346 % * 255.290 * *

SL 105.463 476.300 2.427 43.445 % * 196.211 * *
SwW 20.621 70.897 0.482 42.805 * * 147,165 % *

LT 518.167 842.390 3.401 152.364 * * 247.700 * *
UET 0.331 1.232 0.007 49.313 % * 183.520 * *
PTT 0.888 3.983 0.016 54,184 % * 243.063 * *
STT 26.075 96.462 0.479 54,434 % * 201.372 % *
PSR 438.742 860.236 5.202 84.336 % * 165.356 * *
LET 12 562.240 37 898.754 147.362 85.248 % * 257.181 * *
MVT 1253 114.000 3189 967.700 15 112.410 82.920 % * 211.083 * =
VPD 2.932 140.337 0.621 4,721 % % 225.995 % *
MVL 120 925.100 1299 526.800 4 654.159 25.982 % * 279.218 * *
MLSL 57 593.700 188 413.480 900.061 63.989 % * 209.334 * *
MLSN 1.294 2.091 0.020 64.407 % * 104.080 * *

T %% FOR «=0.01 K225 B3 ; UED=0t LR B AN L s LED= T RN L ; SD="TfL% K ; SL="fLKJE; SW="fLIESE; LT=0t K JEE; UET=
bR MR s PTT=HM 2 SURE ; STT=14H LU ; PRS=HHE L ; LET= T R K AMMIERE ; MVT= EJKEE; VPD= k8B ; MVL= k4%

KA ; MLSL=

FWKF # AN s MLSN= ik F % j b2 A %, TR,

Note: * * Significantly different at 0.01 level. UED= Upper epidermis cell density; LED= Lower epidermis cell density; SD= Stomata density; SL.= Stomata length; SW=

Stomata width; LT= Leaf thickness; UET= Upper epidermis cell thickness; PTT= Palisade tissue thickness; STT= Spongy tissue thickness; PRS= The ratio of palisade to

spongy tissue; LET= Lower epidermis cell thickness; MVT= Main vein thickness; VPD= Vein protuberant degree; MVL= Main vein vascular bundle length; MLSLL= Main

vein lower epidermis length; MLSN= Main vein lower epidermis. The same below.
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AR &l IR T DK B8 R S T ek o R
L T 5 VY Y 2 g T R R R A AR A
HWLRRIR A 3 A5 2 . oo™ R 25 4 A VR T o A 1
R NSRS SR KT 3% B P i RE 2 2

AT A T B
2.2 BEMMIERN MBI ERTRISME
R 4 TG L B RS R Y R R R R
A7 K 32 ok A T A 0 R ) S 3 A S RO —
S Horb kR S 348 B R RO K (30,19 %), i
e Hz AR FLVR (26.32 %0 i 5 e 1) T A9 i 5 e R AR
S FR AU/ (21.70 260 , BRI 2 rp i R 0 T PR
B R PR R A T e JE DA R B Y A S AR
Bt/ AR g (11,45 %) i LA 3 Bk R 3 B2 A TE bR
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Table 3 Leaves anatomical traits of 5 L. chinense provenances
AR Traits YNJP GZLP GXQz FJWY ZJA)
UED 710.5+177.2a 638.2+161.4ab 633.1+173.2ab 585.7+165.6b 667.5+191.7ab
LED 679.7+186.8a 668.8+265.7a 697.9+344.2a 677.9+480.8a 710.1+221.7a
SD 192.6 +29.4abc 209.6430.2b 179.6+31.3ac 174. 7423.2a 202.7435.4bc
SL 15.63+3.54a 18.79+3.75b 13.79+2.22a 14.784+2.79a 15.92+2.35a
SW 5.05+1.61a 4.864+1.27a 3.08+0.97b 3.68+0.57b 4,50+1.33a
LT 200.914+21.30a 226.99422.05b 211.36425.85ab 247.47436.78c 198.13+19.48a
UET 16.83+4.66a 15.40+4.43ab 13.41+2.18b 24.39+3.96¢ 17.69+3.62a
PTT 104.53415.66a 138.24-+15.85b 123.50£17.86¢ 119.01420.94c¢ 114.104£17.65ac
STT 65.59+13.03a 57.30+17.24ab 59.03+17.65ab 80.52420.99¢ 51.06+11.77b
PSR 1.5940.48a 2.4141.05b 2.09+0.79b 1.4840.43a 2.2340.65b
LET 13.95+3.18a 16.05+3.41a 15.41+3.08a 23.5546.73b 15.284+2.90a
MVT 1 846.63+59.11a 2 124.304+276.94b 2 107.744+140.32b 2 343.194319.47¢ 1 873.064273.49a
VPD 9.29+1.21a 6.361.60b 9.97+1.38b 9.47+2.01b 9.45+1.65b
MVL 585.03+30.12ab 669.114+194.71b 707.964+106.19b 590.614+149.62¢ 557.48+155.12¢
MLSL 154.28+81.66a 124.27459.47a 74.49462.11b 64.85+48.91b 50.41431.27b
MLSN 2.60£0.50a 2.53+£0.78a 2.10£0.61b 1.3340.48¢ 1.5740.73¢

T S5 R AR ERE s AT /NG TRk R ) R 22 Rl B35 («=0.01)

Note: Standard deviation is after symbol=; the differences of small letters means different significantly at 0.01 level.
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SHES,

i — 25 Xt 4% B R PR AR S RO L AR B
A R VR 1 2 L e R 3 kO DD T bR 1) 7 S
RPN 3 R BCR 28.18 % . 3 Wi Bl R i
fifE R MR Z R R T N S R A R
HOh 23.06 %0 12 R IR I fige ) M CBR 1 22 RE R R G
K. AR U, 45 B E] i PR AR SR R B0 22
JEA2ZE AR K,
2.3 BEMMIFEERE L

R R (V) 0BT T A [ Ffr Y5 1] 36 23
PR 1 A ) R A AR R B Ve FH R U I 1% O 22
g3b 7 gt AR S ORI )RR R P 25 4 22 RD
M4yt RR . N 5 & L k3 B ik B e &
F kB DDA MR Ve 148 TR BN 0.3% ~
50.6 %0 Hod DL 1 36 R 4 iR BE L E Kl AL
TS E N Ve K, Ve Bl 3t 45% (0 & fif
FE IR FE B T 2 B A0 A B A L ko
FEO I Vs AR/ BRI L Ah Hox = 1 Vi
BI/NTF 690, Uk B 4548 B0 R 5 B A MR AR
TR AR , AR IR N 928 S50 . 38 Mk A TR Y
e Rz i R R T B KRR DD T 16 A R
S35 Fe A0 BB 27.5 %6 o W A ) 4 AE S 1
TG F V-3 R A A R (725 Y0 B FP 9 AR 5
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Table 4 Coefficients of variation (CV) of leaves

anatomical traits of 5 L. chinense provenances

E:l}; YNJP  GZLP GXQZ FJWY  ZJAJ I'éoﬁg |
UED  24.94 25.29 27.36 28.27 28.72 26.92
LED  27.48 39.73 49.32 70.92 31.22 43.74
SD 15.26 14.41 17.43 13.28 17.46 15.57
SL 22.65 19.96 16.10 18.88 14.76 18.47
SW 31.88 26.13 31.49 15.49 29.56 26.91
SFXy 2444 25.10 28.34 29.37 24.34 26.32
Mean
LT 10.60 9.71 12.23 14.86 9.83 11.45
UET  27.69 28.77 16.26 16.24 20.46 21.88
PTT  14.98 11.47 14.46 17.60 15.47 14.79
STT  19.87 30.09 29.90 26.07 23.05 25.79
PSR 30.19 43.57 37.80 29.05 29.15 33.95
LET  22.80 21.25 19.99 28.58 18.98 22.32
EHy 21.02 24.14 21.77 22.07 19.49 21.70
Mean
MVT  13.20 13.04 6.66 13.63 14.60 12.23
VPD  13.02 25.16 13.84 21.22 17.46 18.14
MVL  22.24 29.10 15.00 25.33 27.83 23.90
MLSL  52.93 47.86 83.38 75.42 62.03 64.32
MLSN  19.23 30.83 29.05 36.09 46.50 32.34
SEH 24.12 29.20 29.59 34.34 33.68 30.19
Mean
B 23.06 26.02 26.27 28.18 25.14 25.80

Total average

2.4 IBEMMELIER S HIE SIEETFENEXE

Xof 45 fife ) 2R 5 A R A TR A A G )
B, N 6 F H L 8 3 k0% i 0 Motk o U 3 Tk 4
K S ARRE KB (- =-0.893) L K T % B ab i
R EA S 2B 2 B E RAHE (- =-0.930),
RV i 5 A e K B T B T = i A R B R 5 T
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Table 5 Variance portions and differentiation coefficient
of leaves anatomical traits among/within

provenances of L. chinense

J5 2243+ Variance portion PRI YIS

[ERIN il Y5 i) RN Differentiation coefficient
Traits Among Within of anatomical traits
provenance provenance V. 0
UED 0.049 0.847 5.4
LED 0.003 1.137 0.3
SD 0.058 0.283 17.0
SL 34.345 94.775 26.6
SW 6.713 14.083 32.3
LT 171.589 167.798 50.6
UET 0.108 0.245 30.6
PTT 0.290 0.793 26.8
STT 8.532 19.197 30.8
PSR 144.513 171.007 45.8
LET 4 138.292 7 550.278 35.4
MVT 412 667,248 634 971.065 39.4
VPD 0.770 27.943 2.7
MVL 38 756.993 258 974.531 13.0
MLSL 18 897.879 37 502.685 33.5
MLSN 0.425 0.414 50.6
Mean 27.5

F6 MBEIHNERSHIEBE. SEEFANBEXXER
Table 6 Correlation coefficients between the
geo-ecological factors and leaves anatomical

traits of 5 L. chinense provenances

A . g CFHOKE ETIRE
Traits Longitude  Latitude A.nr_mal_ Annual average
precipitation  temperature

UED -0.58 -0.412 0.436 -0.019
LED -0.216 0.025 -0.254 -0.364

SD -0.151 0.141 -0.391 -0.782

SL -0.203 0.008 -0.376 -0.632

SW -0.405 -0.225 0.247 -0.359

LT 0.511 0.303 0.352 0.129
UET 0.088 0.177 -0.841 -0.41
PTT 0.02 -0.264 0.54 0.669
STT 0.107 0.37 -0.867 -0.776
PSR 0.543 0.306 0.034 0.189
LET 0.27 0.081 -0.138 0.179

MT 0.692 0.636 -0.754 -0.332
VPD 0.73 0.732 -0.852 -0.463
MVL 0.519 0.534 -0.893 * -0.371
MLSL -0.842 -0.846 0.796 0.577
MLSN -0.930 * -0.779 0.107 0.152

* RN a=0.05 KFZEREE.

* Showed significantly different at 0.05 level.
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Fig. 1 UPGMA cluster based on leaves anatomical

traits of 5 L. chinense provenances
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JE R W B L R AE
32 BEMNRETREN —TENHENE

IRBE DR ok A 0 1 A A R A A 32 SR Y
IR E 5K GZIER%,2009), PREEEESNE T
R0 AR A, 30 S ABORR U N 3R B AR S B — o 1
AR S 0 A R A TR R B AT R K R 0 DD B
) 3 e, AR SRR I Rk B S R AL S
(AR FH S 7232 7K 43 I 3e (0 SR 85 v L 3k 1 4 5 4 2L g
PEAEE SN D) B A A K TR R R
A A 20 K A i b A 2 ) B A ) AR A
TEAM TR X 3 MEIR B S4ERKERIEL. X5
Quarrie et al.(1977) F¥5 & 5 (2000) B A 57 4 38 A1
5 T RE 5 il b 1) B K BRI B A DG, B S AR AE
IRTAOR ST = 3 NI

AFLEE B ALE DT AR A X 5 ) 3 1 P A —
MNEFE S T8 R (Ashton er al.,1992) . AFF5E
G5 SR G A AL B B A R K S R AE
JEM R AR, WAL A99D) ks AFEdL
5 G A T Ak 8 ) kb BSOS R D AR
1717 AR BF 58 A B 5 Ak 2% o IR ey 4 47 723X b £ AR
A& T EL AN BRI A R B P I 20 3 A A A OG L X
R ek S (R TR o o e Y =R e 7 I (E R E NS R )
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