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Abstract; In order to clarify the differences in growth traits of Liquidambar formosana Hance seedlings at
different stages and explore its geographical variation law of growth traits, plant height, ground diameter,
and leaf shape factor of one-year-old seedlings of 30 provenances of L. formosana were studied by using
variance analysis, correlation analysis, and stepwise regression analysis. The results show that plant
height and ground diameter of L. formosana seedlings increase relatively fast from April to December in
2015, and increase slowly from December in 2015 to March in 2016. In March in 2016, there are
obvious differences in plant height and ground diameter of L. formosana among provenances, and the
difference in plant height is higher than that in ground diameter among provenances. Among 30
provenances, plant height of L. formosana from Funing of Yunnan, Mt. Bawangling of Hainan, and Mt.
Limushan of Hainan is relatively high; that from Ningqiang and Zhenba of Shaanxi is in the middle, but
these two provenances have good cold tolerance, and are suitable for planting in northern area. Ground
diameter of L. formosana from Huoshan of Anhui provenance is the largest. Plant height of L. formosana
seedlings shows a variation tendency of decrease from southwest to northeast, ground diameter shows a
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variation tendency of increase from south to north, and leaf shape factor shows a variation tendency of
decrease from south to north. Means of coefficients of variation of plant height, ground diameter, and leaf
shape factor of L. formosana seedlings from 30 provenances are 23.01%, 19.35%, and 17.51%,
respectively, while means of coefficients of variation of growth traits of L. formosana seedlings within
provenance are 11.86% —25.43%. The correlation analysis result shows that plant height, ground
diameter, and leaf shape factor of L. formosana seedlings show extremely significant correlations with
latitude,, annual mean temperature, mean temperature in January, and frostless period; plant height also
shows extremely significant correlations with longitude and altitude. The stepwise regression analysis
result shows that the main geographical-climatic factors affecting plant height, ground diameter and leaf
shape factor of L. formosana seedlings are mean temperature in January, frostless period, and altitude. It
is suggested that growth traits of L. formosana seedlings can be used for geographical division of
provenance and germplasm selection of L. formosana.

Key words; Liquidambar formosana Hance; provenance; seedling; growth traits; growth rhythm;
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Table 1 Geographical-climatic factors of provenance locations of Liquidambar formosana Hance tested

BE R s s WEdk/m A@l@jﬁv"c 1A i’s?ﬁ/(’g o CHIB/ AEREKE/mm
No. Provenance Latitude Longitude  Altitude nnual mean. Mean temperature in Frost.less Am].uﬂ.
temperature January period precipitation
Pl TR AL M. Limushan of Hainan ~ N19.27°  E109.79° 209 22.0 16.0 362.0 1951.4
P2 55 08 Mt Bawangling of Hainan ~ N19. 14° E109. 29° 250 24.3 18. 4 365.0 1 395.0
P3 IR e Yingde of Guangdong N24. 45° E113. 40° 273 20.7 10.9 315.0 1 849.0
P4 JTPHLERE Pingxiang of Guangxi N22.21°  E106.79° 178 21.3 13.2 347.0 1376.0
P5 I FEEEMK Longlin of Guangxi N25.03°  E105.62° 1390 19.1 10.0 331.0 1422.8
P6 J7 P4k /K Rongshui of Guangxi N25.18°  E109.37° 329 19.3 7.5 320.0 1.824.8
P7 Z M % T Funing of Yunnan N24.13°  E105.73° 1161 19.3 11.0 327.0 1176.9
P8 fREKIT Changting of Fujian N25.83°  E116.44° 462 17.3 9.8 260.0 1711.6
P9 HHEJUIE Youxi of Fujian N26.34°  El18.49° 449 17.7 8.0 264.0 1 600.0
P10  f@#A4E% Huaan of Fujian N24.96°  El17.45° 140 20.9 18.5 320.0 1598.7
P11 WiiLF 4k Kaihua of Zhejiang N29.08°  E118.41° 338 16.3 4.6 250.0 1762.1
P12 #iVLHEH/K Lishui of Zhejiang N28.54°  E120.00° 259 18.0 7.3 257.0 1399.6
P13 Wi{T K4 Tiantai of Zhejiang N29.11°  EI21.10° 464 16. 8 5.0 234.0 1332.0
P14 VTIR9RM Suzhou of Jiangsu N31.48°  EI20.68° 2 15.4 3.2 242.0 1055.8
P15 VLIFFI% Jurong of Jiangsu N32.13°  EI119.31° 19 15.1 2.0 229.0 1 000.0
P16 YLPGK4 Dayu of Jiangxi N25. 62° E114.52° 267 18.4 7.5 301.0 1591.5
P17 VLPGE>% Dexing of Jiangxi N28.96°  El117.59° 180 17.2 4.8 252.3 1.849.0
P18  ZRUABIT Qimen of Anhui N29.98°  El117.72° 201 15.7 3.4 266. 0 1782.8
P19 Z#FE 1l Huoshan of Anhui N31.27°  El16. 46° 391 15.3 1.8 220.0 1391.2
P20 IR FHL Sangzhi of Hu'nan N29.44°  E110.29° 390 16.5 4.8 255.0 2029.1
P21 WIF§E ¥ Yizhang of Hu'nan N25.10°  E112.89° 1032 18.3 7.1 292.0 1393.0
P22 IR Longhui of Hu'nan N27.27°  El11.12° 520 17.0 5.1 281.2 1427.5
P23 HIdEE I Jingshan of Hubei N31.01°  EI112.90° 42 16. 1 3.0 250.0 1150.0
P24 i#H4t% H Luotian of Hubei N30.83°  El115.43° 223 16.4 3.6 228.0 1292.6
P25 PUJI|J5 ¥ Wanyuan of Sichuan N32.08°  E108.04° 844 14.7 3.0 240.0 1169.3
P26 RINFEIT Dejiang of Guizhou N28.29°  E108.17° 855 16.0 5.0 295.0 1229.6
P27  JAEG R Shangcheng of He'nan N31.75°  El15.54° 310 15.5 2.1 222.0 1225.9
P28 BkPET R Ninggiang of Shaanxi N33.05°  E106.02° 928 12.9 1.4 247.0 1178.0
P29 BEPYZESE Ankang of Shaanxi N32.18°  E107.86° 917 15.5 3.1 253.0 799. 3
P30  BEPEHEE Zhenba of Shaanxi N32.74°  E108.00° 688 13.7 -1.3 236.0 1310.2
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O 565 1 BrBe(2015 4 4 AZE 8 A) FIAR = 5142 Plant height or ground diameter at the first stage (from April to August in 2015) ; [: 2f 2 BBt (2015
FESHEI2H )H(r%}ﬁki{ﬁﬁé 384K H Increment of plant height or ground diameter at the second stage (from August to December in 2015) ; H: 53 By
B (2015 4F 12 A & 2016 4F 3 A ) HRE ol 42 (34 < 5 Increment of plant height or ground diameter at the third stage (from December in 2015 to March
in 2016). Kﬁ/l\giﬂi%%ﬂﬁlﬂjﬁgﬁ%(p<o 05) Different lowercases indicate the significant (p<0.05) difference among provenances.

P1. #5281 Mt. Limushan of Hainan; P2. T i T8 Mt Bawangling of Hainan; P3; JUAR YA Yingde of Guangdong; P4 . IR Pingxiang of
Guangxi; P5: J VEEEM Longlin of Guangxi; P6: | VPEfl/K Rongshui of Guangxi; P7: ¥ & T° Funing of Yunnan; P8: fi#1:7T Changting of Fujian;
P9 fREJIR Youxi of Fujian; P10, fE##4E% Hua'an of Fujian; P11; WiVLI b Kaihua of Zhejiang; P12 #iVLWN/K Lishui of Zhejiang; P13; WL K
4 Tiantai of Zhejiang; P14, VL IR Suzhou of Jiangsu; P15 VLI ZS Jurong of Jiangsu; P16. AN A Dayu of Jiangxi; P17. PANig oA Dexing of
Jiangxi; P18; ZE#ARIT Qimen of Anhui; P19; ZZ#(#E 11l Huoshan of Anhui; P20: WIFG 548 Sangzhi of Hu'nan; P21; WIF H & Yizhang of Hu'nan;
P22, HIEREm Longhui of Hu'nan; P23, WAL E L Jingshan of Hubei; P24 . 4L % [ Luotian of Hubei; P25 PYJI|J3 8 Wanyuan of Sichuan; P26 iy
JHAEIT. Dejiang of Guizhou; P27 JAIFE 3 Shangcheng of He'nan; P28 BEVE T°% Ningqiang of Shaanxi; P29 BEVE 4 Ankang of Shaanxi; P30 BE7H
B[ Zhenba of Shaanxi.
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Fig. 1 Comparison on plant height and ground diameter at different stages of Liguidambar for Hance seedlings from different provenances
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Fig. 2 Comparison on leaf shape factor of Liquidambar formosana
Hance seedlings from different provenances
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Table 2 Comparison on coefficients of variation of growth traits of Liquidambar formosana Hance seedlings from different provenances

. AR ZE/ % Coefficient of variation
ErRes g
No. Provenance 7351 itz I IR 7 YA
Plant height Ground diameter Leaf shape factor Mean

Pl MR ZLAE L M. Limushan of Hainan 14.13 19.03 12.20 15.12
P2 MR £ Mt. Bawangling of Hainan 8.79 17. 89 8.90 11. 86
P3 ] A Y% Yingde of Guangdong 24.22 16. 00 20. 81 20. 34
P4 UV ERE Pingxiang of Guangxi 22.12 17.39 15.23 18.25
P5 I PEEERK Longlin of Guangxi 18.52 17.04 17.17 17.58
P6 JUPERlK Rongshui of Guangxi 22.19 21.74 19.95 21.29
P7 Z M & T Funing of Yunnan 10. 86 18.97 14.18 14. 67
P8 AT Changting of Fujian 21. 88 16.17 18. 49 18.85
P9 A IIZ Youxi of Fujian 33.90 19. 64 12.45 22.00
P10 484 Hua’an of Fujian 16. 65 18. 88 18.49 18.01
P11 Wi IFE Kaihua of Zhejiang 19. 68 18.35 21.38 19. 80
P12 WL K Lishui of Zhejiang 27.25 17.39 22.52 22.39
P13 WL K A5 Tiantai of Zhejiang 25.29 19. 36 16. 04 20.23
P14 TLFR IR Suzhou of Jiangsu 27.27 22.56 16.24 22.03
P15 bAiNGIE Jurong of Jiangsu 25.82 19. 69 18. 56 21.36
P16 TTP§ K A% Dayu of Jiangxi 22.89 18. 13 28.01 23.01
P17 YLFE{E2% Dexing of Jiangxi 29.78 18. 41 21.81 23.33
P18 BRHBIT Qimen of Anhui 29. 40 17.42 17. 47 21.43
P19 AL Huoshan of Anhui 28. 83 15.37 15. 00 19.73
P20 W S48 Sangzhi of Hu'nan 27.85 21.03 27. 40 25.43
P21 W EL % Yizhang of Hu’nan 23.70 23.29 24.07 23.69
P22 TG e Al Longhui of Hu'nan 19. 17 19.07 22.19 20.15
P23 WIJL T 1L Jingshan of Hubei 28.23 23.25 15.02 22.17
P24 462 H Luotian of Hubei 28.17 19. 48 11. 86 19. 84
P25 PU)I 5 8 Wanyuan of Sichuan 24.50 17. 81 15.57 19. 30
P26 FINFEYT Dejiang of Guizhou 16. 58 19. 61 13.90 16.70
P27 VB R Shangcheng of Henan 24. 65 19. 46 15.63 19.92
P28 P4 77 3% Ningqiang of Shaanxi 19. 69 19.28 10.99 16. 65
P29 ok 75 22 ifE Ankang of Shaanxi 26.28 24.23 18. 45 22.99
P30 B PE4E Y Zhenba of Shaanxi 22.05 24.56 15.21 20. 60
HJ{E Mean 23.01 19.35 17.51 19. 96

F3 WERGEERERS EMFEHE-SEEFEANEXRE

Table 3  Correlation coefficient between growth traits of Liquidambar formosana Hance seedlings and geographical-climatic factors of their
provenance locations
AHFZE"  Correlation coefficient"
ERER . s - AEHE 1 Eih KA Rk
Growth trait LhE Z K ; ’ : : i stless é
. . . Annual mean  Mean temperature in Frostless Annual
Latitude Longitude Altitude . A
temperature January period precipitation
KK Plant height —0. 803 —0. 593 0. 615 0. 71 3% 0. 71 3% 0. 88 0.13
4% Ground diameter 0. 493 0.04 0.31 =0. 51 %% =0. 563 =0. 47 %% 0.01
B TR F Leaf shape factor =0. 51 -0.16 0.11 0. 53 0. 63 0. 483 0. 06

D sy p<0. 01,
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Table 4 Result of stepwise regression analysis on growth traits of
Liquidambar formosana Hance seedlings and geographical-climatic
factors

B R R F1& pli  BZEE
Stepwise regression equationl) F value p value Tolerance
Y, =0.177X,+0.005X,-25.314  0.819 60.953 0.000 0.986

Y, =-0.079X,+5. 731
Y,=0. 160X,+9. 389

0. 308
0. 390

12.458 0.001  1.000
17.920 0.000  1.000

DY, : ¥k Plant height; Y, : #14% Ground diameter; Y, ; M TEAREH
F Leaf shape factor; X,: & #5 M Frostless period; X, W 3K
Altitude; X5 1 H ¥ E Mean temperature in January.
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3.1 MEHEHAERERST
Tk e AR R AT SR B B A R 0 B B A 7R
T [ Toona sinensis (A. Juss.) Roem.)"™  fil] 1 #li
( Machilus pauhoi Kanehira )" F15 £ # ( Cyclocarya
palivrus (Batal.) Tljinsk. ) & 8 WHWF ST 394 Ry A=
KESWNEESE  Hob B A AR 02 5 R
By R 38. 58% Fl 14. 19% , ) 464 1 72 1 4t 72 1)
A5 5 R BTN 8. 60% F1 5. 75% , i AHF 58 v, i
40 EET R o R A T AR S AR E O R 23, 019% Al
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LI R e 0 28 S K JE e b AR Y 8 S K P AR
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ghn, Wt AR K E SR bR . AR e
RHFRYAS S RECH 17. 51% , 50k 2 s A2 i 728 5+
Z BN, H #5821 B ( Zelkova schneideriana Hand. -
Mazz.) ' it R JE R PR IR D) 57 2 4F S R 4
(9.34%) K, A LB OB R HAR AN A2 AR A
TAEM IR AR ] 2 22 53 | 3 22 53 ] AR Ay DX 30 A
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MM IT 45 R, 2047 | G AEA (Alnus
formosana (Burkill) Makino ) " FI{T-5.( Zenia insignis
Chun) ' B4 K AT I FF A Logistic J7 R #0155 7
(R*>0.95) , ZL Ak FIAT: 520 e A A28 1) A R 1 52 B
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