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Growth pattern of Liriodendron chinense
seedlings from different provenances
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Abstract: Annual growth rhythms of Liriodendron chinense Seedlings from 6 provenances (Jinping of Yunnan, Anji of
Zhejiang, Wuyi Mountain of Fujian, Liping of Guizhou, Quanzhou of Guangxi, Lushan Mountain of Jiangxi) were
studied. The results were as follows: (1) The variance analysis of different provenances showed that the differences
between tree heights were significant. (2) The height growth of them was fitted by Logistic equation. The results
showed that the growth patterns of height of different provenances were similar to‘S’curves. (3) The height growth
process of annual seedling was analyzed by the Sequence Cluster Method. The results indicated that the growth
process of the seedling height could be divided into four stages.juvenile stage;early growth stage;rapid growth stage
and late growth stage. Wuyi Mountain provenance entered the rapid growth stage at first and lasted the longest time.
Lushan Mountain provenance entered the rapid growth stage at lasted and last the shortest time. The height incre-
ment of Anji provenance in the rapid growth stage accounted for the largest proportion of the annual height incre-
ment,up to 56, 05% , Wuyi Mountain provenance second,and Lushan Mountain provenance the lowest,only 34. 29 %.
(4)6 provenances were analyzed by hierarchical clustering, then were divided into 3 groups. The first group included

Quanzhou provenance, which had the best height growth. The second group included Jinping , Anji , Wuyi Mountain,
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Liping provenances. The last group included LLushan Mountain provenance.
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Table 1  Seedling height and base diameter increment of Liriodendron chinense seedlings from different provenances
(cm) 6 %) (mm) 6 %
Provenance Mean height Occupy of the average Mean diameter Occupy of the average
Jinping of Yunnan 70.0 91.7 12.4 91.9
Anji of Zhejiang 76.0 99. 6 12.9 95.7
Wuyi Mountain of Fujian 80.0 104. 8 14.8 109. 6
Liping of Guizhou 79.0 103.5 14.6 108.5
Lushan Mountain of Jiangxi 49.0 64.2 12.7 94.1
Quanzhou of Guangxi 103.6 135.8 13.5 100. 3
Average 76.3 100. 0 13.5 100. 0
Variation coefficient( %) 24.11 9.50
2
Table 2 Variance analysis of seedling height and base diameter
Traits F P
ats Variation source Square sum Degree of freedom Mean square F-value P-value
Seedling height 4650. 900 ) 930. 180 8.5970 % * 0.0022
1082. 045 10 108. 205
Base diameter 15. 309 5 3.0617 1.4962 0.2744
20.463 10 2.046
.%ok 0.01 .
Note: * * Difference is significant at the 0. 01 level.
N 6 .
, 3, . ( 1) Logistic
s s 6
“ o o ”» “S,’
3 b 6
Table 3 Correlation analysis table for tree N N 4
traits and Latitude and Longitude s
Ttem Longitude Latitude 6 3. 6
Seedling height 0.1056 0.0446 ° ’
Base diameter 0.3304 0.2315 10 d 8 ,
% P<C0.05, % % P<0.01, a=0.05 .r= s § 20
95 g = ES C
0. 9500;a=0.01 .r=0.9900, (7 11 )’
2.2 (41 d); (7 31 O,
4, (21 d); . .
Logistic , N 4 7 21
o s 31d, , 5
Logistic , ’
Logistic
, R s 56.05%;
Logistic ( . 52.63% 51.01%;
5. 2), , , 46.57%  44.02%;
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Table 4 Regularly observed results of height growth of Liriodendron chinense seedlings from different provenances

Jinping Anji Wuyi Mountain Liping Lushan Mountain Quanzhou
Date
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
4-20 1.7 — 1.4 - 1.7 — 1.3 — 1.6 — 2.0 —
4-30 2.1 0.4 1.7 0.4 2.1 0.4 1.9 0.5 2.2 0.6 2.4 0.4
5-10 2.6 0.4 2.1 0.3 2.8 0.7 2.3 0.5 2.5 0.3 3.0 0.6
5-20 3.1 0.5 2.8 0.7 3.7 1.0 3.1 0.8 3.1 0.6 3.9 0.9
5-30 4.2 1.1 4.0 1.2 5.0 1.3 4.6 1.5 3.9 0.8 5.5 1.6
6-10 6.6 2.5 6.6 2.7 8.8 3.8 8.3 3.7 5.8 1.9 8.8 3.3
6-20 8.8 2.2 8.9 2.3 14.7 6.0 13.0 4.7 8.9 3.2 12.4 3.6
6-30 12.7 3.9 12.8 4.0 20.3 5.5 16.1 3.1 11.1 2.2 20.6 8.2
7-10 16. 2 3.5 16.9 4.1 25.6 5.4 21.0 4.9 13.7 2.5 27.5 6.9
7-20 19.5 3.4 23.6 6.7 32.8 7.2 27.4 6.5 15.5 1.9 34.2 6.7
7-30 26.8 7.3 34.0 10.5 43.1 10. 2 39.3 11.9 19.3 3.8 45.8 11.6
8-10 40. 2 13.4 51.6 17.5 60. 1 17.0 58.9 19.6 27.8 8.4 65.9 20.2
8-20 52.1 11.8 66. 2 14.7 67.7 7.7 67.7 8.8 36.1 8.3 79.8 13.8
8-30 57.4 5.3 69.5 3.3 71.2 3.5 69. 6 1.9 39.0 2.9 84.9 5.1
9-10 61.8 4.4 72.1 2.6 74.8 3.5 73.2 3.6 42.0 3.1 91.8 6.9
9-20 64.3 2.5 73.4 1.3 76.4 1.6 74.8 1.6 43.7 1.7 95.0 3.2
9-30 66. 3 2.1 74.6 1.2 77.8 1.4 76.1 1.4 44,8 1.0 99.0 4.0
10-10 67.7 1.4 75.0 0.4 78.5 0.7 77.1 0.9 46.1 1.4 101. 2 2.2
10-20 68.3 0.5 75.2 0.2 78.8 0.3 77.5 0.5 46.7 0.6 102.1 0.9
10-30 68. 6 0.4 75.3 0.1 79.0 0.2 77.8 0.2 47.1 0.4 102.5 0.4
11-10 68.8 0.2 75.4 0.1 79.2 0.3 78.1 0.3 47.4 0.3 102. 8 0.3
11-20 69.0 0.2 75.5 0.1 79.4 0.1 78.2 0.2 47.6 0.2 103.0 0.1
11-30 69. 3 0.2 75.5 0.0 79.5 0.1 78.3 0.0 47.7 0.2 103.1 0.1
12-10 69.5 0.2 75.6 0.1 79.8 0.3 78.5 0.3 47.8 0.1 103.2 0.1
12-20 69.7 0.2 75.7 0.1 79.9 0.1 78.7 0.2 48.8 1.0 103. 4 0.1
12-30 70.0 0.3 76.0 0.3 80.0 0.1 79.0 0.3 49.0 0.2 103.6 0.2
5
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- — FEEY
Logistic 0 Jinping of
.. e 100 F Yunnan
Table 5 Logistic model fitting results of annual — WTEE Anji
height growth dynamics of Liriodendron chinense E i of Zhejiang
, , s80r == ... B2 M
seedlings from different provenances 2 Quanzhou of
Jh:g 60 Guangxi
s 2 © —EEEHEL Wuyi
Logistic R’ = Mountain of
Provenance Logistic model R*-value fg 40 . ;':'M¥¥ Eiglina
of Guizhou
v 69. 876 0. 996 20 | ——STEREU Lushan
Jinping of Yunnan 1-+1730.024¢ " g?unta@n of
1 1 1 1 1 J Iangat
_ 76.052 0.995 0
Anii of Zhejiang T 0136 73050 40 90 140 190 240 290 340
_ ERKERE Growth time(d)
Wuyi _ 80. 059 0.997
Mountain of Fujian 1+1112.075¢ *%* 1
78. 679 0.995 Fig.1 The variation of seedling height among
Liping of Guizhou ~ 1+2581.470¢ ¥ different provenances of Liriodendron chinense
Lushan 48.672 0.995
—_ 0.0l . 0
Mountain of Jiangxi Y 14434, 795¢ > ’ 34.29% .
0
v 103. 675 0.998 (36. IZA) ’

Quanzhou of Guangxi




3 359
2r ZWET 2.3
I Jil:lp:\iof Yunnan
?100 - —”_.?f-lili?:ZheJiang , ,
S - T
g o il i .6
2 60f 7 B C 4, 4 . ,
2 b —Smm
w401 ,juf Luthan Rountain ’ '
/i of Jiangxi
20 e EL : ) '
B :
0 == 1 L 1 L 1
40 90 140 190 240 290 340 ’ . o
4 4EBTE] Growth time (d)
2 logistic 3
Fig. 2 Logistic model curve of annual height growth of
Liriodendron chinense seedlings from different provenances (D Logistic
6
Table 6 Division for growth stages of Liriodendron chinese seedlings from different provenances
(d) (cm) %)
Growth stage Provenance Date Sustainable time Net growth Occupy of total growth
3-12-4-20 10 1.7 2.43
Juvenile stage 3-12-4-20 40 1.4 1. 84
3-12-4-20 40 1.7 2.13
3-12-4-20 40 1.3 1.65
3-12-4-20 40 1.6 3.27
3-12-4-20 40 2.0 1.93
4-21-7-20 91 17.8 25.43
Early growth stage 4-21-7-20 91 22.2 29.21
4-21-7-10 81 23.9 29. 88
4-21-7-20 91 26.1 33.04
4-21-7-30 101 17.7 36.12
4-21-7-20 91 32.2 31.08
7-21-8-20 31 32.6 46.57
Rapid growth stage 7-21-8-20 31 42.6 56. 05
7-11-8-20 41 42.1 52.63
7-21-8-20 31 40. 3 51.01
7-31-8-20 21 16. 8 34.29
7-21-8-20 31 45.6 44,02
§-21-12-30 132 17.9 25.57
Late growth stage 8-21-12-30 132 9.8 12. 89
8-21-12-30 132 12.3 15. 38
8-21-12-30 132 11.3 14. 30
8§-21-12-30 132 12.9 26. 33
8-21-12-30 132 23.8 22.97
y ,2007; ,2009) Logistic
, Logistic
o s 3
e , : :
( , 2004 ,2007) s

o

(2) ( ,2003; ,2006;
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Fig. 3 Seedling height increment distribution
of growth stages of Liriodendron chinense 4

seedlings from different provenances
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