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Growth rhythms of Toona ciliata seedlings from different provenances
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Abstract ;[ Objective] To study the growth rhythms of Toona ciliata seedlings from 18 provenances, to
provide a scientific basis for breeding and screening high-quality 7. ciliata provenance. [ Method ]
Heights and ground diameters of one-year-old T. ciliata seedlings from 18 provenances were regularly
observed. Analysis of variance was performed using SPSS, and the genetic coefficients of variation
(GCV) were obtained. The Logistic equations were used for fitting the growth curves of seedling heights
and ground diameters, and for estimation of the growth parameters. The correlations between seeding
height, ground diameter and geographical, ecological factors were investigated. [ Result] The GCV of
seeding height and ground diameter of T. ciliata were 43.31% and 36.25% respectively. The
geographic variations in two traits were mainly influence by longitude. The growths of the two traits were
both in a “slow-fast-slow” pattern showing a similar “S” curve. Two growth peaks of each trait were
observed. The determination coefficients of Logistic equations varied from 0. 971 to 0.998 for T. ciliata
from different provenances, and the fitting degrees reached significant levels. The growth of T. ciliata

seedlings could be divided into three stages, including the early, fast and late growth stages. T. ciliata
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from different provenances had different starting and ending time for the three stages. [ Conclusion ] There

are great heredity potentials in seeding height and ground diameter of T. ciliata. Geographic variation

trends of the two traits are obvious among different provenances. The seeding height and ground diameter

grew faster for T. ciliata from western provenances compared to eastern provenances. There were

significant differences in seedling growth rhythms. During the fast growth stage, the growths in seedling

height and ground diameter for T. ciliata from eastern provenances lasted longer compared to western

provenances, while the extent of growth of this stage and yearly growth were both smaller for the

provenances from central China and east China.

Key words: Toona ciliata ; provenance; seedling; growth rhythm; genetic variation; geographic variation
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Tab.1 Locations and ecological factors of 18 provenances of Toona ciliata

A By i (N) ZBE(E) 3K/ m EEHAIR/C . FR/KE/mm
=05 L 30°17’ 109°28’ 632 16.3 1510
ZF I 7R 22°46' 111°34’ 340 22.7 1982
RE I 25°07' 113°20’ 359 19.6 1 500
1L LY 30°16’ 118°08’ 499 15.5 2348
P G| 25°10’ 106°05’ 500 19.5 1222
WY S| 25°06’ 104°54’ 1 160 16.4 1 300
% f) GOl 25°25' 106°44’ 814 19.6 1335
I = 22°23' 101°04’ 890 20.2 1 676
T Zorg 25°04' 99°06’ 1513 14.0 1259
LN = 22°46' 100°58’ 1317 17.8 1 800
A= = 25°01’ 101°32’ 1539 17.8 840
HFE PN} 27°19’ 115926’ 337 16.0 1 750
AL PN} 26°44’ 114°17’ 400 17.8 1 856
A WiEE 27°14' 111°28’ 737 16.2 1410
SEE7N I 24°17’ 106°13’ 792 22.3 1 204
£ i 24°46' 105°20" 624 19.1 1575
TObk I 24°29' 105°05’ 899 19.1 1100
L Ra ioses 26°38’ 118°10’ 800 19.3 1 660
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Tab.2 Analysis of variance on seedling height and ground

diameter of Toona ciliata from different provenances

Ptk ARSSkIE df SS MS FY

e R 17 611 154.02 35950.23  54.97*
X420 9  58830.60 6536.73 9.99*

WifE FhEE 17 37763.52 2221.38 50.57°
X 4] 9 1383.76  153.75 3.51"

1) sx 274 0.01 KF b £F 2 F(ANOVA 7 £ 547) .

NIRRT A AR AR PRV g M AR ) 2R A
# 3o mim R KRR E AR L = Rk, O
PR 5 B LR, i 22 OS2 W R IO s AR AR K
T, B SR IR R BRI, FEOR T PY AR 2
LR, AR R 22 1 L R I

R3 BME—FLEOBEE HESELE

Tab. 3 DMRT analysis of seedling height and round
diameter of one-year-old Toona ciliata from
different provenances

g W/ cm H 4%/ mm
A= 93.39 +38.34a 24.89 +8.09a
B 93.13 +32. 15a 26.10 £7.10a
S 2 91.29 +27.99a 25.96 +7.98a
R 90.21 +34.27a 25.68 +7.27a
MY 90.11 +£30. 14a 24.71 £7.77ab
BH 89.31 +28.44a 24.96 +7.34a
i 88.43 +34.58a 26.20 +7.44a
W 85.41 +34.41ab 24.96 +7.94a
PaHR 84.96 +29.57ab 25.15 +£6.28a
2 1) 75.11 £29.51b 23.08 +8.45ab
=~V 61.57 £19.43c¢ 20.68 +6.03b
R 47.93 £23.57d 13.86 £6.54c
KB 38.52 +17.17de 12.91 £7.25¢
il 28.61 £9. 17ef 9.35 +3.02de
AL 28.20 +10.21ef 11.07 £3.72cd
HFE 26.31 +10.39f 10.93 £3.36cd
=075 21.24 +14.19f 7.57 £5.32e
W 16.82 +4.78f 7.79 £2.98e
SEIE 67.62 +38.24 20.15 +£9.53

1) 3] 43 J6 LR —AMBR F 84, R 7 AR 0 AR %
Z2F(P>0.05 ,Duncan’s %),
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Tab.4 The partial correlation coefficients between growth
traits and geographical, ecological factors for Toona

ciliata from different provenances

PR A i R AERGIE AERKE
Mg -0.411  —0.671" 0.019 0.369 -0.574"
& -0.503" -0.657" -0.094 0.337 -0.558"

1) #% 74 0.0l KF L2 EAME, -
FLERFAL (ML) .
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Fig.1 Accumulated growth curves of seedling heights of

Toona ciliata from different provenances
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Fig. 2 Accumulated growth curves of ground diameters of

Toona ciliata from different provenances
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Fig.3 Net growth curves of seedling heights of Toona ciliata

from different provenances
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Fig. 4 Net growth curves of ground diameters of Toona

ciliata from different provenances
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Tab.5 Logistic equations of seedling heights and ground diameters of Toona ciliata from different provenances
i [EilE] Az
Logistic 772" R Logistic J7 " R

=R y=32.124/(1 +5.713¢ ") 0.992 y=7.773/(1 +5.220e ") 0.989
=it y=36.799/(1 +4.677e ") 0.971 y=17.071/(1 + 14.643e ") 0.984
RE y=42.149/(1 +6.177¢ ") 0.989 y=12.161/(1 +9.885¢ ") 0.990
gl y=30.734/(1 +5.603e ""'"") 0.994 y=10.125/(1 +7.431e %) 0.991
ey y=95.537/(1 +19.336e ") 0.986 y=27.070/(1 +17.137¢ ") 0.997
ML y=100.421(1 +21.028e ") 0.987 y=25.311/(1 +15.343¢ %) 0.998
%) y =83.135/(1 +19. 124e ") 0.982 y=23.783/(1 +13.601e ") 0.997
il y=97.703/(1 +16.727¢ ") 0.985 y=26.529/(1 +16.252¢ ") 0.998
T2 y =88.839/(1 +14.264e ") 0.988 y=26.974/(1 +14.735¢ ") 0.996
T y=95.321/(1 +19.859¢ ") 0.987 y =25.666/(1 +17.094e ") 0.997
A= y=102.881/(1 +25.681e ") 0.985 y =27.407/(1 +18.630e %) 0.995
HFE y=28.011/(1 +3.910e ") 0.992 y=11.114/(1 +7.072¢ ) 0.990
TETE y=30.812/(1 +4.310e " *"") 0.986 y=11.631/(1 +6.774e *"™) 0.991
W y=21.794/(1 +5.626e ") 0.988 y =8.683/(1 +8.356e""%) 0.982
Mk y=98.363/(1 +20.618e ") 0.985 y=27.058/(1 +18.47¢%%™) 0.996
CZUN y=96.754/(1 +26.202¢ ") 0.988 y=26.642/(1 +19.676¢ """) 0.996
[iig 7 y =93.426/(1 +22.004e ") 0.983 y=25.993/(1 +17.976e " "") 0.996
[ RE y=48.987/(1 +13.441e ") 0.985 y=13.086/(1 +12.800e ") 0.982
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Tab.6 Growth stage classifications and growth parameters for seedling heights ( ground diameters) of Toona ciliata from

different provenances

KA g RGN

MR R mERE GBAKE O RBEN  BEME dEke GREKE RIEE RREEEE MERE GREKE

d em(mm) Hfil/ % (-1) d cm(mm) Hfil/ % (A-H) d cm(mm) HHl/ %
HE 201 240(029) 10.28(5.10)  04-19 (04-22) 165(165) 16.44(4.33) 70.52(77.51) 09-30(10-03)  85(81) 4.48(0.97) 19.20(17.39)
= 16(76)  1.06(0.63)  4.31(4.78) 04-08(06-05) 188(146) 20.23(10.75) 82.26(81.46) 10-12(10-28)  73(55) 3.30(1.82) 13.43(13.76)
TE B0 395(0 81) 12.30(8.52) 04-20(05-11) 146(139) 2276(7 82) 70.88(82.32) 09-12(09-27) 103(87) 5.40(0.87) 16.82(9.16)
I 19(38)  L67(0.66)  6.72(8.24) 04-10(04-30) 125(146) 18.18(6.05) T3. 24(7503> 08-13(09-24) 133(%3) 4.98(1.35) 2004(1673)
P 63(T6)  22.87(3.83)  27.68(16.30) 05-23(06-05) 101(132) 5047(1680) 07(71.48)  08-21(10-14) 113(69) 9.30(2.87) 11.25(12.22)
WY 66(T1)  24.48(4.23)  27.88(18.55) 05-26(05-31) 101(132) 53.45(14.7) 6088(6444) 08-24(10-08) 110(74) 9.87(3.88) 11.24(17.01)
Bh o 63(68) 18.17(2.86) 258(13 85) 05-23(05-28) 101(139) 44.60(15.31) 63.34(74.06) 08-21(10-13) 113(70) 7.64(2.50)  10.85(12.09)
& 65(74)  22.26(3.97) 27.17(17.39) 05-25(06-03) 115(132) 54.46(16.42) 66.48(71.95) 09-16(10-12)  97(71) 520(243) 6.35(10.66)
WES6(76)  18.68(3.53)  24.95(15.59) 05-16(06-05) 110(146) 48.03(16.54) 64.13(73.07) 09-13(10-28) 111(55) 8.18(2.57) 10.92(11.34)
EEH0(76)  20.85(3.81)  25.56(17.07) 05-30(06-05) 110(132) 52.93(16.36) 6486(7329) 09-17(10-14)  97(69) 7.82(2.15)  9.58(9.64)
e 2407(4 14)  26.81(16.93) 05-29(06-06)  94(125) 585(1680) 17(68.78)  08-30(10-07) 114(75) 7.20(3.49)  8.02(14.29)
HEOI534)  L3T(0.74)  6.60(8.72) 04-07(04-26) 155(139) 15.36(6.27) 2(7443> 09-08(09-11) 107(104) 3.99(1.42) 19.27(16.85)
B 15(33)  L68(0.84)  7.30(9.44) 04-07(04-25) 155(146) 484(63) 6461(7 1) 09-09(09-17) 107(%8) 6.45(1.75) 28.09(19.56)
WE 24(50) 065(050) 3.65(8.06)  04-16(05-10) 155(165) 13.17(5.35) 7371(8599) 09-17(10-21)  98(62) 405(037) 2264(595)
m 66(80) 432(3 84) 687( 16) 05-26(06-09) 101(132) 61.01(16.88) 71.91(70.97) 09-03(10-20) 110(65) 9.51(3.06) 11.21(12.88)
B 70(79)  13.19(3.86)  15.18(15.89) 05-30(06-08)  94(125) 628(1729) 7.8(71.18)  09-01(10-11) 113(73) 090(3 14) 1254(1293)
Ttk 68(79) 256(3 79) 15.64(16.38) 05-28(06-08) 101(132) 5. 37(16 16) 73.94(69.75) 09-05(10-19) 108(66) 8.37(3.22)  10.42(13.88)
BFS6(6)  4.49(1.15) 11.05(10.76) 05-16(05-22) 115(132) 31.13(8.28) 76.66(77.54) 09-07(09-30) 106(63) 4.99(1.25) 12.30(11.70)
D AP HBHTIAE G, 465 Az,

EAERKEN, SMEMTSAKE S BARKE  BAEKEWIE/ TR KPR XA,

MBI AR BOR 22 5 o AR MBI E RIFBE AT,
e R A 2 st DRI A i 9T o A R P R AR
KA HE B A5 A A AT oy OO, i e g e 1 g A X
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