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KERAMARIA 3. 6. 11, 14a B T FAEXBITHN, FHLTHEFNETHBTR, [ER] AHRREHRGKE
HEERBA 1~14a FRA B TR, S s, MR, SR REMN R FEREF £ (P<0.01); FEA L
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A3, 6. 1laleimtE. ME,. 2R A 5 14a 89 LM RREAEETE (P<0.0]) ¥R A I X fo i iE40 £
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Growth variation of Michelia chapensis provenance in
different ages and its early selection

WEI Ruping, YAN Shu, ZHENG Huiquan, WANG Runhui, HU Dehuo

( Guangdong Provincial Key Laboratory of Silviculture, Protection and Utilization, Guangdong Academy of Forestry,
Guangzhou 510520, Guangdong, China)

Abstract: [Objective] This study, with an investigation of the genetic variation of Michelia chapensis and the
correlation between the main growth traits of juvenile trees and those of the adult trees, is aimed to determine
the suitable age for the early selection of M. chapensis provenances. [Method] First, two testing forests of M.
chapensis provenances with an age range of 3 to 14 planted in Qujiang forest farm and Jiuqushui forest farm,
Shaoguan, Guangdong Province were selected for measuring growth traits. Then, an analysis was conducted of
the genetic variation of growth traits at different ages with the employment of variance analysis, genetic
parameter estimation, correlation analysis and cluster analysis before the suitable age of early selection was
determined. [Result] The preservation rate of testing forest had significantly decreased in 11-14 years with
significant differences (P<<0.01) in tree height, diameter at breast height (DBH) and individual volume among

tested provenances at different ages. The provenance effect had a significant impact on growth traits, which was
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gradually enhanced or tended to stabilize with the increase of age. The range of the provenance heritability for
tree height, DBH and individual volume at different forest ages were 0.69-0.90 displaying significant
phenotypic and genetic correlations between the early tree height, early DBH or early individual volume and the
individual volume at the age of 14. As was shown in the classification and evaluation of provenances using
comprehensive index and single index methods, the consistency of high-yield type I provenances obtained by
the two evaluation methods was very high, but the single index method was relatively easier to operate. Taking
the high-yield type I provenances selected in 14 years old as a reference, the early selection risk of single
index method was lower than that of comprehensive index method. Using the single index method to carry out
early selection at the age of 3 and 6 years, the correct selection rate of the two experimental forests was
83%—100% and the missed selection rates of both was 0. [Conclusion] The main growth traits of M. chapensis
had rich variation among different provenances and the provenance effect had significant and stable influence
on growth traits. The provenance heritability of tree height, DBH and individual volume was medium to high.
As a result, for the sake of high-yield provenances, it was feasible to carry out early selection of individual
volume during the age of 3—6 years. [Ch, 1 fig. 7 tab. 20 ref.]

Key words: Michelia chapensis; provenance; genetic variation; juvenile-mature correlation; early selection

IRE S Michelia chapensis K >} Magnoliaceae 7% %8 J& Michelia %% KIxA, E#FIA T E (H
R_HR A%, BAARKN. Rk . (EO0URE . U8 . AM 5 T T30 RReE, 2
HER TR S LR, [ 20 D 80 AFAUAE, Sk E SR ZETF R EAN, B2 TR
MegAe, ImSAETE RS . AR AN BRICME R P 2]z P AR R R A )Y
BEERZ—, TR A T BEAREEEN . (Bl TRARRNAREBK, BARARKIrRENEFEA
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ARG A AR f R B, AT PR Y R B B AR, RN AROR iR ek R AR, (HAR B S
PR e, B SRR TP AR R e 0 . IAREE . RIS EORSE ARt ROy sy, o
HOE R BE B IE AR IR 52 010 TR T 2003 AR R B AR B SR R AR B R TAE, IR AE)T
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1.1 HARXHR

PATT AR A8 i G A M VEARS Fn G JL ok ak3g S i s st o o, ivcakdz il 56 4k (QU06) b ik
24°41'N, 113°36'E, SN 20.5 C, FHFUEH 6 559.5 C, FEXHFEKEN 1751 mm, v Fili3kE T
BB, R L 180 m. JLHIKARIZIRIG K (JQS06) HiAL 24°22'N, 114°05'E, 4EHSIRN 203 °C, AFEHFIR
4 6570.7 C, AE¥IREKE R 1787 mm, {7 T I FHEB, BIKL 250 m. 2 FiksebkB e s+, 4o
e, +EE1mPl b, EhhEE,
1.2 #E

M EAAR I RIS AR S A IR 15 4, Juli KM IR RS R 12 4> (& 1). 2004 4FREFP T,
2005 AERE B IR, T EME ARSI ARSI & =35 cm, HiIf£=0.5 cm.
1.3 Fik

RIS MR I BEALSE 2 X T, 18 BR/NX (3 #Rx6 #REK 2 ¥k x9 #k), 4 IREE . 2005 4FJE 5 R K
AREE L, KOS R 50 emx40 emx35 em, 47U 250 g BEAR SN IEAR . IR AR DU AR AE 2 4T AR Schima
superba VEFRESAT . 2006 4F 3 A dEAK, MY S 2 4ERAEIEE 2K, B3 4FIE 1k, BARBE.
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Table 1 Information of tested provenance

wE e iy Gt il
Ak b e
1 HNLL WP T L Al 27.663°N, 113.455°E H H
2 HNTD 9 e L R PP 26.216°N, 109.732°E H H
3 HNZX W R T L A 25.934°N, 113.452°E H 5
4 HNGD W AR B 25.982°N, 113.893°E H H
5 HNSN W R T L R 26.713°N, 110.196°E H H
6 JXCY VLV 5% SCEL R 25.677°N, 113.452°E H H
7 IXSY TLPY A B K AE 25.935°N, 114.392°E H H
8 JXLN YLV e EL LI L 24.856°N, 114.512°E H 5
9 LCJF TR B LR 25.243°N, 113.244°E H 5
10 MZF T 7R R EL R e 25.184°N, 114.366°E H H
11 NXJT IR MRV 25.183°N, 114.376°E H H
12 RHCJ I AR AR BARKITAR 25.203°N, 113.767°E H 5
13 SXLJ T RIEXIZK I 24.847°N, 114.099°E H T
14 JXQN TP 4r EE 24.854°N, 114.517°E H X
15 JXAY FANIIE S X R e 25.233°N, 115.384°E H I

2007 4F 11 A JEAR IR 2 4R 4 B9 AER, 2008 4F 11 A . 20114E 11 A, 2016 4F 11 A . 2019 4F 11 A
O3 SRR G0 MRUE AT AR A TR A, e rpod v R O, AR AR RO, O A AR AR
1.3 m 4k,
1.4 HESH

FIH SAS 9.1 G2 X BAR AT 01 . 7E Proc Means 3o B2 i AT B AR AE AR, 13 FH BR Al d5e
L% (REML) J7 157F Proc Mixed 1 R4l 55 45 %00 Iy 22 4012, i SIN J5 ¥4 7E Proc Cluster £ #2175 2
GIRT, LA/ E R B2 F Proc GLM S BEFEAT Ml 23 5 25 00T, A3 WTiEB )y . Y, =utBAF+E;. 3L
s Yy ki DAL R IR NI, MR BRI, B, O i IRULAN, F) 58 AR IR AL
E; Ol j R i XL /N BB 2% . BARRM B . RAAHDC R B . LA G R B, AR L T S A
Z SR [11],

2 HREH
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ME TR 2 B AR B &SRR R AR s, b, 7ERIR 2 a B, fRAES VIR 0 Ak
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[EARAT R, 535K 80.56%~81.51% Kl 89.24%~94.44%; TEMIE 11~14 a [A{EFFR A E T
K%, FEMIE 14 a B, BRYTARIZIRIRMA 77.96%, JLHHKMRIZIRERA A 80.79%
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2 RIS AR SRR A B A I EARES 11~14 a0 BEE MR AOIE, 3 AR MR AERN IR E 0 b A
W o, A5 PRR A 28 S R BB AR A K 2 B B RS I8N E . AR B/ IMER I SR A B AR 7 R
. MR R WEER R
22 AEMBEFHIEERERTESHT

T 2T EE R (R 3) on . RIS R & . IS . Rk A FRAE SR 5 () 359 36 214 5 3 7K °F
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Figure 1 Preservation rate of different ages of two testing forests in Qujiang forest farm (A) and Jiuqushui forest farm (B)

R2 AEMERMRNERTI

Table 2 Growth performance of provenances at different ages

= gz PAREBA R
bk Mid/a
HfEH/m  AlEm BERRHE HH/em Fii/em  ARRE HWEM A i fm’ AL EY
iiRAwy 7] 3 236 1.20~4.40 12.37 1.68  0.20~5.50 22.53 3.93x107*  2.17x107°~4.37x107  48.98
6 404 140~7.60  17.19 528 050~1490 2432 6.38x107° 1.00x10°~5.85x102 5877
11 731 220~13.50  15.59 948 2002500 1895  347x107% 520x107~2.78x10"  52.87
14 973 240~17.50  11.58 1264 2503050 1537  8.10x107 6.10x107~4.54x107 3649
JUAMS 3 204 1.00-620 9.72 288  0.50~840 1734  124x10° 1.00x10°~122x102  38.08
6 476 1.50~11.00 1024 573 070-1650 1372 8.39x10° 2.00x10°~1.08x10" 4127
11 793  2.50~1810  10.65 974 2202350 1392  3.54x102 6.10x10°~322x10" 4291
14 937 280-1620 11.64 11.09 2403420 1378  627x107% 8.50x10°~6.76x10"  34.90

R3 IFEMRERERHFTES

Table 3 Variance analysis of growth traits at different ages

iR i 57 N JU M IR A
EZIN Heite/a I 253k /% T 220 T L%
B F - : X I F . \ .
AR FPExXE iRE FUE R RE
L] 3 14 3.64%*  30.02 27.80 42.18 11 5.58%*%  40.89 23.41 35.70
6 14 4.40%* 3131 31.81 36.88 11 8.25%%  535] 16.98 29.51
11 14 5.68%*  37.78 29.93 32.29 11 7.12%%  43.90 25.50 30.60
14 14 9.94%* 5629 18.53 25.18 11 6.74%* 4125 21.35 37.40
Mtz 3 14 452%% 3628 22.46 41.26 11 3.19%% 2445 30.86 44.69
6 14 4.54%% 3288 29.97 37.15 11 7.97%% 5332 16.09 30.59
11 14 6.52%*  42.62 26.50 30.88 11 7.12%%  46.22 23.58 30.20
14 14 9.11**  57.16 14.64 28.20 11 737%% 5543 9.76 34.81
HLRR AR 3 14 541%F  44.65 14.85 40.50 11 3.79%% 3047 25.80 43.73
6 14 3.55%%  33.32 25.97 40.71 11 471%*%  36.64 23.89 39.47
11 14 424%% 3242 30.23 37.35 11 4.52%% 3238 30.79 36.83
14 14 6.93%*  48.02 19.61 32.37 11 6.30%*  51.19 10.21 38.60

P R RIR DT 20 i 22 B 3 (P<<0.01)
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(P<<0.01), BEWIAS[EIRRIE 0 AR K MARAAAEAR K 2251, IARR IR RS0 bR b i i == 7 AR R A i LA ST J
TR RRTTATHY o 7 25005 07 LU AT 4 SR vl i FE R TRIARIE B, AL AK00 « PRBER0N A R st % Al
I8 B AR ERXT AR B B A A KMR I AR A 52 . ZESRAG 7 TET, AR L RS R R A BRUAE R Y gt
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M AR R T A% R ELAERON A5, X0 25 S AE AR S 14 a U W i, e Ah, BREEARSON W AE K
ARIGFEME AL 20, Ho, VTR IR GG AR b PR 5SRO 26 50 hy Bl AR 348 s i 12 3 s /D (R R 34, 7L
i AP 1 SR R A TR AR 11 B 58 25507 W) SR AR X R, Xt B T A A s 0 el A P 45 o A A S
PR D S P A B
23 AREHRBEFHEERKERSBESHHE

R 43R0 W, M. BB 3 MR k4 FAEMBEKERBGESENGER
FFR IR 1L T4 8 B K, AR 0.69~0.90. ' Tabled Estimation of provenance heritability of growth traits at

VIR AR R L R Gl D iR e BEAR diffrent ages _
K S RN B TRGE MR, BRI 14 ppyye o IR JQS06 T 15
E 43 514 0.90 1 0.895 17 LA /K bk i B AR AN 7k W M BEME W IR R
I A VIR AR IR B 1% ) RBUAIREE , T 0.82~0.88. Z g;i EZ: gsz gzz g:z gzg
24 HAREBTOE SR B LR AR S SR 70780 s 088 o
NI . P 11 0.82  0.85 0.76 0.85 0.86 0.78
ﬁjﬁﬁz:lﬁ]%m%%lﬁﬁ(ﬁﬂgﬁj%\ B $H§*/T 14 090  0.89 0.86 0.82 0.86 0.84

B35 14 a 19 Bk M BRSO 5C 43 BT il AT (3R 5):
2 i 56 PR [ A 1 45 1 IR T 1) 3 R A 6 R Bk
0.22~0.44, BAEFIEREN 0.83~1.00, LM LR R5 HHRPILERKEAERMEIRBE R

B RKTREM R, HAEMIE A 3all BB, Tables Correlation coefficients of the main growth traits between the

BB QIOG IR JQS06 Ky Lt AR bRIZ Bk

R FIEMHCICR (P<0.01), KUK B &M juvenile and mature age _

BEALE O E AN 3 a 5 PRI ATAT 0. B e
B i?t RN RAW 7 oA % €S e PN [ E/\J, FHUFN Pk A/ =UE  BEE  RENE mEE
AL HH G R BN RS E L T UK AR I I g AR 2% LR REM RN EEN
PR A AR B AL R BN BHIE KRG ET e 3 0are oostx D20% Ogaee
FsE Ry &%, M EAFEMEA RS 14 a 19 6 035%  095%%  020%*  0.92%
FRIE] B AH DG 2R B R T s SRR G 2R 8, BbRiS I 041%  096** 038  0.95%
6alif, HIHE . MM B 14 a (9 SRRB BRI 0 3 oag 0075 030% 008+
WAL A R B R R 1.0 I TR E . H b, 6 0.36%*  0.97%* 031%*  1.00%*
HR 4 BRI i A2 SRR B A K e B AR B T R 11 040%* 098  041%  1.00%*
FERUPE KRR, SR PG AR B B ) BE R R MHHE 3 o3 Loo 020t 0ogw
B, T EBEPEARIA R, BEPRRCRAE ST 6 036 097 035 100%
2.5 FREISETFEM 11 037%%  096%*  044%*  1.00%*

MR o V0 5 AT S5 5 R AR I A AR R VA o BAT: QUO6 Jy i T AR A I bR s 1QS06 S JLH K bk 7 i

SRR LRI IS . R SRR R 3 MR ARY Bk FORPIPIPEIR I F R (P<0.01)

R GIRBEAT IR ISV 5 BRE Rk T 5

BRAIAR 1 AN EAR 0K/ NHEAT R 2PN o AR SRS A 2R, BRI R 3 26 (R 6). . 235y
EARIE IO RARIE Sy . T AR A A R B A, R L Ide . BORRAE AR 3 NS A (E AR L
AW R, SRR MRS AR A SR, A A BRRRAE AR 3 MR IR SRR
(AL 22 A, S A TSRS R AR ISR E , W . A S B pob AR /N T
PRI, AR BRI . BASARIE I bR Sy . T 7 BIR IR, SRR R KRR IS, SHEAYY
(AR LE B S0 25 =15%; 11285l AR R, BARRAF ARZE KR BLECEF , SR (AR L LS 1 £5 08
0~15%; WAL BIRIR, Hbk BUE R RIUEZE, SRS EM LR . 7EARFMEES, fhiTky
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CEATERR TR AT A T R M IR B S O 17%~42%, A4S bR A T XM IR SR S L R
25%~33%, T H 2 RPN 7L A R BET IS FP IR R SR 22 R SR, 3R B 2 RO ikxT T 28FR i 43
REERA 3, (HPIEPREAEIRAE DA RO B, A, 3R 610K W] . 2 iy pkh 4 K 2 BRI
BRI A KRB —2, ARS8, 10, 11, 14, 15 BFHETESARIB I JE T 1 250006, BAR
G A KRR s MIZEMIS 3. 6 a BfJE T M 2RI, 4R EMRIE 11, 14 a BHBJE T, X
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Table 6 Clustering analysis of provenances at different ages

RES3 altyFiig MiB6 aftgFiiE MRIB11 algFhiE Wi 14 algFhiE
N g N it
LR TEbS LR iR TEbR HfahR iR TabR HfERR iR TabR LR
Hiyrékss 1 7. 8,10, 7. 8,10, 8,10, 11, 8, 10, 11, 8,10, 11, 7, 8, 10, 8, 10, 11, 8. 10, 11,
11, 14, 15 11, 14, 15 14,15 14, 15 14, 15 11, 14, 15 14,15 14, 15
I 9,13 9, 13 7.9 7.9 7.9 9 7.9, 13 7.9, 13
m 1.2.3. 1,2, 3, 1.2.3, 1,2, 3, 1.2.3, 1.2, 3, 1.2, 3, 4, 1.2, 3, 4,
4.5.6, 4.5,6, 4,5.6, 4.5,6, 4,5.6, 4.5,6, 5.6, 12 5.6, 12
12 12 12, 13 12, 13 12, 13 12, 13
Julik#km 10 7.8, 10, 7.8, 10, 7.8.,10, 7.8.10, 7.8.10, 7.8,10, 8, 10, 11 7. 8,10, 11
11 11 11 11 11 11
I 2.6.9, 2. 4.9, 2.4,9, 4.9 4,.7.9 4.9
12, 12 12
m 1.3.4.5 1,2, 3, 1.3.5.6 1.2, 3, 1.3.5,.6 1,2, 3, 1.2.3.5, 1.2.3.5,
4.5,6, 4.5,6, 5.6, 12 6. 12 6. 12
9. 12 9. 12

UL P & s v DS VAL U iy SN =N S U A RSeS|

2.6 FRHEREREXG I

Ve — M M AR B B, B SEA Rl 9030 Rl . ARIE <5 a WAIB AR, 6~10 a P il Ak,
11~15 a JIEBbR, 16~25 a AR, el A, ABF0R B SRR IR AR C R 2k, #5705 LA
CEOAEAR AR FRIEE AT RN 0 2P, AR 14 a BT BB T 2SRRI FEE5 o brifE, dE— AR
R O 0 HH i T 28R IR AT XU AL (5 7). B8 7 0. SR 2 P2 7 s T T 25Fh ik %,
TEMIE 3. 6 alit, MIVIAKIZIIEAR T ZERIRATEXT 2705028 83% . 100%, HitZed4k 05 Juih KMz
BERR I DL B FE AR T e X 2, FEARIE 3. 6 a BYBEXT RN 100%, 1MLEA TRARIE IR RN 75%,

R RESXMIRARHEIEEXE TR

Table 7  Selection risk of M. chapensis provenances at different ages

i AN SR Y N JUR KRR IR A
P AR - - - -
Fiik o ABEBU BN BN/ SR RS R e AGRBU BEXTEU BExER/ AR AR IR Tk
A A % A % A % A A~ % A % A %
HFRRR 3 6 5 83 1 17 0 0 4 4 100 0 0 0 0
6 5 5 100 0 0 0 0 4 4 100 0 0 0 0
11 6 5 83 1 17 0 0 4 4 100 0 0 0 0
14 5 5 100 0 0 0 0 4 4 100 0 0 0 0
LiEfElr 3 6 5 83 1 17 0 0 4 3 75 1 15 0 0
6 5 5 100 0 0 0 0 4 3 75 1 15 0 0
11 5 5 100 0 0 0 0 4 3 75 1 15 0 0
14 5 5 100 0 0 0 0 3 3 100 0 0 0 0
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3 WiAngib
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KRIFET, XS AR K SN SOt e S EUG = AR . L, 720 3 mx3 m (Y3 Mo i
T, TEEABH HARAKR AR K RSET- A EVEM, S5 RSN TS0 MPET Rk K m B, P45 Fok
FEAER KA o A B EMERA DA SRR R AR A B4 (R A RS2 A 7 Ty, A B KA IS 24 i KAk A TR
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Slats . WE . AR BE SR A B 22 5, RAERMERAEMIERFAEEEER, X5
ZRTABEGTZE AR P MR 8L SR MCE UG 45 TN AE ) AR DMASL, AfF5Ed, RE &%
FRIEAS RIS BB . IR . AR BRI IR 3545 10 0.69~0.90, IFEr AL FaKF . Tii HoBE & MR i
Ham, AR AL R LT T RE SR, UL B SRR AR K MR BN RS R AL R
P, W2 R R B AR R R R B R AT A

IR R A MORF RS fEm e RBCRMEE T, XA R E R T/ERAE
BRSO MR A AR LA D Sy R R B AR A T B LAY, (EUR RIS R AN [ A R
. OAMHGE AT Bhr, HRABEREFRAAATER KN ES . X ZE P IEAZ A Cunninghamia
lanceolata. A Pinus massoniana “5 1% Gt &t W M W R Lo annt 85 B ECFEH . ZEMREE N 6~7 a
BFEAT A2 AR R R PR 0T DI KA e s ERoRSE 55 . T BAREMIEY ly 9~10 a B T JEEHE
P AT SEPERS R o BIARAEY FETF KBRS Pinus taeda TAUAKIT 20 a (IESE AL, SRR 6 a B2 K IEA
AR B PR (R AR, o UTSBAE A 2B BR LR AR LR R T R L o AF 9T TAE, JFBUS Iy Bkt
JE o UNRRIE FR Y XS K K SE Manglietia conifera W )RR Z L EMIE R 8 a B AEM 8 MEER R R
H, A S AEMIE 3 a AR R R A, (H i T RpR o Rk BRI, 2 SRR A R L RO A
TR VP A B MRS S R U T i — 2B 0 . s WSS SRR A B M R R MR A 3. 5. 10a
MR R MRF SR . FEARIE R 5 a B LA ARAE S B B MR I e B o s , (EL R B PR A ARt
T RFLEI G A2 . AWFFERM . IR B S AR A A K PR AR P AT 3 TR A6 Sk 2 (R T A AR S R
RAX, REIFRBWIEEE T AW, 854 2 BRI M 4 A 8. S
FERIE T 8RR s HARET, fEAIE R 3. 6 a PR MIER:, Tt R LA TARIA I 2 e bRk
Jrfg 1T AR AR RE L & 14 a P AE T 2RFPIRAY 100%. 13X — 5 T o] GEE R W i . BAs 2 APtk
LR MR A B, S — Oy nT et Ul B T AR B SRR . MfE L R BRI B R A
w R e, MH, ABFAFIRREGARC TP, g Rl m . H i TRk R R f 1
W, M AR PR RR R BRI AT T S5 SR — 2 B0 IE .
32 #ig

SRB TR MR MR KRR [R] 22 5 1A i 25 KSE (P<<0.01), AR 3 AR ARIR
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FIFPIRIEAE 1R 0.69~0.90, J& T EAKF; SKFIEAME N 3. 6. 11 aW & . MR . SR

5 14 a B Y SRR B AR A B B B A E G R (P<<0.01), Hid R AIAHIE R BN 0.22~0.44, Wﬁﬁa‘é?%&

4 0.83~1.00, I H A MES LA REGY K T RAMCR L. HUF 7RI e Bine, REH

SRR R B 8 B O 3~6 a, FE LI T R SRR B IR, X R R, TWE R AR,
AR R A R AL S AR 14 a BF AGEFHEAY 100%.
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