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Abstract: [ Objective | This study aims to explore the differences in growth traits of young forests of Toona
ciliata var. pubescens provenances and families.The provenances/families with excellent early growth traits were
screened, and their geographical variation rules were revealed, so as to promote the genetic improvement of
Toona ciliata var. pubescens.| Method ] Taking 11 families of 5 provenances of T. ciliata var. pubescens as the
research objects, the growth traits including tree height and diameter at breast height were investigated.The
genetic variation and correlation analysis of growth traits of different provenances/families were analyzed , and
the genetic gain was used to select excellent provenances/families. [ Result ] There were significant differences
in early growth traits among provenances and families (P<0.01). No. 14 (Yifeng, Jiangxi) had the best
performance and fastest growth in tree height, diameter at breast height and volume, while No. 1 (Jingxian,
Anhui ) and No.4 (Jingxian , Anhui ) grew relatively slowly.The annual growth of No.2, No.13, No.14 and No.15
was higher. The variation coefficients of tree height, diameter at breast height and volume were 25.39%
-32.74% , 31.94%-36.55% and 80.81%-91.21%, respectively, the variation coefficients of 5—year—old T.
ciliata var. pubescens forest were ranking as follows: volume > diameter at breast height > tree height, and their
heritability were 0.586-0.894, 0.749-0.852 and 0.643-0.780, respectively. The results of correlation analysis
showed that except for the correlation between growth traits and frost—free period, the correlation between 5-
year old branch height and longitude and annual average precipitation was not significant, the correlation
between each growth trait reached extremely significant level (P<0.01).Each growth trait showed extremely
significant negative correlation with longitude and latitude (P<0.01) , and extremely significant positive
correlation with annual average temperature and annual average precipitation (P<0.01). Comprehensive
evaluation was conducted according to the results of principal component analysis. Three excellent families
(No.12,No.13 and No.14)were preliminarily selected.The genetic gains of tree height, diameter at breast height
and volume of No.14 family were 14.94 % ,16.59 % and 38.20 % , respectively.[ Conclusion ] The growth traits
of T. ciliata var. pubescens has rich genetic variation among provenances and families , and shows obvious ‘two—
way gradient’ in geography.The preliminary screening of No.14 (uanshan ) family not only grows well, but also
has a high genetic gain.lt could be used as the preferred family for popularization and application, and could
provide the basis for the breeding of Toona ciliata var. pubescens.

Keywords: Toona ciliata var. pubescens ; growth traits ; genetic variation ; provenance/family selection
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Tab.1 The geographical and climatic factors of different provenances

. . S 25 AEREKE/mm  AEBRSC JEREIA
A RRES KA " o
North East Annual Annual mean  Frost—free
Provenance Family No. Family
latitude longitude precipitation temperature period
LR 15 i3 . o
N M o 30748 11824/ 1500 157 260
Jing xian, Anhui 4= w1
2% Hil
. 55 Hilis
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Fuyang,Zhejiang 8% w1
382 L s
M e
B 15% JuiEil 1 25°49' 113°54 2155 18.9 286

Longnan , Ganzhou

1.3 #IEALIE

H Excel \SPSS 26.0 #4758 2 PG5 115307, >R H Origin 224 .

T 2 RN <y, =+ B+ PIF 4+ (BP),+e, (1)
OOy, WU s Ry S 208 s B 2R 1A X2 RSO0 5 PLF R 585 j ATl IR/ 22 2R BR800 5 (BP) R 56
i~ DX RIS A FIR/ R ZR I 28 BN s &, A BEHLIR 22

KR 0 = e e @

Q)W b, AR ZRAE ST, MR FRITT My REXX AL HITT



5513 8 MR R T R 3R B LM AR A KRR S B ) e - 109 -

PS50 AR= - x 100% (3)
96],
ML 5 AG= X x 100%, J{r R=3S, S=x—x, (4)

P

X (3) (4 ROGTEFEMNL, S N k22, AC LI 48 , o, I ATES MR ¢ IIIMEL, o, N AT b 574 S5
PR¥IE

2 HBRESMH

21 AEMB/RAEABEFEERKERFTEST

N T BLAE DS PR R R 25, 5 BA S A KR T 20807 (R 2) . WEr
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Tab.2 Variance analysis of growth traits of different provenances/families

PEAR e Mtz A
i Trait Tree height Diameter at breast height Volume
Forest age
AR KB Variation source 177 Mean F Y177 Mean A 177 Mean F
la [X 2H Block 0.388 6.428"
ZK % Family 0.261 4.324"
XX KR BXF 0.108 1.795"
i Provenance 0.446 6.636"
X x B BxP 0.071 1.054"
2a X 4] Block 9.473 21.857" 7.302 13.132"  0.000 005 766  12.745™
K Z Family 4.477 10.329™ 2.758 49617  0.000 002056  4.544"
X4 xFKZR BxF 0.77 1.777" 0.691 1.243 0.000 000 609  1.346
FJE Provenance 2.97 8.634™ 2.067 3.236' 0.000 002 3.032
X2 x Bl Bxp 0.555 1.615 0.59 0.923 0.000 000 536 1.045
3a [X 2] Block 27.723 59.151" 28.055 28.647"  0.000 118 26.669"
K Z Family 9.25 19.737" 10.098 10.3117  0.000 034 37 7.781"
X2 x Z 5 BXF 1.088 2.322" 2.38 2.43" 0.000 012 28 2.781"
FiJi Provenance 7.638 15.55" 17.873 13.888"  0.000 061 36 10.768™
XA x Fffi BxP 0.59 1.202 1.47 1.142  0.000009 677  1.698
4a [X 2 Block 27.723 59.151" 71.113 32,932 0.000 94 37.795"
K Z Family 9.25 19.737" 27.503 12.736"  0.000 243 9.764™
X2 x FE 5 BXF 1.088 2.322" 4.057 1.879"  0.000 010 22 2.37"
i Provenance 15.368 25.396" 39.462 14.767"  0.000 298 9.347"
XA x Ffli BxP 0.912 1.507 2.405 0.9 0.000 04 1.271
5a [X 2H Block 68.01 50.307" 142.451 38.208"  0.005 343 45.269"
K Z Family 18.055 13.356™ 36.682 9.839"  0.001 048 8.88"
X 2H x K % BXF 1.916 1.417 6.36 1.706" 0.000 231 1.959™
i Provenance 32.365 21.996" 49.977 11.325"  0.001 289 8.887"
X 2H < Ffiili BxP 2.299 1.562° 4.69 1.063 0.000 164 1.127

#ERIR P<0.01, ¥R P<0.05.
#* indicates P<0.01, * indicates P<0.05.
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Multiple comparison of growth traits of different families
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MAERK R TE ,2019—2022 4F 4 55 A A 4 SR I SRS 5 1 “ VIR AR b e 34, 2020 4F i A= 4
HHEK,25 125 135 14 519 548 K 8K ;2020 4F 19 I 48 2k K& ok, 2P0 2020 4E>2022 4F>
2021 4,275 (125 135 14 5 AR A K S A M B A AR K i A 2019 A 3K 3 14 S K R 3R
et
23 AEAMB/RREEFEREERTR

1A AR 5 &R A KR s AL AR S 2 3. S AR AE W = S 3E 0 5.95 m, Z8 MR 7E 1.5~13.4 m;
WA 21 7.87 em, 2B MR AE 2.1~15.3 cm; M FRAGEHEI{E 4 0.019 5 m*, 28 I 7E 0.005~0.078 5 m*, B &5 g
PR FR IR 2% S5 22 BOE ARy TR AR AR S8 L 0 91 h 25.399%0~32.74% , 31.94%~36.55% ,80.80%~91.21%,, [d]—
AR W R A S R BSOS T M A28 14 A8 5 AR, S I T A B A 3 AR S R R, U A AL AR e i
BRI TT o Wy, Made AR A% 7 2R AN [R] 43 6] 9 A8 £k Y [ 43391 2 0.586~0.894 ,0.749~0.852,0.643~
0.780, J& T rf i ARt 1L J1 K-, AR B L0 10 452 KoMtk BBz st L s il AEFl IR R R (A 700 R iR
e R R A LR, AFRERBEREZER B RWES BRI SRErEERERRRAUET
%M.

®3 TERGERKEROBETROW

Tab.3 Genetic variation analysis of growth traits in different forest ages

PR NG ¥if /M S YN[ brifE2E 7 5 Z KU % L 7
Trait  Forest age Mean Minimum Maximum  Standard error  Coefficient of variation Heritability

W la 0.870.02 0.2 1.9 0.28 32.74 0.586

H 2a 2.44+0.04 0.9 4.2 0.69 28.47 0.828

3a 3.36+0.06 12 5.8 0.89 26.48 0.882

4a 4.52+0.07 1.3 7.3 1.15 25.39 0.882

5a 5.95+0.11 1.5 13.4 1.78 29.92 0.894

H 44 2a 2.42+0.06 0.9 5.8 0.88 36.55 0.749

DBH 3a 4.46+0.09 12 8.8 1.42 31.94 0.764

4a 6.06+0.13 1.3 12.1 2.12 35.03 0.852

5a 7.8740.17 2.1 153 2.76 35.06 0.827

R 2a  0.88x10°+0.5x10™*  5.6x10°° 4.9x107° 9.6x10~* 91.21 0.704

v 3a 3.7x10°+1.8x107*  1.3x10~* 1.8x107 3.1x107° 80.81 0.643

4a 8.9x10°+4.6x10~°  1.0x10~° 3.3x10° 7.5%10~° 81.95 0.757

5a 1.95x107+1.0x107>  5.0x10~° 7.8x107 1.65%1072 82.26 0.780

iz la 1.76+0.03 0.4 4.7 0.49 27.28 0.738

GD 2a 3.92+0.07 1.1 8.4 1.33 32.17 0.704

24 MIEMRRERESHIEBERFHEXES T

BLAEA FIFP IR S 2 AR A K MR R 5 b B R 1 B A DG A A &6 SR An &) 2 i/ o &85 1 32 1 )
— AR AR 2 IR R T IE A OGS 2R, HUAH SE PR, A ME R B K T 0.7 8 T i i 5
R L A8 T A7 A W 3 LE R G, L /N TR o R A =2 ) 1 R DG R k. B o T A 1 R O R B
0.419~0.809, i 15 14 4F (1) #H 56 2R EUAE 0.627~0.808 , 4 FLI%E 4F 1 AH S Mk 2 B0 TE 0.653~0.913, [R]—A: Kk
R S P A 1 22 8] 1) AH G 72 B0 2 A7 07 18 i A8 K, U B AT DA AT — 4R AR KOk IO AE AR AR K
BLLHEA AR Bl b 25 20 B 0 AH S e A 5 SR R W, 25 A B i M4 b AR A BRI R 4T 5
JE 28 B 45 P 2 0 S A OC , AR R K i AR AUR R IR AR O, HLAZ AR B AR K AR
BIRgoKa, SRR EE . Saki TR S48 E B E NG, SR EF LM, 58F 41
K A AN B3
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Fig.2 Correlation analysis between growth traits and geographical and climatic factors
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Tab.4 Principal component analysis of different traits

FE AT F s TR H T F >
Principal component factors Component Principal component factors Component
F5E{Y Eigenvalue 5.802 ZR P95 MR Crown diameter 0.591
TEHR#/% Contribution 72.528 LI HE Crown diameter 0.796
B 5 Tree height 0.895 7 Volume 0.793
Jg7% Diameter at breast height 0.951 B i 4EHE K 4 Annual height increase 0.860
1R &5 Branch height 0.938 A2 K Annual DBH increase 0.931

HRAE A BT 25 5 TR K K R A0 I HE Y ANFEIFMR R R BB 155 3L 5
Mo BL2022 4R A KR F L KR4 R 14 73>1373>12 53255155956 5>55>85>759>1 5>4 5,
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Tab.5 Comprehensive score and ranking of different provenance/families

ARG LEEy il 24 FhE Lgata iz
Family No. Comprehensive scores  Rankings Provenance Comprehensive scores  Rankings
15/No.1 -2.033 6 10 LREE Jing xian, Anhui -1.8369 5
245/No.2 0.9205 4 TLPHE S Yifeng, Jiangxi 0.6218 2
45/No.4 -1.6102 11 WIJLE B Yichang, Hubei 1.080 2 1
55/No.5 -0.283 1 7 WITE B Fuyang, Zhejiang -0.655 6 4
65/No.6 -0.3909 6 M EFHG Longnan, Ganzhou 0.299 1 3
7% /No.7 -0.807 7 9
83/No.8 -0.505 7 8
12%5/No.12 1.080 2 3
13%5/No.13 1.2817 2
14%5/No.14 1.6533 1
155/No.15 0.299 1 5

26 MREIRBLEHEDN
PL20% B9 A LR YL 12 5 GHdbES) 13 5T E R M4 ST ER) MERE R,
AR R BG4 N3 6 IR , ABESK R S a AR = M4 B A R SF- 3508 23 53114 6.86 m .9.22 cm Fil
2.7%107 m®, LI 25 43 5918 15.22% 17.11% .40.33% , 5 A5 1 25 43 551 4 13.60%  14.15% F131.45% .,
6 ANERREKMRBEL DT

Tab.6 Genetic gain analysis of growth traits of selected family

e JA LR
B P& R Tree height Diameter at breast height Volume
Type Family No.  SlSci55/%  ifs¥si/e I8t/ sfehisi/o I R/% LI 5/%
Realistic gain ~ Genetic gain ~ Realistic gain ~ Genetic gain ~ Realistic gain  Genetic gain
1245 10.76 9.62 15.59 12.89 34.31 26.76
R R ;
135 18.18 16.26 15.69 12.98 37.69 29.40
Family selection
145 16.71 14.94 20.06 16.59 48.98 38.20
ATER Z T HIE
15.22 13.60 17.11 14.15 40.33 31.45

Mean

3 GRSiHie
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