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Abstract: This study investigates the genetic diversity of juvenile growth traits among different half-sib families of Acer
truncatum, evaluates and selects superior families and individual plants at an early stage, improves breeding efficiency,
accelerate the genetic improvement process of A. truncatum, and lays a solid foundation for future superior variety breeding.
Taking 27 three-year-old half-sib families of A. truncatum as test materials, this study establishes regional trial forests at
three locations, measures their plant height and ground diameter, followed by multi-site combined variance analysis,

growth analysis and genetic parameter analysis. This study adopts the membership function evaluation method to select
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superior families across the three trial sites, and screens superior individual plants based on the criterion based on the
criterion of ranking within the top 10% for both tree height and ground diameter. Three points joint analysis shows that the
27 families exhibit significant or highly significant differences among trial sites, among families, and in the interaction
between trial sites and families. The average plant height of different families ranges from 144.38 cm to 179.63 cm, and the
average ground diameter ranges from 17.68 mm to 22.32 mm. The coefficients of variation for plant height and ground
diameter in the three trial forests range from 17.69% to 29.49% and from 16.05% to 33.35%, respectively. The family
heritability of plant height ranges from 0.275 1 to 0.691 9, and that of ground diameter ranges from 0.4566 to 0.723 0,
indicating that these traits are under a relatively strong genetic control. Using the membership function evaluation method,
this study selects three superior families (LNFX002, NMCF010, and NXAMO090) based on their consistently excellent
performance across all three regional trial sites, with a selection rate of 11.11%. The average selection gains of plant height
and ground diameter for these three families are 4.88% and 8.20%, respectively, with average genetic gains of 2.94% and
5.01%. Based on the criterion of ranking within the top 10% for both tree height and ground diameter at each trial site, this
study selects a total of 48 superior individual plants across the three trial forests, with a selection rate of 2.93%. The average
selection gains and genetic gains for plant height are 44.71% and 23.11%, respectively, while those for ground diameter are
49.43% and 30.20%, respectively. The growth traits of half-sib families of A. truncatum exhibit abundant genetic variation
among different families and regions. The selected families LNFX002, NMCF010, and NXAMO090 demonstrate excellent
performance across all three trial sites in Shandong Province and can be considered as superior families for promotion in
Shandong and regions with similar site conditions.

Keywords: Acer truncatum; half-sib families; regional trial forests; juvenile period; growth variation; selection

It E W Ucer truncatum) N T H T B
(Sapindaceae) Wb J& (Acer) V& I TR A, H AR 401G
FE L3 AR E o NS TR SN (b | AN TN TR N
TR AL R M DAAEHL X)) 3] e e 7 A H R 25
(X, 25341 T34k 400 m~1 000 m Bk, J& T it
RUR AW BRI B A AR AR A, 75
EWEARE I E AESMEFNE . tE
WM A —Fh i s A R 25 B HE5 M3 501
JERE, B 40 B IE RS RR e 5 i BS L
TJERMIEESRE . R 2, b 2
RTAVEFFEZAMES . wBATELES0T,
2018 4F N T AR T AR O R A% T 400 km™®, 2020 4
FERRAE LR DY BerPE s 1148 (Gl WO T
T IO R [ SRR R A=
A6 B AR EE SHETRE R, T T SRR A
2026 ZERIE FHELAE Y 1 000 kB4 1% 1 700 k™™,

MARBL R ZAAET KR ZH,
eI AL O R AR, R E T MRORAE 2 R
(038 730100 VR RARAC I8 A% 4 R (1) B BEER YT,
Ji& DX A5 5E 2 VEA S AR a8 AR (i A A SR s AL 2
B RO7E . I oK R )AL 38 7 A
A DURARE AR B A KA R I R R R SRS,
A LUA N — ARG FH At R ML, 52 m A Tikde
MR AE 77 D3RI 772 253, Bl 2 8 & M g 75 22
XK Z VR B S U AT IR AW Y . AT

K ZMARTEA FIRRE I B AE KR B 2 7 1,
TEMARE G REF, B TAKE KRR A
FE s, FECEMAERK, JORMG. @i EMRARSL)
WA AT B B, mT I R AE J5 IR R B, 3RS
PRIEE AL 3G 25 . VRN AN [ A 6 AR
A2 T6 T A 2K AR R IR DU A 34T, 1 FH 45
EHe Bk B, TR 20% N 3% R 3 4% S
RER, DT RIE P i A0 ek i 1 35 108 4% 18
2N 1.49%.0.14% F14.65%. K1, T J& AR AR 1
HHIEBE B FURROR 55 2 [ I 6 A 8 385 I 7 A8 A i
B RPRAE AL 2 R B B I s S, B
B B 5 T 0 ARG S 0 A s A A S AR B 1)
AHIAF T D A SCE I FE o AT AN A 2 A i &K
YIS I IR A 2 BRSP4 T B R
RE R KPRV 515, 52 & Mk, DU
TN T F S A% o R R, D JE B T R Ak
H BEE S

1 #MR57REE

1.1 RIEdHt

2018 4F 10 H T3l TR N 58 1t SRARZE KR
R4 T HUE B 1) 0 R T, A SRR ]
FEEE T 100 m. 201944 AW, B RER K ICE
WA TR E . AR S MR T w
2T TEEMCE R R LA (ED.



1 W]

P P4 U [ S AR X3 bR Al e I A AR e S e 4 - 159 -

K1 SHALERRRER
Table 1 Family information of the tested Acer truncatum

%= SRAEH 4 /PN 2% /°E IR0 EL
Code Location Latitude Longitude Number of tested copies
LNFX SIS RER 42.666 667 122.733 333 1
NMTL NEJUEiEg 43.016 667 122.733 333 13
NMCF LN 42.883 333 119.416 667 2
NXAM AP 45.233 333 121.483 333 11

1.2 Xk B R E KRN E

2020 3 A, fEVF FE E . (ZQ) R H ik
(XZ) A2 B M (TZ) = Hs A 5 X383 56 Ak
(LR 2D, RABEMLTE 4 X A BT, R N

2mx3m, HANEE 1085, HL3NEL, Lk
KW E R AT . 202242 F 5 70 50l 4 & il 38 AR
BARBEAT 2 FE A&, U 5E PR = (H em) A AR
(DBH/mm) .

2 =M I IR R4 (2020-2022)

Table 2 Overview of environmental conditions at three trial sites (2020-2022)

by ik /PN ZJE/°E PR /m AR /PC AERR /K i/mm + 4
Location Latitude Longitude Average altitude ~ Annual average temperature Annual precipitation  Soil type
FMEm(ZQ)  36.737818  117.566 739 52 14.5 760.0 W+
BUEHEW(XZ)  36.107 375 116.947 673 115 14.5 616.5 FdgE
HEREIN(TZ) 34903 955 117.164 807 31 15.4 964.8 #+
1.3 E£KMREES AL 25 (UG THE AR
%7 Fi] Excel 2010 £ SPSS 18 #4076 540 % ‘%”&f
N M2 A — N N e = x
KM B AT S E T E T R RS

IIMT o T7 ZE43HT R FH 2P ] s AR B0,
Yy=p+ B, +F,+BF;+ ey
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{/_\\I [14]:
h; = Ufz/(afz +0,/B+ af/NB)
h? = 4aﬁ/(o-f2 +0l+ aj)

Ao AR RTTED B0, AF R EXHATAR
175 229 s 0l NBENLIR ZE I TT ZE 0 8 B NIX
HEOCNNEERL.

MR 72 (S) VIR BN 25 (G UL FE R B (RD %

AG = (R/x) x 100% = G x I’
xRN NIE K R IR B IME s x AT
H R ZMERTEE .
14 MERARBMIEFRSE
(DAL R XK RIEF: K R R B
TR E R EBE R INHE T AT R K R
PRIk
BB EUE RO THE AR,
R(X) = (X, - X )/( Xar - Xo)
KA X AR EE . X, X, 70 i
KAEF iz /IME
(O R BRI 6 « MR i A LA 3 A7 T 24 /i
RIE AR AT 10% AT NIRRT B AR

2 EREDMH

2.1 TERMHR=SBESH

2,11 TEWRMIKRT Z547  IEIXT S 27 4
TEEW AR R Ak A AR 5 2 0 M el S OO
3D, BR i 7EA RIS AR IE] AN [F) 5K 2 ) DL A
[ 56 AR RN 55 R 1) 2 LA P RS54 70 A i 3 22



. 160 * W ZR AR R 2228 (SRR E /) ERES
RINEM R RRENFESH

Table 3 Analysis of variance among different locations and families

PER G 37 AL J5 il & ¥y P Sig.
Trait Source of variation Type Il sum of squares Mean square

Hh 334 189.813 2 167 094.906 97.437" 0.000

B EEA 87221.143 26 3354.659 1.956" 0.003

WS * ZR 222 633.687 52 4281.417 2497 0.000

HS 9597.687 2 4798.844 91.270™ 0.000

At RHR 2942.143 26 113.159 2.152" 0.001

W FHR 3.947.209 52 75.908 1.444 0.022

W RORTE 0.01 KPR 2 AR G s #3RRAE 0.05 7K1 LR 2R 9%, R 1A

Note: **: Significance at P< 0.01; *: Significance at P< 0.05; the same below.

3 (P<0.01) ; M AR AEAS [R] 1R 58 MK (0] FUAS [A] 5K &
] 22 S 0K 3 T A 2 2 K F (P<<0.0D) , TEAN [
AR R R BEAE AR EZE R P<
0.05). FKEHFJ& 7T T Ee Wk B B A nT AT

212 TERMEREKRST LERKSITCERHE
B, Bk w3 K IR &R & NXAMO090, 15
179.63 cm; NXAMOSO [ ~F 32 #k & e 7 AU N
144.38 cm. HifE i K& NMCF062, 4 22.32 mm;

AN B X B /NI & NMCF059, 24 17.68 mm. 1 VIR 1 5
%4 REIRRIEE KR A
Table 4 Analysis of growth traits among different families
R ER — B —— B —
Number  Family 41 %(ﬁ?ﬁ:. . ’lfr%é‘l N B ﬁ/ﬁﬁ:. . ’x#%?ﬂ( B
Mean Standard deviation Coefficient of variation ~Mean Standard deviation Coefficient of variation
1 LNFX002 170.58 54.68 32.06 21.70 6.78 31.24
2 NMTLO026 149.98 47.54 31.70 18.77 6.93 36.92
3 NMTL027 161.26 50.92 31.58 20.31 5.05 24.86
4 NMCF001 172.88 38.02 21.99 20.95 4.94 23.58
5 NMCF010 172.65 45.06 26.10 21.65 4.95 22.86
6 NMCF019 169.59 41.79 24.64 20.41 5.13 25.13
7 NMCF026 174.48 42.30 24.24 21.98 4.90 22.29
8 NMCF028 158.27 40.50 25.59 20.62 6.21 30.12
9 NMCF029 163.96 43.38 26.46 18.90 6.51 34.44
10 NMCF043 177.58 41.18 23.19 20.20 5.22 25.84
11 NMCF045 161.18 48.68 30.20 19.98 5.64 28.23
12 NMCF049 163.3 43.46 26.61 19.97 6.58 32.95
13 NMCF050 157.94 36.13 22.88 20.07 5.21 25.96
14 NMCF059 149.85 53.17 35.48 17.68 5.93 33.54
15 NMCF061 165.89 36.88 22.23 20.01 5.12 25.59
16 NMCF062 171.39 48.23 28.14 22.32 6.30 28.23
17 NXAMO048 157.59 41.56 26.37 20.40 5.63 27.60
18 NXAMO57 165.11 42.77 25.90 21.60 5.55 25.69
19 NXAMO064 160.76 40.41 25.14 20.79 5.83 28.04
20 NXAMO065 152.50 44.19 28.98 19.68 5.78 29.37
21 NXAMO070 157.53 40.33 25.60 19.32 5.69 29.45
22 NXAMO76 163.54 48.45 29.63 19.18 6.29 32.79
23 NXAMO078 162.31 40.40 24.89 20.76 4.47 21.53
24 NXAMO80 144.38 55.68 38.56 19.85 6.27 31.59
25 NXAMO087 165.48 43.63 26.37 21.13 5.51 26.08
26 NXAMO090 179.63 39.74 22.12 21.42 493 23.02
27 NXAMO098 150.99 48.79 3231 19.62 5.00 25.48




1 W]

P P4 U [ S AR X3 bR Al e I A AR e S e 4 - 161 -

KAE /MBI 1.24 F11.26 1% . BRI 7 &
B F IR, Hirb NXAMOSO (1978 7 & i K,
N 38.56%; NMCF001 ] 78 5 R H &/, N
21.99%. HbA% B K M N K R N
NMTL026 #1 NXAMO78, A8 7 & % 4r % N
36.92% M121.53%. 2 L8, 2t E WK
A2 MRS 8 ML 7, A5
KB AL R T
22 XFREMEKERTFNREZSHEE
FEANR X IFARE R A K IR AR S gL 44
fEEHT(E S T, ZQ IRk E (173.52 cm) K TZ
PRIk 1 (175.25 em) BEAIG , XZ P390k =i /> 5 AR
9 143.13 em; ZQ P ¥ A% (23.06 mm) iz KT XZ
(19.13 mm) M TZ(17.29 mm) . 28 5 ZE b1 %
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Table 5 Variation of growth traits and genetic parameters in different trial forests

o FAVESEZEU% AL R E% kb e s
A PRI {HpRE2E FEBET] )
. . Phenotypic coefficient of ~ Genetic coefficient . o Individual

Location Trait Mean+SD o o Family heritability o
variation of variation heritability

20 H/cm 173.52+30.69 17.69 15.46 0.688 3 0.3259

DBH/mm 23.06+3.70 16.05 8.60 0.456 6 0.130 8

H/em 143.13+41.98 29.33 26.10 0.6919 0.384 6

DBH/mm 19.13+6.38 33.35 23.44 0.586 9 0.2522

H/em 175.25+51.68 29.49 10.60 02751 0.101 1

DBH/mm 17.29+4.21 24.35 23.21 0.723 0 0.605 4

2.3 AREESRERERERSHFEEFHEX
HRHh

X TCE AR X6 Ak i A AR VAR 5
B B R U T A SR B GR O TN,
Wk 5 2 FE AN T2k 1) 52 FORE O, AR DA 52
[y, AR IR 5L 2 IEM KRR R 55—

J7 T R S R TR [ K B R AEAR R, MR
5% PR (8] 48 S AR 5%, 2R WY B 5 T B A Pk
BRI, R 2 IR PR AR
JrTH NSS4 7RSI . AHORTE MR B,
ANF X IR IR AR T U K 2 A 85 PR 5
BA— @R RIAR S (B AR IL B B K

6 PRI IR M E KPR SHERE FHEX S

Table 6 Correlation analysis between growth traits and environmental factors in different regional trial forests

Sz R SRR LR AR
Latitude Longitude Average altitude Annual average temperature  Annual precipitation
H -0.224 0.737 -0.981 0.541 0.838
DBH 0.927 0.784 -0.745 -0.407

24 TERMRRFREE
K SR i e B0 A VE T 27 A T8 MR R

K EZBATERE VR 70 BT AR X AR R A
A2 010 S5 s oR e, R s 1 A E AR e AT HE
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Fr BAE B RR W IZR RAERMIRG S R T .
241 AT ZRBEDATHHRR LR LS 45

R 2T TR ENF RS R R, &1 8 R4
fEHEH AT 50% N ik, RIA3 72 FERT 0 13 K & 1K

% N NXAMO090. NMCF026. NMCF062.
NMCF010. LNFX002. NMCF001. NMCF043.
NXAMO057. NXAMO087. NMCF019. NXAMO078.
NXAMO064 FINMCF061 (L& 7).

RTAEIREHE KERERFIRESH
Table 7 Variation of growth traits and genetic parameters in different trial forests

He# EES B SRR Huiz SR I PR &it
Ranging Family H Subordinate function values DBH Subordinate function values Total
1 NXAMO090 179.63 1 21.42 0.81 1.81
2 NMCF026 174.48 0.85 21.98 0.93 1.78
3 NMCF062 171.39 0.77 22.32 1 1.77
4 NMCFO010 172.65 0.8 21.65 0.86 1.66
5 LNFX002 170.58 0.74 21.7 0.87 1.61

6 NMCF001 172.88 0.81 20.95 0.7 1.51
7 NMCF043 177.58 0.94 20.2 0.54 1.48
8 NXAMO057 165.11 0.59 21.6 0.84 1.43
9 NXAMO087 165.48 0.6 21.13 0.74 1.34

10 NMCF019 169.59 0.72 20.41 0.59 1.3
11 NXAMO78 162.31 0.51 20.76 0.66 1.17
12 NXAMO064 160.76 0.46 20.79 0.67 1.13
13 NMCF061 165.89 0.61 20.01 0.5 1.11
26 NMTLO026 149.98 0.16 18.77 0.23 0.39
27 NMCFO059 149.85 0.16 17.68 0 0.16

242 RERBABHRERREZLEE =1
TCEMEK ZR 35 K H £ 8 ok 8L AT 456 0F
Wy, FIREFR BB HE 44 BT 50% Nk, 45 B L% 8.

FLO3ANREMHRIERNEMNXRZA 44, 5
W SN LNFX002. NMCF010. NMCF043 Al
NXAMO090.

REVINMAEMRARBRYIST
Table 8 Membership Function Scores of 27 Acer truncatum families

4 zQ Xz TZ
Ranging %K % Family A1 Total %K % Family A1 Total K % Family A1t Total
1 NMCF062 2.00 NMCFO010 1.81 NXAMO57 1.99
2 LNFX002 1.49 NMCF026 1.75 NXAMO098 1.35
3 NMCF026 1.39 NXAMO87 1.68 NXAMO76 1.31
4 NXAMO090 1.38 NMCF062 1.57 NXAMO80 1.23
5 NXAMO064 1.27 NXAMO090 1.52 LNFX002 1.2
6 NMCF029 1.07 NMCF001 1.47 NXAMO090 1.17
7 NMCF010 1.02 NXAMO064 1.45 NMCF059 1.14
8 NMCF043 1.01 NMCF028 1.44 NMTL027 1.13
9 NXAMO078 0.98 NMCF019 1.41 NMCF043 1.11
10 NMCF001 0.96 NMCF045 1.41 NMCF049 1.06
11 NMTL027 0.96 NMCF043 1.28 NXAMO048 1.03
12 NXAMO065 0.91 NMCF061 1.28 NXAMO078 1.02
13 NMCF049 0.91 LNFX002 1.11 NMCFO010 1.01
26 NXAMO80 0.22 NXAMOS0 0.23 NXAMO070 0.29
27 NMCF059 0.02 NMCF059 0.15 NXAMO064 0.24
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ZiA UL B MR FE T DUE Y LNFX002, I 25 I 38 25 9 8.84% H11 5.45% ; NMCF010 (1]
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AT 4 X 24 reh 26 o o/ .

2.5 NERRHEIZHITIR LIS S5 8 40 2 IR £ 39 35 0 8.50% A1 5.28%:
: P e e 2% - NXAMO90 [J~F- 20k i 175.94 cm, P2k 54
AR '%/%%ﬁh i 2 R 33 A% 48 25 8 7.19% 1 3.98%, T #1152 AN

Ko 4K AR, RT3 AL 1 21 8 D fEE'J 21.23 mm, 1930 648 25 R0 AL 1 25 7.25%

HA S B NGB R SR N LNFX002 4300, 3 F B % F o 1030 6 180 2 35 B A
NMCFO010 1 NXAMO090. =, LNFX002 *f-3 0.87%~3.98% , - H4J 18t AL 488 25 24 2.94% , Hi 4% 18 4%
PN 167.95 cm%i@iﬁ%i*/\%nu%i‘/\ﬁ 19 35 75 N 4.30%~5.45%, 1 ¥ 38 4% 1 25 A
1.94% F10.87%, P42 4 21.53 mm, “FHIERE - 5.01%.

RI AN RARE B I FIE (R8T
Table 9 Selection gains and genetic gains of four families

B H 1% DBH
HH Hi g, — ; " —
i ) A K /em PEREI 25 /% RAEHE2E/% A KA /mm PEEIE /% IG5 /%
Family Location )
Increment Selection benefit Genetic gain Increment Selection benefit ~ Genetic gain
ZQ 188.21 8.47 5.83 24.54 6.40 2.92
XZ 134.57 -5.98 -4.14 20.72 8.32 4.88
LNFX002
TZ 181.08 3.33 0.92 19.33 11.81 8.54
P 167.95 1.94 0.87 21.53 8.84 5.45
ZQ 181.48 4.59 3.16 23.07 0.04 0.02
Xz 161.88 13.10 9.06 22.79 19.11 11.22
NMCF010
TZ 173.29 -1.12 -0.31 18.39 6.35 4.59
Ml 172.22 5.52 3.97 21.42 8.50 5.28
ZQ 173.36 -0.09 -0.06 23.96 3.92 1.79
XZ 173.84 21.46 14.85 17.27 -9.71 -5.70
NMCF043
TZ 190.20 8.53 2.35 16.88 -2.38 -1.72
Yi{E 179.13 9.97 5.71 19.37 -2.72 -1.88
ZQ 189.48 9.20 6.33 23.81 3.27 1.50
XZ 150.73 5.31 3.68 21.88 14.40 8.45
NXAMO090
TZ 187.62 7.06 1.94 18.00 4.09 2.96
HfH 175.94 7.19 3.98 21.23 7.25 4.30
2.6 TEWNMREKIESE i e R AR R OIR U R 2 A8 A% 1 2 I

DB R A2 2 6 TR BRI AT 10% Ads 3R 10, 7 339 Pk & A0 4% 53 93l Oy 237.36 em A
L 3ANRIS AR MINIE 23 ¥RV 128K FD 138K, & 29.33 mm, “PYYERIY 250 44.71% 1 49.33%, °F
THEFRL K bk 48 0k, SE A NIEF N 2.93%, 5% HIIBAEIE 258 23.11% F130.20%.
10 BRI R B PRRE IR AR (£ 1025

Table 10 Selection gains and genetic gains of superior individual plants in each trial forest
A% /mm  PEFEHEES /%

bRl SR e ABER/%  Rmlem EPEGR/Y%  BHEHES/% WAL A%
) ) ) ) L Ground Selection L
Location Total number Number Inclusionrate Height Selection benefit Genetic gain Genetic gain
diameter benefit
zQ 672 23 3.42 231.7 33.53 23.08 29.74 28.96 13.23
Xz 570 12 2.11 206.92 44.57 30.84 31.66 65.5 38.44
TZ 395 13 3.29 273.46 56.04 15.42 26.6 53.84 38.92

At 1637 48 293 237.36 44.71 23.11 29.33 49.43 30.20
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