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Abstract. Acer is a widely distributed genus containing many important medicinal and
ornamental species. Thus, evaluating the germplasm resources of different Acer species is
important. In this study, seed phenotypic traits of six Acer species (A. mono Maxim, A.
mandshuricum Maxim, A. tegmentosum Maxim, A. ginnala Maxim, A. triflorum Komarov, and
A. pseudosieboldianum ( Pax) Komarov) were measured and analyzed to explore the
relationships among different species. Variance analysis indicated that all investigated traits
were significantly different among and within species ( P < 0.05). Phenotypic variation
coefficients and heritability of different traits ranged from 9.72% — 42.30% and 0.56 - 0.97,
respectively. Correlation analysis indicated that all coefficients were positive and significant,
except for that between wing width and shell rate. Cluster analysis showed that the six Acer
species were clustered into three groups. Principal component analysis showed that the
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cumulative contribution rate of the first two principal components was 75.981%, indicating that
these components contained most of the information on the investigated traits of the samples.
According to multi-trait comprehensive evaluation, with the rate of 10%, six excellent families
were selected, and the genetic gains for kilo-seed weight traits were above 11%. This research
provides a basis for the protection, development, and utilization of Acer germplasm resources

in northeast China.
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1. FPRG 2. FIAERG 3. HREMLG 4. REM; 5. Bk
B 60 AR

1. A. triflorum; 2. A. mandshuricum; 3. A. tegmentosum;
4. A. pseudosieboldianum; 5. A. mono; 6. A. ginnala.

B 1 #HE 6 M FHFhFRSRE
Fig. 1 Morphological characteristics of seeds
of six species of Acer
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width; e. Key fruit length; f. Bear the mark.

B2 FFHRENETZE(LBFHEAE)
Fig. 2 Measurement methods of each seed
trait (e. g., Acer mandshuricum)
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Table 1 Mean and standard deviation of different traits
- Y BAnifEZE Mean + SD
Species R (mm) FIE(mm) i FE (mm) AR (mm) W (mm)
SL ST SW BTM KL
F4E# A. mandshuricum 8.15 + 0.63 6.70 + 0.52 6.71 +0.48 6.79 + 0.50 25.30 + 2.62
AW A. ginnala 4.99 +0.36 1.97 +0.25 4.39 +0.38 5.10 + 0.65 21.28 + 2.25
fREmk A. pseudosieboldianum 5.43 + 0.69 4.61 +0.39 5.70 + 0.54 5.87 +0.58 16.55 + 1.80
¥R A. triflorum 10.67 + 1.33 6.74 + 0.62 9.64 + 1.01 7.69 +0.85 28.34 + 3.65
HHE A, tegmentosum 8.89 +0.73 2.71 £ 0.58 6.13 + 0.71 416 +0.71 19.62 + 1.00
AN A. mono 8.67 + 0.89 2.05 + 0.42 6.75 + 1.17 5.39 + 0.71 18.67 + 2.17
! Y KebrifE2E Mean + SD
Species S FE(mm) R (mm) THRE(Q) 2R (%)
KW KFL KSW SR
H2E8% A. mandshuricum 10.03 + 1.29 33.64 + 3.18 87.24 +0.13 39.10 + 18.68
XM A. ginnala 10.35 + 1.03 28.95 + 2.27 24.85 + 0.06 50.65 + 14.51
R Em A. pseudosieboldianum 7.96 + 1.20 2219 £ 2.22 37.40 £ 0.14 72.85 + 12.72
R A. triflorum 13.15 + 1.74 35.96 + 4.81 196.45 + 0.19 30.90 + 15.85
HHEBR A, tegmentosum 9.16 + 0.95 27.33 + 2.06 43.09 +0.12 13.15 + 6.27
AN A. mono 8.77 + 1.09 25.95 + 2.62 44.08 + 0.15 21.15 + 14.37
*2 MEmMEHRNAERBILIRE
Table 2 Variance analysis among and within species
SRR LE2N I H ¥io5 F B
Variation source Trait SS daf MS P
ik SL 12.978 9 1.442 8.407 0
FE ST 3.394 9 0.377 4.455 0.001
Fhse SW 7.665 9 0.852 5.774 0
FEIR BTM 7.627 9 0.847 6.650 0
&M A. pseudosieboldianum MWK KL 75.943 9 8.438 8.384 0
WL KW 44.717 9 4.969 16.087 0
AR KFL 153.274 9 17.030 14.597 0
TR TSW 2796.088 9 310.676 334.217 0
2558 SR 0.796 9 0.088 42.497 0
ik SL 21.421 9 2.678 5.102 0.001
FE ST 3.516 9 0.439 5.162 0.001
Fh5E SW 30.315 9 3.789 5.494 0
FHIE BTM 8.946 9 1.118 5.374 0
B A. mono WK KL 128.122 9 16.015 8.109 0
WL KW 25.989 9 3.249 8.800 0
WHK KFL 150.814 9 18.852 5.007 0.001
ThiE TSW 1768.279 9 221.035 37.848 0
558K SR 0.958 9 0.120 14.864 0
K SL 4.418 9 0.491 0.981 0.475
FjE ST 3.924 9 0.436 6.649 0
o SW 4.422 9 0.491 2.930 0.013
FHHIE BTM 4.976 9 0.553 3.262 0.007
M4k A. mandshuricum W KL 120.825 9 13.425 2.622 0.023
58 KW 29.739 9 3.304 3.320 0.006
WE K KFL 167.742 9 18.638 1.690 0.135
TRiE TSW 8715.610 9 968.401 113.203 0
5% SR 0.861 9 0.096 6.360 0
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Variation source Trait SS af MS P
i SL 1.636 9 0.182 1.406 0.231
FfiJs ST 1.545 9 0.172 3.599 0.004
FhoE SW 2.735 9 0.304 3.307 0.007
%4 9H BTM 13.300 9 1.478 11.182 0
KM A. ginnala WK KL 101.587 9 11.287 5.154 0
ME KW 23.883 9 2.654 12.655 0
IR KFL 121.883 9 13.543 4.063 0.002
TFhiE TSW 263.134 9 29.237 38.028 0
7R SR 0.064 9 0.007 2.348 0.039
Fi i SL 62.392 9 6.932 9.119 0
FhsE ST 10.868 9 1.208 8.623 0
i 5ie SW 36.320 9 4.036 7.855 0
49 BTM 21.312 9 2.368 5.638 0
FEAR A. triflorum B KL 364.536 9 40.504 2.233 0.048
WL KW 128.336 9 14.260 7.869 0
WAK KFL 808.102 9 89.789 3.960 0.002
TR TSW 22471.510 9 2496.834 39.291 0
23 FH SR 1.451 9 0.161 17.272 0
i SL 8.468 9 0.941 2.174 0.054
FpJs ST 9.628 9 1.070 10.145 0
Fh e SW 12.681 9 1.409 7.192 0
FH IR BTM 13.226 9 1.470 3.624 0.004
HHEM A, tegmentosum K KL 84.074 9 9.342 3.106 0.009
HFE KW 143.691 9 15.966 36.672 0
WK KFL 167.709 9 18.634 3.714 0.003
TR TSW 1265.434 9 140.604 16.594 0
258 SR 0.437 9 0.049 7.691 0
i SL 7157.441 5 1431488  2101.915 0
IR ST 7383.842 5 1476.768  6413.850 0
FhisE SW 5563.807 5 1112.761 1868.534 0
#H4JE BTM 3018.361 5 603.672  1301.475 0
Ffila] Among species W KL 29225.143 5 5845.029 913.582 0
T KW 4914.967 5 982.993 625.176 0
WK KFL 38244.017 5 7648.803 544.738 0
TFhidE TSW 830227.048 5 166045.410 961.418 0
275 R SR 12.770 5 2.554 90.981 0
Fik SL 8379.227 1799 - - -
FE ST 7800.719 1799 - - -
Fhse SW 6632.181 1799 - - -
49 BTM 3850.485 1799 - - -
FEHLIRZE Random error WK KL 40271.816 1799 - - -
WL KW 7735.757 1799 - - -
IR KFL 63433.508 1799 - - -
TRiE TSW 870640.918 239 - - -
25764 SR 19.338 239 - - -

TE: FiC, FROE. FUE . FHAIR, K, A, ERKEBRLN mm”; TRERRAA ",

Notes: Unit of SL, SW, ST, BTM, KL, KFL, KW is “mm”; Unit of KSW is “g”.
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R, A PEAREAL S I E R/ IMRIR Ry . TR
(0.97) > M5 (0.88) > 257 F (0.86) > f )2
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(0.74) > #RK(0.73) > (0.56) , wetsFhm
5, EmF Rk e ok, ¥t 0.78,
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XPAN A R PR AT A DG o By Sk g, 445
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Xy TRESEAIR, K, #EYEHEFEE
FHIRIKF- (£ 5)

®3 MMARRMERNREESR

Table 3 Phenotypic variation of different characters within tree species

R ZZEPCV(%)

Sfiires ik s 5 HAIR RIS G jEE SN ThiE SR
SL ST SW BTM KL KW KFL TSW GR
H4 8 A. mandshuricum 7.78 7.79 7.22 7.38 10.35 12.95 9.46 17.39 17.46
LM A, ginnala 7.14 12.52 8.71 12.83 10.59 9.95 7.83 11.43 46.85
B M A. pseudosieboldianum 12.70 11.11 12.06 13.83 10.85 15.03 10.00 22.75 67.95
A A. triflorum 12.45 9.15 10.48 11.07 12.88 13.24 13.38 12.73 47.79
B A. tegmentosum 8.17 21.37 11.60 16.95 10.19 10.35 7.55 14.49 43.50
B A. mono 10.26 20.75 17.37 13.20 11.60 12.44 10.10 17.82 30.23
YI{l Average 9.75 13.78 11.24 12.54 11.08 12.33 9.72 16.10 42.30
x4 AERFHZERBBEEZD
Table 4 Heritability of various characters of different tree species
. Wt H
Species il & 5 EHAEIR SURN 5 BMAEK  THEHE A awE
SL ST SwW BTM KL KW KFL TSW GR
H4-#% A. mandshuricum - 0.85 0.66 0.69 0.62 0.70 0.41 0.99 0.84
AN A. ginnala 0.29 0.72 0.70 0.91 0.81 0.92 0.75 0.97 0.57
fBams A. pseudosieboldianum 0.88 0.78 0.83 0.85 0.88 0.94 0.93 0.99 0.98
¥ A. triflorum 0.89 0.88 0.87 0.82 0.55 0.87 0.75 0.97 0.94
HHBR A. tegmentosum 0.54 0.90 0.86 0.72 0.68 0.97 0.73 0.94 0.87
AL A. mono 0.80 0.81 0.82 0.81 0.88 0.89 0.80 0.97 0.93
¥){ Average 0.56 0.82 0.79 0.80 0.74 0.88 0.73 0.97 0.86
* 5 WEMTFIEREXEST
Table 5 Correlation analysis of seed traits in Acer
PEIR < b= FhGE HAIR RIS 5 JUE SIS ThLE
Trait SL ST SW BTM KL KW KFL TSW
Fls ST 0.412
FhFE SwW 0.879* 0.668
#EIJE BTM 0.397 0.873* 0.736
WK KL 0.598 0.700 0.694 0.749
W9 KW 0.553 0.513 0.687 0.660 0.923*
WK KFL 0.604 0.633 0.640 0.670 0.991* 0.897"*
FHIE KSW 0.740 0.766 0.935 " 0.840" 0.861* 0.867* 0.801
5% SR 0.486 0.533 0.408 0.475 0.448 0.113 0.484 0.320

e o BEAMHE(P <0.05); = BEHIE (P<0.01),

Notes: * means correlation is significant at 0.05 level; ** means correlation is significant at 0.01 level.
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B3 ET9PREMKNEEKME UPGMA 247
Fig. 3 UPGMA analysis of Acer species based on
nine phenotypic traits
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0.920, 0.899 #1 0.892; F i 2r Il 45 fF H K
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Table 6 Principal component analysis of different traits

FE S F ES % Fir 1
Principal component factor ~ Component I ~ Component Il
FHIE{H Eigenvalue 5.788 1.050
BEHkZE Contribution( %) 64.311 11.670
?ﬁ“ﬁﬁﬂ(? Cumulative 64.311 25 981
contribution( %)

ik SL 0.788 0.124
FhE ST 0.810 0.259
Fhoe SW 0.899 0.058
#LJE BTM 0.886 0.030
W KL 0.892 -0.156
WP KW 0.794 -0.425
WK KFL 0.668 -0.291
T-hrE TSW 0.920 -0.083
73 76% SR 0.443 0.817

W TRE A TERE 4 MR IEIRA 2 K FR
HATERG VR, b, ZEFRRMRIGSHAIMR
WO b, Q R ZMREG G IR, HAK
EBOR, AARBEMRBUBLY , R 7 AT, &Rl
NQMER KM KR 0 N A 3 5 5K
195 R 135 Tk 22 %5 HHE 21 SH
AR 2 5, P, X6 MR IEHE SRR
MRIMEER,
2.9 BEEEBESM

X6 MERZERI 4 MR (AL, @ik, T
K ez re ) AT B s A, SERABL, &
AR 2 5 (R Fof JEE 058 A 1 4 fie K (14,54 %), 75 HE B
21 SHPH T L £ i K (8.87 %), HAM 3 =
TR B SR R (43.72%) (% 8) . 75b, ik
ZSERIM T, OAMAY 2 72 R 2 ORI A, A

R7 KMARZRENQ &
Table 7 Q, values of each family within tree species

et

cES R A peovdesie. Qi B Bk ,
A. mandshuricum A. ginnala ‘boldianum A. triflorum " A. tegmentosum A. mono !
3 2.186 19 2.665 13 2.374 22 2.455 21 2.617 2 2.164
4 1.973 24 2.179 30 2.361 14 2.431 29 2.121 12 2.144
10 1.86 12 2.088 15 2.328 16 2.417 1 2.091 16 2.132
8 1.76 2 2.057 25 2.159 5 2.23 23 2.061 4 2.102
18 1.732 25 2.039 11 1.961 2 2177 2 2.051 9 2.083
11 1.624 10 1.912 20 1.929 4 2.081 19 1.966 8 1.914
15 1.55 13 1.883 7 1.905 15 2.072 16 1.965 14 1.909
16 1.453 26 1.834 2 1.701 1 1.969 18 1.902 10 1.805
7 1.32 30 1.825 26 1.648 17 1.902 25 1.703 18 1.511
17 1.303 8 1.742 10 1.623 19 1.442 27 1.591 1 1.388

TE: A RIFR T AR R IZAN T X N A B B SRR 2R

Note: Numbers below each tree species represent specific individual number corresponding to tree species.
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*8 MERRFAMRMEEZIEBE

Table 8 Genetic gain of each trait in
superior families

AR R F & WL %5 Genetic gain( %)

Superior family of FoE WK FRE e

different species SW KL KW GR
44k 3 A. mandshuricum 566 6.25 4373 -3.29
Z5M 19 A. ginnala 6.04 1.57 2293 -34.21
Rk 13 A. pseudosieboldianum -12.66 -7.76 17.93 -30.81
Frpk 22 A. triflorum 2.33 222 16.91 -20.68
TR 21 A. tegmentosum 7.08 8.88 2240 -36.01
AN 2 A. mono 1454 -3.67 11.06 -42.02
Y Average 3.83 1.25 2249 -27.84
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