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KRB BRFP AL S, R IR MR S 22 1
EIFENE, AR ) SO SRR EARI A
F2s, HiXSRFREMRERE, JSOERM 5
B PR TR A B AL O BRI IR S it 1 3s A SR A
TG — R R I, HE AR R AR
MBI FORA B THR At & R 2Rl Bods , oy B
TRApP L BRI R L S 55Tk

F TR e i, T AR T AR
FAEAS MR SR, AR AR BEIRAR
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SR IR IR R L TR SR A
FabR, O Al HAR KR RFPIR/E &R, 4523

K, MR RS T AR 2 4> R
HI R A e il BAE R B R IR/ &R, O Al
ARNTARE A FESRALE AR RRL . = JERAE A
LR AR ER L Fh 2 —, BARRIE iz, BA K
FLEFR AR IINEIR 2 57 SO BT a8 . X
B, XHHEAR BTECE | IR R AN E 215
AR PN BT LA DA [ 7 4 = e 26
SEACHRTRE, XA R & e, b
FIWRIR S IREE T AR OCHE, SR = AER S 1A
RIS SR SR LA, RATRE I R KR
LR, w o = AEMERAT . 5| R AR BB JEOT
SR RS

1 AR

R TEo R

I RR A ARIL =81 4 s, SR
PHIRSE | AR T S48 LR FERC DL 1. X Fh
FRIAFFER S (SV) BEfTIE, HEARDNE
PER BB REK (KFL), % (KFW), #H
KGEkl (KFLW), FHAEEK (BM), Rk (FL),
REw (FW) ., REKv (FLW), REEERE
(FT). #K (W), Ww#l ThEE (WTKW) .,
EWTRFE (TKW), 257%% (SR).

1.1

x1 =W 4 DT HEIRINE R T
Table 1 Geographical environmental factors of four producing areas of A. triflorum
7 HE KRS SF (B 4E (N R FEHARUR GRS 78|
Origin Number Number Longitude Latitude Altitude/m Annual temperature/°C  Annual recipitation/mm Forest stype
AR AR R P 10 1~10 127°06' 42°67' 350 3.9 650~750 £ FEVR A AR
BT L i b7 P2 6 11~16  128°13 43°44' 195 43 450~550 Bt AR A
L AR B 1P3 4 17~20 123°34' 40°49' 100 7.5 800~900 B RRTRAE AR
BT R MG PA 10 21~30  126°33' 44°04' 204 34 500~-800 i AR

B K R BEVLE S 30 T Z 5 R 17 2 00
, AR MR, HAERK. Rk, R
CORSE AR (E 1) PR R e
, MRS BE A 0.01 mm; R K GE FE AR S K
Sel EAETHE . AR EE 400 i E A, A
FHRSFEI 5, A5 100 550258 R 19 5 24 Ry Bk o
H, WIRISEEEA L 10 1E AT TR . I
JEFB AW, R R 23 ek I 2
W0 FORL A B B B AL H 400 915 1A
AT Je i, THRZs58 3 BEHR 200 9251 14

o =k A

FAIRK

Bears the mark

E1 =EHREIEFENEREE
Diagrammatic drawing of different traits of
A. triflorum fruits

Fig. 1



114 G N A

i35 %

ARy, £5t, WUKERWE 24 h, JiCE 30 C1H
AR PR OB 1% B TTC W, T4,
JCE AR RAT TR 4~6 h 5, JICFE BT T R
IR Efso (K 2).

SACTIRAR G A =A@,
Unstained embryo of Stained embryo of
A. triflorum A. triflorum

B2 =#%WBEiesREEttE
Fig. 2 Contrast picture stained and unstand of
A. triflorum embryo

1.2 HIESHHE

FAEHER SPSS 19.0 4k f4:F1 EXCEL 2010
BT, 2558 R I e 7 2200 M it i vh itk A7
FESZE R 48

Tl UL [R5 N 2R 2R (B 7 2243 W 28 PEAR AL A 129,

Xj=u+F+e;

e p BT, F R0, ey h
IRES

T 228 (PCV) 1A,

PCV = Sy 100%
X

KPS HERAGRUEZE, XNFE—MRBEART
YA

FHIHRREL (r) THEAXP,

Oa(xy)

V oj(x) ) Of,(y)
L 0y () A 2 DHERRIGFELN T2, 0% (x)-
0% (y) S35 2 PRI R T 2%
ZHIRZEG TR TR A 2

Q,‘= ia,-
\ =

R amXG Ximaxs Xy 0 R 0T 2
Ximax IR IR .
B A 26 R AR,

Faxy) =

AG = (S/X) x 100%
K. S mifE, XARMACFHE
2 HERGHH

21 AEFHEREERE R

2R P2 b RS . R R
Ba . AAERK . \EKEK, 45490 11.50. 10.25,
15.70. 7.69. 33.66 mm; P1 /= Hif Bk . R
SEGE L AR O BE RN, 4o 9.85,
9.23. 38.11. 12.82 mm; P3 =Huf{zs 58K/,
FhPAIG Tt R, 505k 23.56% #1187.00%; P4 =
TRk, PR N, 435100 83.00%
F116.00%., W P2 F= i S sk KRB L, P3
7R AR O B
22 RETLRSHHH

FIRM: HRFREN, AHEF=H=IEmas R
FIUR P AR BN 6.74%~36.25%, B3P
BRRBON 12147%; £FRIER T, S7eRBR R
Bk (36.25% ), HyOE@ TR, AR RE
H15.86%, FIKMAER ZE ) (6.74% ), Fit
TG TIAE P4 PR AR S ZEURR (20.34% ). %35
RURRTEANF] = A SRR AN R], P57 S R B AR
4 10.44%~13.28%, M, P1 =i ERER,
2.3 AREFEFEST

X 4 ASAS[R] 7 H = AEAR Y 13 AN BEHH AR R 7
T2, 4558 (K 4) R BRBEKE
AR F=shla Pk 22 2R B (P =0.787) 4b, H
EEREZESWREE (P<0.01), Z4 R A
[] 7= i B Fe RIMERAF AR RS K 22 572 o
24 RREFESH

5 R PRI . R R
JBRE . K TR R TR R s
RUERZMHZZWEE (P<0.01); P27
FISRSCE . R . WK | SRR ERRAYER
3% (P<005); P3If~uy#fE K . RxLE
ORISR RER R EZFWEE (P<
0.01); P4y ek . @K | 3 T k5
i F TR NS SRR A R R A1 2 Fl e
(P<0.01), ZRUIIRTK . Ry, TR
IS SRR AR PR E R R 0] 22 R i Y
2.5 EEMSH
251 FAEREAEXAHK F6EW. FLK
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% (0.368 < r < 0.421);
WIRGE . RWEE . HAERK . B TR RS
BB EEME (0512 < r<

AT HEARK

0.795);

JZE SIS

A (0.545< r <0.902);
B EARK . WK PR A TR
wH RN IEMA R (0523 <
TR 2Tk B A B IR (r=

r< 0.841);
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Table 2 Mean average and standard deviation of phenotypic traits of A. triflorum propagules
P
[E27N Origin
Trait
P1 P2 P3 P4
SR5K FL/mm 9.85 + 0.60 11.50 £ 0.97 10.20 £ 0.62 10.26 + 0.66
HS%E FW/mm 9.23+0.80 10.25 £ 0.81 9.34+0.67 9.72+0.71
PSR 58 L FLW/mm 1.07 £ 0.06 1.13+0.11 1.09 £ 0.06 1.06 + 0.06
PHAK KFL/mm 38.11 +3.88 4324 £4.78 41.82 £2.91 4475+ 4.13
AR5 KFW/mm 12.82 % 1.68 15.70 £2.12 14.43 £ 1.42 15.00 + 1.85
WK %t KFLW/mm 3.00 +0.29 2.78 £ 0.33 2.91+0.22 3.01+0.29
R EREE FT/mm 6.36 + 0.58 7.04 £ 0.50 7.07 £ 0.50 6.70 £ 0.45
FHHERK BM/mm 7.18£0.79 7.69%0.77 7.41£0.66 7.69£0.85
WK W/mm 27.78 £3.26 33.66 + 3.78 30.83 +2.99 33.25+3.23
HH TR WTKWI/g 185.93 + 35.88 220.62 + 26.78 238.88 + 9.83 190.48 £ 33.75
FHTRLT = TKW/g 161.98 + 37.79 199.96 + 27.26 208.04 + 11.21 165.70 + 34.91
2R SRI% 36.10 + 13.49 56.42 + 18.78 23.56 + 11.75 83.00 + 12.00
FhFHEE T SVI% 85.00 + 6.00 73.00 £ 11.00 87.00 £ 4.00 16.00  3.00
#3 ZTWEEGERETRERY
Table 3 Coefficients of phenotypic variation of A. triflorum propagules %
L
PR Origin I
Trait Mean
P1 P2 P3 P4
Rk FL 6.07 8.43 6.08 6.39 6.74
PS5 FW 8.71 7.89 7.13 7.34 7.77
Rt FLW 6.30 9.36 572 5.70 6.77
R KFL 10.19 11.05 6.96 9.22 9.36
PR TE KFW 13.14 13.49 9.83 12.35 12.20
R B L KFLW 9.80 11.74 7.71 9.73 9.75
RSEFEREEFT 9.19 7.15 7.1 6.66 7.53
FHIRK BM 10.97 9.97 8.93 11.10 10.24
g W 11.75 11.24 9.69 9.73 10.60
HEH TR WTKW 19.30 12.14 4.11 17.72 13.32
FRTRR B TKW 23.33 13.63 5.39 21.07 15.86
5% SR 37.37 33.28 52.06 22.30 36.25
55 )y SV 7.09 15.20 5.05 20.34 11.92
P14 Mean 13.28 12.66 10.44 12.28 12.17
SRR B FEMAS (r=0477), 55 SRS, REE | H R KA 208 %

R 585 R SR
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Table 4 Variance analysis of phenotypic traits of A. triflorum propagules between origins
PR 2 S AR H ¥175 E p
Trait Variance source df MS
e 7 b ]
FaK FL Ereslualis FeE 3 19.297 40.176 0.000
e 77 i
L5 FW Erailale Siees 3 9.484 16.720 0.000
Spms 7 b ]
REK T FLW Eieslualis £eE 3 0.029 5.714 0.001
77 i)
1] EHL |
R KFL Erailale Siees 3 450.894 26.470 0.000
5 B o FEHA]
R 58 KFW Eieslials £eES 3 57.918 17.814 0.000
L2 7 b ]
WK 58 e KFLW Eioslalie Aiees 3 0.051 0.353 0.787
5 E Ff@;“ﬂ
REREFT Eeslials £ 3 2.493 10.137 0.000
ey 77 ]
EHIRK BM EieslalE i 3 2.608 4.420 0.006
2 FEH A
Wi W PragiEE Grees 3 271.282 25.018 0.000
iy R B WTKW 7 HLIE] 3 11 565.028 11.786 0.000
Producing areas ) : :
FAT R TKW 7ol 3 10797.737 9.739 0.000
Producing areas : : :
P 77 i)
T R#E SR e £ 3 3.028 109.547 0.000
FFENRG ) SV 7ol 3 2.940 685.948 0.000

Producing areas

0.993); FhFAIE ) 525 Fe R AR K SR I 3
e (r=-0.897, r=-0.507)., i8] =1EH
IR AR BB A G o
252 AAHRLEARFEAZRALESHF KT
Tl Rk RvE, TRRESHRE D E R
X (-0.456 < r <-0.380); @K . #HE
Yo RSCERE . WK 5K R DG
(-0.556=< r <-0.529 ); oK 542N EE
IEAHSG (r=0.764), SRS 2R E RUAHC
(r=-0.549); A3 J1 5AEHREN W 3E
IEAME (r=0.516), S4EEMREERMHEL (r=
-0.736 ), 1t BH AR 52 19 K 5 Bl 25 1 4K 109 - i i
AN, FERLR TR IR 25 FE R Rl A AR R
(Tt s, AR 6 B R SR T
o I HE 5
26 EFEHHSH

8 RM: U | FHIEME Y 5.087, TTiEk%E
4 39.133%, RitTimk#E N 38.133%, RILK .
WSCgE, B ARG RIEE . HARKM
WK AE IR AR IR RS, 40002 0.727. 0.840,
0.699. 0.748. 0.752. 0.747. 0.753; F M1

FHIE(E N 2.544, TTBRER 19.571%, BitsiiR
1 58.704% , 7 8 ki i & . 2% TR 5 = AN
Tt A 36 SRR BRI E 5 =, 431k 0.633,
0.615, 0.838; F i M4FHE(E K 1.367, TiRmkR
H 10.513%, FitTilkHRRK 69.217%, Hh, R
SR L LA R, M 0.777; ERUSIVERIE(E
9 1.332, TimkE K 10.243%, ZifsEkE N
79.460%, Hrf, IR KTELAFIEEE RN 0.795,
A5 T = i APER A SGH 5 B
2.7 RRFEHERE

MG F2 W53 43 AT RAE DGR 25 3R WY, DU 5K
Koo Ram, WRK . W RUEE, H4R
Koo AR IS TR BRI 4 A HiE TSR A
P, P1. P2, P3. P4 FaHbff) Q {E41H 2.657 .
2.793., 2.744, 2631, T P2 b AR
LEOTFNH (2.793), ABENILRF=HL, %7~
Sefe, RemE, WK, WIRSE . RER . FH4
R . MR ¥E S5 A 11.50, 10.25, 43.24,
15.70. 7.04. 7.69. 33.66 mm, 8 Tki Jfi &
FTR T A(E 4] 220.62, 199.96 g, T
TG I EIME R 73.00 (55 2), MoK SEHE 15
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x5 ZUWEEGAREMERRREBTESH
Table 5 Variance analyis among families of phenotypic traits A. triflorum propagules

PEAR 7 LS H i oy E p
Trait Origin Variance source df MS

P1 9 0.543 4.156 0.004
Hgr ke P2 X ) 5 1.501 1.935 0.162
FL P3 Families 3 0.466 3.009 0.095
P4 9 1.192 6.584 0.000
P1 9 1.001 5.120 0.001
L P2 ES] 5 1.602 4.371 0.017
FW P3 Families 3 0.510 0.771 0.542
P4 9 1.123 3.444 0.010
P1 9 0.004 1.448 0.234
K L P2 S| 9 0.012 0.968 0.475
FLW P3 Families 3 0.002 0.388 0.765
P4 9 0.002 0.593 0.787
P1 9 17.935 0.549 0.821
LK P2 KA 5 16.334 3.901 0.025
KFL P3 Families 3 29.499 8.620 0.007
P4 9 34.198 7.219 0.000
P1 9 3.946 2.897 0.023
T P2 5 % i 5 12.219 2.397 0.100
KFW P3 Families 3 4.164 3.018 0.094
P4 9 4.604 3.110 0.017
P1 9 0.254 1.284 0.304
WK P2 &) 5 0.360 2123 0.132
KFLW P3 Families 3 0.028 0.572 0.649
P4 9 0.114 2.503 0.042
P1 9 0.545 5.327 0.001
LS JE P2 KA 5 0.284 1.425 0.284
FT P3 Families 3 1.073 8.149 0.008
P4 9 0.365 2.583 0.037
P1 9 0.977 3.348 0.012
EhEK P2 X ) 5 0.545 2.001 0.151
BM P3 Families 3 1.717 2.372 0.146
P4 9 1.292 3.410 0.011
P1 9 19.553 5.135 0.001
Wk P2 KA 5 37.740 3.992 0.023
w P3 Families 3 27.834 8.747 0.007
P4 9 20.103 4.549 0.002
P1 9 4 145.949 125.167 0.000
TR P2 K A 5 1872.427 13.586 0.000
WTKW P3 Families 3 257.472 5.056 0.030
P4 9 3704.825 85.131 0.000
P1 9 4 510.696 83.982 0.000
TR R P2 K Z ] 5 2 336.348 14.481 0.000
TKW P3 Families 3 214.040 1.921 0.205
P4 9 4121.409 57.383 0.000
P1 9 0.038 13.716 0.000
3 P2 KA 5 0.053 3.475 0.036
SR P3 Families 3 0.050 20.817 0.000
P4 9 0.127 11.956 0.000
P1 9 0.004 1.080 0.418
FhTHE S P2 KA 5 0.037 17.755 0.000
SV P3 Families 3 0.002 0.927 0.471
P4 9 0.001 1.141 0.381
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* 6 Z=TEWEEEREMEIREREXRE
Table 6 Correlation coefficient between phenotypic characters of Acer triflorum propagules
EZIN Rk Rees REKIE BRK @MARE MRKEL RLEE BARK @K WETRRE RETRRE SR

Trait FL FW FLW KFL  KFW KFLW FT BM TL WTSW TSW S
%%ngﬁ 0.411°
%%Fﬁtt -0.310 -0.066
ﬂﬁf‘ 0.368" 0.512" -0.124
%ﬁéﬁ 0.477" 0.605°~ -0.003  0.808"
@;E;ﬁém -0.277 -0.335  -0.168 -0.004 -0.588"
%%TE = 0.333 0.753" 0.133  0.545" 0.710" -0.479"
E%ﬁ& 0.371° 0.769" -0.207 0.6167 0.698" -0.344 0.699"
%V& 0.421" 0.535" 0.062  0.902" 0.841" -0.188 0.674" 0.655"
”’%VTT)&EV?% 0.267 0.764" -0.055 0.354 0.535 -0.447 0.763" 0.576" 0.351
%@ﬁ(@z\/&ﬁ% 0.278 0.795° -0.068  0.333 0.523" -0.451 0.759"  0.573" 0.340 0.993"
éf;f“ 0.376" 0.315  -0.301 0.460° 0.270 0.159 0.090 0331 0423  -0.077 -0.053
*Higjéﬁ -0.251 -0.175 0.295 -0.507" -0.257 -0.249  -0.077 -0.351 -0.441 0.193 0.194  -0.897"

i REFEMKKFE (P<0.01); * BEMIKKF (P<0.05. FHE.
Notes:** means correlation is significant at the 0.01 level;* means correlation is significant at the 0.05 level. The same below.

RT ZHHEEGREMER S HMIBEINE EFENEXRE
Table 7 Correlation between phenotypic traits of Acer triflorum propagules and
geographical environmental factors

EZIN Z o K SR
Trait Longitude Latitude Altitude Annual temperature

Rk FL 0.233 0.130 -0.456" 0.141
9 FW 0.164 0.230 -0.396" 0.012
BT FLW 0.162 -0.140 -0.195 0.245
BWHRK KFL -0.070 0.370° -0.535" -0.075
R G KFW 0.008 0.255 -0.556" 0.050
R K H KFLW -0.069 0.101 0.230 -0.216
REEREFT -0.050 0.044 -0.556" 0.234
FHLERK BM 0.093 0.344 -0.322 -0.138
K W 0.072 0.418’ -0.529" -0.103

M THL5T B WTSW -0.207 -0.280 -0.408’ 0.433
FTRLFR & TSW -0.146 -0.240 -0.380° 0.390°

F5HE SR 0.167 0.764" -0.242 -0.549"

TS T SV 0.003 -0.736" 0.300 0.516"

43594 10.97% . 6.63%. 3.34% . 9.48%. 5.03%. ARMITLAETM, FFXR QEIE 9, FHRL

2.83%. 7.92%. 9.52%. 13.00%. 22.08% . K Bt MR R, RWEE . HRE
2.8 MERRZRIEE £ PR AT S BSCIERS7E 2% LU, SfEmUHA

WG LR BT AASCHE T A RS 30 K MR R R AT R, AERN 20%, KF
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* 8 Z=THEEKESREMERERS D
Table 8 Principal component analysis of phenotypic traits of Acer triflorum propagules
FEB T F R TR TR TRV
Pricipal Component Factor component | component I component 11 component [V

Eigﬁﬂﬂﬁlu o 5.087 2.544 1.367 1.332

Conf}fﬁ‘n/% 39.133 19.571 10.513 10.243

Cumul aingz‘]in ont/% 38.133 58.704 69.217 79.460

Rk FL 0.727 0.237 0.321 0.287

RsE FW 0.840 0.043 -0.243 -0.089

RSB FLW -0.096 0.287 0.777 0.515

RK: KFL 0.699 -0.401 -0.039 0.366

PG KFW 0.748 -0.094 0.395 -0.352

R 5 b KFLW -0.175 -0.274 -0.506 0.795

KRR FT 0.752 0.227 -0.081 0.072

FHIRK BM 0.747 0.011 -0.322 -0.199

WK W 0.753 -0.290 0.095 0.160

TR & WTSW 0.611 0.633 -0.133 0.064

F TR R TSW 0.626 0.615 -0.148 0.061

ZEF% SR 0.423 -0.736 0.145 -0.092

Fh T35 71 SV -0.358 0.838 -0.089 0.007
19, 12, 6. 22, 27, 28 XHEAE, ANEFRR W HHMER 49%. AP R 528 45 70 0 by
Se, RSTE . MIRA MIRTE REURE . A 11.43%~ 52.81%. 7.03%~ 78.65%. 4.08%~
R . BEIMES 5K 1056, 966, 44.29,  47.19%. 3.36%~ 67.50%. 2.68%~ 53.80%.

14.48. 6.76. 7.43, 33.81 mm, 7 #H T ki iz

1.13%~26.37%,

S TR 15510 20056, 174.35 g,
*9 TAXRZE QA
Table 9 Q; value of different families
£ QfH KA Q/fE £ QfH E$ Q/fE RER QfH E$ Q/fE
Families  Qivalue Families  Qivalue Families  Qivalue Families  Qivalue Families  Qivalue Families  Qivalue
19 2.692 28 2.668 1 2.663 23 2.653 14 2.633 16 2.605
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Variation and Selection of Phenotypic Traits of Acer triforum
Propagules from Different Producing Areas

SUN An-ran', ZHANG Ming?, PANG Zhong-yi®, YU Hai-yang*, YU Hai-yang',
XIE Ying', ZHANG Shi-kai', ZHAO Xi-yang'

(1. State Key Laboratory of Tree Genetics and Breeding, School of Forestry, Northeast Forestry University, Harbin 150040,
Heilongjiang, China; 2. Siping Forestry Research Institute of Jilin Provenance, Siping 136000, Jilin, China;
3. Xinmin Machinery Forest Farm, Xinmin 110300, Liaoning, China; 4. Hongshi Forestry Bureau of
Jilin Provenance, Hongshi 132405, Jilin, China)

Abstract: [Objective] To elucidate the variation pattern of the propagules phenotypic characters of Acer tri-
florum from different origins in Northeast China, and provide the basis for genetic resource conservation
and selection breeding of Acer triflorum. [Method] Acer triflorum propagules from four producing areas of
Heilongjiang, Liaoning and Jilin were used to determine the phenotype and vigor of the propagules.
[Result] The results of variance analysis showed that, except the ratio of length to width of key fruit (P =
0.787), the differences of other traits among origins were extremely significant (P < 0.01). There were sig-
nificant differences in phenotypic characters of Acer triflorum among different producing areas. Correlation
analysis of each character showed that fruit length was positively correlated with fruit width, samara length,
bears mark, wing length and shell percentage (P < 0.05, 0.368<r<<0.421), and seed viability wasnegativly
correlated withsamara length and shell rate (r = -0.897, r = -0.507, P < 0.01). Correlation analysis
between the propagules of Acer triforum and environmental factors showed that the samara length,
samara width, fruit thickness and wing length were negatively correlated with altitude (-0.556<r<-0.529,
P < 0.05). Fruit length, fruit width and 1 000-seed weight were negatively correlated with altitude (-0.456<
r<-0.380, P < 0.05). Shell rate was negatively correlated with annual mean temperature (r = —0.549, P <
0.05), whereas seed viability was positively correlated with annual mean temperature (r = 0.516, P < 0.05).
The comprehensive evaluation value of P2 origin was higher than the others, with realistic gain 2.83%-
22.08%. The realistic gain of 6 excellent families was 1.13%-78.65% based on the 20% selection rate.
[Conclusion] There are abundant differences in phenotypic traits of Acer trifolium, which is mainly affected
by two environmental factors: altitude and average annual temperature. According to the comprehensive
evaluation of multiple characters, preliminarily selected P2 origin and 6 families including 19, 12, 6, 22, 27,
28 are excellent materials.

Keywords: Acer triforum; fruit character; genetic variation; family selection; producing areas selection;
realistic gain
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