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Abstract; Nested variation, coefficient of variation, principal component analysis and UPGMA cluster analysis were
used to analyze phenotypic traits of seeds and fruits among populations for determining the phenotypic traits variations of
Acer ginnala populations and its relationship with geographical ecological factors. We made a comparative study on twelve
phenotypic traits of fruits and seeds in seven natural populations of Acer ginnala from seven provinces. The results showed

that there were abundant variations in phenotypic traits of fruits and seeds among and within populations of A.
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ginnala. And there were eleven phenotypic traits except for seed length/seed width (SLW) occurring extremely signifi-
cant differences among populations and within population. Coefficient of variance (CV) of the twelve phenotypic traits
was 8.14%—-32.08% , with an average of 13.90%. And the variance coefficient of seeds among populations (8.17%) was
lower than that of wing fruits (15.63% ), which indicated that the seeds had higher stability than the fruits. Principal
component analysis (PCA) showed that the contribution of morphological characteristics of fruits to the phenotypic traits
of A. ginnala populations was higher than that of seeds, which indicated that the main variation source of A. ginnala
came from the fruits. Mean coefficient of phenotypic differentiation between populations was 35.47%, which was lower
than that within populations (64.53% ) , indicating that the variance within population was the main source of the pheno-
typic variation for A. ginnala. Twelve phenotypic of seed and fruit traits of A. ginnala were less affected by the geograph-
ical ecological factors, which were mainly affected by their own genetic factors. All seven studied populations could be
clustered into two groups by UPGMA , but were not strictly classified according to the geography distance, indicating the
discontinuity in the variation of twelve phenotypic traits. A. ginnala possessed a high level of phenotypic diversity, which
might result from its biological characteristics and large geographical distribution ranges. The multiple variations among
and within populations would provide insights and guidelines for the genetic conservation and utilization of A. ginnala re-
sources. At the same time, it is of great significance for further study of genetic diversity, conservation of germplasm re-
sources, rational development of natural forests and cultivation of plantations.

Key words: Acer ginnala, population, fruit and seed traits, phenotypic diversity, variation, geographical ecologial factors
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K EME (Acer ginnala) J& W B ( Aceraceae ) B
W& (Acer) Y& /N AR BHE A, LT F€ i JRE FH |
H AR TR AR BU ) N MR Tz 4
A F o [ BRI VL AR I P BT 5
AR I L e A AR X B E B 25 Ak
METEHE ( EFHEFE, 20105, 2455 ,2010) , R 5%
PR SRR AT B A AR, B A R K B A R
VRS RASERE | DR T B 5 I HL B IR 1 o A
Tt 2o B 1 4 | S R 2% 4Bk G A BT & R
AW ZREVE B (5 AR SE 2005) o E4FK,
KT A FMA W 2 5 ThAE 4 i €0 48 b 14 A= 3
Rt (5T ,2008) (R TR HE U B T AW
(EB5%,2012) (R A9 $E BT 2040 Ak 2 T SR Ak
WM (BCASE,2016) (A8 SRR B 2 HE M LS 1% &
BEPERF ST (T 74, 2010 MRAR AR, 20155 =] £ %5,
2010) A K A< 25t SDH 35 K 5 [ I AE 15 B2 4y
B (BN 545, 2017 ) 257 1

RRZHMERAY 2R EENE,
RS PR AR AN [R) (0 2R B8 4 1R R I R AL AR 5
[vi) FsF sz e o ) 36 £ 78 S5 156 O (1) o R AR ST
1999) . HiHyF AR IR S e T 5 PR AL X6 2R 5% AR 1k
(38 N, 7E K R T e 4% vp K A AN AT 3 AR 4k 26 8

SE TR AL G 7 A R AL, DN I R R AR S A A A LY
R A H%E X (Pigliucei et al,2006) . #H4)
FRMWRIR AL HE i R ST B PR AR SR L A A
SRS A YA M A T R B 3 B B 4
S A R AR A N M ) 25 5 R, AR LG AR AR
Tl R 2 S A8 S gt 3ot A 22 MR MR I O 0 B 5
S, BB & M (AR # AR, 2016) , A 8 7R
AN E AR 5 A% B A8 S R/, BT, BN Ah
HXTHNE (Pinus) 193 E H A (P. albicaulis)
(Garcia et al,2009) F1 [ K ¥ (P. bungeana ) (255K
45,2002 ) . YL B3 M #2 ( Keteleeria fortunei var.
cyclolepis) ( X\ 1 & 5%, 2017) . J& & F ( Sapindus
mukorossi) ( I WAEE % 2014 ) | SCEH: ( Xanthoceras
sorbifolia ) (& 7T YL 5%, 2013 ), J& F H ( Acer
truncatum) ( FF 3RS, 2017 ) XY )NHK (A. palmatum )
(BEZRF A 2016) | W23 ( Gleditsia sinensis ) (25
85,2013 ) 45 1Y Bl FIR S AR S iE AT T BESE, R aX
SO AP BT IR L AR R B T AR R, AR
TIF 5 L BRI X 52 Ry 4% 2% B B A 7 R0 52 B 7
PRITZS S5 DA [R) Al B Ao R 2R S B 3R AU AR e AR
JE 4B R A% A IR RS S R AR S R LA S
HhFRAE SR, LAY A IS Sk A% A5 BRORP 5 0 IR T &
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Table 1 Location and related ecological factors of sampled populations of Acer ginnala
i e Lt R L SRR
Population Longitude Latitude titude Annual average temperature Precipitation
(m) (¢) (mm)
MHS 112°29" E 40°64' N 1533 3.74 395
TBS 113°27" E 32°38' N 881 14.90 895
BX 123°76" E 41°29' N 119 6.90 841
JLLYL 127°17" E 43°93' N 547 3.70 664
QLY 111°16" E 36°43" N 1560 8.60 539
LS 120°66" E 36°14" N 247 12.20 701
HLS 109°83" E 35°57" N 1217 9.20 582

: MHS. NS TBS. TR fd Al BX. i0 A% ; JLLYL. FHCESI; QLY. IiPd-LHIG; LS. (N1l ; HLS. pery
wheil, T,

Note: MHS. Manhan Mountain in Inner Mongolia; TBS. Tongbai Mountain in Henan; BX. Benxi in Liaoning; JLLYL. Laoyeling in Ji-
lin; QLY. Qiliyu in Shanxi; LS. Lao Mountain in Shandong; HLS. Huanglong Mountain in Shaanxi. The same below.

1.2 REVEARE

HRAE 2 L i) 55 (2003 ) 1Y 5 15 X 4% 25 Wb
SRS AT O A, AR R RO 2 (6 B 0.01
mm) # 5K (KFL) #9598 (KFW) 5K (FL) R
YL (FW) R (FSL) (& 49K (BM) | BB 1 58
(SW) Bl 4 (SL) ; I & 1 #4% 00 & OFF 0 B2
0.1°) % 5 f (SCA) ; IF1F 5 3 L K/ J 58
(KFLW) K/ R 5E(FLW) FhFK /9 (SLW) 3t
12 A8 SARh 7 R SR S R RO R AR A
1.3 &t

K SPSS 21.0 B4 X 45 otk iE 47 8 50 7 22
AT (25 EE 2002)  RPEREIANT .
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IrE
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15 AT AT AR 22 2 A0 22 55 1) B R ALRR

K HEAE NTSYS v2.10 %4 2R AR A e ot
FHCOF- 217 (UPGMA ) Xt 2% 25 R B R AT R 2 oy
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Table 2 Variance analysis of seed and fruit phenotypic traits among populations/within population in Acer ginnala

4% P
. Mean square "~ F value
Frait ] N Random error ] N
Among populations Within population Among populations Within population
KFL 14.25 2.32 0.67 16.96 * 1.28 *
KFW 0.15 0.23 0.04 1.20 * 0.56 %
KFLW 2.36 2.63 1.27 5.69 * 26.40 *
FL 1.16 2.14 0.06 1.76 * = 1.28 %
FW 423.95 301.68 54.76 3.34 %% 2.01 **
FLW 19.525 5.066 0.146 6.504 * 3.142 %
FSL 24.00 3.66 0.72 31.23 % # 3.46 %
BM 0.12 0.05 0.09 6.23 % 3.42 %%
SCA 7.80 5.23 3.55 2.66 # 0.92 %
SL 86.223 21.169 22.366 2.654 % x 0.622 *
SW 14.325 4.864 0.562 1.982 » * 3.044 %
SLW 64.53 1.64 1.64 53.64 % 0.689

. KFL. @8 K; KFW. #R55, KFLW. B3R K /R T8, FL. 3K FW. 58, FLW. K/ 5, FSL. K ; BM. &k

JR; SCA. R Jeffy; SL. FiH; SW. Fli5E; SLW. Fi/FhvE,
TR,

w8 FERTE 0.01 K L RFMRK; * FIRTE 0.05 KF L RFMK,

Note: KFL. Key fruit length; KFW. Key fruit width; KFLW. Key fruit length/ Key fruit width; FL. Fruit length; FW. Fruit width;
FLW. Fruit length/ Fruit width; FSL. Fruit stalk length; BM. Bear the mark; SCA. Samara connecting angle; SL. Seed length; SW. Seed

width; SLW. Seed length/ Seed width. #** means significant correlation( P<0.01) ;

below.

11 ASFF AR SR A R TR RR e (] 1) 22 55 2435 )
W F K- (P<0.01) s FERIHE N, KFW PRAR 2
F25FIKF(P<0.05) , Fl K/ 58 (SLW) 4k 22
SR E AR TR N2 22 R (3R
2) o IXUEHA AS A5 HRR 7 R0 A S R AE b (] A
BENEEET ZNmE 25,
22%*M$Wﬁ&*ﬁﬁﬁ

T AR S R B CV) AT LA AS [ 3 20 1 fR ] )
AR SRR RE AT A A FE A, OV K U B MR B B
PR A, 45 4 MR 12 A b 1 R S Mk 1
S R BGEFITE 8.14% ~32.08% (£ 3) , o R K
K (32.08%) , R s s/ (8.14% ) £ PRS- 742
5 RBCR 13.90% , Horh Bl AR - 2448 R R A

(8. 71%) fik T ¥ J LR B9 F B 8 5 R
(15.63%) , UL 2% i 1~ 2 TR POIR AR 2 4 AR X
By, RSRAERAR S Sn

TEAS R FE AR N [] — ﬁ%%ﬁaﬁﬁmﬁﬁ

# means significant correlation ( P<0.05). The same

[F] , G 7 A [7] H DX P 35 1 22 5 0 e SO 4k 5% 70 AR
SERANIE, and AR G IR (KFW ) 78 43R ( BX) Fif
REAE SRR (20.14% ) |, 2 7% 57 dae /) 1 AR A LA R
(TBS) (10.54% ) 1 1.91 £% ; [F]— B B v AS [R) Ptk
A5 RBCA R K2R, AR FPRE (BX) o v
PEIRAE ST R BUR K (20.14 %) |, 278 T R B /Y
FhFEPEAR (6.98% ) 2.89 A%, 1 BH AN W] 1 4R % 34 455
W R A R TR RN ER
23 FEMRBETRRBERMMEERESL

T A R B R T FRORE [A] 3% RL4x Ak Yk
I AR ORI A RE ) A9 38 4% 43 A R st 4% A8 S
BRI ez R/ B3R 4 AT 28 250 12 4>
b~ F S S R AE A RE 0] A9~ 35 5 22 0 2 B A Lk
9 30.68% , M EEN B X U7 24 & A el
54.03% , 3 W25 25 Bl R E 9 19 43 A0 72 B2 KT Fib
HEDE

AR 12 AR SR SR B R A A A R A
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Table 3 Variation coefficients of seed and fruit phenotypic traits in Acer ginnala
e KFL KFW KFLW FL FW FLW FSL BM SCA SL SW SLW Eli‘/[ig{ﬁ
Population (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (;j;
MHS 16.27 18.32 21.08 10.23 7.64 11.62 27.62 11.69 21.78 11.54 7.56 8.45 14.50
TBS 10.54 12.62 9.83 13.26 13.22 14.91 24.84 11.38 16.72 9.68 6.54 8.26 12.65
BX 16.62 20.14 16.44 8.99 9.29 10.21 41.62 11.93 14.60 8.64 6.98 10.12 14.63
JLLYL 14.50 14.05 15.87 11.14 10.60 11.68 34.97 11.47 22.10 10.42 8.43 6.21 14.28
QLY 18.51 18.10 11.51 9.73 11.17 10.94 37.29 10.98 18.00 7.54 10.02 9.24 14.41
LS 12.31 15.62 10.45 12.64 9.46 10.98 26.27 10.21 28.64 10.21 9.64 7.32 13.64
HLS 11.70 15.16 13.46 8.53 7.61 10.48 31.95 9.51 24.10 8.61 7.53 9.62 13.18
SERIME 14.35 16.28 14.09 10.64 9.85 11.54 32.08 11.02 20.84 9.52 8.14 8.46 13.9
Mean

(V,) B8 SFE A 15.99% ~ 82.35% , Hih &4y
T R B R R R IR (82.35%) , e /N A 2R
KR (15.99% ) o 12 APEAR TP ] % AL 41k &=
BOME N 35.47% P RERIAE S (35.47%) /T F
FENAESE (64.53%) , 1 B 2% 2% Bl -1 70 S 5 1
AR AR 5 o PR R 9 A S OB ) 22 R 1
BENTFREN 2R
2.4 ZEWMFIMRLREMEROERS D

TE LRS- HT B BE Rl 1 tE— 25 0 2K 200K 12 A Fh
TR S R 8 AR R AT 3 B4 S BT, B A
ARXFZS S 7 Fn SR S RS S e R, 3R
545 R R, AT = A R BB ST ER Rk F
71.65% , FEAREAC R R4 A8 1 T & A W 2305 2 .
55— E RO B9 TTHER RN 37.044% , 8 P E VR Y
ARK/ARTE(FLW) (EAIR (BM) R K (FL) Al
AL (KFW) 5 85 — Rl B sk %4 20.21%),
SR R (FW) 3 58 = 0l iy sk R
M 14.40% , ool = 3 AF H B A 3 R /3R 5
(KFLW) R 9% (KFW) (R 5) . Z5 & Midh RER
T 22 B P BE AR R VR Ry S 52 BT k3 > - BTk OR i
B G LR EE R,
2.5 ZEMRB MR SHIEASEFEAEEE

W 2 A 12 P R SR SR S B A A
TIHATHOCHE ST SH g (£ 6) . R 6 450K,
FARA (FL) MR GE (FW) 23531 5 4F 249 I M AF [

KR O OC, A OC R B4 o 0.821,0.790,
S e 255 SR BT S T JPE 9 e L T 5 A
PE LAY 10 DFPF R SRR 5 b AR S R 73
TREMECR, BRI S, LIRS R 7 R
AL, SRz e IR 2 P A 25 N TS M A K — 8
2.6 FEWMBMHFMRELRBBLEST

FFHRR B 2, a2 AR A x5 807 ¥
(UPGMA) XF A4 mk 12 4> MR B b 17 R 2%
SATCENT) . FERRECEE R O 0.10 4k 2h 73 A4k 2%
SOBRANEE AT 43 R W S, B — S Ok A N S AR I
LI (MHS) , Bk 75 % g 1l (HLS) , 75 Ak & 435 18 (JL-
LYL) , thv7g-E g (QLY) , M A1l ( TBS) , 2
T AR T AR (BX) A AR 1 (1S) B —
3,45 TR Z RN A Fe i PR B SR K

3 W&

3 FEWMTMRELRBETRNSH
RN E 2R 5 5 5 M BLAE
(2E L R RIAR S SR 25 2 G AR S, RS 7
K, AT ORE A AR Y 35 AR AR S R (o R R A
2017) . AR AT 45 il 05 S MR 48 A A Bl B
] FNFRIE A7 A0 3 35 25 5, FLARBE N 2 B 1k
KT FRREE], B e F e 384 Z R 5 R 8% 5
PEE AR E Zeth, R AN R B A &5 0, BB
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Table 4 Variance portions and differentiation coefficients of seed and fruit phenotypic

traits among populations / within population in Acer ginnala

7 25y ik 7 2 T I I -y
Veriare . R p soe of varianc on (% EIpI A
SRR ariance portion B ML iR 2= ercentage of variance portion (%) BT
Phenot 1( trait Random 14
e FHEL FRE DY error iy Y (%)
Among population ~ Within population Among populations  Within population
KFL 0.011 0.057 0.012 13.75 71.25 16.18
KFW 0.021 0.026 0.004 41.18 50.98 44.68
KFLW 0.012 0.063 0.008 14.46 75.90 16.00
FL 0.004 0.021 0.046 5.63 29.58 15.99
FW 0.014 0.003 0.002 73.68 15.79 82.35
FLW 0.083 0.067 0.023 47.98 38.73 55.33
FSL 0.022 0.087 0.001 20.00 79.09 20.18
BM 0.006 0.011 0.021 15.79 28.95 35.29
SCA 354.870 382.152 0.011 48.15 51.85 48.15
SL 0.021 0.075 0.004 25.31 83.64 23.23
SW 0.045 0.052 0.012 41.28 47.71 46.39
SLW 0.034 0.064 0.021 21.00 75.00 21.88
SE-H4{H Mean 30.68 54.03 35.47

x5 FEEARBEFMTFMRIREMERNER S S R6 MTFMRLRBURSEESEFHEXSNT

Table 5 PCA of seed and fruit phenotypic traits in Table 6 Correlation analysis between seed and fruit
different Acer ginnala populations phenotypic traits and ecological factors
£ R R
LRI Principal components AR ZRE i Mk Annual  Annual
Phenotypic trait Trait  Longitude  Latitude Altitude average precipi-
PC1 PC2 PC3 temperature  tation
KFL 0.551 0.597 0.036 KFL 0209 0106  -0.295  0.040  0.441
KEW 0.601 0.3 o611 KFW 0548 0523 -0.590  -0.321  -0.319
KFLW 0081 0.362 0.825 KFLW ~ -0.332  -0.511  0.293 0485  0.263
FL e 0.304 0.151 FL 0222 0789 0.098 -0.821% —0.661
W 0447 0.748 0.279 FW  -0.071 0449 0260  -0.603 -0.790 *
FLW 0.834 0364 0319 FLW 0388 0505  -0.149  -0.474  -0.038
FSL 0.236 0.357 0.076 FSL 0301  0.084  -0411  0.115  0.395
BM 0.830 0.200 0.164 BM 0226  -0.161 -0482 038  0.516
SCA 0457 0.560 0.066 SCA  -0.505  -0.317 0434  0.105  -0.322
~ 0.304 0.059 0,363 SL 0420 0745 0.010  -0.746  -0.532
W 0.212 0.300 0.224 SW 0222 0398 0.033  -0.442  —0.399
- 0.026 0.164 0.038 SLW  -0.085  -0.008  0.120  0.010  0.080
FRAF (A 3.334 1.819 1.296
Eigen value
S
oy TR RO M G ORI (4, 1998) B, F bR
SitseikR 37.044 57.260 71.658 FRAEAN [R] 00 b B (B 0 2 A7 7F 4 22 52 1, [l — P i

Cunulative conrbution rve (%) fg AR AR A i S D 38 6 0 A9 £ 4 I




6 EUHB T2 o 2R 20 M 1) SR P RE b MR SR T 2 BRI 5 801

MHS
1
JLLYL
aLy
TBS
——BX
L s
0.12 0.10 0.08 0.06 0.04
BRI EE 5SS Euel idean distance
BT T 12 DRAMR A2 55

FHRER UPGMA R340 Hr
Fig. 1 UPGMA-derived dendrogram clustering of

twelve phenotype traits of Acer ginnala

PRI AS [7] 1) R 458 45 14 04 35 107 P AS [], A [)
ARXT A [F] A 55 4% 1 9 o) 7 AS [|) (X 4 45, 20105
Eller & Brix,2012) .

A ORPHAR 7 SRS 12 AR ST 24978 5 R A
& 13.90% , 28 53 RECEACTLFE K 8.14% ~32.08% ,
AR B K, 6 I 2% 2% e R P TR R B A
B ATE S S R R B B ) A IR Y
AR R RA(8.71% ) IRT R IR T 7 R
B(15.63%) , 3¢ WD P R A R 5 1 bR A 2
15, 52 MU B 55 5 0 0N I A R 5 B (2t
45,2002) H AP (SRR EESE 2015) LR (T
WA ,2017) e (S, 2013) FEHF R AR —
B, S5 TRTF(ANES,2014) HilE =k (LR
2% ,2008) VLRE IAZ (XIHERESE 2017) S50 T
SRS 22 A 1) R 9 445 SR AS TR 5 4% 45 BT BB 40
AT R R g s R BOL R SRR, 2
SR A A AR IR A B R VL AR AL L
B PG | P9 52 A5 b X, 3 6 1l X ) S A IR B 2k (R A7 A
HES N TIEN AR ER IS, KAWL T
AR &7 7 ( Garbutt & Bazza, 1987) , Ik 4h,
AGMEA JLEAE R A7 s 7R 8 K A i A
Fevh  RZT S T F B ML AR S B R RO B
TR RS R (ERSE,2009) .

T (] %) 728 S5 2 b P 22 B P 109 B 2 4 R
3, TRV 3 sz e 2 B B 5 55 b BB B9 b 0 25 5

LB R /INE — 3 7K L B B2 40 o X AN [) B 855 1)
T N AE T, B R3S N EA 85 1 BE T ) g (1E %
55,2010) A% Z% BRI RE B] 1Y) o7 35 2 AL Ak R A
(35.47%) fa TIv AR A (22.86%) (25 5%,
2002) ARAFHE(32.05%) (H525%,2013) . &5/
A (24.38%) (RAS5,2013) R JE(20.42%)
(ZEA155,2013) | WIAGAH 0 6 12 A ( 28.102% ) (6
r 45 ,2013) AT FAMBL( 48.42%) (SKRFRFF4E,
2015) & #H( 50.16%) (% ,2013) , YL 2%
BN IR BE I8 N R 1 o)z, 2R AR R AU
TR, A6 0 SR S 349 AT it XA 5 33 gl Ay o
] P L DA AR AL T R R . R D AR S 02 2 AR
FIAS S FBORE , RS ASRIRES T 4
S AR e AT B B S sk g A, IR A AR B S 2
LA, X — A 2 R T R P AR S Y T R
(g5 2007) , AT RE R H B Fr B 1Y)
i AT, LA & & ook 7 52 Br Ab i oA 35 R
[F] S (& 255 ,2003) o
32 MFFRLREMERBET RME

L ) ot~ R SR S 3 AR R ) b BB AR S A L
AL A%, B [R) B4 40 b o 2R 58 %) 38 1 PR TR) . %
A2 ( E R 25,2008 ) JCEM (TR S,
2017) WIRIFFEIA i R S SR B MR DL 28 i A
R R LA B AE (2003) | X1 k% A
(2017) WFFE AR IR 25 A2 VLR T AZ B 7
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