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Abstract: To reveal variation rule of phenotypic traits of seed and seedling of Syringa reticulata subsp.
amurensis ( Rupr.) P. S. Green et M. C. Chang from different locations and their relation with
geographic-climatic factors, taking seed and seedling from ten provenances of Heilongjiang, Hebei,
Beijing, Inner Mongolia, Qinghai and Shanxi ( including six wild provenances and four cultivated
provenances) as experimental materials, twelve phenotypic traits including length and width of seed,
length and width of seed wing, 100-grain mass, germination rate, length and width of leaf, ratio of leaf
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length to leaf width, petiole length, height and ground diameter were measured. On this basis, variance
analysis, coefficient of variation analysis, principal component analysis, cluster analysis and correlation
analysis were carried out. The results show that there are obviously significant differences (P=0.01) in
phenotypic traits of seed and seedling of S. reticulata subsp. amurensis among different provenances, and
phenotypic traits with great difference are germination rate, 100-grain mass, seed wing length and seed
wing width. There are great differences in coefficient of variation ( CV) of phenotypic traits within and
among provenances, CV value within provenances is 1.39% —45.56% , and that among provenances is
6.45% —42.76% . In which, within provenances, average CV values of seed wing length and seed wing
width are larger, and those of germination rate and 100-grain mass are smaller, while among
provenances, those of germination rate and 100-grain mass are larger. The result of principal component
analysis shows that differences in phenotypic traits of S. reticulaia subsp.
concentrated in seed length, seed width and leaf length, and differences in height, germination rate,
ground diameter, leaf width and seed wing width are the second. According to result of cluster analysis,
ten provenances tested can be divided into four categories, in which, provenances from Beijing and Inner
Mongolia and three provenances from Hebei are clustered to category I , two provenances from Harbin of
Heilongjiang are clustered to category Il , two provenances from Shanxi are clustered to category Il , one
provenance from Qinghai is clustered to category IV alone, and the cluster result is related to geographical
distribution of all provenances. The result of correlation analysis shows that there are different correlations
among phenotypic traits and phenotypic traits with geographic-climatic factors, in which, there is no

amurensis are mainly

significant correlation of seed germination rate with other five phenotypic traits of seed, and correlation of
longitude and latitude with all phenotypic traits is not significant, while altitude, annual mean

The

comprehensive analysis result shows that there is obvious geographic genetic differentiation among

temperature and frostless period are the main factors affecting variation of phenotypic traits.

different provenances of S. reticulata subsp. amurensis, and geographic isolation and great change in
ecological factor cause rich variation of phenotypic traits of its seed and seedling. Based on research
result, some suggestions about protection and utilization of S. reticulata subsp. amurensis are put

forward.

Key words: Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et M. C. Chang; phenotypic
trait; geographic-climatic factor; cluster analysis; correlation analysis; geographic variation
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Table 1 Natural status of location of ten provenances tested of Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et M. C. Chang

; it/ C = =
FpRY D %_E ﬁﬁ @yi/ m Ailﬁ?%rr/l:gn Monlhlyﬂmﬁﬁﬁlemperalu re frﬂgiiﬁiimm ?rtii’;z;d iig%ﬁﬂz)
Provenance Longitude  Latitude Altitude temperature 1A anuary 7A July precipitation period Soil typez>
BDL E116°65"  N40°25' 780 11.8 -4.6 26.1 644 180 BR
wcC E117°26"  N42°27' 1250 3.3 -13.2 20.1 445 105 CB
MG E115°17"  N40°57' 1 465 8.2 -12.0 25.0 500 115 MC
XH E115°30"  N40°35’ 1 505-1 595 7.7 -10.9 23.3 350 125 MC
AC E127°19"  N45°22' 299-406 3.2 -18.8 24.2 553 162 BL
DT E126°40"  N45°44' 153 3.4 -19.0 23.0 569 150 BL
HO E111°38"  N40°48’ 1051 6.7 -21.0 21.5 400 134 MG
LL E111°35" N37°24' 1 816 10.0 -6.0 22.0 450 170 CS
7TS E111°23"  N35°37' 429 12.6 -2.4 26.1 517 197 CS
XN E101°44"  N36°37' 2279 7.6 -6.5 18.0 380 172 LO

D BDL. b5 /\GAIE E R ks Badaling National Forest Park of Beijing; WC b AR Y Weichang in Chengde of Hebei; ZMG Wb ALk
IR0 Zhangmagou in Chongli of Hebei; XH: W b5k % 1 & 4k Xuanhua in Zhangjiakou of Hebei; AC: BB Yy VT R VS T 3k Acheng in Harbin of
Heilongjiang; DT JIEITHA /R HL S Dianta Street in Harbin of Heilongjiang; HO: PN 5l AR FEl Hohhot Botanical Garden in Inner
Mongolia; LL: 1174 8 Z2101 Liiliang Mountains in Shanxi; ZTS: 117G 4% H £ 1l [E R FR M/ Zhongtiaoshan National Forest Park in Houma of

Shanxi; XN P4 T Y 7 Xining Botanical Garden in Qinghai.

2)BR: #7:8 Brown soil; CB: 4% 4 FI2 4 Chestnut soil and black soil; MC . 1134582 FI 545 4 Mountain brown soil and chestnut soil; BL; M+
Black soil; MG #.fa] 4 /K #E £ Meadow soil and grey cinnamon soil; CS: #§ 1 Cinnamon soil; LO: ¥ 1 Loess.
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Table 2 Comparison on phenotypic traits of seed and seedling of Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et M. C. Chang from
different provenances ( X+SD)

) fFK/em 58/ cm K/ em A FE/ cm Bh R/ g KEHZR/ %
Provenance!’ Seed length Seed width Seed wing length Seed wing width 100-grain mass Germination rate
BDL 1.14+0.10 0.43+0.06 0.27+0.06 0.13+0.05 2.16+0.15 78.4+2.4
wcC 0.94+0.13 0.29+0.04 0.37+0.07 0.18+0.03 1.04+0. 15 84.8x1.5
MG 0.91+0.06 0.3420.04 0.38+0.04 0.16+0.03 0.97+0. 10 87.7£3.3
XH 0.90+0.07 0.34+0.03 0.39+0.07 0.17+0.04 1.02+0.16 89.4x1.5
AC 0.97+0. 16 0.37+0.04 0.54+0.11 0.24+0.05 1.92+0.17 59.9+8.4
DT 1.19+0.23 0.43+0.07 0.34+0.15 0.15+0.07 2.44+0.16 58.1+2.9
HO 1.22+0.08 0.40+0.04 0.29+0.06 0.18+0. 06 1.60+0.04 76.3+1.3
LL 1.02+0.17 0.34+0.05 0.37+0.11 0.14+0.06 1.15+0.02 40.2+2.4
ZTS 1.19+0. 12 0.45+0.05 0.34+0.09 0.12+0.04 2.21+0.11 34.8+1.5
XN 1.04+0.22 0.34+0.07 0.32+0.07 0.22+0.07 1.99+0.08 10.2+1.3
FYMH Average 1.05+0.12 0.37+0.05 0.36+0.07 0.17+0.04 1.65+0.56 62.0+26.5
Fig D MK/ cm M55/ cm L /W2 AR/ em HRE/ em HiAE/mm
Provenance!) Leaf length Leaf width L2 Petiole length Height Ground diameter
BDL 7.25+1.12 4.53+0.59 1.61+0.17 0.95+0.24 82.13+9.91 8.43+0.98
wcC 6.01+0.53 3.81+0.49 1.60+0.20 0.94+0. 16 73.04+9.22 7.09+0.93
MG 5.60+0.51 3.48+0.28 1.61+0.06 0.89+0. 18 79.15+7.88 7.77+0.85
XH 5.63+0.83 3.55+0.64 1.60+0. 16 0.91+0.18 83.99+9.15 7.91+1.03
AC 5.40+0.77 3.58+0.47 1.51+0.13 1.02+0.18 79.69+11.19 8.38+1.29
DT 5.81+0.87 3.96+0.57 1.48+0.17 0.96+0.21 69.56+10.92 8.06+0.93
HO 7.7120.82 4.77+0.46 1.62+0. 14 1.12+0.20 80.51+5.73 7.57+0.91
LL 5.76+0. 62 3.81+0.51 1.53+0.15 0.96+0. 17 72.12+8.01 8.22+0.90
ZTS 7.04+1.08 3.82+0.58 1.85+0.18 1.09+0.24 83.69+9.05 9.48+1.30
XN 6.07+0. 80 4.07+0.79 1.53+0.26 1.11£0.13 61.74+11.72 8.17+1.23
TFHIE Average 6.23+0. 80 3.94+0.42 1.59+0. 10 1.00+0.08 76.60+7.21 8.11+0.63

DBDL; db5T/\GAIA E 5 M B Badaling National Forest Park of Beijing; WC; {i[dt7&f#f{3% Weichang in Chengde of Hebei; ZMG; f[dba2fLak
K18 Zhangmagou in Chongli of Hebei; XH: /5K K 1 H fk Xuanhua in Zhangjiakou of Hebei; AC: 2 JpVTI5 /REEFTIR Acheng in Harbin of
Heilongjiang; DT SV M JRIE LS AT Dianta Street in Harbin of Heilongjiang; HO . P52 i A5 42548 47 B Hohhot Botanical Garden in Inner
Mongolia; LL; 1IP4H 2 Liiliang Mountains in Shanxi; ZTS: Ny P JEP Sy NG| Zhongtiaoshan National Forest Park in Houma of
Shanxi; XN P4 T MY E Xining Botanical Garden in Qinghai.

DL /W 558§ L AE Ratio of leaf length to leaf width.
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Table 3  Variance analysis result on phenotypic traits of seed and
seedling of Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et
M. C. Chang from different provenances

‘I"S_k}Utl) E Fﬁfﬁ EF‘?T*” ﬂjji F {EZ)
Trait!) Degree of freedom Sum ofvquuares Mean square o)
(df) (SS) (MS)

Lg 9 4.058 0.451 17.578%x
Wy 9 0.798 0.089  34.723xx
Lgw 9 1.193 0.133  13.798=x
Waw 9 0.294 0.033 12. 0735
M 9 41.580 4.620 208. 608
R 9 25 266. 828 2 807.425 254.195%=
Ly 9 445.972 49.552  72.612::
Wi, 9 125.730 13.970  47.615%x*
L, /W, 9 6.445 0.716  26.350%x
Lp 9 4.121 0.458  11.723==
H 9 7213.218 801.469 7.372%x
D 9 113.858 12.651 7.982::

l)LS; FF K Seed length; Wy 7 9% Seed width; Loy : Tl i K
Seed wing length; Wy : Fhi# 55 Seed wing width; M. BB F R 100-
grain mass; R: K ZEZ Germination rate;; L : 4 Leaf length; W, :
98 Leaf width; L, /W, : MK 505809 LLE Ratio of leaf length to
leaf width; L;: 15 1 Petiole length; H: e Height; D: 12
Ground diameter.

2 wx, P=0.01.
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Table 4 Coefficient of variation of phenotypic traits of seed and seedling of Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et M. C.

Chang from different provenances

)

FhED B RIEIRIZSF BB/ %> Coefficient of variation of different phenotypic traits?

Provenance') Lg Wy Ly Ww M R L, W, L./W, Lp H D SEI{E Average
BDL 8.72 13.87 23.18 37.01 7.08 3.06 15.41 13.12 10.75 24.81 12.07 11.57 15.05
wC 13.93  12.70 19.28 16.75 14.48 1.71 8.84 12.78 12.77 17.28 12.62 13.09 13.02
MG 6.93 10.40 10.27 16.25 10.36  3.75 9.18 8.15 3.77 20.51 9.95 10.90 10.04
XH 7.78 7.85 17.96 22.43 15.37 1.64 14.68 18.13 10.02 20.21 10.90 13.05 13.34
AC 16.83 10.29 21.05 19.29 8.92 13.99 14.29 13.18 8.67 17.34 14.04 15.43 14.44
DT 19.42  15.19 43.64 45.56 6.75 4.94 14.97 14.52 11.34 22.26 15.70 11.57 18.82
HO 6.84 10.48 20.34 31.74 2.26 1.65 10.58  9.62 8.35 17.76  7.11 12.02 11.56
LL 16.40 15.65 29.23 39.69 1.39 5.97 10.82 13.45 10.12 18.28 11.10 10.93 15.25
ZTS 10.10 11.42 24.85 29.98 4.88 4.17 15.39 15.19 9.80 22.13 10.82 13.76 14.37
XN 21.56  19.23 21.44 29.28 4.04 13.02 13.11 19.46 17.14 11.97 18.98 15.08 17.03
FH{H Average 12.85 12.71 23.12 28.80 7.55 5.39  12.73 13.76 10.27 19.26 12.33 12.74

R ] 11.76  13.96 20.50 22.57 34.23 42.76 12.89 10.69 6.45 8.49 9.41 7.75

Among provenances

DBDL. b5t /s s E 5 A Badaling National Forest Park of Beijing; WC T b A& ] Weichang in Chengde of Hebei; ZMG . ks RLak
R4 Zhangmagou in Chongli of Hebei; XH: AT 5K & [ H fk Xuanhua in Zhangjiakou of Hebei; AC. S JEVTIG /REEFTIR Acheng in Harbin of
Heilongjiang; DT S VT G R E HL B Dianta Street in Harbin of Heilongjiang; HO . P52 1 A5 42548 47 ) Hohhot Botanical Garden in Inner
Mongolia; LL: [IITERERAIl| Liiliang Mountains in Shanxi; ZTS. Ny P JEP$ Y VNG| Zhongtiaoshan National Forest Park in Houma of

Shanxi; XN 75 P8 T M Xining Botanical Garden in Qinghai.

D Lg: FTIK Seed length; Wg: P75 Seed width; Ly : MK Seed wing length; Wy : FlIHTE Seed wing width; M ki fif 100-grain mass;
R. &% # Germination rate; L : 4 Leaf length; W, : IH %% Leaf width; L /W, : K 555 1% L {E Ratio of leaf length to leaf width; Lp: -4

£ Petiole length; H: e Height; D; Hi4% Ground diameter.

x5
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Table 5 Result of principal component analysis of twelve phenotypic traits of seed and seedling of Syringa reticulata subsp. amurensis ( Rupr.) P.

S. Green et M. C. Chang from different provenances'’

ENN %o FfiE i Eigenvector
Principal E CCR/%
component X %2 X3 Xy Xs X6 X7 Xy X9 X10 X1 X1z
¥ 0.937 0.858 -0.639 -0.460 0.727 -0.353 0.850 0.713 0.506 0.634 0.153 0.581 5.137 42.807
Y2 -0.108 0.091 -0.191 -0.624 -0.425 0.777 0.263 -0.030 0.511 -0.530 0.807 -0.084 2.500 63.639
Y3 -0.130 0.286 0.560 -0.096 0.229 -0.289 -0.341 -0.647 0.374 -0.025 0.323 0.773  1.935 79.768
Ya -0.070 -0.104 0.339 0.577 -0.128 0.150 0.268 0.143 0.246 0.497 0.398 -0.084 1.067 88.661

”xl . K Seed length; x, : FhF5% Seed width; x5 T Seed wing length; x, : Fhi#H 9 Seed wing width; x5 : [ERIADS 100-grain mass; x4 : V-3
ZEH Germination rate; x;; MK Leaf length; xg: W58 Leaf width; xy: P& 55809 FU{H Ratio of leaf length to leaf width; x;y: A Petiole
length; x;, : B Height; x,, : Hi4% Ground diameter. E. $§{E{f Eigenvalue; CCR; 211 TT#k% Cumulative contribution rate.

R FARRDYRHE ] AR R B2 2 F i 202
Phim R ZF R LRGN 7 55 3 s, i At
T AR AIE [r) S AT 5 26 4 F2 iy, A e 0 Ry
fE T AR A, PR, 22 5 T 5 AN [) o 0 ) o -
LT R AIVEIR ) 25 57 FERIAE A T R 7 S
K HUOR MR AR HAR S AR 5
2.4 RS TEAREMIEMERSH

K HI SPSS 19. 0 Geit o3 M k44, 56 T Fh 1 M4 i
AR B X 2 D T FH R A IR HEA T Q AUR K
OYME EERULE 1, HE L TR ERR R B N 7
b 10 ASFPIRBERI o3 Ry 4 RIS, Hir dbat Gk g [E

KA (BDL) | N 521k WA FEAE Y Bl (HO ) DA
R AC 2 LEK BRI (ZMG) (3K % VB AL (XH) Flk
TEEA(WC) S ANFIEER N T 25 FRIBVLIE IR V5 BT 31
(AC) PR Ip VTG IRV FL 3 45 (DT) 2 A FPE R O 1T
Z& I Pg BRI (LL) AP 025 2 v 4 B R AR AR
bel (ZTS)2 AR by W2 5 3 W P T AR ) bl (XIN) Fh
PR ANIVIS, BAh, T2 5 ARt — 41
Iy R 2 A, Hid BDL Fl HO 2 AP E R R —A4
W2 ,ZMG XH 1 WC 3 PNFEER R 5 — 2, 28
BT A 10 A FPIR Y R 5 45 R R Y H
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BDL ]—
HO
ZMG

1
0 5 10 15 20 25
MREGFE R  Euclidean distance

BDL. db5t /04 E % FR AR Badaling National Forest Park of Beijing;
HO . NS R R4 i Hohhot Botanical Garden in Inner Mongoliaj
ZMG . b 223Uk BRI Zhangmagou in Chongli of Hebei; XH: WALk
M E 4k Xuanhua in Zhangjiakou of Hebei; WC . L& FE 51 Weichang
in Chengde of Hebei; AC: VLW IR T ) I Acheng in Harbin of
Heilongjiang; DT P VT M R U B 35 AT Dianta Street in Harbin of
Heilongjiang; LL: 1174 £ 32111 Liiliang Mountains in Shanxi; ZTS; 174
AR rh 4511 5 AR AR B Zhongtiaoshan National Forest Park in Houma
of Shanxi; XN T/ T HE Yl Xining Botanical Garden in Qinghai.

E1 ETHFHYHEREERNEDITE 10 MFRENREE

Fig. 1  Cluster diagram of ten provenances of Syringa reticulata
subsp. amurensis ( Rupr.) P. S. Green et M. C. Chang based on
phenotypic traits of seed and seedling
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Table 6 Correlation coefficient among phenotypic traits of seed and seedling of Syringa reticulata subsp. amurensis (Rupr.) P. S. Green et M.

C. Chang!
PR HHARBIAISE R EL Correlation coefficient among different traits
Trait Ls Ws Lsw Wsw M R Ly, Wy, L/ Wy, Lp H D
Lg 1.000
Wy 0. 8415 1.000
Lgw -0.586 -0.338 1.000
Waw —-0.390 -0.468 0.571 1.000
M 0.753= 0.809:x -0.207 -0.068 1.000
R -0.316 -0.177 0.067 -0.130 -0.49%4 1.000
Ly, 0.763* 0.581 -0.717*% -0.385 0.359 0.000 1.000
Wy 0.744+ 0.445 -0.723+%  -0.147 0.401 -0.039 0.860:*x  1.000
L,/Wy 0.273 0.375 -0.274  -0.515 0.056  -0.012 0.545 0. 046 1.000
Lp 0. 606 0.360 -0.205 0.278  0.508  -0.642* 0.552 0.513  0.270 1.000
H 0.011 0.335 0.120 -0.342 -0.147 0.603 0.321 -0.021 0.578 -0.189 1.000
D 0.409 0.687: 0.017  -0.343 0.606  -0.554 0.205 -0.068 0.518 0.353 0.247 1.000

DLg: i Seed length; Wy FF 5 Seed width; Ly : MK Seed wing length; Wy : FHHFE Seed wing width; M; i Fidd 100-grain mass;
R: KZF# Germination rate; Ly : M Leaf length; Wy : M9 Leafl width; Ly /Wy : 5 S8 HLAE Ratio of leaf length to leaf width; Ly : 4%
1+ Petiole length; H. i Height; D Hi4E Ground diameter. * ; P=0.05; #% ; P=0.01.



3

7] P e o N b S U e | B RS R N S N B R LR L B R IS S SR P S

87

*®1

ZODTEMFRHEHRBEER S MR IR - EFEAEX R

Table 7 Correlation coefficient of phenotypic traits of seed and seedling of Syringa reticulata subsp. amurensis ( Rupr.) P. S. Green et M. C.

Chang with geographic-climatic factors of provenance locations

FADIRG M-SR A T (ARG R

Correlation coefficient of phenotypic traits with geographic-climatic factors’

)

R

Factor") Le W, Loy Wy M R Ly W, L/Wy, Ly H D
Long -0.060 0.182  0.549  0.078  0.168  0.467 -0.356 -0.278 -0.328 -0.443 0.271  -0.092
Lat —0.113 -0.009  0.451  0.346  0.088  0.526 -0.349 -0.114 -0.572 -0.375 0.055 -0.431
Alt ~0.476 -0.690% -0.209  0.186  -0.589  -0.205  -0.187 =-0.070 -0.179 -0.031 -0.432  -0.351
Ta 0.262  0.393 -0.495 -0.660%  0.083  —0.230 0.478  0.198  0.635% 0.112 0.345  0.628
Pa 0.343  0.592  0.022 -0.330  0.571 0.092 0.125  0.109  0.015 -0.209 0.212  0.395
FP 0.544  0.647% -0.146 -0.237  0.715%+ -0.723%  0.316  0.230  0.265  0.500 -0.037  0.888x

D Long: ¥ Longitude; Lat: Zi¥ Latitude; Alt; 4K Altitude; Ta: 4F¥Ji Annual mean temperature; Pa: 4Ef#7K 4 Annual precipitation; FP: JG

Fa0] Frostless period.

Dlg: FTFIK Seed length; Wy FF 5 Seed width; Ly : K Seed wing length; Wy : P FE Seed wing width; M. i FiiE 100-grain mass;
R: &2 Germination rate; Ly : M1 Leaf length; W, : M5% Leaf width; L, /W, ; M4 55549 LA Ratio of leaf length to leaf width; Ly : M4
K Petiole length; H: =) Height; D: #1422 Ground diameter. * : P=0.05; % . P=0.01.
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