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Abstract: In order to reveal geographic variation law of phenotypic traits of Sorbus pohuashanensis
(Hance) Hedl., nine phenotypic traits including height, ground diameter, compound leaf length and
width, petiole length, leaflet length and width, ratio of length to width in compound leaf and in leaflet of
two-year-old seedlings from 171 pedigrees of seven provenances from Shandong, Shanxi and Hebei
provinces were compared, and variance analysis, principal component analysis (PCA) and cluster
analysis were also carried out. On this basis, the correlation of height and ground diameter of seedling
from different provenances with main geographical-climatic factors was analyzed. The results show that
there are exiremely significant differences in nine phenotypic traits among provenances or among pedigrees
within provenance. The change range of average seedling height of seven provenances is 54.21-63.07
cm and that of average ground diameter is 8. 12-8.45 mm. The change range of leaf indexes is relatively
small and that of petiole length is the largest with the range of 1. 87 —3. 05 cm. The phenotypic
differentiation coefficients of nine traits among provenances are 12.98% -54.04%, in which, that of
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leaflet length is the maximum (54.04% ) and that of height is the minimum (12.98% ) , and average of
phenotypic differentiation coefficients among provenances is 34. 38%. PCA result shows that the
difference among phenotypic traits of S. pohuashanensis mainly presents in length and width of leaflet,
and then in those of compound leaf. By means of cluster analysis, the seven provenances can be divided
“into two groups, in which, [ group contains two provenances from Laoshan and Taishan of Shandong
Province, and Il group contains five provenances from Pangquangou of Shanxi Province, and
Baishishan , Tuoliangshan, Wulingshan and Saihanba of Hebei Province. The correlation analysis result
shows that seedling height of S. pohuashanensis has a significantly negative correlation with the latitude
and a significantly positive correlation with annual precipitation (P=0.05) , while ground diameter has a
significantly positive correlation with the longitude, annual mean temperature and annual precipitation
(P=0.05). It is suggested that the phenotypic traits of S. pohuashanensis seedling vary richly among
provenances or among pedigrees within provenances and possess obvious genetic differentiations. In
which, the variance from pedigrees within provenances is the main source of the phenotypic variation. A
primary opinion is that the variation of phenotypic traits of S. pohuashanensis is a double pattern of
latitude and longitude, in which the latitude plays the major role.

Key words: Sorbus pohuashanensis ( Hance) Hedl.; provenance; phenotypic trait; geographic variation;

principal component analysis; cluster analysis
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Table 1 The location natural status of seven provenances of Sorbus pohuashanensis ( Hance) Hedl.
Fng) g s EHB/C A#9#E/C  Monthly mean temperature  4FFEFIE/mm FFER/ d
Provenance!)  Longitude Latitude Annual mean 18] 7 A Jul Annual Frostloss
temperature anuary uly precipiiation period
SDL F120°3730" N36°11’ 11~12 -2~-4 25 650 ~ 900 209
SDT E117°06'06" N36°15'48" 5.3~12.8 -27.5~-22.4 28.6 715 186 ~ 196
SXP E111°25'42" N37°53'36” 4.3 -10.2 17.5 822.6 100 ~ 125
HBT K113°4930” N38°45°06” 8.5 -7 22 700 -
HBB ¥114°41° N39°13'12" 7.3 -30.6 22 700 -
HBW E117°35' N40°38’ 7.6 -15.6 17.6 763 120 ~ 140
HBS E117°39" N42°36’ 1.4 -43.2 15.5 530.9 60

DSDL: 1%Ll Laoshan in Shandong Province; SDT; 1l|Zi#E1lj Taishan in Shandong Province; SXP: 74 JE R ¥4 Pangquangou in Shanxi Province;
HBT: {468 L Tuoliangshan in Hebei Province; HBB: i Jt F§ 77 Ll Baishishan in Hebei Province; HBW 4t % R i Wulingshan in Hebei

Province; HBS: it 2252} Saihanba in Hebei Province.
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Table 2 Determination result of different phenotypic traits of Sorbus pohuashanensis (Hance) Hedl. seedling from different provenances

(XxSD)
S MH4¥4E  Compound leaf feature /NHE  Leaflet feature
A g5 /om ﬁ%&/ e KR, KIEH, ""fi}"f om
Provenance? Height di:.:)rlr:er £/em ﬁ/ cm Ratio of /cm ﬁ/ em Ratio of l:nlgt}?
Length Width length Length Width length
to width to width
SDL 63.07+17.35 8.41+0.47 22.44x1.83 8.77+0.91 2.57+0.21 6.56+0.69 2.39+0.37 2.77:0.28 = 3.05x0.69
SDT 60.79+18.08 8.45+0.48 22.89+2.09 9.10+0.96 2.51+0.21 6.58+0.76 2.2810.36 2.90+0.31 3.01+0.76
SXp 62.34+21.21 8.12+0.49 22.44+1.89 8.70+0.87 2.67+0.23 6.15£0.62 2.03+0.59 3.10:0.40 2.73%0.62
HBT 54.21+13.63 8.42+0.62 23.43+2.05 8.84+1.05 2.67+0.21 6.20+0.63 2.03+0.56 3.13x0.40 2.96+0.73
HBB 60.49+19.34 8.12+0.49 22.56+1.90 8.36+0.83 2.70+0.20 6.03+0.60 1.91+0.29 3.19+0.37 2.69+0.54
HBW 57.23+16.75 8.45+0.53 22.98+1.83 8.76+0.82 2.62+0.19 6.25+0.55 2.10+0.48 3.02+0.33 1.87+0.55
HBS 61.64+15.63 8.29+0.46 24.02+4.26 9.31+1.31 2.60+0.41 6.37+0.79 2.0210.35 3.20+£0.38 2.82+0.64
SEH Average 59.55+18.31 8.34+0.53 23.03+2.13 8.80x1.07 2.63+0.23 6.29+0.67 2.90+0.71 3.03x0.37 2.12+0.46

DSPL. 111Z<I111 Laoshan in Shandong Province; SDT: Il1%<#& 111 Taishan in Shandong Province; SXP: 111 74 i 5% ¥ Pangquangou in Shanxi Province;
HBT: J4t5E2 1] Tuoliangshan in Hebei Province; HBB: J b [ Il Baishishan in Hebei Province; HBW: 4t % R 1] Wulingshan in Hebei

Province; HBS; yiit 2252301 Saihanba in Hebei Province.
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Table 3 Variance analysis result of phenotypic traits of Sorbus pohuashanensis (Hance) Hedl. seedling among different provenances’

)

B (AHE) MS(d) F

ﬁ%o%';{fc trait ’ Tﬁlﬁl ﬁ‘ﬁlﬂ BEHLIR 2 A IEIE] ﬁll)ﬁli]

mong Within Exror Among Within

provenance provenance provenance provenance

BkE5 Height 16.49(6) 4.19(164)  0.66(3 526) 3.95 #x 6.36 *x
H14% Ground diameter 13.41(6) 1.26(164)  0.21(3 526) 10.64 #x 5.91 %
£ % Compound leaf length 130.87(6)  17.40(164)  3.18(3 526) 7.52 wx 5.47 #x
E 5 Compound leaf width 36.69(6) 3.00(164) 0.71(3 526) 12.24 *x 4.23 #x
H-4# 1< Petiole length 12.96(6) 1.66(164) 0.31(3 526) 7.83 xx 5.27 =%
/N Leaflet length 24.50(6) 1.22(164)  0.37(3 526) 20. 13 *x 3.28 sk
JNHSE Leaflet width 15.09(6) 0.30(164)  0.09(3 526) 49,44 #x 3.56 #*
4 K ST L Ratio of length to width of compound leaf 9.80(6) 0.56(164)  0.18(3 526)- 17.66 % 3.02 #*
I TR Ratio of length to width of leaflet 12.34(6) 0.87(164)  0.26(3 526) 14.18 3.29 #+

D Fy05(6, 164)=2.16, Fy 1 (6, 164)=2.92; F; 45(164, 3 526)=1.17, Fy (164, 3 526)=1.25. =+ ; P=0.01.
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Table 4 Variance component and phenotypic differentiation coefficient of phenotypic traits of Sorbus pohuashanensis ( Hance) Hedl. seedling

among different provenances

A HEAREA % A
Variance component Percentage of variance component ZH8/%
] Phenotypic
ﬁ?ﬁﬁyﬁc trait Tmﬂ’;:::? @?ﬁ:’j i RS ?jfi;rlzj f‘tﬁf BEALIRZ:  differentiation
provenance provenance Er;or provenance provenance Error cooflicient
@) e B Ty ey P
#T Height 0.024 0.1633  0.658 4 2.88 19.30 77.82 12,98
Hi#: Ground diameter 0.0240. 0.048 5 0.213 0 8.42 16.97 74.60 33.16
0K Compound leaf length 0.2246 0.6583 3.1813 5.53 16.20  78.28 25.44
I3 Compound leaf width 0.0667. 0.1060 0.708 2 7.57 12.03 80.40 38.61
H-4% 1% Petiole length 0.022 4 0.062 1 0.3143 5.61 15.57 78.82 26.49
/NI Leaflet length 0.0461° 0.0392 0.3705  10.11 8.60  81.29 54.04
/NI Leaflet width 0.029 2 0.1013 - 0.0856 13.53 46.86 39.61 22.40
& K 35 L Ratio of length to width of compound leaf 0.0183° 0.0172 0.183 4 8.36 7.85 83.79 51.58
MK FEH Ratio of length to width of leaflet 0.0227° 0.0280 0.2640 7.21 8.91 83.88 44.74
F-3y Average 0.0531 0.1360 0.6643 7.69 16.92 75.39 34.38

RS EBMRLHEI T REERHERSSHER

Table 5 Result of principal component analysis of nine phenotypie traits of Sorbus pohuashanensis ( Hance) Hedl. seedling

FRA HHFMEY  Eigen-vector! BAEE Eﬁ—mﬁg/%
L . Accumulative
Principal Eigen -
contribution
component % %, ? %y x4 x5 X6 %, Xg Xg value rate
¥y 0.098 0 0.2984 -0.1578 0.1318 0.3119 0.3956 0.4219 -0.3578 -0.3873 5.496 54.96
Y -0.4315 0.3277 0.5161 0.4553 -0.3216 -0.1631 -0.0426 0.246 3 0.196 0 3.055 85.51
¥3 0.5710 -0.2492 0.1660 0.4879 -0.2580 0.2180 -0.0187 0.252 1 0.150 4 1.135 96.87
¥s -0.0097 -0.7510 0.1364 0.0107 0.5295 0.1198 0.089 5 0.0980 -0.2639 0.196 98.82
¥s 0.2367 -0.0441 0.3618 -0.0311 -0.0651 0.106 0 0.360 3 0.4109 -0.5615 0.102 99.84
Ye 0.3917 0.2968 -0.2547 -0.2227 0.2871 0.1979 0.2425 0.3449 0.5527 0.016 100.00

D, : #E5 Height; %, : H#2 Ground diameter; x; : &M Compound leaf length; %, : 5 P55 Compound leaf width; x5 ; M4 Petiole length; xg :
/PR Leaflet length; x; : /NH 5 Leaflet width; % : 57K 5 Lt Ratio of length to width of compound leaf; x, : /NH K 3 L Ratio of length to width

of leaflet.

X 2 ADFIR B R R R U e, A
IHIPRGR AR s NP BE SR T b B Al BB R 1
RUIMZEFIS AFERR N 12, RWX 5 MFEI
REERH DR R, R Z R REIE AN T KK
5 ANFIRCRI 530 2 A, Forp 10 B AR 5
B WL AR RN — A28, Wb SE R L 55 R 1L g
FHMERR 7 —EA,

X — RG] B 55 4 IR B B s PR B A —
ERIRFR . WWIZRFR LS 3 AL B AR B, 5%
ZRAF LB — 3, T B AT ZERKR 40 A K I B R 1 4%
ITX 2 AR IR B R BIMOR 25 S 80/ s FoAt 5 MR IR
FEFRNL B - ARG, B AL T 1E M ) 43 45 o
O, ATREFEE RN, NBELERE, D%
X HFIR S 00 X AR BER 2 2%, BB AT
Rt 2 REBUK .

2.5 THRRIERNHETRERX

X AERKAH FOBR 7 AN b A2 5 T = o, = T b T8 < i
R F EIAH SR DT 45 SRR 0 B R IR BB S5 TR
WIZ R R ANE R MR/, L R B () 2031
4 0.016 4.—0.015 3 1 0. 000 2; 5 4 B 1 5 247 4
X,rH-0.099 7(P=0.05) ; 5N EE B ETFHX,
r40.0654(P=0.05) , &3 H 07 B4 o #7385, U
BA FEARKARS b R 5 A9 ok 0 4 K MR R T R AR RN L
EMEMBESHIEROSEMHEERAD,r R
-0.006 0; 545 ¥ RMEENE R 8 EIEHE,
r 4330 0.197 4 0. 157 6 f10.078 0( P=0.05) , & H
) B 2 A 28 ) AR A U BH A AR 2R TR A U A AR A
KERSGTHEBME; SBRESBERHEREX, A
~0.126 1(P=0.05) , FBH LR I b 42 A K B JE 7
HAFEIR I TR A PRI R



3

B4, G TR R B MOR B B AR R A 55

SDL

SDT

oXP

HBB

HBT

HBW

HBS

0.0 0.2 0.4 0.6 0.8 1.0 1.2
JB{EPE®  Genetic distance

SDL: [L|Z<W51lj Laoshan in Shandong Province; SDT: [LIZKFE 111 Taishan
in Shandong Province; SXP. Il F§ Jg ;% ¥ Pangquangou in Shanxi
Province; HBT; A/ {LEEZ 1] Tuoliangshan in Hebei Province; HBB: Jijt
P14 L Baishishan in Hebei Province; HBW: T/t 28 2 1l] Wulingshan in
Hebei Province; HBS: [t 253 Saihanba in Hebei Province.

1 ETRBERIFTOEBRE 7 M HBEHBRITER
Fig. 1 Cluster analysis result of Seven provenances of Sorbus
pohuashanensis (Hance) Hedl. based on phenotypic trait analysis
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