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Abstract; To explore the phenotypic diversity of wild Oxytropis glabra DC. in Sanjiangyuan region and its
relationships with environmental factors, variation characteristics and principal component analysis were
conducted for 18 phenotypic traits of 6 major and representative natural populations of O. glabra in
Sanjiangyuan region, cluster analysis was carried out for the 6 populations based on these phenotypic
traits, and correlation analysis was performed between these phenotypic traits and longitude, latitude,
altitude, soil pH value, and soil electrical conductivity. The results show that except for inflorescence
number per plant and seed shape index, the F values of other phenotypic traits all reach significant (p<
0.05) levels, in which, the F value of inflorescence length is the largest, the F values of leaf shape
index and 1 000-grain mass of seeds are relatively large. The coefficients of variation of 18 phenotypic
traits of test populations are 0.30% —53.79% , with an average of 14.99%, in which, the averages of
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coefficients of variation of leaf shape index, inflorescence number per plant, inflorescence length, and
seed number per pod are all greater than 20% , while the average of coefficient of variation of 1 000-grain
mass of seeds is the smallest (0.47% ). The correlation analysis result shows that only fresh mass per leaf
shows a significant negative correlation with latitude, plant height after flowering and crown breadth show
extremely significant (p<0.01) negative correlations with altitude, and fresh mass per leaf and 1 000-
grain mass of seeds show extremely significant and significant negative correlations with soil electrical

conductivity, respectively. The principal component analysis result shows that the cumulative contribution

rate of the first three principal components is 92.960% ,

indicating that these three principal components

can reflect most information of the phenotypic traits of 0. glabra. The cluster analysis result shows that the

test populations are divided into 2 groups, in which,

the population in Kequ Town of Gade County and

that in Muli Town of Tianjun County are clustered into one group, and other populations are clustered into

the other group. In conclusion,

the phenotypic trait variation of 0. glabra in Sanjiangyuan region is

relatively abundant, but only several phenotypic traits are significantly affected by latitude, altitude, and

soil electrical conductivity.

Key words: Oxytropis glabra DC. ; phenotypic trait; environmental factor; correlation analysis; principal

component analysis; cluster analysis
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Table 1 Basic situation of plots of test natural populations of Oxytropis glabra DC. in Sanjiangyuan region')

Hs R 7R i Bk /m 13 pH E EC/(pS - em™!) a7 &s3i|
No. Plot Longitude Latitude Altitude Soil pH value B rem Soil type
P1 SRS A BT T4 Youganning Town of — E101.22°  N34.18° 3615 7.62 292 Lo

Henan Mongolian Autonomous County
P2 EWH LT S Shanglaxiu Township of Yushu City — £96.31° N32.99° 4316 7.33 213 Lo
P3  HILE KEHL Dawu Town of Magen County E100.21° N34.46° 3 696 6.35 185 AMS
P4 ik HEW% £ Manzhang Township of Darlag County — E99.65° N33.75° 4101 6.16 225 Lo
P5 7 ELAn] i £ Kequ Town of Gade County E100.26° N34.09° 3 892 6.88 1 652 GS
P6 FIRE A HAH Muli Town of Tianjun County E99.15° N38.08° 4 007 8.35 1728 Ci

VEC: +Hi 5% Soil electrical conductivity. Lo: 3+ Loam; AMS: HZEREfi + Alpine meadow soil; GS: B+ Gravelly soil; Ci: 45 Cinder.
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Table 2 Comparison on phenotypic traits of Oxytropis glabra DC. from different populations in Sanjiangyuan region (X+SD)!

‘ . R T T A ke A [ T b2 - R/
[ W Z A/ em WA om  TRRREETUR y ARALH BT g H12/mm JFAET PR B/ cm
. Root fresh mass ~ Branch and leaf fresh Ground Plant height after
Population Root length Root depth . .
per plant mass per plant diameter flowering
P1 23.62+3.09a 15.90+1.72a 14.05+2.49a 38.37+2.08a 2.56+0.04a 18.82+2.63a
P2 15.94+3.04bc 14.52+2.12a 11.04+1.80b 37.66+4.01a 2.52+0.18a 7.04+1.81¢
P3 18.60+2.76b 13.56+1.37ab 10.58+1.83b 34.90+4.21a 2.22+0.31b 14.80+2.25b
P4 16.82+2.75b 11.72+1.99be 9.44+1.88bc 29.64+5.36b 2.21+0.16b 7.90+1.79¢
P5 19.56+3.14b 10.78+2.16¢d 8.90+1.22bc 25.16+£2.29b 2.00+0.25bc 13.12+£2.45b
pP6 12.30+2.11¢ 8.30+2.19d 7.50x1.17¢ 19.30+3.32¢ 1.93+0.16¢ 7.80+1.55¢
F{H F value 110.126 * 8.609 * 25.069 * 83.933 26.223 * 18.958 =
\ - =1 /¢ 1 K % i K/ S bk
Eﬁi ﬁmﬁ/(’m W?%*}Z L\/cm ?‘%*ﬁﬂ’f /mm gi% ‘]“}_?425( ‘[—J_\?_ L\/Cm ulﬂ}*lﬁéﬁ
. . Vegetative shoot Vegetative shoot Phyllotaxis number Phyllotaxis ;
Population Crown breadth . Leaf shape index
length diameter per plant length
Pl 27.66+2.48a 21.00+2.75a 1.70+0.27a 61.8+5.2a 14.98+1.60a 3.07+0.73b
P2 13.05+0.86e 18.22+2.51bc 1.52+0.08abc 50.0+5.4b 12.40+1.87b 3.69+0.79a
P3 25.36+1.00b 17.43+1.91bc 1.37+0.21bc 48.6+6.5bc 12.02+1.59bc 3.08+0.72b
P4 16.68+1.45d 16.52+2.74bc 1.30+0.09bc 42.2+7.3¢ 10.12+1.25¢d 3.42+0.76a
P5 21.35+0.70c¢ 13.33+3.57¢ 1.13+0.11cd 32.0+4.1d 9.32+1.71de 3.57+0.76a
pP6 18.31+£1.49d 9.66+2.38d 1.00+0.28d 25.8+4.6d 7.90+0.99¢ 3.07+0.38b
F{H F value 84.310 * 19.212 = 58.371 = 51.639 * 90.031 * 192.545 =
R B 5T /g BRI T L AP/ em BAIE R T4 LDIZ S 7 TR/ g
N . Fresh mass per Inflorescence Inflorescence Seed number Seed shape 1 000-grain
Population R
leaf number per plant length per pod index mass of seeds
Pl 0.09+0.01b 12.8+4.8a 19.36+5.74a 5.4+1.1ab 1.19+0.08a 0.94+0.01a
P2 0.10+0.01a 13.8+2.6a 20.08+3.45a 5.6x1.3a 1.19+0.08a 0.93+0.01b
P3 0.10+0.01a 15.0+3.2a 18.23+5.35a 5.8+1.6a 1.16+0.05a 0.94£0.01a
P4 0.08+0.01¢ 10.4+5.6a 16.35+3.88ab 4.8+0.8ab 1.17+0.06a 0.92+0.01¢
P5 0.09+0.01b 12.2+3.3a 15.86+2.38ab 5.2+0.8ab 1.17£0.07a 0.92+0.01¢
pP6 0.08+0.01c 13.4+4.2a 11.17+£2.83b 3.8+0.8b 1.16+0.17a 0.92+0.01c¢
FA{H F value 20.571 = 0.731 232.429 * 17.308 = 5.547 190.038 =

P, RS H E H G- 24T T8 Youganning Town of Henan Mongolian Autonomous County; P2; ER T 4755 % Shanglaxiu Township of Yushu
City; P3; HihH RKEFH Dawu Town of Magen County; P4 . i% H EL{#% £ Manzhang Township of Darlag County; P5. H & E#7 45 Kequ Town of
Gade County; P6: KIZELAHH Muli Town of Tianjun County. [R5 fANIR/ING - 8EF 7R 78 i BE 7] 22 57 1.3 (p<0.05) Different lowercases in

the same column indicate the significant (p<0.05) differences between populations. * : p<0.05.
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Table 3 Analysis on coefficients of variation of phenotypic traits of Oxytropis glabra DC. from different populations in Sanjiangyuan region

IR AL 5 B %

Coefficient of variation of each phenotypic trait

FERED

. e EARRAR AR G T BARRAS - i 5 HiAz THEE PR
Population"” fRA L HRA TR Root fresh mass Branch and leaf fresh Ground Plant height Crown
Root length Root depth . ;
per plant mass per plant diameter after flowering breadth
P1 13.10 10.85 17.70 5.43 1.71 13.95 8.96
P2 19.06 14.61 16.29 10.64 7.30 25.76 6.61
P3 14.84 10.12 17.27 12.08 13.77 15.17 3.94
P4 16.35 16.99 19.93 18.08 7.02 22.66 8.98
P5 16.04 20.07 13.74 9.10 12.70 18.63 3.29
P6 17.15 26.33 15.58 17.18 8.24 19.82 8.14
YA Average 16.09 16.50 16.75 12.08 8.46 19.33 6.65
BATEAR Y A2 o7 R 4 oetlicient of variation ot each phenotypic trait
HFBMERIIE SR R B/ %  Coefficient of variation of each ph ic trai
D s 2 s p 2 ” s v R %
RRED gk Rk SRR ik SRS MRERR SRR
Population Vegetative Vegetative Phyllotaxis Phyllotaxis Leaf shape Fresh mass Inflorescence
shoot length shoot diameter number per plant length index per leaf number per plant
P1 13.08 16.00 8.36 10.67 23.80 9.22 37.63
P2 13.75 5.34 10.86 15.07 21.33 5.87 18.76
P3 10.97 15.53 13.38 13.24 23.49 3.80 21.60
P4 16.60 7.02 17.36 12.31 22.18 7.50 53.79
P5 26.78 9.92 12.69 18.31 21.29 4.60 26.81
P6 24.61 28.41 17.63 12.50 12.41 6.68 31.49
YA Average 17.63 13.70 13.38 13.68 20.75 6.28 31.68
[ HRRIMERINAE R RZE/ % Coefficient of variation of each phenotypic trait
Population' K FIERFTHL LD AT e
Inflorescence length Seed number per pod Seed shape index 1 000-grain mass of seeds Average
P1 29.65 21.11 6.89 0.65 13.79
P2 17.17 23.96 6.86 0.34 13.84
P3 29.36 28.33 3.95 0.56 14.40
P4 23.71 17.43 4.85 0.30 16.62
P5 15.04 16.09 5.85 0.57 14.02
P6 25.25 22.02 14.25 0.40 17.24
YA Average 23.36 21.49 7.11 0.47 14.99

DP1. MIE % A G E0E T 78 Youganning Town of Henan Mongolian Autonomous County; P2: E# 17 4775 £ Shanglaxiu Township of Yushu
City; P3; J5i0 B KR 4H Dawu Town of Maqen County; P4 ik H B2 £ Manzhang Township of Darlag County; PS5 H7& B il 45 Kequ Town of

Gade County; P6: KIg B A A Muli Town of Tianjun County.
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Table 4 Principal component analysis on phenotypic traits of Oxytropis glabra DC. in Sanjiangyuan region

EN: % K- FE IR B4R E 1) D Eigenvector of each phenotypic trait"
Principal
component L, h, m, my, dg hy d, L d,, n, lp
1 0.769 0.996 0.967 0.968 0.924 0.603 0.406 0.970 0.977 0.977 0.987
2 0.329 -0.071 0.102 -0.146 -0.286 0.716 0.880 -0.094 -0.095 -0.009 0.076
3 -0.397 0.028 -0.175 0.129 -0.027 -0.226 -0.205 -0.111 -0.082 -0.072 -0.046
F S B RMPIRBYHFAE Y Eigenvector of each phenotypic trait! R TR/ % BTk %
Principal Ei N | Contribution Cumulative
component LSI m, n; l; n, SSI m, sgenvalue rate contribution rate
1 0.004 0.667 0.232 0.936 0.825 0.748 0.954 12.189 67.715 67.715
2 -0.858 0.186 0.395 -0.248 -0.040 -0.505 -0.139 2.802 15.564 83.279
3 0.078 0.701 0.857 0.130 0.302 -0.272 0.044 1.743 9.681 92.960

D1 REKE Root length; h,: HEEEE Root depth; m, : FFRIR R &L AL Root fresh mass per plant; my, : PRRE M i Branch and leaf fresh

mass per plant; d, :

length; d . : E.?%ﬁﬁb: Vegetative shoot dldmeter n,

Wtz Grnund diameter; h;: %4{V$*m Plant height after flowering; d, :
. FRRM B Phyllotaxis number per plant;
Leaf bhdpe index; m,; HALN£F 5T & Fresh mass per lt‘df n,; PARRIEF AL Inflorescence number per plant; I, ; £JF 1K Inflorescence length; n

. R Crown breadth; [ : 'H B IERK Vegetative shoot
L I} K Phyllotaxis length; LSI: M-JE 48 4L
: PRI

T4 Seed number per pod; SSI; FHIEFEEL Seed shape mdex m,: FFT-RF a1 000-grain mass of beeds
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FRICHIES  Euclidean distance

RS2 % AR E AL T 781 Youganning Town of Henan Mongolian
Autonomous County; P2; E# T 4775 £ Shanglaxiu Township of Yushu
City; P3. D B AR Dawu Town of Magen County; P4. ko H 2
% Manzhang Township of Darlag Cnunty, P5. HffEE A 45 Kequ Town
of Gade County; P6: KR E A H4H Muli Town of Tianjun County.

1 EF 8 MREERNZTEMR/NEREEEHORED T
Fig. 1 Cluster analysis on populations of Oxytropis glabra DC. in
Sanjiangyuan region based on 18 phenotypic traits

Table 5 Analysis on correlations between phenotypic traits of Oxytropis glabra DC. in Sanjiangyuan region and five environmental factors'

SR FAAIE R B Correlation coefficient with environmental factors

Phenotypic trait ZE g K 43 pH i o TR
Longitude Latitude Altitude Soil pH value  Soil electrical conductivity
A K E Root length -0.078 -0.170 -0.687 -0.270 -0.422
TR AR Root depth -0.196 -0.284 -0.260 -0.237 -0.790
BARRM R Fi 5 Root fresh mass per plant -0.063 -0.140 -0.434 -0.048 -0.724
PARAE I T B Branch and leaf fresh mass per plant -0.269 -0.354 -0.160 -0.309 -0.794
4% Ground diameter 0.036 -0.039 -0.021 -0.063 -0.708
FFAEJGHR S Plant height after flowering -0.302 -0.348 —0.929 -0.059 -0.476
5L Crown breadth -0.410 -0.428 —-0.996 -0.035 -0.351
EIRRK Vegetative shoot length -0.170 -0.265 -0.261 -0.352 -0.666
B IR EAE Vegetative shoot diameter -0.065 -0.146 -0.236 -0.126 -0.733
FARRIH R Phyllotaxis number per plant -0.193 -0.272 -0.330 -0.207 -0.739
I /#4 Phyllotaxis length -0.170 -0.245 -0.390 -0.100 -0.795
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33 4%

4R5 Table 5 ( Continued)

S5IREEHFIIMKEREL  Correlation coefficient with environmental factors

Phenotypic trait 7 E4 )iy gk L3 pH i1 + iR SR
Longitude Latitude Altitude Soil pH value  Soil electrical conductivity

MHIEFE %L Leaf shape index 0.392 0.333 0.733 -0.284 0.143

B LT Fresh mass per leaf -0.645 -0.875 * -0.262 -0.118 —-0.934 =

BLRRAE P 2K Inflorescence number per plant -0.661 -0.617 -0.233 0.264 -0.766

7K Inflorescence length -0.218 -0.317 -0.084 -0.405 -0.732

BASERFR P Seed number per pod -0.478 -0.571 -0.235 -0.542 -0.731

FIEFEHL Seed shape index 0.463 0.374 0.155 0.029 -0.416

¥ TR B 1 000-grain mass of seeds -0.042 -0.110 -0.150 0.015 -0.829 =

D% p<0.05; #% ; p<0.01.
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