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Phenotypic Diversity Analysis of Hippophae rhamnoides

subsp. Sinensis wild Germplasm in Qinghai Province

LIU Qing-qing, LI Xiong-jie ,MA Ya-qiong ,CHENG Mei-jia, WANG Cheng-zhao,GAO Pei,MA
Fu-lin,HAO Jing-wen,LIU Rui,YE Gui-sheng, MA Yu-hua
( College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016 )
Abstract: In order to explore the phenotypic diversity of wild Hippophae rhamnoides subsp. sinensis resources in
Qinghai province, 150 wild seabuckthorn resources from 10 regions in Qinghai province were collected and 12
phenotypic traits were analyzed. The results showed that seabuckthorn represented rich phenotypic diversity, with
the coefficient of variation of 12 phenotypic characters ranged from 16.49% to 58.76%. Especially, three trait
including ground diameter, tree height and thorn length were observed with great variations, showing the
coefficient of variation of over 50%. Correlation analysis revealed significant or extremely significant correlations
among all characters except tree height, branch, ground diameter and leaf width. The phenotypic traits were
observed correlating with latitude and altitude. The different traits were affected by different geographical factors,
among which the leaf traits were largely affected. Four principal components with eigenvalues greater than 1 were
revealed by principal component analysis, showing the cumulative contribution rate of 86.35%. Fruit weight was
detected with the greatest effect on phenotypic traits diversity. The results of cluster analysis showed that at 15
Euclidean distances, these genotypes could be divided into three groups. These results indicate abundant

phenotypic diversity in population of seabuckthorn resources in Qinghai, with great potential for exploitation and
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utilization. This study provided a scientific basis for the breeding and preservation of excellent germplasm
resources of Hippophae rhamnoides subsp. Sinensis.
Keywords: Hippophae rhamnoides subsp. sinensis ; phenotypic traits ; diversity analysis ;
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Table 1 Survey information of Hippophae rhamnoides subsp. sinensis Rousi

G Fed R (m) 2 S

Code Locality Altitude ( E) (¢ N)
Longitude Latitude

1 T8 MY 2713 37.76 101.21

2 ik MQ 3350 34.66 100.76
3 YE¥ BM 3510 32.92 100.85
4 HB)HZ 2596 36.96 101.85
5 #53% QL 3170 38.13 100.29
6 [Fl4& TD 3320 34.74 100.80
7 A1 MH 2080 36.19 102.74
8 SIE HY 3010 36.77 101.24
9 Kifi DT 2468 37.25 101.46
10 5iH GN 3540 35.70 101.08

7£: MY: Menyuan, MQ:Maging, BM:Banma, HZ:Huzhu,QL:Qilian,TD:Tongde, MH:Minghe, HY:Huangyuan, DT:Datong, GN:Guinan
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Table2 Variation of phenotypic traits in 150 H.rhamnoides subsp. sinensis

PRz 5 R A
FAMER BORAE /ME SFIME
standard Coefficient of
Phenotypic traits Maximum  Minimum Average
deviation variation/%
5l crown width /m 4.50 0.40 1.54 0.71 45.81
4% Ground diameter/cm 15.10 0.60 4.71 2.38 50.63
P Plant height /m 7.50 0.60 2.13 1.10 51.36
3 K45 branches 4.00 1.00 1.41 0.62 43.65
T ## Hundred fruit weight/g 26.04 3.50 14.10 5.42 38.43
529012 Longitudinal diameter/mm 8.79 2.35 5.68 0.94 16.49
B HE4% Fruit diameter /mm 9.47 2.42 6.04 1.22 20.12
RILFGHL Fruit Shape Index 2.30 0.38 0.96 0.19 19.54
MK Leaf length /mm 91.54 5.76 42.11 10.99 26.10
%% Leaf width /mm 12.51 0.68 6.52 1.56 23.88
531 Leaf Shape Index 81.60 0.80 6.73 2.73 40.61
JilK: Length of thorn/mm 100.46 1.87 28.28 16.62 58.76

X A (1 D R AR R TR BEAT P MEL AR ZE (TS DA S 2 S ECAL T, AR
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Table 3 Multiple comparison results of characters of Hippophae rhamnoides subsp. Sinensis populations



AR IR EERR YEF H.H Thi%E [ 7 AN EIR Kid biti]
Phenotypic traits MY MQ BM HZ QL TD MH HY DT GN
s 113 1.38+ 1.54+ 1.81% 1.96+ 1.14% 1.79+ 1.86x 1.86+ 0.89+
crown width /m 0.16¢cd 0.19bc 0.1l1abc  0.14ab 0.13a 0.09¢ 0.26ab 0.18ab 0.12ab 0.05d
Hugt: 4.50+ 3.73+ 4.14% 5.97+ 6.63+ 429+ 3.33+ 4.49+ 6.26+ 3.60+
Ground diameter/cm 0.43bc 0.49¢ 0.41c 0.16ab 0.66a 0.27bc 0.23¢ 0.47bc 0.56a 0.50c
e 1.75+ 1.75+ 1.92+ 2.35+ 4.12+ 1.67+ 1.95+ 1.90+ 2.39+ 1.49+
Plant height /m 0.15bcd  0.38bcd  0.10bcd  0.24bc 0.38a 0.15¢cd 0.14bcd  0.17bcd  0.27b 0.08d
box>a 1.14+ 1.53+ 1.71+ 1.47+ 1.33+ 1.33+ 1.33+ 1.20+ 1.63+ 1.40+
branches 0.06b 0.14ab 0.13a 0.13ab 0.19ab 0.29ab 0.19ab 0.11ab 0.02ab 0.08ab
HARE 6.62+ 12.61+ 16.13+ 14.77+ 18.22+ 1491+ 14.85+ 18.20+ 17.83+ 6.42+
Hundred fruit weight/g 0.23¢c 1.20b 1.05ab 1.94ab 1.52a 1.86ab 1.95ab 1.51a 1.12a 0.25¢
Rz 4.62+ 6.26% 6.21% 5.73x 5.87+ 6.89+ 4.78+ 6.08+ 6.04+ 5.20+
Longitudinal diameter/mm 0.33f 0.65b 0.57bc 0.58d 0.44d 0.64a 0.49f 0.71c 0.62¢ 0.36¢
Rtz 427+ 6.62+ 6.95+ 6.29+ 6.4+ 6.76+ 5.79+ 6.89+ 6.4+ 4.89+
Fruit diameter /mm 0.45¢ 0.64bc 0.69a 0.61d 0.53cd 0.78ab 0.47e 0.69a 0.61cd 0.20f
R L1l 0.95+ 0.91+ 0.92+ 0.93+ 1.04+ 0.83+ 0.88+ 0.94+ 1.10
Fruit Shape Index 0.23a 0.09¢ 0.05cd 0.03cd 0.08¢c 0.16b 0.06e 0.09d 0.08¢c 0.06a
RS 41.22+ 32.89+ 38.79+ 46.09+ 42.19+ 44.72+ 50.27+ 49.17+ 43.79+ 39.67+
Leaf length /mm 3.51ef 3.72h 2.04g 1.08b 5.80de 3.37bc 4.68a 4.05a 3.82cd 2.84fg
-5 6.12+ 5.95+ 7.04+ 6.60+ 6.76+ 6.72+ 6.86+ 7.65+ 6.16+ 6.06
Leaf width /mm 0.50d 0.31d 0.56b 0.44c 0.65¢ 0.58¢ 0.69bc 0.45a 0.39d 0.47d
IR 3E % 6.94+ 5.73x 5.60+ 7.23% 6.37+ 7.08+ 8.29+ 6.60+ 7.38% 6.80+
Leaf Shape Index 0.53bcd  0.65f 0.46f 0.86bc 0.80e 0.80bcd  1.23a 0.53de 0.55b 0.57cde
PURS 32.90+ 31.76+ 29.81+ 26.76+ 32.36+ 2437+ 20.68+ 28.19+ 29.21+ 26.08+
Length of thorn/mm 3.85a 1.35ab 1.38abc 1.34bc 3.18a 2.65cd 2.23d 2.41abc 1.58abc 1.57¢

o #H ab,e,defgh AZ HILE Duncan Fonfl, FRHHFIMER R ZFALE.

Note: a, b, ¢, d, e, f, g, h in the table are Duncan values for multiple comparisons, and the difference in letters with

the same letter is not significant.
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Fz 4 PEDBREMEKE XS
Table 4 Correlation analysis of phenotypic characters of Hippophae rhamnoides subsp. Sinensis
HRE LIRS S Az W L Rsgh Rk ES|7 - I3 7%
Hundre  Length crown Ground Plant branche 1% 1% Fa %L Leaf Leaf Fa %L
HARE |
Hundre
GRS
-0.057 1
Length
e
0.635* -0.185
crown



Huft

0.458 0.321 0.543 1
Ground
Wi

0.105 0.197 0.402 0.45 1
Plant
v

0.352 0.062 0.103 0.415 -0.069 1
branche
R

0.58 0.088 -0.064 0.207 -0.088 0.406 1
7%
Rz 0.867* 0.848*

-0.05 0.314 0.234 -0.078 0.454 1
itz * *
®E -0.797*
0.273 -.707* -0.148 0.049 -0.285 -0.157 -0.652* 1

e .
K

0.368 -0.63 0.585 0.189 -0.031 -0.312 -0.19 0.068 -0.428 1
Leaf
it

0.603 -0.267 0.377 0.001 -0.079 -0.274 0.247 0.538 -0.603 0.628 1
Leaf
LS

-0.024 -0.699* 0.388 0.082 -0.044 -0.172 -0.464 -0.334 -0.12 0.758* -0.003
itk

1

Ee FRRFML (P<0.05) , *AWBEHK (P<0.01) .
Note: * is significant correlation (P<0.05), ** is very significant correlation (P<0.01).
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XF A E DR 12 DSRBRPRIBEAT e b, AR IR 5. B 1A 2. i385 AT,
BT 4 N F o B TTERE R 86.35%. M 1 FTLAE HMEE 5 AN G, RHEEZSE T
2%, YOHIHT 4 AR ST DLk H o [ YD R R R R > AR AR R . BB 1 BRI E
N 425, FLTTHRFR N 35.42%, HLA MR CRALE [F B ZERHE RO IR R & (0.95).
R E (-0.86) MIRSEREAE (0.81) , VLB ERM D 1 B ZRBA A TR, - %82
T B TTHRF N 25.16%, X — TRy PREMAEOR 1 J5 iR A2 & R R4 (-0.86) .
MK (-0.77) R (0.68) AR (0.67) o BiBIEE = F i FESH R PRIRA L,
93 BT TTIREN 15.65%, EIX—ERr il (0.74) © #m (0.76) LRI EALEIN,
Yo B — R T2 S A S D RO AR S A SRR - 56 4 R DTk N 10.12%,
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Table 5 Principal component correlation analysis

) %1 ERSr %2 ERSr %3 B 8B4 ERGr
LA
The first principal The second principal The third principal The fourth principal
Phenotypic traits
component component component component
HRE
0.95 0.22 0.01 0.04
Hundred fruit weight
GRS
0.27 0.67 0.38 0.38
Length of thorn
Ik I
0.75 -0.30 0.48 0.04
crown width
A%
0.45 0.21 0.74 -0.11
Ground diameter
e
0.09 0.04 0.76 0.34
Plant height



s

0.30 0.54 0.15 -0.72
branches
PRI
0.46 0.68 -0.30 -0.05
Longitudinal diameter
Rtfe
0.81 0.50 -0.29 -0.01
Fruit diameter
RIBARE
0.86 0.08 0.11 0.04
Fruit Shape Index
-
0.56 -0.77 -0.02 0.06
Leaf length
-5
0.69 -0.20 -0.37 0.51
Leaf width
Mg SR
0.15 -0.86 0.15 -0.39
Leaf Shape Index
RHIEAE
4.25 3.02 1.88 1.22
Eigenvalues
3542 25.16 15.65 10.12
Contribution rate
KPTTIRA
Cumulative contribution 35.42 60.58 76.22 86.35
rate
A4 B
B
B 5
—_
e
1 REMERER D SR 2 BT E
Fig.1 Principal component analysis of phenotypic traits Fig.2 Component diagram
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Fig.3 Cluster diagram of 10 populations
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Table 6 Correlation analysis between phenotype traits and ecological factors in Hippophae rhamnoides

subsp. Sinensis

ESIRERIN 23 “hE K
Phenotypic traits Longitude Latitude Altitude
HRE
0.02 -0.02 0.18
Hundred fruit weight
LIRS
0.20 -0.70* 0.35
Length of thorn
Je
0.37 0.25 0.51
crown width
iz
0.61 -0.21 0.20
Ground diameter
W i
0.53 -0.28 0.11
Plant height
s
0.56 -0.12 0.20
branches
RLHhiz
-0.46 -0.55 0.51
Longitudinal diameter
R
-0.40 -0.24 0.20

Fruit diameter



R
Fruit Shape Index
&

Leaf length

-5

0.41 0.67* -0.65*

Leaf width
AR #L

Leaf Shape Index

0.47 0.83%* -0.82%*

3 e
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