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Abstract: In order to investigate patterns of phenotypic trait variation in natural populations of Amygdalus
ledebouriana, we measured eight morphological traits in five A. ledebouriana populations in Xinjiang. Rich
phenotypic variation existed both among and within populations, and variation was greater within popula-
tions than among populations. Our UPGMA cluster analysis indicated that the five populations formed three
distinct groups. We detected no relationship between geographic distance and Euclidean distance. Principal
component analysis showed that shoot length/shoot width, leaf length/leaf width, mass per 1,000 seeds, seed
length/seed width, and corolla diameter were the most important phenotypic traits that accounted for the
morphological variation of A. ledebouriana.

Key words: Amygdalus ledebouriana, population, morphological variation

doi: 10.3724/SP.J.1003.2008.07338
http: //lwww.biodiversity-science.net

¥ @ Bk (Amygdalus ledebouriana) X % %% Jw Bk,
TRPREY B ELAY, 5 okt 22 0 BB i Ak T hE
W, &P EREA A B AR R, B AT TR R
BE I b DX P Ay D ELANFE B B B Il vl kT DA A o 8 2%
b DX R AT 2 LG T ELE Y (R BBk, 1983). 4%
SR (1983) 54 T-20 tH £ 804 AR X 34 4 Y Ji Ak 0% Y5t 2k

Wk H 3A: 2007-11-05; 4232 H 1A 2008-06-16

i wb i A, HLJE B A5 (1985, 1986) T & i Bk
(IR ARG RN AR S AR R AT THB Y, ARl
25 (2008) 7 1 FH A i AR 15 e M6 80 s A A8 T
SRR AR, IR LA SR 2 (10 45 R AR H
FCAE 1R 358 DR o I AR % ot ol 45 75 T P A e 5 0 A 1
ZRIE, (DT B i Ak TR IR P AR S M 2 A A%

FETH: EZK [ RREHRE 4 (30760205) HUFER4E T /K 6 X ZUE 1T A RHIF &I 250 H (XIJEDU2006126)

* J@ifE# Author for correspondence. E-mail: luoshuping2008@163.com



55 5 3

WAL TSR e DR AR SR T A A R N B 485

7 FIEFOF AR WLARAE .

ARG AL AR, PR A R I
ey ka5 3 e oA v B AT #0
IFREE (BT %, 1998). R AL L Z R
BT L FEPE ML PR DL, BIRRAE LA DX ARl A
BN RMA R A2 S B R GE
TR P 28 (BT 47, 2004) . KA ZFEMERFIUE E N
Hh— BRI ER, HIAR AU PERORACT I 358 A% A2 5 (¥ 7
AN, I FLREAS 1A% 2 FEERIE T K 0 56 1M

2005; %@, 2005, EAF4%, 2005; Ayt
o, 2007; BOKFITK E FH, 2007; BXEHFROR 2,
2007; “F)i %, 2007).

AT TS 53 A+ 3 5B 981 3 % o] 3 2 b X
AN o WK A PR B A RFAE AT 0, P 4 7 i
FETR] S TR AN T A IR AR S TR R AL SA [ A )
MR, iz LLAE 25 M B DA 1 14 1 i BORE
Br, TRz b ) AR S, R AR SRR
A b ey S L AR S IR G R, LU B B R i
B i WAL O U R DR TR R AR S ) Y A
Tl osg R B B AR BT T P A AR SR AR 2 1 B S
&/

1 MR5ERZE

11 FEERE
11:2005—-2007 4F- 4> [T Y £ 87 98 B4 e 1K 20 A0 6
RS b 1 A [ FE AL L, 2007429 H XS B i Bk BT
g8 IR 5/ AR S A E AT BURE (49 AT Y5 [ Ok 45°56'-
48°03' N, 83°36'-86°21' E). 7EARF/N HAR i BE AL
SOARARY i AL T B8 (LA o A A T b ) A e o B
15), PRI 42 /050 m, LASs KB 2 B AR BR8] 1) 55
GRARERL.
1.2 RTEMRMESIERE
WRAKIER . L EM. ORRER. A
AR 1) I, XA TGPSE Ay, L8 A
FE03 I WA AR (1) 3 B PR (i Tl s IR K
b B Kb fee AR HESEN L. MERE K
L RESSKE . WAL TRITE) . 753 E IS0RRA 4
BB EBEATLE E 3025 153 A8, FH#bs -~ R e {6 e
BHAT. MESS KSR, il ks 4. 8
HB AR IR A B, IAERRER E BEHLEC 0% 24
SRR R 4%, A RO g i K%, b

R RO T R R R G R 0 A7 1), TR K e
E OB K FE TR RLEE), JFAE & H 4% P B BEHL N30
F G By, R bR R RO s i b i K
58, RS R KB L (e gE), IR
i 0.01cm. 8HH NA), FSEEGR. B4
A AT T2, (ERRARM LB AL S0 S 5, 2%
Wi IR, AR R RE Rz, iR, JF
THESAZ K T L (ARIREAE) o % TR E & 1
5 BRBERY SR 30050007 F 512, I R L 440 10 R,
PR 78IRS, K F GB/T5519-19883l 5 T4
(7 VR (B R AR M R, 1989) 4T Fk i, PRk
0.01 g. FIH FRLPY 732 B A LA X LOOKE A% H 23 #r
KPR E R, R HE R TR E, EE5K.
1.3 RIS HH
131 HRHREMERAEIMRERRE S
¥

X B it Ak 18 AN R MR F R AR FH SRk T Uy
FEN N (R ELE, 2005), 1% 77 ¥ FH 46 2 1) 2y
A, AL TATL, B THN AL T
DIMEL, %07 VR0 DX AL VARG 1) 7 25 43 BT e 1 A 7Y
H: YipE p+Sit Tyt € i, Yipoh 5 MRS K
R WNE, g B IE, SRR ([ 52),
Ty =HEAAR N K R (BEAL), & pipch 10 8 2

h T 5HEE 7 RGOS Y, 56 2045 (1988)
SENV,=(c2US) (o?US + o), o 4/SERERE
(K7 22504, o PsRoan R REN (K7 20 &, v,
KA R IEAR R AL 5 7 DB AL AR S 1 A A b, SOK
KB FREL, FH DME SRR R 1) R B0 e
132 MRTFHHE

72 5 RECCYVFR IR IR B R 2 o AR B 22
R 22 AR o R =Ri/Ro, I ROHEAA Y 1
W7, Ry A PEAR Sl 7 (545 555, 2005)
133 B4 BEFHIEXS

SR FH U B AH 3 A 7356 3T BB e Bk 5 e 7Y
PERFIRAE S A28 7 IAH A T 0 HT
134 BEEEHH O

R 55 3 APPSR 50 X [ W RE 25, 9 H
UPGMA SR 43 #1 I 2 J A o) R T 25 oAb B, AR AT
Mantel’s testks 46 /774 (Smonse et al., 1986)%F %7 i
X 2 AR MR A I o st A% 20 5 1 T B2 3 1) ) A %
PEREAT 2047, 548 THHUPGMAZENTSY S#c it A7
AT S BABPIRIE o 48 32 2 o LR AR B (b)) 1 g 25



486 4 ¥ % ¥ ¥ Biodiversity Science

16 45

x1 FRYSNHRABHHME, £SEFRIHIER

Table 1 Geographical and ecological factors and distribution of five Amygdalus ledebouriana populations

JERER S SRR PR 4 53 K R ERK

Population  Population Location Latitude  Longitude  Altitude Mean annual Annual precipi-

label type (N)/(°) (E)/(®) (m) temperature (‘C) tation (mm)

AR afipk B 7R 2 1Ly o8 R 0 L L R (A R i EL B )

BRJ Pure Southwest region of Altay Mountains 48°11' 87°06' 1,224 36 117.8
forest (within Buerjin County)

WE EL] FRGRAE R B SR 2 1Ly o8 A FL bR L 7 (s 23]

HBH Sparse HEEP)
shrub The Kongdunlin area to northwest 48°18' 86°34" 1,025 38 141.9
woods Altay Mountains (within Habahe

County)

Byl FRHEARR BRI G LRIBOEEILTTE )

TCH Sundry fruit  East region of Taerbahatai Mountains 47°03' 83°01' 1,197 53 322.9
shrubs (within Tacheng City)

FEH HFARAK EURE T RS (T B A)

TL Wild  fruit  East region of Baerluke Mountains 46°09" 83'33' 870 6.9 485.7
forest (within Tuoli County)

MR gk LR 3 L P D (H R B35 )

YM Pure West region of Baerluke Mountains 45°54' 82°30' 1,199 6.0 507.6

forest (within Yumin County)
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Table 2 Variance analysis of phenotypic traits among and within Amygdalus ledebouriana populations

%77 (A )  MS(df)
RN Ja e a] S BB 1% 22 JaAEIn] FEtEA
Traits Among Within Random Among Within
populations population errors populations population

R 5 L - -
Leaf length / leaf width 14.08(4) 1.83(145)  0.2794(1,350) 7.7049 6.5426
R - -
Seed length / seed width 1.6548(4) 0.1125(145) 0.0090(1,350) 14.7147 12.5445
BT = o
Shoot length / shoot width 33,666.04(4) 8,518.1(145) 551.27(1,350) 3.9523 15.4517
16 HAR o -
Corolla diameter (crm) 14.2236(4) 0.7508(145) 0.0845(1,350) 18.9443 8.8847
B2 34.3993(4) 13.1754(145) 4.6227(1,350) 2.6109" 2.8502"
Stamen number ' ' ’ ' ' '
IS - o
Gynoecia length (cm) 0.0339(4) 0.0136(145) 0.0024(1,350) 2.4829 5.7099
SR
Stamen length (cm) 0.0870(4) 0.0260(145) 0.0064(1,349) 0.3347 4.0793
A% T b i -
Meass per 1,000 seeds (q) 2,454,223.25(4) 157,439.83(145) 672.80(1,350) 15.5883 234.0087

* P <0.05, ** P <0.01

R3 HRUERHEONERNAESESRHERES LR

Table 3 Variance portion and phenotypic variation coefficient (V) of phenotypic traits among and within Amygdalus ledebouriana

populations
75y R RNMREL
Variance portion Percentage of variance portion (%) Vst (%)
PR Ja A Ih) JEREA BB 22 JoE AT JEREA BB 22
Traits Among Within Random Among Within Random
populations  population errors populations population errors
(O 2tS) (O %) (O %)
K
Leaf length / leaf width 0.0408 0.1551 0.2794 8.58 32.63 58.78 20.83
REK L
Seed length / seed width 0.00514 0.01035 0.009 20.99 42.26 36.75 33.18
BRI e
Shoot length / Shoot width 83.8265 796.6831 551.2711 5.85 55.64 38.50 9.52
SRR
ﬁﬂﬁ{f 0.0449 0.0666 0.0845 2291 33.98 43.11 40.27
Corolla diameter (cm)
e
0.0707 0.8553 4.6227 1.27 1541 83.31 7.63
Stamen number
o 1
ME‘“”“’JK{E 0.0001 0.0011 0.0024 2.78 30.56 66.67 8.33
Gynoecia length (cm)
M I 0.0002 0.0020 0.0064 233 23.26 74.42 9.09
Stamen length (cm)
R T hiE
Mass per 1,000 seeds (g) 15,311.89 31,353.41 672.79 32.35 66.23 142 32.81
i 12.13 37.50 50.37 20.21
Mean
KRR RE A KR KR, 648 2.6 ENS SN
BN RAL A B LA PR TR BR BB 1R F A ai R ER6. KT B Ais N FE s

Mantel’s testts: % (Smonse et al., 1986)7 1 % Ji
BRI ER 73 A J HF 1) b 2 B 25 0 R R 25 A0 DG A
2% (R=0.4321), #343.21% 1) AR S5 0] LA s 7
PR AR RE, RI56.79%I1) 2 BUAR 53 2 A IR 35 e
I(K2).

SRR VTR ZEIL75.7463%, A& LUK G N+ Ptk
(PR 5 B, Herb e — F pi s 1522.5700%, % &
Y F B R I PR IR AR A A0 15 A% K 58 L (0. 5654) yia
W HA2(0.5271) . HA% TR (0.5047); 5 F
11715.2335%, e VE S K PEERRAK A ﬂJrh“aﬁ
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Table 4 Phenotypic variation coefficient of eight traits of five Amygdalus ledebouriana populations

ek _ ‘ JE T ngu\lations

Traits AR R L] o LR LEEN Total

BRJ HBH TCH TL YM

K ELE Leaf length / leaf width 16.53 21.52 20.91 15.39 18.04 19.43
FRAK L Seed length / seed width 9.34 12.77 13.31 13.41 11.50 13.50
Bl K %Lk Shoot length / shoot width 35.84 33.33 37.05 37.36 46.03 39.00
1eidEf=  Corolla diameter (cm) 14.63 12.13 18.90 14.01 11.54 16.48
HEEA4  Stamen number 11.73 11.61 9.71 10.97 10.65 11.03
MESEK Y Gynoecia length (cm) 8.14 6.59 751 6.43 8.25 7.49
MR Stamen length (cm) 17.46 15.68 18.16 15.16 15.27 16.38
FATRiE Mass per 1,000 seeds (g) 25.23 21.30 12.52 23.06 22.17 25.95
P44 Mean 17.36 16.87 17.26 16.97 17.93 18.66

R5 FRUERIEER S HIESE SINE R FRE XS

Table 5 Correlation coefficient between phenotypic traits and geographical and ecological factors in Amygdalus ledebouriana

e 2% By TR AR SRR K &
L Latitude Longitude Altitude Mean annual Annual
Characteristics L
(N) (E) temperature precipitation
K55 EE Leaf length / leaf width 0.5567 0.6401 0.7600 -0.5976 -0.7075
FHKFELE Seed length / seed width 0.3985 0.3031 -0.6634 -0.3898 -0.2234
B K95 EE Shoot length / shoot width -0.7563 -0.7210 0.5140 0.6950 0.6608
1 H 4% Corolla diameter (cm) 0.1895 0.3588 0.9229" -0.2858 -0.4350
HEEAN% Stamen number 0.2732 0.6168 0.6251 -0.4015 -0.6376
MESEICEE Gynoecia length (cm) 0.2697 0.4828 0.8434 -0.3536 -0.5480
MERSKBE Stamen length (cm) -0.0865 0.0664 0.9765™ -0.0481 -0.1460
A% THIFE Mass per 1,000 seeds (g) -0.0005 -0.1387 0.2408 0.1563 0.0662
]
]
|
ARV BRI l
1
e TCH i
|
|
fEE TL !
|
HE YM |
]
Ky EL] HBH :
1 i L 1 1 1
0.00 0.16 0.32 : 0.48 0.64 0.80

Bl FHRHSMRABEUPGMARELE (AR ABKIER)
Fig. 1 UPGMA dendrogram based on Euclidean distance of five Amygdalus ledebouriana populations

6 (0.6213) . HAZ TR E(0.4951) . B v Lk
(-0.3146); 5 = Fjir 114.5265%, X e A ok
(P IR AR A A% TR EE(0.3961) B A K v Lk
(0.2378). ftjik H 12 (-0.2194); VY K v

12.0944%, ¥ e AEH 5K I PERFEFRAK A BT K
% 6 (0.7095) ALK 9 (0.3254) . A% TR =
(-0.2709); &5 HF By A711.3219%, X e 4FEH ok
(IR A VA K58 BB (<0.4177) B RS K 55 B
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Fig. 2 Relationship between geographic distance and Euclidean
distance of Amygdalus ledebouriana
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e Jii R PN R T 22 A ORI LAM IR . a5
AR BRI FRas B AN A 5 IS Rl

3 itig

Hr T kR B R e, PN
Fw R RN R, 5N RIRE R8N
RAVEARFE R 22 5 b 2, e BEIm] . R fE N 7
S R BRI 96.43-46.03% . JiE FEIAII FK 5 L RTB
R LU IR P 35748 S RO v TR IR AR K
v LIR30 S R 4, X 5 HARR R Z RS
LA A B MR TR bR B AT BOE IR A8 B AR RS R
FEER B TN s LA e T PR R bR b AR
i K, AT fE S HO PR BT 5w . d U AT G
(Hamrick et al., 1992).

Table 6 Loading and communality of eight traits of Amygdalus ledebouriana to the five principal components

L LR
Charja{cmﬁijfaitor 1 2 3 4 5 Comrr;ltjnality

K Bi bt Leaf length / leaf width 0.1674 0.6213  -0.0716 0.1735  -0.4177 0.6237
B K GELL Seed length / seed width -0.5654  -0.1708 0.0193 0.3254  -0.1659 0.4826
B K98 L Shoot length / shoot width 0.2591  -0.3146 0.2378 0.7095 0.3516 0.8497
1eiE E 42 Corolla diameter (cm) 0.5271 0.0139  -0.2194 0.2206  -0.0008 0.3748
HEREANEL Stamen number 0.1012 0.0983  -0.0726 0.2045 0.0188 0.0673
FESKF Gynoecia length (cm) -0.1678 0.1172  -0.0267  -0.0765 0.0804 0.0549
HEEEK S Stamen length (cm) -0.1192 0.2564 0.1536 0.1034  -0.1641 0.1412
R TRiFE Mass per 1,000 seeds (g) 0.5047 0.4951 0.3961 -0.2709  -0.0003 0.7301

RT HFIER. KRR BRATTE

Table 7 Characteristic root, variance proportion and cumulative variance proportion

HFIEDT T FRIEAR ERrEs B
Character factor Characteristic root Variance proportion (%) Cumulative variance proportion (%)
1 1.8056 22.5700 22.5700
2 1.2187 15.2335 37.8034
3 1.1621 14.5265 52.3300
4 0.9676 12.0944 64.4244
5 0.9058 11.3219 75.7463
6 0.8134 10.1670 85.9133
7 0.6669 8.3362 94.2495
8 0.4600 5.7505 100.0000
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HERZ %, 1996).

B3 30k

Baoyin TGT (S &Fg s %), Liu ML (X3E32), Li XL (ZE1%2%)
(2003) The study on dynamics succession of community
in degenerated steppe of Leymus chinensis after shallow
ploughing. Acta Phytoecologica Sinica (M%7 4R),

27, 270-277. (in Chinese with English abstract)

China State Bureau of Technical Supervision ([HZ45A W
JA1)(1989) Cereals and Oilseeds Method for Determina-
tion of the Mass of 1000 Grains (GB/T5519-1988)(AR & il
HUELT-Fz R0 %2 35). China Standard Press, Beijing. (in
Chinese)

Ge S (£541), Wang MX (EHIfK), Chen YW (FRE) (1988)
An analysis of population genetic structure of masson pine
by isozyme technique. Scientia Silvae Sinicae (MVF}),
24, 399-409. (in Chinese with English abstract)

Gu WC (i 5%) (1998) Conspectus of Forest Genetic Re-
sources (FRMRIEAL PHE ML), China Science and Tech-
nology Press, Beijing. (in Chinese)

Gu WC (i Jj#4) (2004) Statistics Genetics (G115 %%).
Science Press, Beijing. (in Chinese)

Hamrick JL, Godt MJW (1990) Allozyme diversity in plant
species. In: Plant Population Genetics, Breeding, and
Genetic Resources (eds Brown AHD, Clegg MT, Kahler
AL, Weir BS), pp. 43-63. Sinauer Associates Inc., Sun-
derland.

Hamrick JL, Godt MJW, Sherman-Broyles SL (1992) Factors
influencing levels of genetic diversity in woody plant spe-
cies. New Forests, 6, 95-124.

Huang PY (GE5:#), Pan WB (& fHik), Li XP (Z#HF)
(1985) Investigation of biological and ecological charac-
teristics on Amygdalus ledebouriana. Journal of Xinjiang
University (Natural Science) (HiiE K% (H AT}
}i)), (2), 65-70. (in Chinese with English abstract)

Huang PY (353%5#4), Zhang XZ (JKIBEED), Xie ML (35
¥4)(1986) A study on life form of the plant communities
of the Amygdalus ledebouriana Schlecht. Arid Zone Re-
search (T-XHFFT), (1), 22-29. (in Chinese with Eng-
lish abstract)

Li B (%), Gu WC (BiJ74), Lu BM (J758) (2002) A
study on phenotypic diversity of seeds and cones charac-
teristics in Pinus bungeana. Biodiversity Science ("EH)%
FE), 10, 181-188. (in Chinese with English abstract)

Li CX (FEFH ), Jiang LN (ZZNEHE), Shao Y (A=), Wang
WL (FE3CHK) (2005) Biostatistics (‘EWFEvHE), 3rd edn.
Science Press, Beijing. (in Chinese)

Li J (Z=48), Zeng B (%), Luo SP (BB), Li HL (Z=iF7E),
Madaniyati WLZH (Z5i&JE W42 & $7 #0#F)(2006) Pro-
tection and propagation of Amygdalus ledebouriana
Schlecht. in China. Xinjiang Agricultural Sciences (Hii%
v El2E), 43 (1), 61-63. (in Chinese with English ab-
stract)

Li JQ (Z=447%) (1994) Conservation of plant genetic diversity
and related molecular biological techniques. Chinese
Journal of Ecology (*EZ%443&), 13(6), 27-33. (in Chi-
nese with English abstract)

Li JQ (Z=ERii) (1998) Research progresses of genetic diversity
in plants. Bulletin of Botanical Research (F&¥)W5%), 18,



55 5 3

PEORAE: B e R AR S TR A A R I B 491

227-242. (in Chinese with English abstract)

Li WY (Z=3C¥%), Gu WC (i J54) (2005) Study on pheno-
typic diversity of natural population in Quercus mongo-
lica. Scientia Silvae Sinicae (MRMVE}), 41(1), 49-56. (in
Chinese with English abstract)

Luo JX (F'#ih), Gu WC (i Ji %) (2005) Study on pheno-
typic diversity of natural population in Picea asperata.
Scientia Silvae Sinicae (MOlLE}), 41(2), 66-73. (in
Chinese with English abstract)

Mou HX (2 L), Hou XC (1), Liu QZ (xI¥5#5) (2007)
Study on the phenotype diversity of woody energy plant
Xanthoceras sorbifolia. Forest Research (MOLEFH£A5Y),
20, 350-355. (in Chinese with English abstract)

Smonse PE, Long JC, Sokaal RR (1986) Multiple regression
and correlation extensions of the Mantel test of matrix
correspondence. Systematic Zoology, 35, 627-632.

Wang Z (1#%), Gao HW (#=#430), Han JG (3fi#[H), Shang-
guan TL (LB ##) (2005) Study on morphological
variation of different populations of Caragana korshinskii.
Acta Botanica Boreali-Occidentalia Sinica (@Iﬂﬂ‘ﬁ%%
i), 25, 118-123. (in Chinese with English abstract)

Williams JGK, Kubelik AR, Livak KJ, Stanton AG (1990)
DNA polymorphism amplified by arbitrary primers are
useful as genetic markers. Nucleic Acids Research, 18,
6531-6535.

Yan HJ (“4£%), Wu NH (3= J57%) (1996) Study on the ap-

plication of molecular marker technique in plant genetic
diversity. Chinese Bulletin of Life Sciences (‘EfnE}l2%),
8(3), 32-36. (in Chinese with English abstract)

Yu H, Kiang YT (1993) Genetic variation in South Korean
natural populations of wild soybean (Glycine soja).
Euphytica, 68, 213-221.

Zhao B (#K), Zhang QX (7K Jd #H) (2007) Phenotypic diver-
sity of Chimonanthus praecox Germplasm in China.
Journal of Northeast Forestry University (ZRAbAOV K2
2#4)), 35(5), 10-13, 35. (in Chinese with English ab-
stract)

Zhao X (45l), Zhao SJ (B 3F) (2007) Phenotypic diversity
of different Aquilaria sinensis (Lour.) Spreng. popula-
tions. Journal of South China University of Technology
(Natural Science Edition) (MFgEE T K==k (B RF
J#z)), 35(4), 117-122. (in Chinese with English abstract)

Zhou LW (JHS74H) (1995) Application of molecular marker
techniques to test the genetic diversity of the endangered
plants. China Biotechnology (“£4) T. #£ i#t j¢), 15(4),
22-25. (in Chinese with English abstract)

Zhu JL (4K 5THE) (1983) Xinjiang Almond (FT 8 EA). Xin-
jiang People’s Press, Urumgi. (in Chinese)

Zhu LB (%), Gu WC (i )7 #), Li B (£=%)(2007) Study
on phenotypic diversity of population in Ceris chinensis.
Chinese Agricultural Science Bulletin (1[4 2£1E ),
23(3), 138-145. (in Chinese with English abstract)

GiiEgit: WEL HEXR)



