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Phenotypic variationsin natural populations of Amygdalus pedunculata
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Abstract

Aims Our objectives were to determine the phenotypic variations, adaption and distribution patterns in seven
natural Amygdalus pedunculata populations.

Methods We analyzed 14 phenotypic traits from 120 individuals in seven populations of A. pedunculata by
variance analysis, correlation analysis, and cluster analysis.

Important findings Results showed that there were plentiful phenotypic variation within and among popula-
tions. In particular, the phenotypic variation within population was 40.91%, higher than that among populations
(35.29%), which indicated that the phenotypic variation within population was the main source of the phenotypic
variation in A. pedunculata. Mean differentiation coefficient was 45.90%, and mean coefficient of variation of 14
traits was 15.59%, ranged from 9.39% to 31.98%. Mean annual temperature, latitude, length of frost-free period,
longitude and altitude appear to be prominent ecological factors influencing phenotypic traits. Mean annual
temperature and length of frost-free period were key indicators to phenotypic of A. pedunculata in different site
conditions. According to principal component analysis and unweighted pair-group method with arithmetic means
(UPGMA) cluster analysis, the seven populations of A. pedunculata could be divided into two groups. In moun-
tainous region, A. pedunculata’s leaf blade was usually rotund to oblong, fruit nearly spherical shape with shorter
fruit stem, stone was usually ovoid to spherical shape. In contrast, in sandy region, leaf blade was long oval to
ovate-lanceolate, fruit and stone was usually flat ovoid with longer fruit stem. Our results provide critical informa:
tion for the resource collection and breeding of this ecologically important species.
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FEPEAZ S PP AN R A & TAERERAL, FIFHRE
WFARFIEE 2 A 78 P AR AR
DR EERE i OV T R R FH R AR S50 5 4
ik (Acer grosseri)(di %5, 2013). #R % (Castanea
mollissima) (V1. % f£ %, 2014). %L (Pyrus)(5k % %%,
2016). ##k(Juglans regia)(#Ek AN%E, 2016). =
FA (Pinus yunnanensis)( XS ili U 4%, 2016; 14 # %%,
2016). ¥4 JTUHE (Acer pal matum) (B 43 #5245, 2016)%5H
FhRARFIBEIAT T 2R W S0P, [0 1 bR
AR S AE R RRIE; 7R R A A U A T, R
PRI ] (10 26 7Y S Rk 5t T/ R 25 A LB
% (Via, 1993; Garcia et al., 2000), =FiH(IRMn%%,
2016) [ & i PEIR AF 57 . 40 B A1 BY (Rhododendron
rubiginosum) (F5 B iEZE, 2017) IR MIR Z FEME S
HEPRCE VIR 9%, iR #ir (Ulmus  lamellosa) (48 BT 45,
2013) ¥y PR I8 B L 20 RN 1Y) 2 B AR S
(e

K44 i Bk (Amygdalus pedunculata), 7E J& 7 i
W2 P PERE . BRSPS AR % AR, 1981, F
BENANPE I, 1983), J& Rk E 2 A
VEAR, B AT FRE P9 52 B L LRk L R
P 5% ot B 7 A Ak R R Vb R (A B R R T R
1981). KA BRI E T2 T+ FHblX B R 4T
(B R D S5 RN, FLIE MR, TFFE. LR
M £k i 30 (B8 F 255, 2005). KA fmbb A& &
W E BRI E, AP E 5 15%-30% (FEAENNAE,
2012), &rih#ik55%LL I (ZEHRAE, 2010); /G AAS
WRIRE B =, LD, 4 REGRFEE
(Tk %, 2004), FPAdhm &, BAT 2N,
FOFp 7830 nT 0 s R R (250K 5§, 2010). sz, K
Wbk R AT ST T — R ME RS
WR, BRI, PR AN . BT
Wi m Bk AEBEE S, KT B AR AR E A, 0
BN SR R R R, AR Bk B A B R
WP, B2 (1992) K LA A BEia .

T 55 (2014) 5 K A i Ak 1R SR SR AU AR SR AT T
TRIT, 7 22 W55 (2015) X KA e kit (1) R 2 22 A
YEEAT T 20 #r, HABRE 70 3 B p 7 AR (0 R
2> %5 2005; ¥ 4, 2008; ok oh %, 2013a,
2013b). PR (R I, 2014; VREiE, 2015; %
i, 2016)Fn TR (Z0k 4, 2010; 1R4x155F,
2011; V¥, 2014)%5 7718, T 8 T AW s Bk R AR
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MR ZFEPERORT T, IXANA T Bk R A ik
B LARMIMRITFE AT AT AP fi M6 I SRRl
L AANRAVESORT TORS B, BT FUR AL IR AN
BGASN T Z R, SRR R
AVEDR BB 7 AT A% =, ORI IX R st Bl
SOy, LR AL E SR R AR KR, JviR
NI R — W e B IR S (s Bk

1 #RFAE

1.1 #MRREFFRRE

BT A0 B0 BORME AR . SCHR AT [ FH S Hh B
20144F-3 H %2 201547 H XA i Bk 74> R AR PR 1)
SR Fr AR AR S AT R AR S T A R I e 55 T
YEo REE RS A BRVGMIARTT /N 2 (YYe).
KE(SYe); Wkl 2 HIG) . HA%
(SSC). HiJE(QD); FFANEFR: i WIWRIE(LMD). /N
H(XIG); FEASKAE S A— M, —H7
ANFIRE, 120 bk, FEAREAE I E AN kR IR
TR BEAR A T LA 3 A R i SRFERS, AR
LR AR IEAT GPSE 7 10 53¢ L 28 26 i g Pk S5 b 2
s, HPkIE] FE80-100 m, % % P4 B kA Uy I B
HURFE T R (R . SERE o f s
100, AR ORI 5 7 (B S50 5 o 74N KA s (1) b 3
G A0 A R - S5 B AR AR L, AR HRE WL
&< % %4k M (data.cma.cn) »
12 FEMRBINE

Z 8BRS IR R MR B R AR AL ) (5K
Kifg, 2000)F1 (Hp (B M & BkG) (LR ER
e, 2001) 5 GBI E Tk, 18R T 1405 T3k
BRI 2 FLgt A% AR Ao AR ALK, A bR =
JCRE B 2 290.01 mim) 2 551l 52 30 53 KA J 1k 11D
Horb, mgEL K. RYE. BR. R,
Bk, WE. B9z, BBERZNE, RER
P/ RIRIRMAR . AR
MIEfR . RIETR BRI IEF e BT R T b o
1.3 KRB FAS

K S 22 3 Btk FE A AR i k2 L P PR AE o
TR )RR, P9 (1 22 5 35 1, ZRAMEAREOR: Vijn = 1 +
oi * By * €ijne Yin N EI S FRRER AR ZEn S AL
DA, @y SRV S918, oq 9 581 BRI 280 A8 (1]
5E), Bioy AN FIEE N S AN MA B BOSAE (BEAL), &ijn
RS IR AR 15 22 (A Rk 5, 2002; i T 7,
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F1 KWRBE S RIAFRE R BT B R R AR AT
Tablel Geographical locations and main climatic conditions for the seven Amygdalus pedunculata popul ations sampled

Piis BURE R 2% i R PR A EIRETR AR K E oA LRI
Population Individual of Longitude Latitude (N) Altitude(m) AAT (C) AAS (h) AP(mm) Frost-free day Site types
samples (E) (d)
NETF S YYe 20 109.20° 38.45° 1294 81 2879 413.9 154 Vit Sand
#ARE Sye 9 109.87° 38.85° 1268 838 2876 436.6 169 i Sand
2357 HIG 17 110.09° 40.75° 1416 45 2970 280.0 120 LLiH#h Mountainous region
WH% SSC 11 110.10° 40.77° 1430 4.0 3077 300.0 116 LLiHh Mountainous region
v LMD 6 110.30° 40.78° 1222 31 2952 362.8 118 1li#h Mountainous region
HiJE QD 9 110.08° 40.77° 1516 3.6 3012 330.8 120 11l Mountainous region
NI XIG 48 111.83° 40.98° 1386 3.7 23863 489.3 95 11t Mountainous region

AAT, mean annual temperature; AAS, annua average sunshine; AP, annud precipitation; HJG, Huji Ditch; LMD, Lamadong; QD, Qiandian; SSC, Suishichang;
SYe, Shenmu County; XJG, Xiaojin Ditch; Y Ye, Xiaojihan Village.

2004). TS H KL E LM ZE R R, 2t SPSS 19.08 4347 i, FExcel 20104bFEHL 4
BTANFIEES AN EIR P BME( X ). ARdEDR 25 (SD)- AT o

R0 R H(Ve) FIAE 57 R HU(CV), Vg = 656/ (05 + N

03, CV = D I X, Ao nRrEa 7 248, oSN Fh 2 &RMSH
FEN 7 ZE(E 205, 1988). JET14MEREdE, 2 21 #MBEEMMBEARNRETR

FR %7 7t gl AT 73 7 (2005) % 7 R AR AP AREREAT A I o AT e Ak 140 14 2 FR AR A0 Pl B D) R ol 8 Y
BUH V3415 (UPGMAY K2R 404, MR S AR BR BT R BHR20T 5, B T AR
IRl -7~ [ (A 5% 56 R 70 K Pearson R WA ATk ARLEPPEE IR0 W35 22 S 4, HAth & S i R AE
(SEBARE, 2009). 38 MO FEARUSIG /0 BT IS BERIAIRREE N B EFEAR 2 35 22 77 (p < 0.01). 3@ 4
VL IR AR SR KA Bk R R E AT 22 5 TR AR T IIE (X ) bR 2 (SD)f £ & Lk
BEEGL. H, SR ZEM. ZEER. A BRERI)ATH, KRR RTEM B A 5 %
SOHT AHRMEDHT. ERS SRRV R YYeM B R B (A SO R R . R

F2  KNWmBERBER 077 22 90 87 BOR R 1E) R B 00 R
Table2 Variance analysisand phenotypic differentiation coefficients among the Amygdalus pedunculata popul ations sampled

E:"j; F I\:/L\IHue Proportion g?a/ﬁ\ a%f zgnali‘)onents (%) ipﬁfggf% .
ypic
AR A MR RRREN bl Bt
Among populations ~ Within population ~ Among populations  Within populations Random error
MK LL (mm) 4666 6.281" 49.00 26.30 24.70 65.07
M98 LW (mm) 29.722" 56217 56.45 1841 25.13 75.41
MR PL (mm) 1.720 3.357" 10.24 29.41 60.35 25.83
MRS LS 40.295" 9.621" 66.10 20.06 13.84 76.72
HYUE FLD (mm) 3615 13.079” 37.08 44.79 18.13 45.29
BREE FTD (mm) 6.278" 12.9517 24.19 56.28 19.53 30.06
H4% FSD (mm) 12.829" 14.658” 27.48 54.87 17.64 3337
RIE4e% FSI 16.351" 11.338" 42.86 37.14 20.00 53.58
i FSL (mm) 13582" 9.379" 34.03 41.60 24.37 45,00
AJE PT (mm) 10.872" 5.169" 30.20 32.18 37.62 4841
B % NLD (mm) 1.576 18.788" 36.74 51.42 11.84 4167
Bifi%: NTD (mm) 7.203" 9.344" 24.41 55.17 20.42 30.67
Mm% NSD (mm) 6.471" 9.413" 16.62 60.42 22.96 2157
B % NSI 7.427" 5.599" 44.64 44,64 10.71 50.00
FH{E Mean value 35.72 40.91 2337 45.90

FLD, fruit longitudina diameter; FTD, fruit transverse diameter; FSD, fruit side diameter; FSI, fruit shape index; FSL, fruit stem length; LL, leaf length; LSI,
leaf shape index; LW, leaf width; NLD, nutlet longitudinal diameter; NSD, nutlet side diameter; NSI, nutlet shape index; NTD, nutlet transverse diameter; PL,
petiolelength; PT, pulp thickness. ', p <0.01.
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TEFE BAZ Y 16 20 34 o B bk 9 T AR 6 40 Ak
PRI, SYSFHEH K i, SSCHHE RN K i
Koo MR EK, LMDREE 8. RAE. R,
RO IR, QDM RAR/E, XIGH %L
K.
22 MEEARES L

I AT Z T, 133144 R B IR TE P
Vi) R P 1R 7 22 o 0 B R R B R AR
2), SR BIRIFI T 25y B s N 35.72%
F140.91%, BENLIR%23.37%. FhEEE £ R4
AR A 21.57%-76.72%, A £ A4k R B K
SRR EL, S/ NRRZMIAR, 2B TR R 2
R, TR MR R E . &, 5. MBS
ORISR T 8 £ 10 3R B o 4 R K T-50%, 1 B X
SE PR AE R BE R I 2 REE LU EE M RN I, B
TR B R0k R BUAN50%, HATERER MM &
HNT50%, (EFREEA AR R TR Bz, K
A i Ak 25 P IR 1 6 28 01k R B 34048 M 45.90%, Y
T BEE () A S 7E 2R 04 7 DT ik %6 9 45.90%, FRAEN
A5 57 5RO 54.10%, FRENA] A4S SN T REER,
T i Bk TR T 11 3 28 22 P S LU T A PN 17
A5t
2.3 REIMIRT BAFE

YRR B HR B 3 2OAE 7 RECKHIR, R R

R3 KRBT R BNER & 2 B LB (P AR HE R 2Z)

oK, RN IR B EORE Bk vy, R T AR S R R
K(FER 2, 2009). A 7ANKAA i kR IR FhFE 2E 4728
T RBI T (R AHE R4 RBIVER T4 7 R
B N15.72%, Z1E9.39%-31.98%. H 48R REH
K2 W EPEIR, Ay RN K (27.63%) F1 i+
(22.97%), ZMIAEHIAE 7 R 40(9.39%) i /) o THNRIR
FhAE 2 AL MR ST 35748 7 22 4000914.00%-19.02%,
HHIGF R B 2 PR 5, QDR AILMDFf
R ZREPEAIT AR
24 FREMERSHIRE FSEFRIRE X

KA Bk 1440 KBRS & AR AE S R 7
[RAH 9% 73 T (GR5) S 45 an T A5~F-35 i (10.003) >
2515 (9.701) >TC 75 11(8.894) >4 /% (5.827) > HIE
I 8] (5.165) >¥FK(5.019) >4E[% /K& (4.705). Hor,
PSR S TR IR bR B35 IE 1R A X (p < 0.01),
Bk gE i B 2 AR OS(p < 0.01), SRWNKEEIE
FAH S (p < 0.05), HRMAF . MR FIRZMARE B2
A (p < 0.05); & 5198 M 5 3% 1F [F) A 5%
(p < 0.01), 5IIRIBHILEE FL A4S (p < 0.01),
5 R4 AR AZ AR 53 1E M AH 9K (p < 0.05),
R EZ AKX (p < 0.05); AN S RIEHE
B 2 IR ARG (p < 0.01), 558 i 2
BA A S (p < 0.05), 5 HTEHE U RN K &35 1E 1)
FHX(p < 0.05); &EFMZMAREIERAMHEX(P <

Table3 Phenotypic traits and multiple comparison of the seven Amygdal us pedunculata populations (mean + SD)

MR Trait FhEE Population
YYe Sye HJG SsC LMD QD XJG

LL (mm) 22.91 + 4.43° 24.65 + 5.84 20.89+3.89°  24.15+3.47% 21.23 +1.99° 19.58 + 2.28% 21.14 + 3.172°
LW (mm) 7.70 £ 1.97 819+ 173 11.41+2.34° 13.09 + 1.95° 14.63 + 2.34° 13.75 + 1.90° 12,15+ 2.49°
PL (mm) 6.19 + 1.50%° 6.96 + 1.52° 595+ 1.28% 6.54+1.31% 577+ 167 6.38+ 1.52™ 6.42 + 1.31™
LSl 3.11+0.85° 3.06 + 0.65° 1.86+ 0.30° 1.86+0.26° 1.48 +0.21° 1.44+0.16° 1.80+0.38°
FLD (mm) 12.81+1.22° 1335+ 1.29° 11.79 + 1.42% 12.62 + 1.43° 1359+ 1.32° 12.14 + 0.97% 12.74 + 1.09°
FTD (mm) 10.11 + 0.89% 11.32+1.37° 9.98 + 1.56% 11.00 + 1.00™ 12.55 + 1.31¢ 1057 + 1.03° 11.06 + 1.29°
FSD (mm) 9.37 + 0.85 10.07 + 1.00° 1051+147°  11.41+0.90° 12.49 + 1.29° 10.67 + 1.07° 11.48 + 1.31°
=S| 1.38+0.16° 1.34+0.20° 1.13+0.14° 111+ 0.09? 1.09 + 0.09° 1.14 + 0.09* 1.12+0.12°
FSL (mm) 6.19+ 1.21 6.46 + 1.55° 5.20 + 1.66" 5.80 + 1.92° 430+111% 405+1.17° 401+121%
PT (mm) 1.03+0.35™ 0.94 + 0.10% 0.86 + 0.38% 1.16 + 0.46° 1.15+0.41° 1.46 + 0.46° 1.40+0.41¢
NLD (mm) 11.88 + 1.26° 11.74+0.91° 11.03 + 1.22% 11.46 + 1.38% 1113+ 1.08° 11.00 + 1.16% 11.64+1.13°
NTD (mm) 848+ 1.12% 8.98 +0.94° 9.38+0.97% 9.70 + 0.72% 9.55 + 0.56% 9.04 + 0.95™ 9.79 + 0.94°
NSD (mm) 7.47 +0.64° 7.72+0.89% 8.22+1.07° 8.70+0.73 8.67 + 0.48 7.85+0.74° 8.30+0.78°
NSI 1.60+ 0.16 153+0.12° 1.37+0.34% 1.32+0.12% 1.28+0.11° 1.41+0.13° 1.41+017°

FREAR S SRR 5 20 3 AR LR 2. R rh R 7 5 AN R - RER R 22 57 . # (p < 0.05).
Table 1 and Table 2 indicated the numbers of populations and the abbreviations of phenotypic traits, respectively. Different letters after the number in the same

column indicated significant difference at 0.05 level.
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Table4 Variance components of phenotypic traits in Amygdalus pedunculata populations

BINIRESE: KA bR IR MR AR 5 1095

AR Trait Fh##E Population (%) M
YYe Sye HJG SsC LMD QD XJG Mean value (%)
LL 19.34 23.71 18.64 14.38 9.39 11.64 14.97 16.01
LW 25.53 21.16 20.52 14.92 15.99 13.85 20.53 18.93
PL 24.19 21.82 21.59 20.00 28.90 23.85 20.46 22,97
LSl 27.26 21.21 16.08 13.77 14.02 11.39 21.24 17.85
FLD 9.92 9.67 12.04 11.34 9.71 7.98 8.58 9.89
FTD 8.76 12.06 15.63 9.07 10.45 9.76 11.99 11.10
FSD 9.07 9.93 13.98 7.89 10.37 10.03 11.43 10.39
FSL 19,57 24.02 31.99 3315 25.80 28.75 30.13 27.63
PT 33.74 10.41 43.75 39.65 35.41 31.45 29.44 31.98
= 11.76 14.61 12.69 7.92 8.57 7.51 10.78 10.55
NLD 10.59 7.77 11.08 12.02 9.67 10.50 9.73 10.19
NTD 13.26 10.49 10.30 7.46 5.86 10.56 9.61 9.65
NSD 8.55 1151 12.97 8.43 5.55 9.37 9.36 9.39
NS 10.25 7.80 24.96 9.36 8.52 9.41 11.86 11.74
Mean value 16.56 1473 19.02 14.95 14.16 14.00 15.72 15.59

TR 5 R R IR 5 43 il WA 1R 2,
Table 1 and Table 2 was indicated the numbers of populations and the abbreviations of phenotypic traits, respectively.

F5 KA R TR S 1 B A 25 DR T [B] A AR DR 40 b
Table5 Analysisof correlation between phenotypic traits and geo-ecological factorsin Amygdalus pedunculata populations

PEBR i 2l R P 4 [ BRI 1) R K R
Trait Longitude (E) Latitude (N) Altitude (m) AAT (C) AAS (h) AP (mm) Frost-free season (d)
LL -0.344 -0593 -0.439 0.661 -0.095 0.189 0.606
LW 0.455 0.910” 0.356 —-0.958" 0.625 —-0.426 —0.797"
PL 0.022 -0.365 0.134 0.513 -0.123 0.377 0.416
LSl 0521 -0.959” -0.478 0.982" 0573 0.436 0.862"
FLD 0.001 -0.345 -0.851" 0.269 -0.399 0.537 0.336
FTD 0.292 0.229 -0.566 -0.281 -0.026 0.223 -0.123
FSD 0.594 0.779' -0.075 -0.810 0.336 -0.118 —-0.707
FSL —0.676 —0.787 —-0.347 0.842" -0.119 —0.006 0813
PT 0.555 0.493 0.471 0566 0.149 0.243 0594
FSi -0.600 —-0.988" -0.419 0.971" -0.586 0.430 0.899"
NLD -0.086 -0.729 -0.436 0.732 -0.610 0.721 0.494
NTD 0.778 0.845 0.187 —0.755' 0.337 -0.116 -0.801"
NSD 0.486 0.788" 0.043 0772 0.531 -0.354 —0.706
NSI -0.417 —-0.893" -0.218 0.889" —0.656 0.529 0.739
Total 5.827 9.701 5.019 10.003 5.165 4.705 8.894

FiF5MREKL F£2. * 5 HIFRRIEp < 0.0581p < 0.01H) & K F.

Abbreviations see Table 1 and Table 2. * and ** indicate significant correlation at p < 0.05 and p < 0.01, respectively.

0.05); itk 5RHIZEE M FMHK(p < 0.05). FH

M RN fK B S B TR R E R R

25 REMMERBERD S
IR T (36), Giit R4 NI E KT L
B RSy, TTERZE N95.518%. 55— RS (PC-1) &

BRAENTERIE L, AEmv. TRIEEL Rz,
RRKIZMARE, 5 = F 8o (PC-2) £ ERAEA
RYIR, BFRIFAEELR; =T (PC-3)
FERAEWE; Y F o (PC-4) F ZRAE A .
PC- 11 PC-21] 77 ik % 73 73l 458.329%7#1119.297%,
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F6 KAmBR BRI E RS S BT
Table 6 Principa component analysis of phenotypic traits of Amygdalus
pedunculata populations

IR Trait ERST Main component

PC-1 PC-2 PC-3 PC-4
LL 0.604 0.685 -0.266 0.263
LW -0.976 -0.005 0.057 0.023
PL 0.499 0.289 0.271 0.689
LSl 0.974 0.198 -0.032 -0.060
FLD 0.113 0.854 0.321 -0.393
FTD -0.453 0.773 0.250 0313
FSD -0.896 0.433 0.042 -0.064
FSL 0.826 0.293 -0.430 0.086
PT -0.500 -0.150 0.775 0.289
FsI 0.972 0.030 0.134 -0.184
NLD 0.751 0.410 0.244 0.174
NTD -0.794 0.334 —0.160 0.376
NSD -0.825 0.416 -0.326 0.134
NS 0.937 04171 0.277 -0.049
FEME{E Eigen value 8.166 2.699 1.387 1.120
Contributive 58.329 19.279 9.909 8.001
percentage (%)
fggfﬁfﬁme ) 5839 77.608 87.517 95518
FAMERGR S [F] %2,

Abbreviations of phenotypic traitswas indicated in Table 2.

PAPC-1 X, PC-22: 4 Yl s B (1), mrsnk
A i Ak 2 Y MR 2 B R A3 A s 0K, HIR IR TR 2K
(PC-1) T 32 52Ma KT RARIR(PC-2) . FHEEAN], 2t
AT RS2 FR AN R, Y'Y efp i RISY ePp 1)
FARFEE . QDR HEFIHIGHFEE (1) S AR 52 Hh B [A] 1
SO B K, XIGHF R B PHIR 52 Hb B A 25 IR+ 52 el
FEXTE /N

26 MEBEDITRAFEILHEZET KB R

RETSH
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Fig. 1 The relationship among different Amygdalus peduncu-
lata populations based on PC-1 and PC-2. Table 1 indicated the
numbers of populations.
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Fig. 2 Cluster analysis based on the phenotypic traits of
Amygdalus pedunculata populations. Table 1 indicated the
numbers of populations.
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Table7 Theinfluence of different stands on Amygdalus pedunculata popul ations

PR Trait thi#h Mountainous region Vb4 Sand
Sy it FiE 2 Sy it bR G 22 ?f;?
Rangeability Mean value Standard deviation Rangeability Mean value Standard deviation

LL (mm) 9.21-33.19 20.75 4.04 12.16-38.91 23.45 4.96 >
LW (mm) 5.21-19.52 12.01 2.61 4.23-13.95 7.85 1.90 >
PL (mm) 2.68-12.22 6.28 143 2.87-10.44 6.44 157 -
LSl 0.84-3.23 177 0.35 1.96-5.93 3.08 0.72 >
FLD (mm) 7.14-19.22 12.65 145 9.75-16.21 12.98 1.26 *
FTD (mm) 5.58-14.77 10.68 1.39 8.30-14.65 10.49 1.19 -
FSD (mm) 5.92-15.73 11.20 1.33 7.24-12.06 9.59 0.95 >
FSL (mm) 1.16-10.15 4.47 1.54 3.08-10.07 6.27 1.32 **
PT (mm) 0.15-2.99 123 0.47 0.38-2.21 1.00 0.30 >
FSI 0.75-1.66 114 0.14 0.94-1.82 1.36 0.17 >
NLD (mm) 7.28-18.15 1161 144 9.89-15.27 11.84 1.16 -
NTD (mm) 7.04-13.45 9.67 0.97 5.82-10.97 8.64 1.09 >
NSD (mm) 2.48-11.93 8.27 0.85 6.09-9.64 7.54 0.73 *
NSl 0.81-4.06 142 0.25 1.23-2.01 1.58 0.15 *

FRIEIRG B [F) 2. * 5+ 43 IR RAEP < 0.05H1p < 0.0119 & /KT
Abbreviations of phenotypic traitswas indicated in Table 2. * and ** indicate significant correlation at p < 0.05 and p < 0.01, respectively.

B3 ARAH KA m A SRR A, il B, ¥, Mg K/NRLemx Lem.
Fig. 3 The phenotype difference of leaves in Amygdalus pedunculata between different stands. A, Mountainous region. B, Sand.
The size of thegridwas 1 cm x 1 cm.
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Fig. 4 The phenotype difference of fruits in Amygdalus pedunculata between different stands. A, Fruit spur from mountainous re-
gion. B, Fruit from mountainous region. C, Pulp from mountainous region. D, Fruit spur from sand. E, Fruit from sand. F, Pulp from
sand. The size of thegridwas 1 cm x 1 cm.
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Table8 Comparisons of morphological characteristics of Amygdalus pedunculata populations between different sites

Ll Mountainous region

Vb Sand

R A

Leaf morphol ogy 1 2.68-12.22 mm.

T R B KR, K9.21-33.19 mm, $:5.21-19.52 mm;

AR B RS, £:12.16-38.91 mm, $§4.23-13.95 mm;
H#95K:2.87-10.44 mm.

Blade rotund to oblong, 9.21-33.19 mm long, 5.21-19.52 mm Blade long ova to ovate-lanceolate, 12.16-38.91 mm long, 4.23-

wide; petioles 2.68-12.22 mm long.

RELTEE

Fruit morphology ~ mm; H A% )%, 0.15-2.99 mm.

13.95 mm wide; petioles 2.87-10.44 mm long.

RS ERIE, H1£5.92-15.73 mm; R, K1.16-10.15 HSLUpEkiE, HE7.24-12.06 mm; FEHRHK, £3.08-10.07 mm;

P, 0.38-2.21 mm.

Fruit subglobose, 5.92-15.73 mm in diameter; fruit stem short, Fruit ovoid, 7.24-12.06 mm in diameter; fruit stem long, 3.08-10.07

1.16-10.15 mm; pulp thick, 0.15-2.99 mm.
ML Stoneform 1% 55 URIEEIEERTE, E482.48-11.93 mm.

Stone wide oval to subglobose, 2.48-11.93 mm in diameter.

mm; pulp thin, 0.38-2.21 mm.

¥ 5590, H.4£6.09-9.64 mm.
Stone wide oval to subglobose, 6.09-9.64 mm in diameter.

9 AFISLH - A ZS TR T ELE AT

Table9 Comparisons on geographical and ecological factors between different sites

Hu PR AR ST 1liith Mountainous region Vo Sand R
Geo-ecological factor %){E Meanvaue #rdEf# Standard deviation ¥ Meanvalue #rfEfW#% Standard deviation t-test
2% Longitude (E) 110.48 0.76 109.535 0.47 -
4% Latitude (N) 40.81 0.10 38.65 0.28 *
Mk Altitude (m) 1.394.00 107.60 1281.00 18.38 -
EPHSIL AAT (C) 3.78 052 8.45 0.49 *%
AEH BRI R AAS (h) 2974.80 78.85 2877.50 212 -
EREIKE AP (mm) 352.58 82.62 425.25 16.05 -
ToFEH Frost-free season (d) 113.80 10.64 161.50 10.60 o

AAT. AASHIAPRIZ1. *5** /> B R 7Ep < 0.05F1p < 0.01f) & & /K.

AAT, AAS, APsee Table 1. * and ** indicate significant correlation at p < 0.05 and p < 0.01, respectively.

PR TORE R A 5] SL A i bk 2 2 22 S 10 2
BRI T

3 it

31 Kim#kAREFEERE T RKIR

KA DO AEFR [ 2 TS BRI
T I R AR X o S 2 A X 7N KA ik
RARFIEE )14 R AR OB FE, R AR i Bk 3R
REZFEIEEM B AA N RS, X5
2(2016) %} 111 A5 (Armeniaca sibirica) . 15k £145(2017)
XUV A (Cupressus chengiana) . it 25 (2013) %) 5 2
BRI 9T 45 SRR ABL . R 2 3 Ak R EOR KAR i R 2E
15538 N 1 1K) 2 0 S e, A2 2 KA e Bk e T 48
T4 R HUCHA5.90%, =T IR A (28.10%) (48 Wt
4 2013). = AZ(Picea asperata)(30.99%) (% & fih Al
J Ji %, 2005). HR5E(23.42%) (L8 5%, 2014). #
Bk (30.60%) (14 7k A £, 2016) . b A= M (Sophora
moorcroftiana)(39.25%)(#k ¥4 55, 2014), 5% T #&
(Syringa oblata)(43.93%)(FH ZEFH il J5 4%, 2006)4H 4,
iK% T 5 2 456 (50.16%) (i 8 55, 2013). i #4 (Pinus
tabul eaformis)(51.86%) (XI| 7k 1.5, 2010), 4% Bk
FE 1) 22 B 34 B v KPR SR B 7K
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A AR R B R ) B AR, 3 AN R
FREER AR e E o KRR R SR Fh R AR S
SR EAVEEN, 5T RO T e R R )2 E
R (ZAE, 2002); 53— 77 T B85 KA Ak A
TARAR A (B4, 2005), HEA Tl H R
FERMRSE, KA B Fh Tl Be 0 &, (HE I HRE
KGR H S, HFEHRENRESBREY W
FET, 1E BINIRE TR KBS 2, MU %A,
AMERE A5, ZREBOR, BOMFEE A A 55
TRNHEIA] R3S S o AR R R 0 A 25 1) T B2 AT &
GoRIFE R AH ELAF A (Hamrick & Godt, 1990). KA
Jrt Bk ISR TR AEAE R SRS LA S AN [F) 3R] A L5
B, SESE R S EARRTT . P AR BN SR
AT R T o 7 AT AR a2 A [ A e T £ 2 P 28
W, I8 T B A (R 18 45 2 A
32 KiRmHkMEERYRE T RHFE

A REUE R MRS BT &, 5REZS
FEPEIEAR DG KMmBk. . R85 R
BT 1H(18.94%) >54(16.92%) >1%(10.24%).
PR Fi b 1R A8 S R AR A MR T AR A8 S R AU
1.85f%, 1% 3% B KA R A PR 11 168 45 A2 e 1 B 2
TR, R 2R AR R R . KA Bk
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M AR S REUERK AT e S 4 FE A kA KA
5%, Y YelfJ 4 i (109.20°) A4 5 (38.45°) #i K T HoAth
PR, KTV, HRERIEH KA, R
A, RO, R SR, X S5ERE R
B R P o 7= A B K B s DA sk e 70 AH A0
(Gil et al., 2002). LMD A% i K T HoAth Fh
B o RAEK A e Mk R T8 05 1O A8 S REOGHME N
13.38%, FAEM . K. K/ R REIEN
16.19%, ULEHARIMEAMET, KRkt R, #
KANEREE, M. RE. BEERBN, X
500 1L A5 3R AL A R FE I 25 S BR 4, 2016)4H
ABh o B FE AVt Bk I SR R 2L AR S AR AIE T DRy LT
AR RMIEE S TERESE.
33 KiNRHMENREMKREHEBESEFR
S HERAE KT

TR AT TR E A ZE L BRI,
5, SEHW Ao (L B AN yb Bb, 45 B V5 [ 38.45°—
40.98° N, %4 J¥ 3 109.20°-111.83° E, 3k it T
1222-1 516 m, XL A SIREE R 1 22 7 A 5
FEC AP i Bk 22 20 PR 22 R P AR SR R . ASHIE 2 R
BRAE I BRI R) N AE B 7K X KA i kR B IRV A
AL, HASAN F -5 2 B 3 I,

SRR IR A J Wb R TR IR A 5 R i J 6,

ST R, R, AT AU [ 7 B
WHEHE, R, R ZERIEREE, 4175
ARAAR, s, R REROEN, ST R
R TR, AR AR, AR
> ARSI T A AT B S A K BB SRR,
ZPIE . RIRAEARS R B, M98, RS
R, ke, EEg R b, oA
RIEIL W RE, R AT KBHEEIL T HE,
RARALHE, RAARE . BE LRI, M98 &
REARIE K B L L3N, FhseiRae Hosh, R
Mz, tdite. IR K. milkfh e T
R, RGBT TR . 4 H RN A
B KBRS EAR A R R ETE R A A
ANRHEAR 530 HATIE B, H DRI 5 1 P AR
HAFR R LE AR 2%, A RWARIAR, Qi
A EPU AR . SEFEKEANEE H BN 8]0y 3= 132
R (T B 5245, 2016), 9772 30 S 30 H 5 8 DA
FALAR SN Py DURPEAR O E R AR AR
AN(ZHAE, 2013), 1M KA i MRl AL AR 5 32 27

BINIRESE: KA B R IR MR AR 5 1099

PR £R FEA TG RE BA3AS 5 b B S A IR 1
AL

I F R TR AT, TS KA R B OR R
PHHEERT 20 IR, 3 —REAHIG. XIG. QD.
LMDAISSCH B, MK FHNFEHEN ML, A
A A R B R A 2 A, 5 P 35 SR AN 46 FE A 2 A
K. FKFBRYYeHSYe, HhrT-BerbtsEy, £k
TybHh, 25 S A RS MR PR AL B A K T At el
BEo SCHbZRPEXIHG . IR MBEfREL. RHSE.
BAE. B, R, AR MR W
TR o KA Bk K 2 Sl B & KR,
T Hh B KA Bk 22 D9 KM B BB £ 1L
KA AR IR IEERTE, 17D K AR
PR K%K 2 BONERTE, VD b A Bk (1 SR AR
Wik KT I KA m Bk K m kSRR MHR S
R A SRR B S U)o Bk, [AIRAE X R AR
i B e 2 AL B ) B (X RIE A S KR .
IR R A LRI A S P T BB R, N
7R SR A b R SR R DA 8 n o = AR /N R R
T, R ERGERE T, M50 E
F i o
34 KiRRmHk#HRZFIRR R B FF A

KA bk G TSP 3R B RE DS
Fetk, BAWGRIIERN ), ERETFEET2EHX
AEBRER R RIEEERIER . HAC AR
FRBRTR . B, YA R VIR 58 TR &
BEE, LA RINES. N4 HSEE M E.
AR, RIVD B R A N A5 SR A, KA e Bk o
GEUR>A F A LTI 2 T P (R %, 1998), LB
PN i fart (2= 5 N5, 2004). A T RO RS
FUFIFH BAT KA Bk KSR TR, A R kAT 18 4% 4
R 5B LR E =B s R, R (D) s R
PO B AP, T8 R AR JE PR AR S 2
A, QI RASBE A, o risE 2 A
P, IS S AR C R B S LS A i R
W AE Z R PEAN T SO AR i Bk A 1 D% B BR 7~ S FL i
fEId R, DLA R i i (R AT SR (3) KA i Bk 2 2
5 FEORE TR, HEESEFHSRE. 46
FERITEFE BAAE DG, AT g & 1% L PR (1 R A i
SR AFEHOR VPO AR AR, DA 7S AT, SE A K
HiHEAT KA i Wk B AR AD R A (4) BARKAN
PR BAR S 3 BRIE T FRERN, (B AR E—
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