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High-level phenotypic variations in populations of Armeniaca sibirica in Nei Mongol, China
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Non-Timber Forest Research and Development Center, Chinese Academy of Forestry, Zhengzhou 450003, China

Abstract

Aims  Our objectives were to determine the variations in phenotypic traits of Armeniaca sibirica populations and
their spatial patterns.

Methods We used nested variation, coefficient of variation, multi-comparison, correlation analysis and principal
component analysis to analyze the 23 phenotypic traits for 130 individuals in 13 populations of A. sibirica.
Important findings The results showed that there were significant differences in phenotypic variations among
and within populations. The variation was greater among populations (47.15%) than within population (16.43%).
The mean phenotypic differentiation coefficient was 73.03% among populations, indicating the variance among
populations being the main source of the phenotypic variation. The average variation coefficient of 23 traits
ranged from 7.01% to 27.23%, with an average of 14.28%. The variation coefficient of nutlet was highest
(15.67%), and the variation coefficient of fruit was smallest (12.11%). The phenotypic diversity is highest in Wan-
jiagou Tumotezuogi and smallest in Horgin, Right Front Banner Chaersen. Longitude, mean annual precipitation
and sunshine duration were significantly correlated with major traits of phenotypic. The 13 populations could be
divided into four groups according to the principal component analysis. Leaf traits of Wula Mountain and nutlet
traits of Archorchin Banner were significantly correlated with ecological and geographic factors.
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ANV RIS S RN, AR AR LA R RV
T AL A D fe L AE N AR AR E 1T 4
L B R SOBRR R 52 31 55T

R 1L A BRI 7T 2 4R rh A 2 B2 G MOIR AR
SIS, 2011; EIOREE, 2014). HUMRIU(SE
1648, 2007) AEKAEFAIB RS, 2014) HrIgd:(sk
4%, 2005)F1SHE DR 2 %5 (Ul A KE, 2015)46 75T -
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ERBNERR R, XE—ERE LHZ T
WA A Z R RFPE & AT . AR 7LD
W 3N KRR A LM AN R, 45
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AR FNPERAR AT S, i AR B2 YR IS EE AN R Fel
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1.1 #MRRIEFEFRREE

FEXRT P 5 7 1L A SCHR 55 RH8 4R DL BT A1 S H
WA R B, 409 T-20124F J 20134F A3 4F B 92 A%,
B 7-8 H 3 5 B R SR SE M BF AR AL TAE . Kb
RPN T NS LSRRI (PL) . BHRI0 A BT
SR AR (P2) BHRIbAT A E(P3) . FLEFFIE(P4)-
BRI A2 R GTEPS) B & RRILEPS) . EMEG
TEPT) BB (P8)~ FiAt e iB i (P9). H 51 (P10).
FARAS R B (PLL) T BRFF 2 7 50A (P12) S 1Ly
(P13), LiT13NFRAEL130AE bR, HURE B R H] FE K
25 m, BIBERHAR i 515 DA F(F2 =A%, 2009).
B — BRI AR P R Ab4AN J5 [ BE AT LR A (e . T0 0
HFERRS, R %104, (RIRAREEH A Szt
FHH . KA AN E . RS T
K1 AL E VGRS Il 5%, SUEsdE
ReUE T [ S 5 3 M (data.cma.cn) .
1.2 FTEMKHNZE

R (PR BEUR R I AR AR ) (7
A, 2006) 1 (T EREME: AE) (GRinEmM
k4, 2003)ik AL EAIRTRRE . B TR A E
(123N R AR . FH 7 RSP REH £1)0.01 il s 51
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mmill L L R K. RE. R
B BOE. ZORE. R, ZE. Z5EE.
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LR, BE, ZHIAE. R, SRR, 1
A A E AR E. RIRIRE. RIVIRERI T
fafi. REHRREFARE. FEAERANTCAETER
R,
1.3 BUBIEFI AR

K 8 0 2 40 A 9 1L A 23 R A MR
A, RN yig= 1 + ai+ By + &ijke FeT,
Vi A B ISP R AR I B KN A, o e
PSP, o R FIEE R ROSAA (B E), Bia 9Ei
ANFHREN AR B ONAB (BEHL), eipch SFEijkS
MME RIS R ZE . THE SR IME . AriEmz
A5 RE(CV) IR L REU(Vey), HEATRBIMAR
() 1 2 S PEAG 36 AN 22 56 LA A0 AT, FeAh eV =hriE R
FE| T, Vg = 8l (B + 0%), Ferh16%us )yl

doi: 10.17521/cjpe.2016.0172

O 4 #2414 Chinese Journal of Plant Ecology



1092 {EYA=Z52%4) Chinese Journal of Plant Ecology 2016, 40 (10): 1090-1099

R A3 FPRE RO BT K SRR T

Table 1 Geographical locations and main climatic conditions for 13 Armeniaca sibirica populations

Tl i R o G RS A H R b ERKE A
Population Population ID Latitude (N)  Longitude AMAT AMSD Altitude AP Frost-free
(E) ('C) (h) (m) (mm) season (d)
FLIRFE JLB P1 46.59° 122.75° 32 2800 245 430 120
BHRIA R AT HRFB P2 46.31° 121.92° 2.1 2900 350 420 127
BURILA R HRMB P3 45.06° 121.47° 7.2 3000 254 300 120
FLERFIE JuB P4 44.92° 121.45° 6.6 2883 224 380 130
BRIC R G HLRB P5 43.62° 122.58° 5.8 2889 308 452 148
FIERRILIE AB P6 44.62° 120.08° 55 23895 1540 375 113
EH A BRB P7 43.42° 119.08° 4.9 3100 730 355 125
HLiE AHB P8 42.47° 120.45° 6.0 2885 485 385 140
SEAT UM IE HB P9 42.47° 117.80° 2.8 2705 1100 430 105
Higt e 77C P10 40.87° 112.80° 5.0 2900 1750 403 130
FIbkAE R E HC P11 40.38° 111.82° 6.2 2942 1160 393 118
BRI WIG P12 40.68° 111.15° 7.2 2952 1008 379 133
LHil WLM P13 40.70° 109.04° 5.6 3205 2083 188 129

AMAT, annual mean air temperature; AMSD, annual mean sunshine duration; AP, annual precipitation. AB, Arhorchin Banner; AHB, Aohan Banner; BRB,
Bairin Right Banner; HB, Hexigten Banner; HC, Horinger County; HLRB, Horgin Left Rear Banner; HRFB, Horgin Right Front Banner Chaersen; HRMB,
Horgin Right Wing Middle Banner; JLB, Jalaid Banner; JUB, Jarud Banner; WJG, Wanjiagou Tumotezuogi; WLM, Wula Mountain; ZZC, Zhuozi County.

7 ZEAH, PR 5 2 (55 2514, 1988). CVEKH
TR B B BT, VoliiR 2 R A R 7
FHEERIDTER KN o THERBUMEIR 5 AR 25 B 7 1A 1)
IR REL, IR MEREEAT 2 T . BE A B
Excel 2010#1SPSS 20.0% #4152 ik«

2 G$R

21 MEEMMBFANZEER

201 (234 2R AU PR AE T A 1) AR A
JRIR LA R b . (AR, 23D SRR,
o R B A IR AR e R A e B 3 2 A, B
At R ol A ) A0 R A P9 2 U AT A AR 2
5(p<0.01). RMMARMFIE . bl 22 H
PRS0 R (P )R, Ll Aty 3R A PR A A (8 A7
REZER. AR, HRKaK. SRR
BOKHZP8IRE, M9 oE. I~ Rmic. 4
EAHEP2RE, MK EAC . iR mdc. o8
Tf K IZPORIRE, HHEFEEURR FIRFEEmOR
SRR IR AR R AR R 2 P13
M, RAERK, RETREA. ROEERAK, #
RFERA. BIEERK. Bt K. B
R BT R RCRIZPLLFEE, T s K.
AR R EPLORPEE .
22 MEEHRESK

i AT Z 0, 19300 A 23 R AR
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16.43%, FHEHLIRZ36.43%. FREEIA] )RR /Mb R 3L
) A5 5 V0 Bl /2 49.27%-97.47%, FA R B 1) % ALy
e BB K, TERBER iR, Lo BRI
MK, AR TSR BN, TEFP R R 21k
BN, AR E . 1A SRR T R A b R
H N 73.03%, 15 B R HY AR S5 o BB TR) 1Y) DT AR A
73.03%, FPHE N TR N26.97%, FREEE AR SRR
FERTFHEEN, FRea] 48 o R AV e () 2ok
o
23 FTEMRTRFHE

R RHUR BT PRIR B RO, R R AU
K, MRS S EREEEOR, RS FEEBFEE .
LU i B 234N e B MR (1) 78 57 R 0020 W (P 1) 2R
B, v mh, B L SRR R RO
14.28%, A% F0RE N7.01%-27.23%. Horh i &
()78 S 2240 (27.23%) e K, H RN 5% 5 (25.49%)
FEZ T i & (22.56%), FIE 4850128 55 2 %0(7.01%)
BN WNAFRIEALRE, AR5 R E(15.67%)
WK, BIA R 2E(12.11%) /. 13N FhEER
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Table 2 Variance analysis of phenotypic traits of leaf, fruit, seeds, nutlet and kernel among and within Armeniaca sibirica populations

TM?i 475 Mean square F{E F value
frat FHR I FREE R I
Among populations Within population Random error Among populations  Within population

M LL (mm) 2423.192 80.051 35.646 302717 2.246™
HHgE LW (mm) 2062.260 64.959 27.330 31.747" 2.377"
K PL (mm) 570.937 16.589 10.105 344177 1.642"
HRK LAL (mm) 351.216 11.355 5.620 30.930™ 2.020"
HHESEEC LS 0.118 0.014 0.009 8.512™" 1.633"
RY4E FVD (mm) 110.291 4.687 2.498 23.533" 1.876"
FREIR FHD (mm) 126.519 3.068 1.635 41.245" 18777
FU%E FSD (mm) 133.504 4.688 2.435 28.475™ 1.925"
RIaL FSI 0.057 0.009 0.004 6.575" 2.013™
R E SFW (g) 106.972 1.444 1.196 74.088"™ 1.207
A% NVD (mm) 45.824 5.781 1.783 7.926™ 3.242"
Hifif2 NHD (mm) 47.793 3.536 1.229 13517 2.8777
%42 NSD (mm) 9.934 1.153 0.392 8615 2.945™
%58 ST (mm) 2.102 0.210 0.038 10.017" 5.474™
ZIFEE NS 0.185 0.019 0.015 9.744™ 1.255
i NDW (g) 0.614 0.038 0.018 16.132" 2.165"
HZE NR 0.021 0.001 0.001 17.134™ 1.663™
=442 KVD (mm) 22977 3.199 1.013 7.182" 3.158"
=12 KHD (mm) 32.419 2.398 0.594 13520 4.035"
{=fi#% KSD (mm) 12.430 1.190 0.419 10.444™ 2.843"
B4R % KSI 0.649 0.073 0.018 8.866 4,007
{=F i KDW (g) 0.074 0.010 0.005 7.582" 1.835"
HAZE KR 0.137 0.009 0.004 15.664" 1.950”

FHD, fruit horizontal diameter; FSD, fruit side diameter; FSI, fruit shape index; FVD, fruit vertical diameter; KDW, kernel dry Mass; KHD, kernel horizontal
diameter; KR, kernel rate; KSD, kernel side diameter; KSI, kernel shape index; KVD, kernel vertical diameter; LAL, leaf apex length; LL, leaf length; LSI, leaf
shape index; LW, leaf width; NDW, nutlet dry Mass; NHD, nutlet horizontal diameter; NSD, nutlet side diameter; NSI, nutlet shape index; NR, nutlet rate; PL,
petiole length; NVD, nutlet vertical diameter; SFW, single fruit mass; ST, sheel thickness; **, p < 0.01.

24 FTEMREHIBESEFRIMEXM

L A7 23/ R B PEAR 5 SRR A 3 AR 25 DR 1 1)
IR CHE 70 T IR, L&k, M ASHE 75
FAUPEAR AR SPE T R 4 (8.372) >4E[E /K&
(7.927) >4F H BRI 7] (7.486) >4 i (7.157) >Hiik
(7.069) >4E-F#4/Kif(6.700) > 7E 1 (4.304) . H &2
&5 R H R E AU SIS R (p < 0.01), 5t
ARBAI N 2 B3 MK R (p < 0.05), S
PAHAN A5 B IEA DR R (p < 0.05); Rk
B MAK 2T E EHXKEREP < 0.01), 50
Ko Mg, HARKEEEEHELRA@p < 0.05), 5
RIEFRE R B3 A C R (p < 0.05); 4F H &[]
ke, moE. K. KRR E AR KR
(p < 0.05), 5HEEEEZEIEMITKR(p < 0.05);

GRS R EMRZE T KR(P <0.01), 5
M 52 535 IEMI OSSR R (p < 0.05); S5 MRS
AR TEAR R 2R 2 IEAH K R (p < 0.01), 558
AR 2 B2 AL R (p < 0.05); P30
PR ERE KK R(p <0.05). LHEME®
PRI SR RIFA R
25 REMKOERS DAFMEERLSH

T A B R ) 234 R B R AT
ST (K4), 9B MREE R T sy, TTmkEe
17114590.484% ., 5 —F Ry (PC-1) FEEA F K,
i R, MK RAREE, BRI,
FEMTPCFEAMT R E. ZHATE. &%
MR AR R RIBIREL BT IRES%, &
ERZMEAR; 28 = Hior (PC-3) B2 A5 i %
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Table 3  Analysis of correlation between phenotypic traits and geo-ecological factors in Armeniaca sibirica populations

PR i 7R AESFERUR A R[] K KR ToA
Trait Latitude (N) Longitude (E) AMAT AMSD Altitude AP Frost-free season
LL 0.285" 0.449 -0.392 —0.639" —0.474 0.675" -0.177
LW 0.382 0.498 —0.406 —0.616" —0.577" 0.652" -0.171
PL 0.287 0.409 —0.400 —0.630" —0.484 0.689™ -0.267
LAL 0.397 0.578" -0.361 -0.589" -0.426 0.564" -0.013
LSl -0.592 0571 0.241 0.445 0.793" -0.501 0.115
FVD -0.405 —0.424 -0.095 -0.011 0.213 0.058 -0.299
FHD —0.245 -0.229 -0.132 -0.159 0.021 0.216 -0.324
FSD -0.184 -0.175 -0.344 -0.308 0.014 0.324 -0.372
Fsl -0.719" -0.770" 0.412 0.472 0.769" -0.583" 0.181
SFW -0.332 -0.295 -0.006 -0.147 0.059 0.208 -0.177
NVD -0.549 -0.624" -0.215 0.165 0.281 -0.136 -0.129
NHD -0.151 -0.198 -0.428 -0.239 -0.085 0.161 -0.186
NSD -0.137 -0.184 —0.404 0.088 -0.044 -0.191 -0.166
ST -0.353 -0.519 -0.178 0.326 0.434 -0.461 -0.247
NSI -0.146 -0.136 0.097 0.375 0.290 -0.303 0.002
NDW -0.310 -0.443 -0.363 0.140 0.208 -0.106 -0.250
NR 0.029 -0.091 —0.044 0.568" 0.199 -0.506 0.027
KVD -0.145 -0.262 -0.568" -0.115 0.020 0.052 -0.189
KHD 0.244 0.257 -0.490 -0.430 -0.417 0.278 -0.125
KSD 0.506 0.566" -0.360 -0.304 -0.656" 0.178 0.201
KSI -0.394 -0.222 0.235 0.224 0.181 -0.209 0.336
KDW 0.049 0.060 -0.325 -0.262 -0.150 0.461 -0.156
KR 0.316 0.412 0.204 —0.234 -0.274 0.415 0.194
M4t Total 7.157 8.372 6.700 7.486 7.069 7.927 4.304

RIVERGE S MAK2. * 540 HIFKIRTEp < 0.05F1p < 0.01/KF [ R F K.
See Table 2 for abbreviations of phenotypic traits. AMAT, annual mean air temperature; AMSD, annual mean sunshine duration; AP, annual precipitation. * and

** indicate significant correlation at p < 0.05 and p < 0.01, respectively.
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PC-1 A1 PC-2 [#) 71 Bk % ) Il & 38.557% F
29.782%, LAPC-1H1PC-2% il Hi 5 [, 13 i
oA xR R MR R ok, B R IR
(PC-2) 5% KT M-k (PC-1). P3. P7. P10, P12
Pl I R B MR 2 BOER R e m s, HoAh RS2
R DR P2 R, e rR PSP A R A1 P6 ol
TH (A% MR 52 O IR 152 M B K

L3ASPPE ] FH AL IRk AT B 2R, 19 BIFEE
TR (E2) o FIEFAR I R B IR AT L2 528, S —
JJ9P4. P5. P6. P10; % — 3 NP2. P8. P9;
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AZEE 23N RV BT T BN, LAY B R AR AE
PhHE RV AR N AR AR R 35 2 7, X5 A (XI5
2, 2014). WriLH(Diospyros glaucifolia)(HJ% 4%,
2010). 5 # (Xanthoceras sorbifolia) (%2 it 7 %%,
2007) 55 2 GBI FE 45 SR — 3. KA REHE
HRARRE bR T LA IR E R, PR A S
b R B A{E NT73.03%, T 1l T (Litsea cu-
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Table 4 Principal component analysis of phenotypic traits of Armeniaca

sibirica populations

AR F 4 Principal component

Trait PC1 PC2 PC3 PC4 PCS5
LL 0961 -0.012 0.128 0.001 0.080
LW 0.959 0.053 0.182 -0.103 0.007
PL 0935 0.057 0.266 0.053 -0.066
LAL 0.856 -0.252 -0.313 -0.096 0.148
LSI -0.791 -0.077 0206 -0.126 0.057
FVD -0.721 0.059 -0.182 0.263 0.354
FHD 0.699 0.544 0.003 -0.247 -0.153
FSD 0.698 0.189  0.277 0.525 -0.244
FSI -0.677 -0.072 -0.378 0.372 0.295
SFW 0.130 0913 0.145 -0.215 0.041
NVD 0.236 0904 0215 -0.041 0.020
NHD 0.071 0.878  0.342 0.233 -0.016
NSD -0.125 0.865  0.287 0.175 0.133
ST 0.548 0.797  0.131 0.096 -0.003
NSI 0.415 -0.773 -0.067 0.311 -0.192
NDW -0553 0.744 0.102 -0.086 -0.092
NR -0.002 0.344 0918 0.102 0.100
KVD 0.057 0431 0.888 0.099 -0.020
KHD -0.108 0517 0.821 0.187 0.035
KSD -0.215 0.133 -0.812 0.157 -0.138
KSI 0.251 0.538 0.771 0.151 -0.034
KDW 0530 0.212 -0.410 -0.656 -0.063
KR -0.092 0.131 0.184 -0.016 0.903
RFAEM Eigen value 8.868 6.850 2.832  1.166 1.095
T3 Contributive 38.557 29.782 12.313 5.072 4.759
percentage (%)

L SRS 38.557 68.340 80.653 85.725 90.484
Total percentage (%)

RIUVEIRYE S W2,

See Table 2 for abbreviations of phenotypic traits.

(“IFAEESE, 2014). #iiLfri(Phoebe chekiangensis)

(41.43%)(ZE A MI1ZE, 2014). VLA (40.15%) (H-4k &
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Fig. 1 The relationship among different Armeniaca sibirica
populations based on PC-1 and PC-2. Population code see Table 1.
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Fig. 2 Cluster dendrogram of Armeniaca sibirica populations
based on the phenotypic traits. Population see Table 1.
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5 15 52 BHL5 SUFRE ) B 7 A2 i R e, AT (2 3 7
RN IBAE 734 BRI R AE % B AR B P )
TR T LA E R 2 A
32 WA MBERRBETREHE

S RAOR, MR I = SR B K, 3R
MR LA B & SR
B 3 REONT N #%(15.67%) >IH-(14.51%) >
12(14.13%) >H(12.11%), 5 M 178 7 REECK
AAE S HIR A A %, R AR R BLPL3Fh
3 (2 083 m)FI4E H BB E](3 205 h)#f i T FHoAth A
B, HRARIH TN, WA, T L0, 4
R WK, ot )ESE B A E N R X AR
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&5, 2005) TEARMFIR XU /I [X 386 R Ffr i DA A i3 el
T o T3 APPLLFRE I S SR T HAMAREE, TR S
HAERSES E5EESEEA L. LA, &,
Fv AT RAE R RN R AR 2 REOIE A
15.25%, TMinEfEE. RIVIRE. 2t O
T B R AE TR MR A S5 R B0 (B AL R 9.45%,
RO LA = AN R EEROR, IR
FOE, X5XF BAR(FEKFESE, 2011) 0 &1 (AT
Bl 2014)RAMMRITF S R —5 . R E.
EFHRE. CTRESHEESFF RN BE L R
K, ZHMFAEGEBR R JTROK, Rk F A
71, TRNILEMLCHRMEE RS T FE MR
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33 WAMEHMNEREMRKRSHIBESETFHNE
XM

LS 134N A () 43 A1 X 3 J& T il i 22 S
fix, BARAKEDBAMAYS) . FEBRMRZLT)
55, 4T H40.38°-46.59° N, 4t F109.04°—-
122.75° E, #FiRIGHI245-2 083 m, |2 UL FE TG H
FGAR 72 AR A R B RAAAE BRI = B o BTG
Fa I Ah, At b 2 A 25 TR 6 LA ) R A R
HRERW. TNMESE TR, SEX AR
RIILR G R, RSB EE R, iR
BFKRER, REEZITRRE, (CHEGETHR
W PUARREE R ORE, Mo T Ride, RmiET
KA. BEEFRKER M, 22K, g
K, R TR . B S H R R 38 i,
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L PR A B 5 45 H R TR] S0 4P 2 A A
ToFE BART R AR T B R . (R, BT R AR
IR B, AS[A T 75 = A2 (Picea crassifolia)( £
QTN ZF, 2008) 5 — 14 FEAR AL A, R [AF 8
B (IS, 2014) DAZE B FAE PSRN 321
AR AN T A R (5K 2R 5545, 2015) A2 i N i
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EHBRAE FREKE DL H R (a3 32 2
PR BT AR O

AR 32 B 5353 BT DA B R 15 70 S I, P4 5.
PEMIERT I 3, HH BE 4 A PR B Bk, R A
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P2, P8. POMfFIAN—3, HAERR/KEM IR H
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(2 083 m)LL AR /R E-(1 160 myEpkir —f%, Hig
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Te AN R 0 B DL R A BR A 1) A Ak A8 LU A B o %
P2 R EAR L, B2 R R (E Y,
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YEH; (B) IR 75 2245 0y 1 F BORIR R AL 7t LA L2 3 2
FEAMES G, HATBE DT, MO
SR ORI e SO AN B

E€WMBE BR“T-zZ "#MELEAxqAE
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