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W . LB (Arabidopsis thaliana) iR G F/MUEIT (A, pumila) ikt BIRT HrEE W Hi 6 D FEEHA
P[4 N.P.K.Na.Ca,Mg.Fe.Zn.Cu.Mn EBHZAK A, AR 10 HTEXTREFRFELIIRBEFLER,
Na.Ca.Mg.Fe.Zn & BIEFB A MAI A Y EMLEK, R/ EIFEFEN R RAREAEKRH—LTR, T NP,
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Study on Variation and Covariation Pattern of Seedling Nutrient
Concentrations within and between Populations of Arabidopsis pumila
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Abstract: Patterns of within and between populations variation in concentrations of nutrients (N,
P, K, Na, Ca, Mg, Fe, Cu, Mn, Zn) are reported in mature individual seedling of Arabidopsis
pumila, the phylogenetic neighbourhood of A. thaliana from six populations in Mahe drainage
basin Xingjiang Autonomous Region. Results show that difference of ten element concentrations
of between-population is significant. There are various difference traits within and between popu-
lations in concentrations of nutrients because A, pumila has strong phenotypic plasticity to re-
spond to the stress of a vary of habitants and local water, light and salina in soil, concentrations
of Na, Ca, Mg, Fe, Zn show similar variation pattern within and between populations, which
are key changeable elements to respond to heterogeneous environment for A. pumila. Differences
of N, P, K, Cu, Mn concentration are stable relatively within population. The power for detec-
ting significant correlations within population is limited, merely attain 3—6 pairs. The positive
correlation between Na and Zn, K and Ca, K and Na concentrations consistently occur in all po-
pulations,and K and Ca is significant correlation in five populations. Principle component analysis
discovers the number of explanatory PCs are all compose of three loadings, account for supple-
mentary 83. 9% —91.4%. K, Ca and Na consistently indicate the positive correlation with PCs in
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five populations. From these results, it is inferred that this integration pattern may be main
reason that A. pumila is abundance in Xinjiang area which is salina and drought. However,
common principal component analysis indicates that nutrient covariance matrices were unrelated
among populations, this multivariate pattern isn’t regarded as common integration characters of
A. pumila in all populations until research in larger scale.

Key words: Arabidopsis pumila; Nutrient concentrations of seedling; Physiological integration;

Plasticity; Common principal component analysis
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Table 1 Soil fertility properties of six sampling locations

3. 2% 28 BB LS L% ¢ ;S MWK HHLR

Location N (%) P (%) aNa(mg/100g) aCa(mg/100g) aMg(mg/100g) OE(ms/cm) pH OM(%)
TXH 0.21 0. 283 39. 26 11. 00 4.05 0.49 9. 04 2. 822
SLY 0.09 0.178 4.82 12.18 1.25 0. 82 8. 00 1.414
XHP 0. 09 0.196 46.73 9.30 2.25 0.39 9.23 1.189
MSK 0.14 0.197 27.55 21. 00 6. 25 0.76 7.17 2. 533
MMP 0.15 0. 169 13. 62 13. 48 2.03 0.56 8. 44 2.472
SNS 0.12 0.164 25. 56 11. 51 4. 26 0. 29 7.74 1. 564

W FEREER SR R EOE R T10 cmbRE L 4By TXH.SLY .XHP .MSK .MMP SNS 4+ BiZ6 M FrBERb i EHIRE (TR,
Notes ; Values in figure were obtained from analysed soil of sampling location underground 10 cm; TXH.SLY .XHP . MSK . MMP and SNS
is abbreviation of location of each population respectively (the same below).
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R R/ IF E R RIS (B ED LA R H43F
BEBRARE A AR TR BEVEEELNER
M, BASTEF TR BN ESIFE, RITRA
WA £ S EF AN, 4 A EF R LK
BHFSERBERERY 6 MR, RIEBE/PUIREIF
WS A, e RAKEN 6 T2 m® 1,
336 MHEA (6 X6 BEEHE /MK, AEE
PIRERB —RBRAREE, BRI
B, B A ERE 60 B BRI R —i#t
TTFRHRE.AGHTERLSSEST. NSR
WERAIKE,PRAMEZKEAK, K. Na.Ca,
Mg.Cu.Fe . Mn.Zn R K& RF R, 2P R
B RE RS — IR E#HTT.

A X R E S RERE 5 4 E A R SR
G AR EBERRE THESF CRSETLAT

MHEDFRER, BRI ARKRTR SR &S
ERUHERTEX TRES & B #TRES, B
HERNATENESSBRRBHUEEENEE.

B TR A H R P i BESLEURE , BT DA Dy st 4 0
EOWLBRPTERREZERE, RITEFEE
HATE SRR T EZF RN Levene RR, ZRAE
# 1t F Bonferron .2 R B E M H Tamhane #4TH
B, AHEXMERSSHRER/PUEIT AR
B R & BEIR A RS 1RE, T HRIT R Y
TR SR THREFEEL,

HEREH R

3.1 MISEFEETERSSENHRE SR
RER

mE 2 iR, MRERESSBREMBRET
MEEERP<0.00D), RBT/MIBEIFELKLEF
B PR B SRR B IR T (EER A
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#2 PIRENDREASEHHARKERSRERRYOEREST
Table 2 Analysis of differences among and within populations of A. Pumila for mean(CV) concentration of nutrients
P B Population
Nutrient P PlLevene
TXH SLY XHP MSK MMP SNS

N(mg-#~1) 258.28(0.27)> 399.68(0.27)" 173.07(0.32)° 310.94(0.51)>* 394.59(0.11>> 852.35¢0.13)* <C0.001 0.17
P(mg«#~1)  29.12(0.03)¢  42.12(0.03)*  31.09¢0.05)* 30.63(0.08)°  43.36(0.07)*  37.82(0.06)* <C0.001 0.11
K(mg-#~1) 172.63(0.04)° 266.09(0.04)* 127.16(0.04)¢ 171.57(0.05)° 179.94(0.04)¢ 208.12(0.04)® <C0.001 0. 698
Na(mg-#~1)  78.32€0.35)%  87.82(0.19)* 38.03(0.66)° 65.99(0.36)>  39.75(0.08)>* 96.29¢0.11)** <C0.001 <C0. 001
Ca(mg+B~") 156.57(0.03)° 188.88(0.02)"  91.86(0.06)¢ 169.87(0.31)° 164.72(0.07)° 266.05(0.04)* <C0.001 <C0.001
Mg(mg-#~") 27.42(0.74)°  38.85(0.156)® 23.17(0.13)¢ 36.69(0.35)"  25.19(0.03)°  61.82(0.22)* <C0.001 <C0.001
Fe(mg-#~")  13.9(0.28)" 27.94(0.266)% 27.04(0.23)" 12.63€0.09)°  31.32(0.12)*  9.49(0.13)¢ <<0.001 <0, 001
Cu(ug-#H~1 5.04(0.15)* 3.93(€0.15)¢ 1.56(0.18)°  3.75(0.14)° 4. 45(0. 10)* 4.76(0.05)* <0.001 0. 091
Mn(ug-#~1) 4. 3(0.06)¢ 8.11(0. 08)* 6.5(0. 04)? 4. 49(0. 08)¢ 7. 95(0. 06)* 4.89(0.05)°  <C0. 001 0.107
Zn(pg-BE™H 3.54(0. 23)* 2.42(0.03)¢ 1.95¢0. 06)¢  5.86(0.39)* 6.28(0.17)* 2.78(0.11)%  <0.001 <<0.001

¥ L E-FIPHEERSEITHERERRSHERE, 2. NP K.Cu Hl Mn 3 Bonferroni &% ,Na,Ca.Mg.Fe.Zn ¥ Tamhane &
B 3. PLeven: AR BE SRR SR I 2T Levene R P {H.

Notes: 1. Various concentrations of nutrients in first column is mean accumulated concentrations per seedling; 2. N,P,K,Cu and Mn were
tested by Bonferroni, Na, Ca, Mg, Fe and Zn were tested by Tamhane; 3. PLevene is significant value of homogeneity of variances test.
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SNS f§ N.Na.Ca, Mg.Cu & &% MMP i P.Fe.
Cu.Mn.Zn 84T 6 MFBFH R L, T TXH
TESEEL T RMEAT, FOURH/DMIBEIFEE
MHEEERRSSBEREEEEL W, TWHERAME
HAREFRS S REHELRET —EhiRE,
TEE B AT,

2F R R ¥ B R Ca.Mg.Na,Fe Ml Zn, Ff 3| 2
Na fil Zn ZEFF ALK, X AR T Levene
FEFRERBWHFE—SEI TIEY,EHY Ca,
Mg.Na.Fe fl Zn SRS RE/NMUEFFERA
Fh % B AR AL — 3, B/ W IV B L R R R B
HERA—RTE. BR 3 FHEDFHERISEN R
Jo&R N.P.K #I{{ BT E Cu.Mn TEF B 6] 3% BlK

BEZR, HIMERERBNEREEAIKE
FRABBAL, Prews>>0. 001), ZHFEFFE/NFE T
IIEFERETNX s HTEMBREERE.
3.2 HEAEKERNSSENEESRE
HAFRSRSBREBSRBEFR ALY, HHED
ERES AEECSRENMNERZAFTERE—
—MEXR, FEEZEEH . ZEESFER, U R
Shigt 1AL, BT B MR IE R IR R A LR R &
U EF AR R FRE K
FOMBK (ERDO XS TUFBRIT#
FEFRS&REN T RIS R B0 F RN,
At — 25 3 A R ] A 14 AR L SR AL 3 B
MHEBRE R & R EACEETUE W (R
D -FABAEFAI>SEREDZRHERY,

%3 MUENREAERS RELEE
Table 3 Correlation matrix among nutrient concentrations of A. pumila seedlings within population
OB BB Nutrient element OB
Population N P K Na Ca Mg Fe Cu Mn Zn  Population
TXH N 1 0.191 0.74 0. 966 0.183 0. 002 0.543 —0.117 0. 946 0. 888
P —0.519 1 0.551 0.342 0. 565 0.716 —0.551 0. 61 —0. 087 0. 324
K 0.216 0.432 1 0.765 0.727 —0.034 0. 383 0. 007 0.545 0.513
Na 0.76 0.124 0. 602 1 0.277 0. 181 0.414 —0, 066 0. 881 0. 866
Ca —0.237 0,786 0.834 0. 281 1 0.028 0.138 —0.201 0. 04 —0.019
Mg 0.974 —0.515 0. 336 0.724 —0.135 1 —0.777 0.548 —0.12 0. 35
Fe —0.52 0.75 —0.231 -0.1 0.218 —0.628 1 —0.745 0.676 0.181
Cu —0.194 0. 433 0. 279 0. 028 0.577 —0.22 0.246 1 —0. 363 0.131
Mn (. 828 —0.66 0. 243 0.532 —0.321 0.875 —0.784 —0.562 1 0. 835
Zn 0.618 0,226 0.24 0.796 0.187 0.524 0.297 0.258 0.134 1 MSK
SLY N 1 -—0.655 —0.237 ~0.279 —0.428 0.314 —0.683 0.256 —0.641 —0,337
P 0.572 1 0. 685 0.715 0.762 0. 105 0. 648 0. 068 0.653 0.312
K 0. 922 0. 393 0. 631 0. 908 0.196 —0.083 0.168 0.4 0.623
Na 0. 477 —0.163 0. 603 1 0.479 0.725 0. 259 0. 695 0. 841 0. 66
Ca 0. 862 0.729 0. 877 0. 334 1 —0. 001 0.196 0 0. 387 0, 422
Mg —0.422 0.387 —0.417 ~0.797 —0.07 1 —0. 099 0.988 0.523 0.426
Fe 0. 03 0.572 —0.179 0. 031 0.155 0. 157 1 —0. 094 0,472 —0.239
Cu —0.891 -—0.638 —0.706 —0.267 —0.653 0.264 —0.115 1 0.567 0. 474
Mn —0. 547 —0.123 —0.28 ~—0.393 —0.16 0.73 —0.263 0. 584 1 0. 706
Zn 0.17 —0. 268 0. 254 0. 898 0.08 —0.742 0. 284 0.033 —0.395 1 MMP
XHP N 1 —0.74 0.464 ~—0, 247 0.611 —0.239 -—0,311 0.281 —0.533 —0.374
P 0.572 1 0.124 0.706 —0.425 0.104 —0.006 0. 237 0.118 0. 805
K 0.922 0. 393 1 0. 596 0.854 —0.191 —0.223 —0.224 —0.317 0. 261
Na 0. 477 —0.163 0. 603 1 0.295 0.055 —0.083 0.048 —0.089 0. 884
Ca 0. 862 0.729 0.877 0.334 1 0. 203 0.186 —0.285 0. 008 0.119
Mg —0. 422 0.387 —0.417 —0.797 —0.07 1 0.954 —0.148 0. 846 0. 408
Fe 0. 03 0.572 —0.179 0. 031 0.155 0.157 1 —0. 385 0.952 0.218
Cu —0.891 —0.638 —0.706 —0.267 —0.653 0.264 -—0.115 1 —0. 496 0. 237
Mn —0. 547 —0.123 —0.28 —0.393 —0.16 0.73 —0. 263 0. 584 1 0.175
Zn 0.17 —0. 268 0.253 0. 898 0.08 —0.42 0. 284 0.033 —0.395 1 SNS

i 1. BB FRY Pearson HXKR M BE(P<C0.05)y 2. Bt TXH,SLY,.XHP M EE I TR0 F 38, # 8 MSK.MMP.SNS 48

XA T REH L,

Notes: 1. Bold type indicates statistically significant effects after Pearson correction (P<0. 05); 2. Population of TXH,SLY,XHP are be-

low diagonal, and MSK, MMP, SNS are above diagonal.
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Bx MMP i 3 X e ERAHE HE 5 MR TRE /S
MHEBE 4~6 1. NHFHE I TREHMEKRREN
¥ HXRRH, H N £ TXH.SLY .MSK g
5 Na RIWIEM X, T £ MMP f1 SNS #1824
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AFBREIEAX, HhH 5 MBS 8 FHKTE,
Na 5 Zn Z [E#H A4S & . K 5 Na 7E 6 T FPEE
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FEFRSAHAR 6 TRHBOHEKERRS SR
RS 3N ERSHA, & RER BT ZER83. 9%~
91.4% ,;X—H £ 5 Pigiluccil 34T /MU FF A%
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Fig.1 Principle component analysis of nutrient concentrations for six populations of A. pumila

3.3 HIHEEKEFRSEBSEBH ST

FATH 3£ R FE L5 2 #7578 (common princi-
pal component, CPC)HLE T 6 1 Fi BEAE BRE 35 AL
FERESHKRANZERE, CPC 4472 H Flury™
Q98D KA H T HE—TERAW IS B
2= 56 B A L4 B9 %K F (http: //wbar. uta. edu/soft-
ware/cpe. htm 3% TH), B AT EESHEAH R+
NAELE1I S5EF CPC 47, BITAT U E R T
FROE P 5 250 e L B4 L E E R 257 . (R 3L [

FRS M, R e &M I AT RARE R
32 MBNEKRERRSSBEESHRERM
Alonso™ {77 8, ¥ R BE (8] h AS 72 BE 88 K 9 NP,
K.Na # Ca 5 P A4 #4T CPC 4347, HEZ BT L%k
HARRE P. pumila FREEHBEE R B4 9T 20 &
FEHE—ANERSMFERGR KRB CPCH KRR
P {H/PF 0.001, BiIFHES, HHBRINKITEM
BB 6 NI IBEITHBERERRS> S BN
EERBEHI A,
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Table 4 Results of common principal component analysis
Model Decomposition of log-likelihood ratio
Higher (HQ) Lower (H1) Xt df P CS/df AIC
Equality Proportionality 32.247 5 <0.001 6.449 258. 538
Proport CPC 65. 304 20 <0.001 3.265 236.291
CPC CPC(3) 3.55 5 0.6159 0.71 210. 987
CPC(3) CPC(2) 45.784 10 <0. 001 4.578 217. 437
CPC(2) CPC(1D 46. 486 15 <0.001 3.099 191. 653
CPC(1) Unrelated 65. 168 20 <0. 001 3.258 175. 168
Unrelated 150
4 it HUWS YT RAERRR E HEEH

Thompson® @1t ¥t 83 Fhi% H- 14 & 58 6L 5
B 5HT , B N Ca N Mg . P L T8 B 47 e F
K 10. 4% .12.9%.25. 3% .13. 3%, FL 4 #BU2x¢
FEHY A RT R B NEYRHATERKRTRH
T BB 42 . 4% 5 Scarascia™ X 5B AW R B
KER . AVBHENERABENEE RN —. FEF
REEFXBEH.CHIRHERTAERE, R
RS IHERRARTL BERERAT
FEAERS B MR FEZHEENA
BE L ERBATEEKER TERERRETET
R MU BT R BB AW —FEEY , ERTHT
EEEIRPFAMZRSE LB ERFEEW, 0
2R RF L IEEBAL R K BHFEER K
EEH AP ZEHNOEFESERTE
H BT AT YEARAL , 3T B R 88 O] 7 A A P R
U W ERE RSB EMBENNMERER ™
EBEER, XMFHRE Alonso! % Prunus ma-
haleb FpBE[RIFFEE Y& 72 & BT R E R AL
FEF & B Ca.Mg.Na.Fe fl Zn FR/PMUIEIFTEN
RARBHEETTR, M=FMXBNERTER
N.P.K & ITE Cu.Mn B FEFHBEF . K IFEE
TEAREE . EMHBENEERTLHERE,

BRAMRELB/PYUEITHBENEFR TREEN
HAXYREABS EFRASTRONE . BHHE
¥R R R —BHERR, K H K. Na fl Ca STTEFE 5
AFEER— RS G B RS, EAT AR X
—# R 5 Alonso AT - IR M4 TS R I
FMBRANEFRTR AT D MREEL
BREMBRE —HENELARE. BRITANXH
ERSSBRERMVEBRRKER . BATHREE
FRSEREE BRXEHEEEATRN 20%E

W, 3 S EZ MEEEESD™7, ik E
FERNDERGRERIEN - ENEREE
AR LZE 0 EMBDOX B REEFTHRITH —FHERER
BH,. AN ERESBERIMEKE R TERAD
EREBRKER .,

Sultan™ A S ¥ #) 35 B 36 5% 38 ¥ R I W F
K- EERANESHEEMERAMNAERE, — 1 REEA
BHHERAT EAEN THRRARIAE, ERF
TELD ARBBHB AL, T # & 8
ERARBABERHKF LARAENENZH
. HR, BRATBEMDHATRERIA B ER%E
R, BN K A4 25 200 A58t 45 8 20 (BR A 4
WA EYEM BFRAD KB R A EOE N AT B
EZHAERARETHHRER BEIEY ML
B, MIEFT SR ETESF BRSO ATS
AR AR B A RIS T RA R 5 /R TE
R, B ATREN RN R, —FHIE
AR FiES. KEEBRT/MISETFHEE
FERNTEMRXBEENEIMEREESSHE
SO AR R LR A R KB FREFA,
HAEBE P K M Na .Ca TR EM RN BAIFE,
XFpPEh Y BT B E AR AT RE R R E R R
TRRREHERET FHEERE,

MR IFM/M I EIT R Y & By, BH AN
HYEXAEGERAF"EE N, Tik B RE
HELREINFETR T S B HER, R Bergel-
son®® Breyne®] Erschadi®®*1% A F§ AFLP.RFLP
S0 FFRARMUBEIF(A. thaliana) RE EFH
HB S AT, R BUR R AR AR R IR H AR XX
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