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Abstract; A pot experiment of orthogonal design was conducted to study the effects of four ecological factors, including
salt, water, light, and defoliation, and their interactions on 18 phenotypic traits in two genotypes of Arabidopsis thaliana
(i.e. genotypes col-0 and ws-0). Results showed that different ecological factors affected the different types of the
phenotypic traits; soil water affected mainly the traits relating to modular number; salt affected such traits as biomass,

number of siliques, and total number of maturing seeds that directly reflect the plant fitness; and light affected the traits
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relating to phenology, thus the development of individuals. The directions of phenotypic plasticity of A. thaliana to soil
water were variable along the water gradient without an apparent trend. The collective effects of all the factors on phenotypic
plasticity were not simply the additive effects of single factors: any two factors could show significant effects on specific traits
in the absence of interactions, or any two factors with significant interactions on specific traits may display non-significant
effects individually. In responses to the interactive effects of the studied ecological factors, nine phenotypic traits exhibited
plasticity in the col-0 genotype, and only four in the ws-0. The inter-related phenotypic traits within the same genotypes
displayed the similar patterns of plasticity. The number of rosette leaves at bolting (LN) and the average number of
maturing seeds per silique ( ANMS) were not affected by any of the ecological factors nor their interactiuons. The reason for

lack of plasticity in those two quantitative phenotypic traits requires further investigation.

Key Words: Arabidopsis thaliana ; phenotypic plasticity; interactive effects of ecological factors
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HKREt. HHKAEBEENRAREEITT, — EKE 2% 2 SE I B DUR Tk #b 78 138K 7, AL 22 R 5
N4 ~20d A3F, FAESKDRILEFDHELT, L 70 umol/L iy NaCl Ei WA 4 IRR K2 T8 AbHE
T8 4 BV R G F LRBR g2 M i difr £ mab s,

®1 EXZBRHERKER
Table 1 The factors and their levels used in the experiment
5 % /A& Column No. /Factors

K Level /K45 2/ %68 6/:45y 11/8EE 1270 4h 3
Water Light Salt Ecotype Defoliate
K1 Level 1 80% HI¥s ** 9700lux H ** col-0 TALF (CK)
Runnint water
70|1.mol-L_1 WBRSE 4.7.10.13 - FEEM
2 Level 2 60 33701 -0
*F ve % BF - NaCl #h7k e defloiate the 4™, 7™, 10™, 13" ... rosette leaves

HKE 3 Level 3 45% B

K 4 Level 4 30% HEF
* F'5H L (4 x212) ERRPHINFE  The column number is corresponding with that of the orthogonal design table L (4 x2'%)
# « HEFEAKEN 146% (g/g) The field capacity is 146% (g/g); * * * &ihE <900mg/L Total salt concentraiton <900mg/L

1.4 HERRESHTAHE

B Hoffmann 2 N7 EE" AR T 18 MNFREUSE ST AR, Hh W BR BT 3 4, ISk
15 R % (days to bolting, DB) 25 1 JeETEFF M KRB (ZEFEREK days to flowering, DF) K28 1 HUR PR
K% (days to opening of the first silique, DS) ; EFF R EUFE 7 4>, EIE B A 3% 88 4 ( number of rosette leaves
at bolting, LN) \FK 3 HE M (length of the longest rosette leaf, LL) , %A% ( number of boltings, NB) , 325
%1 (leave number of the main bolting, LNMB) | 3 Z2£ /3% (branch number of the main bolting, BNMB) , 1 #44
H: 8 T 5 ( gross biomass of the plant, GBP) , 3t I 531 T ¥4 4 & H. (shoot:toot, S:R) ; B5E 7 BUKFE 8
T, 4558 3 Jetb b (length of the 31d petal, LP) J22£ i (length of sepals, LS) \fHAR A 4 ( number of
siliques, NS) ,fEMRER K A F K (length of the longest silique, LLS) | i ZVFF %4 ( maturing seed number of the
longest silique, NMS) & & #Fhi %1 (aborted seed number of the longest silique, NAS) , & g 15 BB RL
%\ (average number of maturing seeds per silique, ANMS) FAH#RFF T 5% (total seed number of the plant, TSN) ,

BEBAN 54947 R Excel (Microsoft inc. ) 1 SPSS 13. 0(SPSS inc. ) #4757, N R HFE AR ESSD
i SR RHARSE, WY BT TR, i /3 T A 78 L R b T4 mi D3 B EAT T X
FIFRE R T Z TR (Anova) , IRIG &1 B FAEARBUHME 7 2 B E R0, B BN SRR BRE
BRI, [Fo B E R IGHE R ARFRRYAEYE O L/ T AR HRARESF N EE
REVFHE , BRI EAE T/ K BRI AL 5 SR A5 A T BT B, 28 BRI S B 4 S L Ak
TERE (fitness) , BIAEYI PR A 7= M 5558 B8 7 59 FRBURHE ma b T &A= 25 B 1 S s =Rt 28

K GLM £k Manova IR0 H7 T8R4 K 4> DERAEM AL 4 MESEF R EAERN&FRE
FRAE 5 22 B , AT AR AR R B T B AR AR
2 HREWm
2.1 FBEFEEIHEHRIEREHZ R

F2FN T EBHEHEEEFEERILT , 2R IR & R BRI FHME,

DM A RBREE AR &, S HE R VB € HR#ITRER T 200, &R 0% 3,

MFE3 TLUE N, XK EZABRB MR EY R ARBEEMFEBABEERM(P<
0.05, F[E) . AKarFER MR 24, E2 0880 AR B KARK  BRK AR BN RE SRS
EREFERE. ERETFERNIEHEZ SHERN AT RER X, Al ERE BRI RETFHK
B HENSEKHE . FEHHE, AR, SO /T Y R AR B E W
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£2 HHLEREFEERRTHEFTRETHE
Table 2 Phenotypic trait values of A. thalinan in response to various eco-factors and their interactions
4-38 Treatment ** #1851 #a292 K41 w1 K42 W2 K433 W3 K44 W4 d1L1
W& *4% DB 34.476 £0.979  31.167 £0.955  29.453 +1.418  34.833 +1.351 31.500 £1.351 35.500£1.351  29.875+0.955
LR DF 40.204 £1.039  38.050 +1.013 36.025 £1.468  41.484+1.538  37.667 £1.398  41.333 +1.398  34.208 +0.966
B FREH DS 91.299 £1.721 89.209 +1.761 88.917£2.374  94.470+£2.492  86.583 £2.374  91.046 £2.624  82.474 +1.721
B EREN$ LN 8.214 +0. 460 7.698 10.460 7.407 £0.702 8.250 £0.635 7.667 £0.635 8.500 +£0.635 8.323 +£0.460
BKHE LL 0.915 +£0.505 0. 896 +0.505 1.016 +0.077 0.922 +0.069 0.825 +£0.069 0. 859 +0. 069 0.982 +0.050
ZH NB 2.482+0.173 1.292 £0.169 2.417 £0.239 2.297+£0.251 1.833 £0.239 1.000 +0.239 2.107 £0.173
FZm4$ LNMB 16.000 +1.450 10.447 +£1.486 17.833 £2.050 17.667 +£2.050 13. 667 +£2.050 3.726 £2.153 9.988 +1.486
FE4% BNMB 1.625+0.134 1.083 +0.143 1.667 £0.202 1.667 £0.202 2.000 £0.202 0.083 £0.202 1.250 +£0. 143
Y& GBP 0.061 £0.008 0.029 £0.008 0.077 £0.012 0.044 £0.012 0.033 £0.012 0.027 £0.012 0.052 £0.008
BT SR 30.012 +£1.223 22.022+1.242  75.241+3.522  21.223+1.223 32.022+1.242  28.154+1.223  22.146 £1.223
FE=JEmK L 0.101 £0. 004 0.102 £0. 004 0.100 £0.007 0.099 0. 006 0.100 +0. 006 0.107 +£0.006 0.109 +£0.004
FE=FHEK IS 0.160 +0. 004 0.161 £0.004 0.160 £0. 006 0.160 +0. 006 0.162 £0.006 0.160 £0. 006 0.168 +0.004
FARBNS 77.195 £8.081 20.868 £7.964  78.500+9.960  51.112+10.461 31.417+9.960  35.097 £15.446  59.915 +7.550
BRKARK LLS 1.253 £0.027 1.176 £0.027 1.312 +£0.036 1.250 +£0.038 1.188 +£0.036 1.108 £0. 045 1.224 +£0.026
TRRhIE NMS 40.587 £1.494  39.580+1.513  45.167x1.982  43.530+2.082  38.000+1.982  33.638+2.474  41.53011.438
WEFRE NAS 2.588 £0.414 2.129 +0.419 3.333 £0.549 1.535 £0.577 1.833 £0.549 2.732 +£0.685 2.343 £0.398
FIFPRIE ANMS 32.282+1.723 34.897 +1.815  37.278+£2.282  35.850+2.397  30.597+2.282  30.633£3.106  36.307 +1.724
FhFH TSN 2610. 667 £360.77 689.375 £338.88 3077.000 £479.25 1884.250 +479.25 1006.833 £479.25 632.006 +£539.38 2222.917 +338.88
4-38 Treatment k212 X431 D1 EMAFE2D2 kK xII WS kx,2WxS2 HEEM1E1 HEEM2 E2
W& *4% DB 35.768 £0.979  32.208 £0.955  33.435+0.979  32.310+0.979  33.333+0.955  36.542+0.955  29.101+0.979
LR DF 44.046 £1.065  38.400+1.013 39.854+£1.039  37.979+1.039  40.275+1.013  42.425+1.013  35.829+1.039
B FREH DS 98.034 £1.765 87.190+1.769  93.318+1.721 80.825+1.765  90.683 £1.721 95.050 +1.810  85.458 +1.678
B EREN$ LN 7.589 +0.460 7.917 £0.449 7.995 +£0.473 8.256 +0.460 7.656 +0.460 9.458 +0.449 6.454 £0.473
BKHE LL 0. 829 +£0.050 0.893 £0.049 0.918 +0.052 0.938 +0.050 0.873 £0.050 1.003 +0. 049 0.808 £0.052
ZH NB 1.667 £0.169 1.917 £0. 169 1.857 £0.173 1.750 £0. 169 2.024 £0.173 2.23210.173 1.542 +£0.169
FZm4$ LNMB 16.458 +1.450 11.655 £1.486 14.792 +£1.450 13.583 £1.450 12.863 +1.486 15.155£1.486  11.292 +£1.450
FE4% BNMB 1.458 +£0. 143 1.375 +0.143 1.333 £0. 143 1.458 +£0.143 1.250 +£0. 143 1.458 +£0. 143 1.250 +£0. 143
Y& GBP 0.039 +£0.008 0.049 +£0.008 0.042 +0.008 0.041 +£0.008 0.049 +0.008 0.069 £0.008 0.021 £0.008
BT SR 38.214 £1.143  42.202+1.143 20.021+1.223  40.485+1.354  21.054+1.242  30.541+1.354  40.108 £1.752
FE=JEmK L 0.094 £0.005 0.100 £0. 004 0.103 +£0.004 0.104 +0.004 0.099 +0.004 0.107 +0.004 0.096 +0.004
FE=FHEK IS 0.153 £0.005 0.163 +0.004 0.158 £0. 004 0.160 0. 004 0.161 £0.004 0.178 £0. 004 0.143 £0.004
FARBNS 38.148 £8.521 66.651 £8.900  31.411+7.410  58.459 +8.279  39.604 £7.805  75.499+9.070  22.564 +7.226
BRKARK LLS 1.185 £0. 028 1.230 +£0.028 1.199 +0. 027 1.195 +£0.028 1.234 +0.027 1.346 +0.028 1.083 +£0.026
TRRhIE NMS 38.637+1.572  39.118 +1.542  41.050+1.474  38.936 £1.532  41.232+1.479  44.049+1.577  36.118 +1.437
WEFRE NAS 2.374 £0.435 2.848 £0.427 1.869 +0.408 3.022 £0.424 1.695 +£0.410 2.282 +£0.437 2.435+0.398
FIFPRIE ANMS 30.872+1.814  33.013+1.867  34.166 £+1.697  32.964£1.766  34.215+1.780  36.404 £1.903  30.775+1.655
FhFH TSN 1077.128 £360.76 2040.169 +£360.76 1259.875 +338.88 1845.211 £360.77 1454.833 +338.88 2522.46 £360.77  777.583 +338. 881

= RS FH9E + FRER (M £ SE)
days to opening of the first silique (d) ; LN; number of rosette leaves at bolting; LL; length of the longest rosette leaf (cm) ;NB; number of boltings ; LNMB ;
leave number of the main bolting; BNMB; branch number of the main bolting; GBP; gross biomass of the plant (g) ;S:R; shoot:root (g/g) ;LP; length of
petals (cm) ;LS length of sepals (cm) ; NS: number of siliques; LLS:; length of the longest silique (cm) ; NMS; maturing seed number of the longest
silique; NAS: aborted seed number of the longest silique; ANMS : average number of maturing seeds per silique; TSN ; total seed number of the plant; T [7]

The data in the table are mean + SE; % % DB: days to bolting (d) ; DF; days to flowering (d) ;DS;

the same below
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K S IR MY RIER Y. EREXNERNERZHRBBEHGBERREE (P<
0.001) &mi , RAHE R B B/ T AR 56 3 JRAEIE IS R B K A R E AP RS D 0L
TR AZRRBREN . K7 38R0 AR R XHER B IGE R BCR B

F3 BEENRETEBXMNEERTENNF EERE
Table 3 The influence of eco-factors on phenotypic trait values tested by Manova

FESRIE Sources of Variations S Koy W St L FMH43 D K« WkS HEEAEAME
#HEX¥ DB 2.69 2.546 9.808 ** 2.971 2.227 24.97°%=*
MR E DF 0.962 2.641 33.07°%** 1.084 4.371°* 18.13%=*
SBEFRRE DS 0. 866 1.41 27.19%** 4.792 0 8.889 "
EEHH LN 0.002 0.51 1.908 1.78 0.102 8.164
BEHEK LL 0.328 1.787 5.578 ¢ 1.174 0 2.159
ZE¥ NB 23.560 *** 2.806 0.985 0.806 0.108 10.080 **
F 2% LNMB 5.725*¢ 3.211° 11.199 == 1.258 1.835 8.674°
FZ 8% BNMB 7.604 ** 7.793%** 3.662 0.651 4.12 5.887°
H4& GBP 11.494 == 2.436 0.42 1.286 0 21.51%=*
kT SR 1.501 1.839 1.648 4.268 0.146 1.154
E=J R K LP 0.011 0.176 4.224* 0.052 0.465 2.534
E=JEK 1S 0.035 0.221 5.623° 0.008 0.096 18.961 ***
£ RE NS 21.35°%=* 3.7713* 3.58 6.431° 3.087 17.63 ***
BRARK LIS 3.885 3.904 " 1.473 0.283 0.626 34.176 ***
JFREBAPRI B NMS 0.385 3.807* 1.098 0.547 0.328 13.75%=*
B PR ¥ NAS 0.189 1.775 2.257 2.268 1.63 0.888
SEBIPR B ANMS 0.305 2.863 2.622 0.002 0.007 6.940°
FF¥ TSN 14.624 *¢ 3.427° 3.513 4.034 1.826 15.532%=*

%= % *P<0.001; = «P<0.01; =P<0.05

2.2 PR EE B RS TT AR B AE X A 2R B A B 1 el 1

IR 45 B B AR S AR R BV 308 A A A , BT LAl 1 2 2 R U A 8 SR BV ARAE 19 i D T
3K B 28 ( reaction norm curves) , AT R F BT TR BB RN, WRE-FEEBNRERERMLERE
AT ER M, M R N TG 2 5 R TAT s iR —H A F BN RS RERE T B RIEE 25, eI R
REERHRAE T o ABFR RS R R REA AR TN RS 3 M ERESE, Y&
LT AR AR 3 N EHERPHRRGE A BERBE, 20 T e T oK a Bt R &4
3AAEREFHEER VI ML
2.2.1 K FEFREVRFAENTER 7 07T 28 4 v

Bl 1 & FERBREX IR EFRRMER %, NESRTLES , ELZT R, col-0 X 21
TS LE ws-0 BEORBI B TR T KB WA, B OUIE I 5, TE R SR R REOX —REVHE |, ws-0 A4
BREY, WHEERRNEYRRERXNESE T BEmNEE A, e/ TEYRIEYE
ABTE R B NH BT ERERRE T, AR b/ T AR LE R, FAEEEA
REOGER 7 HF BB M RN — 3K, H col-0 FYTTEAPETE HHA &,
2.2.2 FFEEFRIAVEEXTK S 8] B8 e

B FERAFHEN K E F Ry 2 2 s, B B8 3 AS/NERIE T Bfp R B
FREEFERE IR DWEEBME BN R BERRE col-0 i K T 3 X 1K 40 ¥k B 1 =l 58 0 4
B, HREHEBELAKSEE 113 TR S, 7R K EE 2 TR, EKFHE 4 TRIE, M ws-0 5
BN E TR ERE LK BRI S , (B2 KR A B RO K s ma o AR E 4%, fE—ETuEN
(HEEKE=45% HEF) LA SHBRRSIMERZHAN; MY L HK S FEEHX—ER, KZBRFY
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& 0.060 ~~ . 5 50.00 g ~o
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Fig 1 Reaction norm curves of several important traits to salt (error bar; +1.0SE)

30% it , REFHFBHRBERMHRL To TiLR col-0 B2 ws-0,FEE HEG /KBTI, YA F I
B TR, BRTE col-0 1, =Y BREE /KRB KT R TGS B LR, KL 3 ] 4 Z[RHA
VI T REEH AR s ws-0 BV BIK MBI 2 M1 3 ZRBZFA K, TAEKREE 1 12 Z A LRk
BREE 3 71 4 Z I, HoA: Yy B R BURHAE S B 7 1o A R By e ) T 2 ZE/K MBI 1 712 22 0], col-0 B3 |
WTAEWRZ TR, M ws-0 B i FAEYEZ W EIF SR BH A R BT BAARE . P2 B A3 b 3
TR RS KB 3 BRI T . ERMRARYOX —REIRME b, PR 2R B )R B T 28
PERHE LB R Ao 7K MHEEE | B3 Z[8], col-0 B B A R ECH BB T I, ws-0 TRl BARAL , 7EK 76 3
3 4 Z[8], col-0 2 BRI _ETHEH: T ws-0 AIRIA KIEE KT o
2.2.3 AR EFREIRGE XS R A RT 28 P 7

Bl 3 RAREHEX SRR MBI . FEE R T B By AR , P 2E R 2l OB 7 R B8
BRI B . WAPEEE B YR N T TR AR T EEE  BBRT col-0 Y
BIFeR T R, T ows-0 MIZESDEAMG THREEZ AR, b/ T AV R HXH6E T L 78 7 b 2
PRI 20 vh 2 3 A ) B9 VT BB e e, BIVFE SR B AR 1 T IR LR SR T s JLHRTE col-0 B A L3R
Z R A /T A Y B ERZ RN E . col-0 SRk A SR B0 iR P T B4 ik D7 2 3R HH 838 i 7]
TG, ws-O BRLAR A SRR G R 558 5 ) VT 2B e 55 o
2.3 HAETHET A RANERRE BRI

MYRBFHEET Z TS EZR RN T BN, E37 20058 ER D Ko LR R EM AL
B AANESH TR EAEAX SRR T ZH W, g FERRBERERIIARK 4, NRPITLE
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Table 4 Integrated effects of different ecological factors on phenotypic plasticity of main traits

2B col-0 ws-0

Dependent Variable M+ SE F Sig. M = SE F Sig.
& X% DB 36.542 £0.955 4.6176* 0.0139 29.101 £0.979 1.1715 0.3858
1R % DF 42.425£1.013 8. 5460 ** 0.0013 35.829 +1.039 2.1483 0.1168
BB R S DS 95.050 +1.810 8.4847 ** 0.0013 85.458 +1.678 3.0406 =  0.0438
B Bt 2 3 LN 9.458 £0.449 0.5241 0.7792 6.454 £0.473 0.1696 0.9869
HERREEHE LL 1.003 £0.049 0. 6506 0. 6900 0.808 +0.052 1.9343 0.1505
kR SR BE L NB 2.232£0.173 7.5167 ** 0.0022 1.542 +0.169 2.6792 0.0642
KR R 2EMH-% LNMB 15.155 +1.486 1.1574 0.3935 11.292 +1.450 4.7139*  0.0094
KR 254344 BNMB 1.458 +0. 143 2.2662 0.1137 1.458 £0.143 11.3265%**  0.0002
48 GBP 0.069 +0. 008 3.1714¢ 0.0466 0.021 £0.008 1.7126 0.1970
HEHTH SR 30.541 +1.354 4.4835° 0.0154 40.108 +1.752 0.9182 0.5252
B=JAEERE LP 0.107 0. 004 0.6878 0.6643 0.096 +0.004 1.1843 0.3797
F=FAHER LS 0.178 +0. 004 1.2356 0.3594 0.143 +0.004 0.4095 0.8786
B RBNS 75.499 £9.070 28.7921***  0.0000 22.564 +7.226 2.9920°  0.0461
BRARKELLS 1.346 +0.028 1.5446 0.2516 1.083 £0.026 1.3383 0.3134
B AR RETRIS NMS 44.049 +1.577 0.9037 0.5258 36.118 +1.437 1.1991 0.3728
BRARKE RS NAS 2.282 10.437 4.6464 " 0.0136 2.435 +0.398 0.4054 0.8812
R EHFRH ANMS 36.404 £1.903 2.9329 0.0582 30.775 + 1. 655 0.7312 0.6504
FF ¥ TSN 2522.461 +360.766 10.2994***  0.0006 777.583 +338. 881 2.4296 0.0846

=% % P<0.001; = = P<0.01; = P<0.05

£5 A 18 P RESMENHES S KK
Table 5 Integration and association among the examined phenotypic traits
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