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Salt-responsive mechanisms in the plant root revealed by proteomic analyses
ZHAO Qi, DAI Shaojun”

Alkali Soil Natural Environmental Science Center, Northeast Forestry University, Key Laboratory of Saline—alkali Vegetation Ecology Restoration in Oil Field ,
Ministry of Education, Harbin 150040, China

Abstract: The root is the primary site for sensing salt signals in plants. In recent years, high-throughput proteomic analyses
have identified proteins that are differentially expressed under salt treatment in the roots of various plants, including rice
(Oryza sativa) , Arabidopsis thaliana, soybean ( Glycine max) , barley ( Hordeum vulgare) , wheat ( Triticum aestivum ) ,
and Bruguiera gymnorhiza. These studies have characterized the dynamic changes in the root proteome under salt treatment.
This paper gives an overview of the mechanisms of salt adaptation in the root, as determined from recent research on the
salt-responsive proteome. These intricate mechanisms consist of multiple biological processes, including (i) perception and
transmission of the salt signal by signal transduction pathways, for example, the Ca" signaling transduction pathway, which
includes G proteins, small GTPases, and several kinds of Ca’*-binding proteins; (i) ion uptake/exclusion and
compartmentalization via the actions of membrane proteins such as the vacuolar-type H'-ATPase—the dominant H"pump at
the endomembrane of most plant cells; (iii) detoxification of reactive oxygen species by antioxidant enzymes (e. g.
superoxide dismutase, ascorbate peroxidase, catalase, and peroxidase) ; (iv) alterations in the expressions of key enzymes
involved in carbohydrate and energy metaholism (e. g. , enzymes in the tricarboxylic acid cycle and glycolysis pathway) ;
(v) remodeling of the cytoskeleton (e. g. , actin and tubulin) to maintain cell structure and function; (vi) diverse protein
expression and interaction patterns regulated at the transcriptional, translational, and post translational levels; and (vii)

maintenance of cellular homeostasis via coordination between primary and secondary metabolism, for example, the
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assimilation of ammonium.

Key Words: plant; root; salt-responsive; proteomics

T EER AL S e R AR AR 7 i B R 22— AR HEIN 3] 2050 44 BRERTRAL A 1) LE AT RT ek 3
50% " Uk, B STAE A ER AL S A S AR SR R A 2 A 5 S T A A IR A, R 20 3 4 XA
Wi L TR A ARG S B S SRR R B S RO e T A N AR P R
R AT AL B P SR S HE T Na K46 FIPUE L R GifidE ™" LR BE Y
o A — R AR R ) 2 TP A R

A YA TR I O 0T R 38 0 AL AR BT Na™ Y 326 43 W WAr/ b HE AT DX 2 A 0 Al 2 i 7 6 JifpaE BLAG
BAEM . CA MY AR50 F AW IT IR Y], 3850 Na® il i AR i s (9 JE e 8 1 BH 25 7 3 8 5
Na* #5128 8 A HE AR, (H 240 Na* v REBL T Na*/H* S 1) #4512 26 F1 5 Na*-ATP B RIS b, AR 40
LY R 3 Na™ 38 2 W0 Na®/H* S 1] 5% 528 25 (95003 B 22 W06, AR Na® W o R BT 90z 3% 28 i B4R
G310 SRR, E R TR A AR R S R 3 A AR LA R R B ARG SR S A M R MR R
AR e 7 ol 3 1o 2 R AL AL T — S A B (U T AEAE mRNA WA BT Y] 58 U RS
B AE AR A mRNA 7K RE AR R B BT R IR K 5 R IR R F1 BOK-FIF A AR
=N STERS I K E | g AT AR TR B Y |- L7/, S A K= 81N - = DA R 3 1 Sk MR 23 N ] L 4
IRV RATA TR A 1) 6 0 3 ey o AL B B T R EE R, B AT, A8 245 BB R H 45 ( Medicago
truncatula) "2 AR (Manihot esculenta) ™ JKFH ( Oryza sativa)**' [ B 5. ( Lupinus albus) > H W RS
( Brassica napus) "' H2 , L e K. ( Glycin max) HE" FINZ: (Panax ginseng ) BAIRAR ™ 595 A R A, %
SEAFE 2324 FhEE A, [RIEE, AMTATS3] T NaCl e 244 FKRE 7 BRI (Arabidopsis thaliana ) ™ K
5.3 K (Hordeum vulgare) 81 JNE (Triticum aestivum) " M ( Bruguiera gymnorhiza ) [40) 548 ) BT i S5
(Agrostis stolonifera) """ M2 3 T FRA RS, SLUE 2 T 395 Fhah Wbt m ] 22 53 F R 8 A, ASGES R A
SIMT_E SRR A T 45 A SR B (0—200 mmol/L NaCl,0—28 d) Sk AR R 4 4 kAR X A8 AL ARRAIE
RGUASE TS 55 TS BS5E bha S0 w285 Re s a8 B 5 8 f s A f
B2 1 BT R IARAE , DAy 4 T BRAAR ) 7 25 e ) A G R P AL S it TR
1 GERSEARMBUSESHMERESES

A ST QAN Natilisd 5 G 8 PRI Z IR Z, & 0 Sh AR B AILEE (5 5 e, 3h B3 40 e 45 ) v
() Ca RN A M T v, DTS /300 ) 45 R A 45 5 2 1 g sl ez Rk i e (K1) . /NG A RA
5 G EOMLIYIIRE, 25 2R A I i E S S R AMTRIHE A RAEEAR R —5 5 Ca™ fF
SIBRAKN G EA /NG EN A EN (EIHE N SR E ) T AT Rk E R kA B,
£ 200 mmol/L NaCl ip38 604 F , /NEAR T G i AL LAY W, SR8 N KRR 9 RabsB 5/
GTP 4558 A, LA KRG IR I/ Ras 26 GTP Z5 A H k& LA 7% SR, $hhaa /K REAR b 0 45
JEER (1 E5 R 1585  ER (RTIA, L IR S AR A 25 & B AR SR (IR A F R0 ) 522
FARL KRR P i) — RS 25 5 25 11 (@i 78707963 ) ST IR XE Y DREEP 2828 11 (C 3 & A7 o & A3 R I Ca™
SEAAEN) , A R AR A 0 2 R R LR U bR, S a4 R it 6 A
(/I G ) Rk i nZ IR X A IS Na™ (55 M HE, MBSO 4 BT b Ca® MRS IR Il 545 G 8 3R
IR AL L Ca™ /8525 B R AV E A TR Fak A= [RIR I 19 e S5 M AR 1 (AN 1 PR AF ) R R AL AR
TR AE 5 B R A8 FE s AL B i A2 (&1 1) o B G IR Z K 4h, O =2 4k (andih e 77 h iy ETR1
NTHK1) ] fE 2 5 R (5 S R4 Wang 507 R /N SR U S P Jinan177 AR h O 0 2 PR Rk B
VAR /N R Rl Shanrong No. 3, FEHETX J2& Jinan177 XF EhBURAFEIH Z —
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Fig. 1 The salt-responsive signaling and metabolic pathway in root of plants revealed by proteomics researches

A 3 e 2 B RR R Y A B R R AL IR L i R R AN NS SR SE R EE R R
— b AR A A A R 3 e R e LA R (B 1) . Cheng %570 R IR R 41 R K HL, 150
mmol/L NaCl Zb¥ 48 h J& W7KAFAR h—Fh i & e IR T 2 7 B 32 AR 20 ( LRR-RLK ) &35 L, SLREGH
BT SZ ARSI R KR, /v Pt s R W1, HAe i 15 5t b ad A2 P AR ') Wi, 200
mmol/L NaCl [pie ) &) 5 B8 AR b ) Wl A% 7 B4 ( NDPK ) ik iR % n] LURIFT ATP Sk 445
MY CTP GTP & UTP (/K , thz 5 H,0, M S0 25 SR 0SB A MBS 57 Ser . A
YW NDPK Fik 1 LA S A B b a4 3¢ ) Ah, Chitteti 25 & BUER 381 25144 F /K R AR ) —
ﬁ?ﬁﬁ?%m@(NP921616)ﬁi@'&ﬁﬁ%ﬂi’%iﬂsﬂtﬁwé%,ﬁt@fﬁﬁfﬁa B 7 R ER AR S ORI

Ak, 14-3-3 WS 5 T HEY N R A (5 5 S R . 14-3-3 P SR H-ATP Bi# C I
AHEAEFE , 1 1) 15 FLTE 4 ) AT 42 1 200 M 2 o L AL 24 B B8 iz i S5 N pH fEL.(&1 1) . 100 mmol/L NaCl
Jifrie 2 R K REAR FR WA 14-3-3 2R (GF14a 5 GF14b) Fak 8 FIEPY L [FIRE, INER TR 14-3-3 2878
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A ZEhhia AP S F ik i 1R SR, 150 mmol/L NaCl AbFf 48 h /KFEMR H 1 14-3-3 A T,
AT BE AT UL, SRR A58 5 14-3-3 G5 AL 03 R A5 10 28 Fh 0 X A [ B F ks Faes
2 REBE H-ATP BEREREZEASEETFRENK

1t 2R B TS v R IR N B e, AR Na RS ML) 32 B0 45 76 B R MO R H -ATP il
PR IR S )N R BUBE Na*/H* B )i 28 PR Na™ HEH A0 A0, [R]85 0O T i Na*/H )2
552 8 R Na® R AR SE P 7 X A6 xhEh it 408 A M AR (0 28 1 020 24 0 B o AL ol 42
HETUESE (1) o 7E 150 mmol/L NaCl it 48 h /K R4 AR b W HY-ATP B2k & LAY [H
BF, TR BLER M0 2500 T A 1Y -ATP B7E i 55 5 %) i A AR rp ek T i 9, ELA AR X e i 3
#9/NAZ Shanrong No. 3 & Pl A1 8 ) 55 BEA Penn-Ad 5y 84351 EC AR XHIC T R PE /N 22 Jinan 177 &5 Fh A6 &) 5
JBe#i Penncross i Pl AR P A VR ML HO-ATP B R Gk B MO, KRR R E AR EA (g
125541169) FikF B LY | BRERER P — 28K A B 45 5 25 11 T S I B, 70 AE 90 40 s 7 328 38
A T B A Ay A T & AR
3 SHMBEHNHSERENESEERT
3.1 PAEALES R GMRR ROS B

Wi m H P Bl 2 S A (ROS) A it AR ROS MR M AN B F A ML (0;) AR
(H,0,) FREER('0,) KEAMEE(-OH) , EATTAY T 2R 20 HE Y (R 92 5 DNA 55 85 5 45 1 4
A A T AEER A A R AR R RS, MR 5 R R GOK T PRk Se e R A
LT (SOD) AT A AL S0 BT ES I RPN, 6 A8 S H, 0, F1 HL O, B B T A 4 41 AL HIEAE ROS 11
S—TERELRY ] NaCl Ab B0 g I 7080 &) 55 EFUs , P& AR i Mn SOD k80 L™ (F 1), It
&b ,150 mmol/1. NaCl Fpift F ARG FFAR Fh BHA SOD 1% M B 8 & 2 2585 11 ( Germin-like protein) ikt FiH™
LI IR I AL P ( APX) I FHPUIR LR ( AsA) /E AL FHEA, AT RO H, 0,38 )58 H,0, 7EStid B H , AsA B
AL BB A BTN MR (MDA ) . B A BT IR I R34 BB ( MDAR ) W] {4k MDA 38 5, T SEBE AsA Y FF
A= A MDA 38 0] F % M5 g B S0 IR LR ( DHA) | JBE S0 IR 4 5 i ( DHAR ) A LA I J 780 43 I
HIK(GSH) 1E N HLFHHACK: DHA 850 AsA 1AL 5 1 GSH XT3 i3 43 e H BRE J5RE (GR) AR H & 4=
WIF R, NI 5K AsA-GSH 3R> (& 1), #F58 & B, 50—250 mmol/L NaCl ifl (6h—14d) 2 ik T 7k
FiKHE NEE B IR T APX MDAR & GR K352 BT APX Al AV BRiE EATH, 0,41, it Ak
AW (CAT) LS ALWEG (POD) LR A3 bt H Ak S AL W ( GPX) ZERRBRH, O, B PR i 2 o HAT 8 ZEVE FH (1A
1), 5 APX ANRIFE, CAT AT BRI S 50 HE2KH, 0,38 5 H,0"> " 1fii POD Wi it LBy 21k &
W KRR R ER A KBS LMY RIA R H, 0,7 b, GPX 5554 JF R GSH (925 4 B 5¢ ) H, 0, i)
WJEORE R R N B4 T R 5 R Bl ( GST) & —Fh 2 T REER , 76 S Lt i 72 b BAT GPX 3 1, T
DA AR e H IR R S 40K H,0, 38 J5 A H, 0PV (18 1), 7E AR Bl 2, ARG SR o Y GPX L GST Al
POD /K A% AR H 19 CAT, GST #l POD, K Z R ) GST 5 ) & 3§ B Fi AR+ (1) POD % ik & 48 I
P[22 3132393840 e 100—150 mmol/L NaCl i3 K RERE R AY 1, 4- 28000 R R 23k H 0 30 s
AR BRI 5 K H e LA 32 AR B XU, T3 JE R, T AR AR M 4 52 B i B AR e 45 1690 el L
Y rT LA i 22 Fh bt SR A -5 B A TR L TR R R o R e s 1 i S A
3.2 BREMAY 0sd0cl 25858 1t 2

A AT A A BB B VT YR R R N AN B A R IR R G e e . SR ST AR R B TR R
FIZEHE 1 (gi 21537409) , LB AHEMR o 5938 P8 8 e S i o ek i i 2 > (| 1), xR, B
AR R SR 38 00 0 5 3 e B AR, A, Fh I aE R K REAR BRI LY Osrd0cl ikl -
PO 0srdOcl SEFEIA PR ABA S0 (19—l 40 kDa F B, He b T BEAEHRE 1 5 18 PR B8 i
R EEEZEEAE L),
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3.3 HEBiEAmHECE AR

B T LR B AALEI SN, 8 S A A & e — e E B B A SC 2R (T, EEAEE . (1) R R
R ), HYEEZET LIS 55 Y, 4 rT DUE R & MR I ., 150 mmol/I. NaCl
Jp3E ST AR T R v (0 4 S Bk R AE K (Jacalin lectin) F MR 1 KRR T H @45 SOk RSB SE £
( Mannose-binding rice lectin) FEIRHR ST SR ,100 mmol/L NaCl 463 72 h Ji , KGR pEEEREK L F
FETF IS AT L A [R) 4 P A AS () 0 3 3 I, )T 6 4 2R 17 Sk 3 B LR A7 AR 22 55 (2) R IR
(Elicitor peptide) B (&1 1) , NaCl 52 M E TS T HDIR IR IR 255 AR SS9 B 48 (80
EREE ) T, e, KGR RETATE 100 mmol/L NaCl a5k F P, (3) & A B H 4& H
(B 1) o R B R AT LA A 32 45405 4 Y03 P R 5+ R %) 2 1A P 0 e, DTG D5 1 A1 % B PR 28 1 o
IREARAER . 7E 100 mmol/L NaCl hift 72 h B, KGR Hh i) 2 1 BT 1 25 1 25 F T 0, R X PR o
Fofrsteh £ Foip e 435 I R A5 05 (4) B WA HSCE AR (1) . KRS B-1,3 R bR A E A
J5 bl (gi 33440014 ) 3% 38 38 25 (15 ( Universal stress protein) (gi 115488992 ) 5 i iR i 55 4E 5 11 (LEA) 7
EhiiE N AR LR, X AT AR B TR s A R DY o LEA Mt thRE B A pE L, Rk
LEA JEPR HVAL f %6 SR KRS ELAT S50 A Trp b 1) KRR P B 3R i 35 S 28 11 (i 109940164) 5406 5
I (gi 75331439 ) FEEh e 4 F F ek Rt 13l Hodh SR S 8 A A TR L s
4 WEEE5EESRGEXEBLEFESRIEKE

FE i i o sh ek sh A S S S RE R AR (SR ERIG IR PR R AR AT ) HH Gl 1% 2 1k R 1 X £
a0 R (1) ZRERIGIMAH SR FB A (1), 4 150 mmol/L NaCl b3 6 h )5 , I+
W25 = IRBRIGI 0 SR B M S0 | JE 6 2R R I , LA S S SR R I S0l 110 R 2k 0 1,48 h 5 Sk R
AR R, MR, 28 150 mmol/L NaCl Jir3f 2 BE 48 h J5 , /K REAR v 1) 12 Sk i g 22 08 B 30 E R
BEAN 78 RV FAE 0 A AN ] St Fofr e 3ok SR Xt et i A e Ak K IS — 3K, 2Rt b RS | /N 22 26 SURR Ay
A Jinan177 AR PSR A 1w T T i £L 5 AR Shanrong No. 3 Py Sk iR Rk A R
A, B OR ST AGE I E SE Tt A i Ao 1 7 8 B IBE Penn- A4 Sl R Pp 60k i A A8 Ak , (B 7 Tir 6 45 55 1
Penncross i FAR R EITF I (2) RIRAEYIAR oS 55 0 2 A 00 1 1 1o X6 6 ke R Ak 3455 S (| 1) &
200 mmol/L. NaCl AbFEAY/NZ M | 202 b e A s 40 A T, 40 SR 1, 6- ol IR 8 4 Y O S 1 S RO T
AR H I e A T R o PR, LA B 07 I 10 2k = A ) KRR v %) 5 T D W S M il s
JE B EIRE- 1, 6- BRI A G R T A U B B R R 003 A | b i Ak
PRI, 58] 85 B Penncross AR AP B IR H- i BRI 5 0 2R , LA SCADURE MR Hh 0 075 Bt 0k B B R o >
(3) HES S5 S ae Qi t 3z 21 a 2w (B 1) o 48 NaCl Wha 5 3R IF 5/ A= il ATP
Ak LIPS ATP A e YRR B %O, A BB TR T ATP B SCEESE B ATP A REY
A F AR 5T v AT R R0 7= BE R AR A SR e X HeE i L /A S )5S IREEAR Hh AR
PR I SRR A o B bR ohb il O D TR R I I A A T B B A M b S S T e AR Ak A S
iz 204 g A, AR A0 R AR R A SRR, /N2 AR P R £ BRI AU, LA SOKREAR TP R R ¢ R
PR R B 3R 2 S S 2 R S R S S R AR AR 1R 2 AT RS AR R 4N
R o S ALETINE PR I AR I, BE % LA (B o KB THAE 4 o0 150, N BUK , B 1 LR ] fig
A R TFAEYIAE M0 25 F L PP B r= A8 ) L M, AKAREAR P ) UDP 3 2854 A2 s R AL 1l 5 400 e O AR v 21
Jid U ek AR R P UDP AR B R AL R S 5 2 AU U AR R AR 2 BT RS AR AR
5 EEEREESEBIAEMmEN

B AR T YRR AR S5 4, L R AR SN s | e R e i (5 B AR IR A MZ B 5 o AR R LA
EEAE A3 VA I 22 B R TR SR U Y A B SR R 4 ISR N B A A Y By
K21 A R AT & PR SR M0 R — 2R 5 20 B SR A DG B R Rk & AR AR R, B (1)
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EHERAFAEIESTE 1), o MEEAM B HMAEE A S Mo R w0 W3, =% A ML = 4451, 58
% BB ZE ST I K, 200 mmol/L NaCl WA Ab 5 | Eh&UEA /N Jinanl77 A o S E AR L L
P87 150 mmol/L NaCl A T4l I AR i o S04 25 P 388 Bt A, 17 B f 8 28 1 0 S 8K 4
BT (2) MLBh B e AR TR B ER a0 2 F N kst & 4B 28 L (1) o 150 mmol/L NaCl 4bFH 24 h J5#Y
IKFEAR LR ik B 15 fH7E 150 mmol/L NaCl 2631 6 h 5B IR h i la E I RLEH T
PA S S Ah TR BNz S R B R SRR TP L Sh R A A R R R O, (HX SRR S RO
BE N () WS E AL A E M (ABP) fENLEHE (1 4 E v AR Pl SRR A (11 1) . KRR i
ABP 51528 i L 3h 2 14 % 5 T ( ADF) B 1R @ iy R0 #ildn, 7K #% ABP 5/N# ADF B A
76% WA FEIR P HNAARIE . L, B KR A REAR T —FhHr ) ADF, ADF 7] LLGE o {2 #F L3l 8 H 22 1
fR AT NS E B S AL miEba 40 F KRR ADF KCF LT+, il g S S8 E R 2
(R B ]IS 8 R L A 208 3k A 1 S A T T, T R AR A B RS, (4) WLERER 1 F L 5
HRLHE ATP 5 b LR BE R AZ 26 41 P9 1) /NI SR I A | e (R HL & AN i AR 4T 4 55 Z Fh A0 i 2
(W) (K1) o KRR BT IR SC ) —Fh 2 LR 8 1 8255 25 1 ( Myosin heavy chain-like ) 7E 150 mmol/L NaCl &b
P48 h G A LD X AT AR TR X A [ 40 RE B 36 A S A SRR T R 38 R 41 Y Y
Y24 . (5) Remorin J& TAEAY)FE 5 M IR EEHH JC 2R B8 11 03 8 ZR IR, RE RS FE 1A DB LS5 2R 1 22 IR 2546, mT g
SME 28R/ B R R e (1) o 28 150 mmol/L NaCl AbBH 48 h J5 , /K FEAR R | Remorin 1 25 R EIA
B EJE ) Ak, B 100 mmol/L NaCl 40 H 2 J& 1) K R AR 5 B E (1Y Remorin 1 25 F1 R &5 F BB FiH
Remorin [ LI AT 6 B T AR FR 0N 00 52 360k | sl Ve e/ & & ad B s A5 S I F 2 o7
6 EXRAEEEYMNIIHMENEEIRT

F 32 0BT 2R T 4121 AR R A BRI, L RE ARG I 3] /1y 250k Jolh a0 A B Sy 0 A G 2 1 5 (A
1), /NAARFAYHE 5] T BTF3 £ 200 mmol/L NaCl 4301 F 335 F3E™) 3 HAE IR F 5 BTF3 [A) 5 A9
Tl B A 22 IR 52 B (NAC) Z5 88 1 7 11 I3 (il 21537065 Fl i 15220876) 7EER A T Rk B>,
BTF3 A —A> NAC Z5Hy3k, rT fE@ 0 15 RNA A8 11 A9 Rk R N & ER Wk . 4k, 100 mmol/L NaCl 4k
H3 d i, KOG AR B - PR -BEE ( BHLH ) 5% 55 5 748 505 i B2 (AC142095 ) ik F ¥ 1Y bHLH A
JRTE A Sie o 45 v LA B ) IR VR, 45 126 DA AT ML 30 2 b R s S 2 AR L kR R aE L U
B STk B U SRR A SR B S A Rk . AN SR At 415 T DNA/RNA 255 A #HKA. /b
F 1fit £k i Al Shanrong No. 3 #HF ) DNA/RNA fif BEBGZE SR M0 T 25 EiA™ | ILEF &4 DEAD-box RNA fi# i€
FilE SR R 2R A R 38, YR A s s A2 B B BEE T SR R AR R A H R A RNA £5 4
FI(GRP) RikFHE LA™ GRP @ H A4S 2P BUR  nlAE i S K Ly Rk |, Je A B Ll
O R 7 S
7 HEMBEMMEMEERBESHERAEESHEN

a0 R IT OKAE NE SR E S SR 2 5 A N T B 4 B A R R R R
BRI K & AR A, ELAFAE Al A) 24 9 28 AE AR (B 1) . #E 150 mmol/L NaCl it F BRI AR 1, 5
SR A AR (R EAL B A P T 3 W) R RO 0 S R Lk A/ A R R
(1 NACa 5B 1 Zebifk HSC70-2 FIAR 1 B 6 S A ) 25 1 B A (4n 26S 2 B4 2L RPN11 ) 4%
AR E A RRA RS T X R X R A RS 5 0 2 IS S R B A B R (2K 15
e/ 55387 ZRRIERYT R 32 WA 4540 B 1500 A ik A e 2 R 1 TR B s 1 S A W e R R 2 B T
R R, 52 A, KRR 2252 JE s E] (/DT 24 h) 150 mmol/L NaCl Zb B 5 &ZEIAREE 4 S29 . DnaK
B FAEAB HSP70 23k F 88 FRIF8mEmR1L ™' . T 100 mmol/L NaCl b3 2 J&5 , K R MR 25 11 5 — i Ak
W) A S R (R E R R

[F]— W R EAG S RIS 56 ol 36 I ) 28 F 5 1 TR 1 SR B A7 A 25 5% 7 200 mmol/ L
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NaCl WHB T, ) & 55 B 5 5 Al Penn-A4 5 L8508 5 Al Penncross A, IR & 585 H i & 11 HSPOO A1l
HSP81-1 FiH%/> i 25 8E AR 7R ZREARE TR X R, i £k 5 R i 45 & A
Bt KA Il 8 1 B AR L AR B0 1, NI X R B8 . Ak, 78 200 mmol/L NaCl AL 2 24 h J5
Wifh/NA (Jinan177 F1 Shanrong No. 3 ) HR A A 4H M HSC70-3 26S 25 |4 B 1A RPT E3E 1, DL K 26S 75 [ 4
RPT W 3 ik F= B #F 1A', X U3 /N 22 AT RE 3 2o $2 o 28 1 5 A ook 1o %o R i, R i T,
Jinan177 F3H i8 ELAZ BEEL R TR 1 SA3 WAL AR 1 AN 3K |, M 7E Shanrong No. 3 WriZEAFRFE TR, It
SN R I N ey s N SN [ 2 D) A S i I AT UL, Shanrong No. 3 A BE L Jinan177 HA 5k
P ERET]
8 FHEUEASAKRERGRETK
8.1 & [FILAE Y=

Hhfblhae S ECR R 8 A KRB R T DL o 3 5 S R AR VR RV BR IR Z R . B A Bk
A U (GS) - SR G il ( GOGAT) G RS2 i3 S A IR N IR A i £ B A2 b GS W UMb A ik 5
TR S WA AR , A RN T & BAL & WS 5 & (R W Il 2R 09 4= ) & e B U0, R, 24
R A N 0 B 5 ), 25 R 5 U ( GDH) W TR AR B S o TR N R A IR, AT 56 )2 1 W] Ak A
FHETTE AR BRI ST R B AN TR AR r 0 S ) A e R o R 3 e AT R TR AR (B 1), 7
150 mmol/L NaCl Zb3 48 h (/K FEAN AR T GS 3RiBFHE T A (0 GDH2 FakFRE L™ 522 A1, 200
mmol/L NaCl ZbF 4 d (/N MR ¥ GDH By R st 1R S R0, £ Wraa w] 58 30 42 90 /R B GS-
GOGAT 30, FEHEY AN Bk w i %, WIS 3 GDH 3848 Kk m &b M A ML 2, 2R, Slrd IF
M GS 5 GDH 7E 150 mmol/L NaCl 4P 6 h J5 1k 4% T 9,48 h J& ik, X R feEh B il rg o
MR PR AR R IR AR AR A ], Bt 38 AR AR 20 W 1 e e A I3t b o 2 m) A il ) 2 ik o
RIGFBRIEN L Z A .
8.2 RFTHRACHIAHCHE R AR A Bl s

A AR AR A 1 1 4T AR RE 0 A 5 AR B SR B L PRI 2K A RIS S R AR 5 S 4 4 B B 3 o 2 7
TEARBUR VG AN R T RN E R 22 5 RN AR ZER . Ak, e iR P = R &
B AL B R S ATP & B BRAR T GR2RR , 7T LA AR T R AR BRI Y L Hoh S-H R U S = A 4
1R[] 7R~ Jpt 2 iR HH 627 B2 i ( 5-methyltetrahydropteroyltriglutamate- homocysteine methyltransferase ) 25 H i &
R A 1 T AT 3% SRR 1) R A ash R U1 by ot el B 4l A O- P 354 B ity | Wi M R -3 -0 - FF S 27 A% Il A1 1. 5
i, 7E 100—150 mmol/L NaCl 23 24 h—2 JRY/KAEAR R 5-F 3 DU S = 45 2R - [A) 24 2 i 2 e Y R 7%
At s B LASh , B 2 5 ORBUR G U AR 0T (AR DN T A s A T P TR 5 S OO I P e
AO- IR RS Ity 5 MR -3 -0 - F LA RS il ) SRk - BEHE T8> (& 1), [ABf 76 150 mmol/L NaCl Zb3 6 h
5548 h AR AR TP B AR P B AR B U A R R A (B 1) . R, 5 S5-I R = A A iR
RUA e 2R B RO AR 1L, O JURM 2 5 R B3R5 U T 3 38 25 47 7K et 400 R I AR Y A o 1 78 i .
AR SCEERY AT VE T, Ak, Witzel 45 1 50,100,150 ,200 ,250 mmol/L NaCl 43 Jil 2k 3 K 22 T 4
Mroex 5 ER MU Fl Steptoe , &I Mroex AR H & i 11 FH B &R & B 1 19235 5 & T Steptoe , 22 BH it £k 7Y
7 Mroex H F0 20 B BE A AL FE BE AT BE 51 T Steptoe
9 HitERE

PR R ER 0 5 5 0 S8, WF AR ER B3 () R 0 5 AR AL B F 2 S, Rl A 25
FEIR A T AL 2E AT 45 5 R S AT R A R e 17 PR A ) IO 286 R s AL AL TR I A R XS L (1) A
MG EH/N G EANFHZFME S 5 E H B/ 28R BRI L 6 SR a5 5 5 (2) il BT
TR/ T H-ATP IR 5 %2 B A2 58 T/ AMES IXE A (3) 3813 875 5T AL B R 58 2 Fhig 1)
ikt HIHTEIERR ROS, I3l 5 il 2 Fhig 7 8 5 ) ot sl o & B A ot (e AR R ORI 38 AR DG 28 1 T
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5 ) R BEAR A0 25 X A M A 5 5 (4) 3l e 2 S e i AU A O i 1) 2 38 A, 365 A gl 28
HRERRER A A 5 (5) 18 1 200 0 15 22 20 25 T 20 DR 45 A MO 45 44 58 B8 15 A I P9 00 o iz i 5 B AR 138 P E 1
(6) ML 5% SRR A R R RS B A SR A S R, LA R R e A 22 A K G 4 5 5
KSLBMGRE A AR ST 'ﬁ%%l?i‘?%ﬁ%Elﬁﬂﬁdmﬁ“{t'—ﬂﬁﬁﬂ’ﬁﬁﬁ-(7)i%ﬁﬁ§19}’§’§k
[ ALV 4525 MR A AR K, AR JBUER A AR U AE A e A 3 1 MR 0 240 M 1 24 1*’] SRR, 2

H1 T 32 B B 85 P B2 A D) SR A0 R A= 15 S 2 B R ) IR, AL AR g 7 2 1 i EJ%M)}TTUFIL
T : (1) SRR B TR R AR IT R EL R TN SIS RGP (2)/\izejzéﬂ‘ﬁT$E
AR T 7 A 4 s B IR R B, e = N AR B SRR A R R (A SR I T IREE A ) LA
BRI E B A B AR A AR BURAS S 5 (3) i Tk Z b — 2P sl 2 570 148
Wy oA R B2 2 s 1) B AR 1 A A= 2 DI REA 15 T

References :

[ 1] Tuteja N. Mechanisms of high salinity tolerance in plants. Methods in Enzymology, 2007, 428 . 419-438.

[2] Wang W X, Vinocur B, Altman A. Plant responses to drought, salinity and extreme temperatures; towards genetic engineering for stress tolerance.
Planta, 2003, 218(1) . 1-14.

[ 3] VijS, Tyagi A K. Emerging trends in the functional genomics of the abiotic stress response in crop plants. Plant Biotechnology Journal, 2007, 5
(3):361-380.

[4] Munns R, James R A, Liuchli A. Approaches to increasing the salt tolerance of wheat and other cereals. Journal of Experimental Botany, 2006,
57(5): 1025-1043.

[ 5] Mittova V, Guy M, Tal M, Volokita M. Salinity up-regulates the antioxidative system in root mitochondria and peroxisomes of the wild salt-tolerant
tomato species Lycopersicon pennellii. Journal of Experimental Botany, 2004, 55(399) . 1105-1113.

] Zhu J K. Salt and drought stress signal transduction in plants. Annual Review of Plant Biology, 2002, 53 247-273.
] Blumwald E. Sodium transport and salt tolerance in plants. Current Opinion in Cell Biology, 2000, 12(4) ; 431-434.
] Horie T, Schroeder J I. Sodium transporters in plants. Diverse genes and physiological functions. Plant Physiology, 2004, 136 (1) ; 2457-2462.

[ 9] Munns R, Tester M. Mechanisms of salinity tolerance. Annual Review of Plant Biology, 2008, 59 651-681.

1 Blumwald E, Aharon G S, Apse M P. Sodium transport in plant cells. Biochim et Biophysica Acta, 2000, 1465(1/2) ; 140-151.
] Tester M, Davenport R. Na* tolerance and Na* transport in higher plants. Annals of Botany, 2003, 91(5) : 503-527.
1 Mittler R, Vanderauwera S, Gollery M, Van Breusegem F. Reactive oxygen gene network of plants. Trends in Plant Science, 2004, 9(10) .

490-498.

[13] Miller G, Suzuki N, Ciftci-Yilmaz S, Mittler R. Reactive oxygen species homeostasis and signalling during drought and salinity stresses. Plant Cell
and Environment, 2010, 33(4) : 453-467.

[14] Zhu J K. Plant salt tolerance. Trends in Plant Science, 2001, 6(2) : 66-71.

[15] Cotsaftis O, Plett D, Johnson A A T, Walia H, Wilson C, Ismail A M, Close T J, Tester M, Baumann U. Root-specific transcript profiling of
contrasting rice genotypes in response to salinity stress. Molecular Plant, 2010. DOI; 10. 1093/mp/ssq056.

[16] WuQ, SongJ Y, SunY Q, Suwo FM, Li CJ, Luo HM, Liu Y, Li Y, Zhang X W, Yao H, Li X W, Hu S N, Sun C. Transcript profiles of
Panax quinquefolius from flower, leaf and root bring new insights into genes related to ginsenosides biosynthesis and transcriptional regulation.
Physiologia Plantarum, 2010, 138(2) . 134-149.

[17] Zouari N, Ben Saad R, Legavre T, Azaza J, Sabau X, Jaoua M, Masmoudi K, Hassairi A. Identification and sequencing of ESTs from the
halophyte grass Aeluropus littoralis. Gene, 2007, 404(1/2) . 61-69.

[18] Diédhiou C J, Popova O V, Golldack D. Transcript profiling of the salt-tolerant Festuca rubra ssp. litoralis reveals a regulatory network controlling
salt acclimatization. Journal of Plant Physiology, 2009, 166(7) : 697-711.

[19] Chen S X, Harmon A C. Advances in plant proteomics. Proteomics, 2006, 6(20) ; 5504-5516.

[20] DaiSJ, Wang T, Yan X F, Chen S X. Proteomics of pollen development and germination. Journal of Proteome Research, 2007, 6 (12):
4556-4563.

[21] YuJJ, Dai S J. Research advances in plant proteomics. Chinese Bulletin of Botany, 2009, 44 (4) . 410-425.

[22] Mathesius U, Keijzers G, Natera S H A, Weinman J J, Djordjevic M A, Rolfe B G. Establishment of a root proteome reference map for the model
legume Medicago truncatula using the expressed sequence tag database for peptide mass fingerprinting. Proteomics, 2001, 1(11); 1424-1440.

[23] Sheffield J, Taylor N, Fauquet C, Chen S X. The cassava ( Manihot esculenta Crantz) root proteome: protein identification and differential
expression. Proteomics, 2006, 6(5) : 1588-1598.

[24] Nozu Y, Tsugita A, Kamijo K. Proteomic analysis of rice leaf, stem and root tissues during growth course. Proteomics, 2006, 6(12) ; 3665-3670.

[25] Tian L, Peel G J, Lei Z T, Aziz N, Dai X B, He J, Watson B, Zhao P X, Sumner L. W, Dixon R A. Transcript and proteomic analysis of
developing white lupin ( Lupinus albus L. ) roots. BMC Plant Biology, 2009, 9. 1.

[26] Albertin W, Langella O, Joets J, Négroni L, Zivy M, Damerval C, Thiellement H. Comparative proteomics of leaf, stem, and root tissues of
synthetic Brassica napus. Proteomics, 2009, 9(3) : 793-799.

[27] Brechenmacher L, Lee J, Sachdev S, Song Z, Nguyen T H N, Joshi T, Oehrle N, Libault M, Mooney B, Xu D, Cooper B, Stacey G.

http ; //www. ecologica. cn



282 A E = 324

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Establishment of a protein reference map for soybean root hair cells. Plant Physiology, 2009, 149(2) . 670-682.

Kim ST, Kim J Y, Kim E A, Kwon K H, Kim K W, Cho K, Lee J H, Nam M H, Yang D C, Yoo J S, Park Y M. Proteome analysis of hairy root
from Panax ginseng C. A. Meyer using peptide fingerprinting, internal sequencing and expressed sequence tag data. Proteomics, 2003, 3(12) .
2379-2392.

Yan S P, Tang Z C, Su W A, Sun W N. Proteomic analysis of salt stress-responsive proteins in rice root. Proteomics, 2005, 5(1) : 235-244.
Cheng Y W, Qi Y C, Zhu Q, Chen X, Wang N, Zhao X, Chen H'Y, Cui X J, Xu L L, Zhang W. New changes in the plasma-membrane-
associated proteome of rice roots under salt stress. Proteomics, 2009, 9(11) ; 3100-3114.

Zhang L, Tian L. H, Zhao J F, Song Y, Zhang C J, Guo Y. Identification of an apoplastic protein involved in the initial phase of salt stress
response in rice root by two-dimensional electrophoresis. Plant Physiology, 2009, 149(2) : 916-928.

Chitteti B R, Peng Z H. Proteome and phosphoproteome differential expression under salinity stress in rice ( Oryza sativa) roots. Journal of
Proteome Research, 2007, 6(5) : 1718-1727.

Nohzadeh Malakshah S, Habibi Rezaei M, Heidari M, Hosseini Salekdeh G. Proteomics reveals new salt responsive proteins associated with rice
plasma membrane. Bioscience Biotechnology and Biochemistry, 2007, 71(9) : 2144-2154.

Li X J, Yang M F, Chen H, Qu L Q, Chen F, Shen S H. Abscisic acid pretreatment enhances salt tolerance of rice seedlings: proteomic
evidence. Biochimica et Biophysica Acta, 2010, 1804 (4) : 929-940.

Jiang Y Q, Yang B, Harris N S, Deyholos M K. Comparative proteomic analysis of NaCl stress-responsive proteins in Arabidopsis roots. Journal of
Experimental Botany, 2007, 58(13) : 3591-3607.

Aghaei K, Ehsanpour A A, Shah A H, Komatsu S. Proteome analysis of soybean hypocotyl and root under salt stress. Amino Acids, 2009, 36
(1):91-98.

Sobhanian H, Razavizadeh R, Nanjo Y, Ehsanpour A A, Jazii F R, Motamed N, Komatsu S. Proteome analysis of soybean leaves, hypocotyls and
roots under salt stress. Proteome Science, 2010, 8. 19.

Witzel K, Weidner A, Surabhi G K, Borner A, Mock H P. Salt stress-induced alterations in the root proteome of barley genotypes with contrasting
response towards salinity. Journal of Experimental Botany, 2009, 60(12) . 3545-3557.

Wang M C, Peng Z Y, Li C L, Li F, Liu C, Xia G M. Proteomic analysis on a high salt tolerance introgression strain of Triticum aestivum/
Thinopyrum ponticum. Proteomics, 2008, 8(7) : 1470-1489.

Tada Y, Kashimura T. Proteomic analysis of salt-responsive proteins in the mangrove plant, Bruguiera gymnorhiza. Plant Cell Physiololy, 2009, 50
(3): 439-446.

Xu C P, Sibicky T, Huang B R. Protein profile analysis of salt-responsive proteins in leaves and roots in two cultivars of creeping bentgrass differing
in salinity tolerance. Plant Cell Reports, 2010, 29(6) : 595-615.

Mahajan S, Pandey G K, Tuteja N. Calcium- and salt-stress signaling in plants: shedding light on SOS pathway. Archives of Biochemistry and
Biophysics, 2008, 471(2) : 146-158.

Yang Z B. Small GTPases: versatile signaling switches in plants. The Plant Cell, 2002, 14 (Suppl) : S375-S388.

Zhao X C, Schaller G E. Effect of salt and osmotic stress upon expression of the ethylene receptor ETR1 in Arabidopsis thaliana. FEBS Letters,
2004, 562(1/3) : 189-192.

Jia G X, Liu XD, Owen H A, Zhao D Z. Signaling of cell fate determination by the TPD1 small protein and EMSI receptor kinase. Proceedings of
the National Academy of Sciences of the United States of America, 2008, 105(6) : 2220-2225.

Tsuwamoto R, Fukuoka H, Takahata Y. GASSHO1 and GASSHO2 encoding a putative leucine-rich repeat transmembrane-type receptor kinase are
essential for the normal development of the epidermal surface in Arabidopsis embryos. The Plant Journal, 2008, 54 (1) : 30-42.

Moon H, Lee B, Choi G, Shin D, Prasad D T, Lee O, Kwak S S, Kim D H, Nam J, Bahk J, HongJ C, Lee SY, Cho M J, Lim C O, Yun D J.
NDP kinase 2 interacts with two oxidative stress-activated MAPKs to regulate cellular redox state and enhances multiple stress tolerance in transgenic
plants. Proceedings of the National Academy of Sciences of the United States of America, 2003, 100(1) . 358-363.

Dooki A D, Mayer-Posner F J, Askari H, Zaiee A A, Salekdeh G H. Proteomic responses of rice young panicles to salinity. Proteomics, 2006, 6
(24) : 6498-6507.

Lee S, Lee E J, Yang E J, Lee J E, Park A R, Song W H, Park O K. Proteomic identification of annexins, calcium-dependent membrane binding
proteins that mediate osmotic stress and abscisic acid signal transduction in Arabidopsis. The Plant Cell, 2004, 16(6) : 1378-1391.

Zhu J H, Fu XM, Koo Y D, Zhu J K, Jenney F E Jr, Adams M W W, Zhu Y M, Shi HZ, Yun D J, Hasegawa P M, Bressan R A. An enhancer
mutant of Arabidopsis salt overly sensitive 3 mediates both ion homeostasis and the oxidative stress response. Molecular and Cellular Biology, 2007,
27(14) ; 5214-5224.

Hernandez J A, Ferrer M A, Jiménez A, Barcel6 A R, Sevilla F. Antioxidant systems and O,-/H, 0, production in the apoplast of pea leaves. Its
relation with salt-induced necrotic lesions in minor veins. Plant Physiology, 2001, 127(3) . 817-831.

Borsani O, Valpuesta V, Botella M A. Evidence for a role of salicylic acid in the oxidative damage generated by NaCl and osmotic stress in
Arabidopsis seedlings. Plant Physiology, 2001, 126(3) : 1024-1030.

Apel K, Hirt H. Reactive oxygen species: metabolism, oxidative stress, and signal transduction. Annual Review of Plant Biology, 2004, 55:
373-399.

Alscher R G, Erturk N, Heath L S. Role of superoxide dismutases (SODs) in controlling oxidative stress in plants. Journal of Experimental
Botany, 2002, 53(372) . 1331-1341.

Shigeoka S, Ishikawa T, Tamoi M, Miyagawa Y, Takeda T, Yabuta Y, Yoshimura K. Regulation and function of ascorbate peroxidase isoenzymes.
Journal of Experimental Botany, 2002, 53(372) . 1305-1319.

Kristensen B K, Bloch H, Rasmussen S K. Barley coleoptile peroxidases. Purification, molecular cloning, and induction by pathogens. Plant

Physiology, 1999, 120(2) : 501-512.

http ; //www. ecologica. cn



14

BB A5 B R A AP E R B R AR 30 0 AL F 283

[57]

[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]
[72]

[73]
[74]
[75]
[76]
[77]

(78]

[79]

Passardi F, Penel C, Dunand C. Performing the paradoxical;: how plant peroxidases modify the cell wall. Trends in Plant Science, 2004, 9(11) .
534-540.

Edwards R, Dixon D P, Walbot V. Plant glutathione S-transferases: enzymes with multiple functions in sickness and in health. Trends in Plant
Science, 2000, 5(5) : 193-198.

Marrs K A. The functions and regulation of glutathione S-transferases in plants. Annual Review of Plant Physiology and Plant Molecular Biology,
1996, 47 127-158.

Dixon D P, Lapthorn A, Edwards R. Plant glutathione transferases. Genome Biology, 2002, 3(3) : reviews3004. 1-reviews3004. 10

Akileswaran L, Brock B J, Cereghino J L, Gold M H. 1,4-benzoquinone reductase from Phanerochaete chrysosporium: cDNA cloning and
regulation of expression. Applied and Environmental Microbiology, 1999, 65(2) ; 415-421.

Beyer R E, Segura-Aguilar J, Di Bernardo S, Cavazzoni M, Fato R, Fiorentini D, Galli M C, Setti M, Landi L, Lenaz G. The role of DT-
diaphorase in the maintenance of the reduced antioxidant form of coenzyme Q in membrane systems. Proceedings of the National Academy of
Sciences of the United States of America, 1996, 93(6) ; 2528-2532.

Cadenas E. Antioxidant and prooxidant functions of DT-diaphorase in quinone metabolism. Biochemical Pharmacology, 1995, 49(2) . 127-140.
Moons A, Bauw G, Prinsen E, Van Montagu M, Van der Straeten D. Molecular and physiological responses to abscisic acid and salts in roots of
salt-sensitive and salt-tolerant Indica rice varieties. Plant Physiology, 1995, 107(1) . 177-186.

Xu D, Duan X, Wang B, Hong B, Ho T, Wu R. Expression of a late embryogenesis abundant protein gene, HVA1, from barley confers tolerance
to water deficit and salt stress in transgenic rice. Plant Physiology, 1996, 110(1) : 249-257.

Komis G, Apostolakos P, Galatis B. Altered patterns of tubulin polymerization in dividing leaf cells of Chlorophyton comosum after a hyperosmotic
treatment. New Phytologist, 2001, 149(2) ; 193-207.

Komis G, Apostolakos P, Galatis B. Hyperosmotic stress-induced actin filament reorganization in leaf cells of Chlorophyton comosum. Journal of
Experiment Botany, 2002, 53(375) : 1699-1710.

Pope B J, Gonsior S M, Yeoh S, McGough A, Weeds A G. Uncoupling actin filament fragmentation by cofilin from increased subunit turnover.
Journal of Molecular Biology, 2000, 298 (4) : 649-661.

Bariola P A, Retelska D, Stasiak A, Kammerer R A, Fleming A, Hijri M, Frank S, Farmer E E. Remorins form a novel family of coiled coil-
forming oligomeric and filamentous proteins associated with apical, vascular and embryonic tissues in plants. Plant Molecular Biology, 2004, 55
(4):579-5%.

Raffaele S, Mongrand S, Gamas P, Niebel A, Ott T. Genome-wide annotation of remorins, a plant-specific protein family: evolutionary and
functional perspectives. Plant Physiology, 2007, 145(3) : 593-600.

Toledo-Ortiz G, Huq E, Quail P H. The Arabidopsis basic/helix-loop-helix transcription factor family. The Plant Cell, 2003, 15(8) ; 1749-1770.
Gong Z H, Dong C H, Lee H, Zhu J H, Xiong L M, Gong D M, Stevenson B, Zhu J K. A DEAD box RNA helicase is essential for mRNA export
and important for development and stress responses in Arabidopsis. The Plant Cell, 2005, 17(1) : 256-267.

Mousavi A, Hotta Y. Glycine-rich proteins: a class of novel proteins. Applied Biochemistry and Biotechnology, 2005, 120(3) ; 169-174.
Rospert S, Dubaquié Y, Gautschi M. Nascent-polypeptide-associated complex. Cellular and Molecular Life Sciences, 2002, 59(10) ; 1632-1639.
Parker R, Flowers T J, Moore A L, Harpham N V ]J. An accurate and reproducible method for proteome profiling of the effects of salt stress in the
rice leaf lamina. Journal of Experimental Botany, 2006, 57(5): 1109-1118.

Miflin B J, Habash D Z. The role of glutamine synthetase and glutamate dehydrogenase in nitrogen assimilation and possibilities for improvement in
the nitrogen utilization of crops. Journal of Experimental Botany, 2002, 53(370) ; 979-987.

Rhodes D, Rendon G A, Stewart G R. The regulation of ammonia assimilating enzymes in Lemma minor. Planta, 1976, 129(3) . 203-210.
Melo-Oliveira R, Oliveira I C, Coruzzi G M. Arabidopsis mutant analysis and gene regulation define a nonredundant role for glutamate
dehydrogenase in nitrogen assimilation. Proceedings of the National Academy of Sciences of the United States of America, 1996, 93 (10) .
4718-4723.

Degenhardt B, Gimmler H. Cell wall adaptations to multiple environmental stresses in maize roots. Journal of Experimental Botany, 2000, 51

(344) : 595-603.

Sk

[21]

WURAE, BAAE. MW AR AU TE . R, 2009, 44(4) : 410-425.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.1 January,2012( Semimonthly )
CONTENTS

Allee effects of local populations and the synchrony of metapopulation -+ LIU Zhiguang, ZHAO Xue, ZHANG Fengpan, et al ( 1 )
Effects of leaf hair points on dew deposition and rainfall evaporation rates in moss crusts dominated by Synirichia caninervis,
Gurbantunggut Desert, northwestern China — +--=ssssereresssssmmmsmmmnmtinten TAO Ye, ZHANG Yuanming ( 7 )
The influence of freshwater-saline water mixing on phytoplankton growth in Changjiang Estuary = «coerereeererereereereeieeeeeeeeee.
.................................................................................... WANG Kui, CHEN Jianfang, LI Hongliang, et al ( 17 )
The responses of hydrological indicators to watershed characteristics — =+=e=ereeseeeeeeeeees TIAN Di, LI Xuyong,Donald E. Weller ( 27 )
Lake nutrient ecosystems in the east-central moist subtropical plain of China ~ +-+-+---- KE Xinli, LIU Man, DENG Xiangzheng ( 38 )
The current water trophic status in Tiaoxi River of Taihu Lake watershed and corresponding coping strategy based on N/P ratio
ANAlySIS  reeeereee e NIE Zeyu,LIANG Xingiang, XING Bo, et al ( 48 )
Reversion and analysis on cyanobacteria bloom in Waihai of Lake Dianchi ------ SHENG Hu, GUO Huaicheng, LIU Hui, et al ( 56 )
Effects of cutting disturbance on spatial heterogeneity of fine root biomass of Larix principis-rupprechiic = =+==+=+=creroreesreeaercneeeenene.
................................................................................. YANG Xiuyun, HAN Youzhi,ZHANG Yunxiang,et al ( 64 )
Responses of elm (Ulmus pumila) woodland to different disturbances in northeastern China — +eseseeererererrreerererieeernnineeenee,
................................................................................................... LIU Li, WANG He,LIN Changcun,et al ( 74 )
Impacts of grazing and climate change on the aboveground net primary productivity of mountainous grassland ecosystems along
altitudinal gradients over the Northern Tianshan Mountains, China ----- ZHOU Decheng, LUO Geping, HAN Qifei, et al ( 81 )
Response of herbaceous vegetation to phosphorus fertilizer in steppe desert — «=+++-+++ SU Jieqiong, LI Xinrong, FENG Li, et al ( 93 )
Spatiotemporal characteristics of landscape change in the coastal wetlands of Yancheng caused by natural processes and human
ACHIVIEIES  +verrrrrrornsrnenneensnneeneaeteaeeten et e e ane e ans ZHANG Huabing, LIU Hongyu, HAO Jingfeng, et al (101)
Response of species diversity in Caragana Korshinskii communities to climate factors and grazing disturbance in Shanxi, Shaanxi,
Ningxia and Inner Mongolia ««+«seserererereseseseneieieeieeeene. ZHOU Ling, SHANGGUAN Tieliang, GUO Donggang, et al (111)
Seasonal change of leaf morphological traits of six broadleaf seedlings in South China ++rscererererarerrrararieieieieiiieieiiieiiiieee..
................................................................................. XUE Li,ZHANG Rou,XI Ruchun,GUO Shuhong, et al (123)
Correlation analysis on Reaumuria soongorica seed traits of different natural populations in Gansu Corridor «-«=«+-srseeessrrereeareeeeceees
...................................................................................................... SU Shiping, LI Yi, CHONG Peifang (135)

Carbon fixation estimation for the main plantation forest species in the red soil hilly region of southern-central Jiangxi Province,

CREDA  ++eeeerrerneereen et et e et ee et e e et e et et e et e et e e e e st eaeeaeeaneeans WU Dan, SHAO Quangin, LI Jia, et al (142)
Effects of clonal integration on growth of Alternanthera philoxeroides under simulated acid rain and herbivory «-«-er-roeeeeeerreereeeene.
...................................................................................................... GUO Wei, LI Junmin, HU Zhenghua (151)
Difference of the fitness of Helicoverpa armigera (Hiibner) fed with different pepper varieties +«+«sesesesesererrereeerianatinniiniiin,
.................................................................................... JIA Yueli, CHENG Xiaodong, CAI Yongping, et al (159)
Hyperspectral estimating models of tobacco leaf area index — -«+-+---+-+ ZHANG Zhengyang, MA Xinming, JIA Fangfang, et al (168)
Temporal and spatial distribution of Bemisia tabact on different host plants — =svseeeeerererererereeeeeeees CUI Hongying, GE Feng (176)
Abundance and composition of CO,fixating bacteria in relation to long-term fertilization of paddy soils — =r=rrerorrerrerrremererenereeene.
................................................................................. YUAN Hongzhao, QIN Hongling, LIU Shoulong, et al (183)
Effect of Leucaena leucocephala on soil organic carbon conservation on slope in the purple soil area — +rororrrrerreroreerreeereneeenene.
............................................................................................. GUO Tian, HE Binghui,JIANG Xianjun,et al (190)
Isolation and the remediation potential of a Laccase-producing Soil Fungus F-5 = +corerrererrerarmerecieiiieiieiiiieicieeenenes
............................................................................................. MAO Ting, PAN Cheng, XU Tingting, et al (198)
Spatial heterogeneity of soil microbial biomass in Mulun National Nature Reserve in Karst area +-rorserererrresererresneneeereeeenne.
....................................................................................... LIU Lu, SONG Tongqing, PENG Wanxia, et al (207)

Root functional traits and trade-offs in one-year-old plants of 25 species from the arid valley of Minjiang River =---r-ecevoreererereeeeceees
............................................................................................. XU Kun, LI Fanglan, GOU Shuiyan, et al (215)
Spatial distribution of carbon density in grassland vegetation of the Loess Plateau of China +rorecererersrorararrieieneieieiiieieiiaiieeee..
.................................................................................... CHENG Jimin, CHENG Jie, YANG Xiaomei, et al (226)

Effect of nitrogen concentration in the subtending leaves of cotton bolls on the strength of source and sink during boll development
................................................................................. GAO Xiangbin, WANG Youhua, CHEN Binglin, et al (238)
Long-term tillage effects on soil organic carbon and microbial biomass carbon in a purple paddy soil = +wrcorreerreroreerreerreeeenne.
....................................................................................... LI Hui, ZHANG Junke, JIANG Changsheng, et al (247)
Effects of exogenous calcium on resistance of Hydrilla verticillata (L. f. ) Royle to cadmium stress — «esesreseseeresemeseeenceaeeeenn.
.......................................................................................... MIN Haili, CAI Sanjuan, XU Qinsong, et al (256)
Comparison of grain protein components and processing quality in responses to dim light during grain filling between strong and weak
gluten wheat CUllivars —+«+++ssseesrsssesnsnts ittt LI Wenyang, YAN Suhui, WANG Zhenlin (265)
Review and Monograph
Salt-responsive mechanisms in the plant root revealed by proteomic analyses «+occececececcececceceeees ZHAO Qi, DAI Shaojun (274)
The research progress and prospect of watershed ecological risk assessment — -+--+ XU Yan, GAO Junfeng, ZHAO Jiahu, et al (284)
A review of the environmental behavior and effects of black carbon in soils and sediments —«cocceeerererrereeees WANG Qing (293)
Scientific Note
Variation in main morphological characteristics of Amorpha fruticosa plants in the Qinghai-Tibet Plateau -«---ecocrerererreaeerrecereeane.
................................................................................. LIANG Kunlun, JIANG Wenging, ZHOU Zhiyu, et al (311)
Identification of aphid resistance in eleven species from Dendranthema and Artemisia at seedling stage — =v=wrrrrrerrersrererreeeeeeenes
.......................................................................................... SUN Ya, GUAN Zhiyong, CHEN Sumei, et al (319)
Research of padded film for afforestation in coastal argillaceous saline-alkali land ««===sscreessermrerermnenecmnenecnnnecenncaaeenenees

........................................................................ JING Feng’ ZHU Jinzhao7 ZHANG Xuepei’ et al (326)



(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if

(EBZ|RY2012 F£4EITRE

2

3_!\_‘

Ji

U AUHTPERMIE SR , R WG RE S B QAR 255 A R D7 1) A0 75 £ 1k SO 5 W9 fi 4 5 A2 A5 22 BIE OB s
i TR % I BY s e L o NN R R R B S B R =

(A

Yar:
?rjl ﬁ o

Hey A2 HH), K16 FFA,280 1L, B N E M 70 T/, &4 E W 1680 TT.,

FE IR &S .82-7  FEAMIREALS :M670  ArifEFIS . ISSN 1000-0933  CN 11-2031/Q
A [ MR SR K T T B, A nT B S G BRI RIS, U T KRB AR BN | S SE e A 1

TEAEITI

B . 100085 JL i IE X IGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEEBEMRE fLat

5]
.

: (010)62941099 ; 62843362

: www. ecologica. cn

HITHRE XIKE B ¥

£ &5 % #H ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semi thly. Started in 1981)
CEATI 1981 453 7 B1F) emimonthly, Started in
|3E H1il (01241 H) Vol.32 No.1 2012
% L= <ﬁ£z§%*l§>?ﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁ@ :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Ui : (010)62941099 Tel (010162941099
www. ecologica. cn www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
N Shengtaixuebao@ rcees. ac. cn
PN
i~ ig ,ﬁ?jg{ﬁ Ko Editor-in-chief FENG Zong-Wei
g DI
o L 202 A Supervised by China Association for Science and Technology
B hEESE S
&
3L A% 22 e AT ng== TN Sponsored by Ecological Society of China
Hp R A B AR IS
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
; Published by Science Press
H M 4 & 2 K &
Hihk . b AR IR ILHT 16 5 Add:16 Donghuangchenggen North Street,
MR B A . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m ;—
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North g
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China | —n
-mail ; journal @ cspg. net Tel: (010)64034563 o -
N . : o NS
2l N in‘li] é%i@ B)Ej\ 577 5 = E-mail ; journal @ cspg. net O =
EISNEAT o R 155 A S =3
Hutik . AL 5T 399 1548 Domestic All Local Post Offices in China > 8
Hﬂglﬂléﬁﬁ% .100044 Foreign China International Book Trading (%] o
. ) ——
IT&2E X e o Corporation - ":
¥ oaiE LR 550 8013 5 Add:P. 0. Box 399 Beijing 100044 , China _

ISSN 1000-0933

ERSMAFRIT

CN 11-2031/Q

ERNHEZRS 82-7

E s EZ TR S M670

EM 70.00 T



	fm+ml-zw.pdf
	stxb201011181639.pdf
	ml-yw+fd.pdf



