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WHET, B AR T A8 WAL (cSpd). Z5AAKEE (cSpm) &M (cSpd+cSpm ) /cPut #H B L F+, BE#E NaCl
AbPEHE 1 T1, cPut, ¢Spd. cSpm ik} (cSpd+cSpm ) /cPut W F e, % LRk, hMATESE . IR &,
Xt W & JE A ) E A R E SR . TR R B B AR o B — i T, R i TR R R rh 2 AR R
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Abstract:  Objective  Tomato is one of the fruit and vegetable crops cultivated with the highest economic benefits in open
fields and greenhouses. It is of great necessity to explore salt tolerance of germinating tomato seeds and its mechanism, especially
changes in polyamine metabolism in the seeds.

(SGP) and development of radical and hypocotyl, seed water content (SWC), seed vigor index (SVI), Malondialdehyde (MDA)

Method In this study, Impacts of NaCl stress on seed germination percentage

content, protective enzyme activity, solute accumulation and contents of various forms of polyamine of/in the seeds of tomato,
"Hezuo 903" in variety were studied. Result When the soil was treated with 25 or 50 mmol-L™' NaCl for seven days, germination
of tomato seeds was slightly delayed, but SGP was not affected, however, SVI of the tomato decreased significantly. With rising
salt concentration in the treatment, both the SGP and SVI decreased significantly. With SGP and SVI cited as dependent variables,
and NaCl concentration in the treatment as independent variable, salt tolerance threshold for seed germination and seedling
establishment was 106.1 mmol-L™" NaCl (0.62%) and 43.38 mmol-L™" NaCl (0.25%), respectively. With rising NaCl concentration,
MDA content, soluble protein (SP) content and the activities of enzymes like SOD, POD and CAT in germinating seeds were
increased significantly, also, the contents of fPut, fSpd, fSpm, (fSpd+fSpm)/fPut, bPut, bSpd, and bSpm in the germinating tomato
seeds all increased significantly, but (bSpd+bSpm)/bPut did not change much. Compared with the seeds in CK, the seeds treated
with 50 mmol L™ NaCl did not change much in conjugated Put (cPut), but increased significantly in the contents of ¢Spd, and
c¢Spm and the ratio of (cSpd+cSpm)/cPut. With increasing NaCl concentration, the seeds declined gradually in cPut, cSpd, cSpm
and (cSpd+cSpm)/cPut. It was also found that salt stress significantly reduced the content of total polyamines (TPAs) and free
total polyamines (fPAs) in germinating tomato seeds, but increased the content of free total polyamines with rising NaCl
concentration.  Conclusion Salinity delays and even inhibits germination of tomato seeds, and has a much stronger inhibitory
effect on establishment of the seedlings after germination. Tomato seeds per se have certain salt tolerance during their
germination phase mainly due to the drastic increase in (fSpd+fSpm)/fPut, cSpd, cSpm, and significant accumulation of all the
forms of bound polyamines, SS and SP in the seeds under salt stress, thus raising the seeds’ antioxdation and osmotic adjustment
capacities. However, when salt reaches as high as 150 mmol - L™ NaCl, the effects of salt stress raising cSpd and cSpm weaken,
while the effects raising bound polyamine of all forms, fSpd and fSpm, and regulating SS and SP accumulation are still intensify.

Key words: Tomato; Salt stress; Germination; Antioxadation; Solute accumulation; Polyamine form
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W PAs (ARRIZKFEFAFAEIEA . PAs A S
J7 e FLHE 23R 45 SOk B H i 2 . i 205
FH, MTEEE R PAs KF 2 ETHR, (WA
SCHR 2 BH A6 £R 38 W o Bt v —SEAE YY) PAs ZKOF 2 TR
U7 B A g P R IR R e R R n A K 4
B AN AL SR PAs AP BT, TH TR AR PAs KOF
HX TS, gkt EFHE R TR, PAs MiE
ZHEAE I RS R Rl ik . — L fff 5t R B
BEMG PSSR (fPut) BRI EERN,
M 2 A WAE K (fSpd ) FUiF B A HG e (fSpm ) %
Y T REHE R A B D 1O i vk e 4 A
YR T R fPut EEE, — 7 ARE T SR AR A
i I SR WEAVE FH A RS e (Put) [0 WA % ( Spd ) FKG
e (Spm) Ak, 51— 7 lF B A E e (Put) [7]
25535 Put (cPut) /FIHRZEZE Put (bPut) #1k.
kP AR, TR T AR AR Y (£Spd
+fSpm ) /fPut HIHLME!Y, 45475 PAs (cPAs) &1k
AR TS E S A A PAs, BV fPAs DAk e 5 —
SE NI AN AR . BTARIR M A R S ALY
4551 PAs. cPAs A IAP2SAY . g ER e A b vk
BkRe o AT KT, BA MR IIEE, 2 H
R Wi — W f Z i i Put, Spd. Spm %5 SEEFE I KE
R LM s i s S5 KON PR, oL B PR,
e I 1 R 5 B R R W e . 2 L SRR A
W JCIF o cPAs TE Lo T Bk, HIRAEI AR FEAS R [
F 124+, cSpd Ml cSpm FI A &ERE ROS, HAKH
T B AT S A PUALRE TS, SRAEZS PAs (bPAs)
IR AR AEMEL A PAs, B fPAs 5449 K4
FANEE 0T . WEE IR AR BT 3R A5 DAL S 2 5 T
MR, XEEER LSS T 4N & NS
B, XHEAA BOE R P S s, BA R E N
TR R P o RS 22 el 3 K I 28 ik
R A PN S 200 ARG SR FH R VT 9545 1
o)Al AR AP (22 28 B AE 9037 M kL, W5
TR NaCl hia xf i & . shii Bk
TR | PR AN R A FVFR 286 22 i B 1 A8

1k, 7R T Ah T & R ER A e B L), e
e AR AR Tk, LAY Ry 3 i %) i ok 55 A0 7 b AR
BB

1 BRI

L1 Rt

LA i ( Solanum Iycopersicum ) i Fp<AAE 9037
S Ee A RE . F A SR T T ZE RS R T
Hra, PEBUEHE . R . KRR AR
12 em, W5 em EZFES, HATARERANIE,
RV i A2 28 @ R I 0, 25, 50, 100, 150,
175,200 mmol-L™' NaCl ¥ , 43 37" N CK. 825,
S50, S100. S150. S175. S200 4b¥, AAAbPFRE
SAEE, BT 25CHEBRFM P HEITRE# 7 d,
BE SR 0] G 2 AR UB AR, BPMBTAS B 65 IR TC I
R FhFUIEE A o kbnifE, BRI A FE
R, 7dEWNRE, B kR (L) HZEK
THUET, RGN TRIAK S, #47 T 5465
I AR
1.2 ZFEMMFIENIEENE

RRG S A BE R T A Fh A ZF R M52
—H,F K (Sartorius, S ) FRi B &1 EEY)
ik (FW), £% Ahammed 2P SCHRIHE K& 258
KAERM R ZFIE (GL), &% Wu P50kl
FIE 1488 (SVI).

RS Y%= (FE 3 d WK R HUHHR I 5
Br%0) x100

RER Y%= (FE 7d WK ZER T B0 Y
FrF%0) x100

GI=XGt/Dt ( Gt 8% t KI K ZK, Dt F8HNL
B K 2EREL)
SVI= AN & FhF&E ) T < & ZEHE 8L

1.3 AIE., AIAMENTTEEERSENE
S A ME L Pk, SRR L%
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S5 T2 AL R Pscmk, FREL 0.5 g Wik
Fl P AL 5 mL 0.05 mol- L™ BEARZE bl (pH 7.8)
BEATURTE®FE , B0 (4000 rmin™', 4°C) 15 min,
B35 W AT AR NPT S B T D . R A
1B (SOD ) MR AW UM (NBT ) i Ji ik il
FE, SOD &ML NBT Y6tk 5 50% 4 —
ADBHEMERAL (U) Fon; 8L (CAT) 1EM:
SR FH S8 SISO 5 , LA RE 5380 %% B 2400 OD240 )
W 0.1 MBS 1 AEREMRA (U); W8
fig (POD) WGiPERH A AIAS b llE, LD
B OD470 754k 0.01 N 1 AT A LW P B
(U).
1.5 BFMAEZMFARESZRSENE

SR & PR BOR B A . AR
B, JEWMIME . PRI LR 8L 2 g, IIA
TR 1Y) 5% AR 2 mL VKB HE A1 5, FRIA
4 mL 5% JIRIR S G A B LAY, 4CIRIEE R
JE B (14 000 xg, 20 min, 4°C ), 4> HIUdE g
WRLE, WA TIE s &2 imas 8%
Jie ik, TUE W 00 R A 2 e B it

WA £ Wi ( Free polyamines, fPAs ) & & Ayl
E: WHL 1 mL BVEW, WA 1 mL PR S
(10 mg-mL™", ¥ F A ) F1 1 mL {8 F1 Na,CO;, &
A1JGF 60°C/KHE 15 min, SRJFMA 0.5 mL ffi &R
(100 mg'mL™" ) 241k . i FREEH 2 mL
HRFEL, WHCE MU G F 40°C TN HAAWR T,
HF 1 mL 20, i U85 B 20 pL BE S S SO G
j%{¢ (HPLC, Agilent Technologies 1200, 3E[H ) i
AR A3 #r, A0 C18 4, PRM R FH AR TR M
P, WK 1.5 mLomin', AEIRSH 30°C, A
KR 254 nm, HZOERKMESAN . DL Put, Spd. Spm
(4T Sigma 2~ w] ) VEARUERTZE .

sh &2 M ( Conjugated polyamines, cPAs) &
BT W2 mL FYEWR TR, A 2 mL
12 mol-L™" HCI, #2233 11 F 110°C R L% 18 h,
45 GRS Rl A2, SRIGHE 80°C K
WZE T 240 HCL, 1= A A 3 mL 5% &R &
B, B (14 000 xg, 10 min, 4°C), ZJEMESL
R [ U B 25 22 B S s (I 2 , SR 5 64T HPLC 4347,
MR B 2 B S H R A S M S AR A
2

WA Z M ( Bound polyamines, bPAs ) & il
FE: DITEH 5% TE 4 K, RFMA 4 mL
NaOH HJ7 i ig i % % i, 2.0 (14 000 xg, 20 min,
4°C), W2 mL B, fRIR45E 7 Put, Spd.
Spm & #Eilll %€ Jr ¥k, HPLC 4317,
1.6 HELEBSSEITHH

F F Microsoft Excel2013 ., IBM SPSS 20.0 44
HATBHR I . Gt b, B3 o B8R
HE2Z#, RAXEHE (Duncan ) Hr & % 25 0 56 v
( P<0.05) #EATHNZ WEME T 22007 .

2 45 R

2.1 ARIRE NaCl LB BT FEFNFF

ENIEH R R

& la) fi7n, 25 mmol-L! NaCl b3 T, FHHfi
FhFARMNIER R ZF IS, (HRRFHME R
YIARZ 50 ( P>0.05); 50 mmol-L' NaCl &3 T,
R IER & 2, RZFH D E TR (P<0.05), AKX
BB 75 mmol-L ! NaCl £ R, BH i 4t
RKZE, BERRARL ZFHRMKZER, 3 HxT g
i 40%7A1 17%; 100 mmol-L™' NaCl &b % ZE34 N %
ZER AN BRI 61%11 58%; A BE ¥k i 1F—
B bEF, T T RFREMREFE TR, &
200 mmol-L™! NaCl #b¥F 7 d, ¥R Tk .
25 mmol-L ™' NaCl &b H R, FihiFh 115 1465 (SVI)
WETRE, BEE NaCLUREE FFH, SVI B TR, 4
REFEER FE 3K F] 150 mmol-L™' NaCl, SVIF&ZE 5.91;
R VR BE E5 K 175 F1 200 mmol-L ™' NaCl, SVI #f—
A3 2 0.49 1 0,
2.2 FEMFFIEE R SR ERE

DL R & 2R R AR B, NaCl AbBEYR JE h
AASE, A MR, #EarmE R (K 2)
R, B K2 FhF-1% 14840 NaCl Ab 3k B
B 11 97 F243 58 y =(4x1077 )x*~0.000 1x* + 0.006
1x>-0.171 3x + 93.73 (R*=0.996 1) ll y =(-2x10"°)
x* + 0.000 8x’-0.071 4x* - 6.037x + 803.6 (R* =
0.986 8 ) AT & ZE Al Fi 1% 7 8 B0t U [
50% RFRAETHER, A5 1 BB A 903 1 K A
K Je A T R B A 43 98 106.1 mmol-L™' NaCl
(0.62% ) H143.38 mmol-L ™' NaCl ( 0.25% ).
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H#: CK. S25. S50, S100. S150., S175. S200 4435137 0, 25, 50, 100, 150, 175, 200 mmol-L™' NaCl i -
la) [IfEH B B 1b) A EARFE /NG 2R A B 25 7 W2 (P<0.05). T ESEIHr#TFIE 1b). Note: CK, S25, S50,
S100, S150, S175, S200 represent 0, 25, 50, 100, 150, 175, 200 mmol-L™! NaCl solutions, respectively. The different lower-case letters

on the columns in same cluster( Fig. 1a ) )and on the columns in Fig. 1b )mean significant difference at the level of 5%. The statistical analysis

in the figure below is the same as that in figure 1b ) .

B 1
Fig. 1
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Effects of different NaCl concentration treatments on germination percentage (a)) and vigor index (b)) of tomato seeds
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Fig. 2 Determination of salt tolerance threshold for germination (a)) and seedling establishment (b)) of tomato seeds

2.2 AEIRE NaCl RENBHFLFHFREL

MREAZMBERERHZIN

Xt BAHE, 50 mmol-L™' NaCl 4b¥F 7 d,
FAMW AP MDA St b (K 3a)), i
H SOD. POD. CAT #EPEAZfLARE (& 3b),
& 3c¢). & 3d)); 100 mmol-L™' NaCl 4b3EF, F
T MDA &% . SOD. POD., CAT 7h 1k B % 7).,
S ETE 41%. 49% . 86%. 31%; FfiZE NaCl ¥

BT, R — PR (K 3b). Kl 3c).
& 3d)), 50 mmol-L™' NaCl ZBEF 7d, B & &l
PPl EE A (SP) FrEEEAL, HAE
PEFE (SS) & ¥ T/, 100 mmol-L™' NaCl &b
FT, SP A SS il & = XTI, A3 A% #R
HEHN 117%F0 27%; 150 mmol-L™' NaCl 4t 3 F , SP
FSS T it 43 Bl BN BRI I 274%F1 53% (&l 3e)
FE 3F)),
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Fig. 3 Effects of NaCl treatments on malondialdehyde ( MDA ) content (a)), protective enzyme activity (b ) -d )) and solute accumulation
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2.3 AREIKE NaCl REBWNBEHBFLHF AR

SEREERMB KN

53%FREAHLL, 50 mmol-L ™' NaCl 4b¥ 7d, &
B & Al S IE R (fPut) B3 TR, i NaCl
W BFE, fPut iRz I, (¥R EC T X,
ifii 50 mmol-L™" NaCl b fj & F—1ife 15 25 A frie
( fSpd ) FNiiF &S A4 e ( £Spm ) SGXF IR B EH £ 5,
R NaCl LBk Ay G I, fSpd A fSpm & #2152
F FJF. 100 mmol-L™" NaCl £4b¥F, fSpd #l fSpm
A3 X BEBE T 109%F1 399%, 150 mmol-L™' NaCl
AT, fSpd F fSpm 3 HIHO BBE T 201% A0
578%., ‘SXFMEAH L, 50 mmol'L™' NaCl 43T,
( fSpd+fSpm ) /fPut B3 - Ft, Rfif5 NaCl AZbFEyk
RU3EIN, X — e B A . SXTREAELE, 50,
100, 150 mmol-L™' NaCl #b#F, ( fSpd+fSpm ) /fPut

3N 382% . 829%F1 1135% (1),

5%TBAH L, 50 mmol-L!NaCl 4b3 7d, Fiihi
B & T4 A A (cPut ) Jo i 751k, K% NaCl
Ab B E A B, cPut 5 B i 3E R R 5 17 50 mmol-L!
NaCl AbFETF i & FF45 S8 WA (fSpd). 454
Sl (fSpm) it & (cSpd+cSpm) /cPut 1 3
B TFXTRR, B3 NaCl Ab PRk BEAYEE TN, ¢Spd. cSpm
P M (cSpd+cSpm ) /cPut H& i T, H5XT
WA EL, 50 mmol-L™' NaCl 43 7d, Hhiwj & F T
WA (bPut), A WAL (bSpd ), R4
BHEME (bSpm ) FH M HIHNN 4% . 8%F1 33%; 100
mmol-L™' NaCl £t ¥ K, bPut. bSpd Hl bSpm 53 4%
X HRIE TN 120% . 129%7F1 253%; 150 mmol-L ™' NaCl
AEFER , bPut,bSpd 1 bSpm 435l #5%F BEHE I 263%
288%F1 427% (£ 1),
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Table 1 Effects of different NaCl concentration treatments on content and composition of polyamines in different form of germinated tomato

seeds

Kb Treatment

fPut/ (nmol-g”' FW)

fSpd/ (nmol-g”' FW)

fSpm/ (nmol-g' FW)

( fSpd+fSpm ) /fPut

0 mmol-L ™! NaCl
50 mmol-L™' NaCl
100 mmol-L™' NaCl

150 mmol-L™' NaCl

548.5+24.67a
124.4+10.23¢
135.7+11.22bc

147.5£12.57b

49.94+5.79¢
45.65+4.55¢
104.3+£8.78b

150.5+10.15a

4.88+0.96¢
5.61£0.65¢
24.34+2.12b

33.11+4.27a

0.085+0.011d
0.41+0.03c¢
0.79+0.05b

1.05+0.08a

Kb Treatment

cPut / (nmol-g”' FW)

cSpd/ (nmol-g”' FW)

¢Spm/ (nmol-g' FW)

( cSpd+cSpm ) /cPut

0 mmol-L ™! NaCl
50 mmol-L™' NaCl
100 mmol-L™' NaCl

150 mmol-L™' NaCl

167.3+10.17a
145.7+14.75a
123.3+12.11b

89.93+8.20¢

25.04+4.76¢
68.44+7.56a
52.45+4.51b

27.03+4.85¢

26.05+£3.21¢
56.28+5.44a
48.67+4.48ab

40.01+5.94b

0.31£0.03c¢
0.86+0.06a
0.82+0.07ab

0.75+0.05b

AbFf Treatment

bPut/ (nmol-g”' FW)

bSpd/ (nmol-g”' FW)

bSpm / (nmol-g™' FW)

( bSpd+bSpm ) /bPut

0 mmol-L™" NaCl
50 mmol-L™' NaCl
100 mmol-L™' NaCl

150 mmol-L™' NaCl

4.35+0.56 ¢

4.52+0.43 ¢

9.56+0.87 b

15.81+1.19 a

0.24+0.04 ¢
0.26+0.04 ¢
0.55+0.05 b

0.93+0.08 a

0.30+0.04 ¢
0.40+0.05 b
1.06+0.08 a

1.58+0.12 a

0.12+0.01 b

0.15+0.03 ab

0.17+0.03 a

0.16+0.02 a

AbFf Treatment

TPut/ (nmol-g”' FW)

TSpd/ (nmol-g”' FW)

TSpm / (nmol-g™' FW)

( TSpd+TSpm ) /TPut

0 mmol-L ™" NaCl
50 mmol-L™' NaCl
100 mmol-L™' NaCl

150 mmol-L™' NaCl

720.2+28.29a

274.62+16.62b

268.26+17.56b

253.22+14.51b

75.22+6.45d
114.449.67¢
157.3£11.22b

178.5¢€12.22a

31.23+£3.67¢
62.29+6.55b
74.07+5.66a

74.74+4.59a

0.14+0.02d

0.64+0.04c

0.87+0.06b

1.02+0.07a

QT Treatment fPAs / (nmol-g' FW) cPAs / (nmol-g' FW) bPAs/ (nmol-g”' FW) TPAs/ (nmol-g”' FW)
0 mmol-L™' NaCl 603.3+25.65a 218.4+10.54b 4.89+0.12¢ 826.6+43.58a
50 mmol-L™' NaCl 175.7+11.58d 270.4+10.17a 5.18+0.16¢ 451.3+21.22¢
100 mmol-L™ NaCl 264.4+14.62¢ 224.5+12.23b 11.17+0.86b 500.0+24.44b
150 mmol-L™' NaCl 327.5+18.76b 157.0+10.78c 18.32+1.35a 506.5+£26.56b
AbFE Treatment TPut/TPAs TSpd/TPAs TSpm/TPAs
0 mmol-L™' NaCl 0.88+0.06a 0.08+0.01¢ 0.04+0.01b
50 mmol-L™' NaCl 0.624+0.05b 0.24+0.03b 0.14+0.02a
100 mmol-L™ NaCl 0.5440.04bc 0.31+£0.03a 0.15+0.02a
150 mmol-L™ NaCl 0.48+0.05¢ 0.35+0.04a 0.17+0.02a
fPAs/TPAs cPAs/TPAs bPAs/TPAs
0 mmol-L™' NaCl 0.74+0.05a 0.25+0.03d 0.006+0.001d
50 mmol-L ™' NaCl 0.37+0.04d 0.62+0.04a 0.011+0.002¢
100 mmol-L™' NaCl 0.54+0.05¢ 0.45+0.04b 0.022+0.003b
150 mmol-L ™' NaCl 0.64+0.04b 0.32+0.03¢ 0.036+0.003a

H  ANR/ING AR 3R Ab 3 ) 22 57 8 25 ( P<0.05 ). Note: The different lower-case letters after same horizontal data mean significant

difference at the level of 5%.
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F1idER, SXEMEL, FiHEMTELE
ffiz (TPAs) TEAFMRIE NaCl hia T 8% Nk,
{HFt % NaCl Ab Bk B i F+, H TPAs & kil I
Fho FhI AT Tl A Fh A2 (fPAs) K
HAE M2 Werp 90355 (fPAS/TPAs ) 3% FFE, HZE
BiE NaCl AbFRVE R BTV, Falimg A F ¥ fPAs &
i Ml fPAS/TPAs W B J-. MM F45 582 MK
(cPAs) 7£ 50 mmol-L™' NaCl ZbFF &2 FFF, 1
NaCl ZbFE¥e BF [ 7} %= 100 mmol-L™', H: cPAs F [,
5xtmERARE, FFE 150 mmol-L ™' NaCl, H
cPAs #E—L TR, WEMLT XTI FhMhia T F A
KT RAE LM (bPAs ) F HAE B2 i rh (4 47 %
( bPAs/TPAs )i % b F, FfiE NaCl AbHRMk B2y 17,
e hiwA & FhF bPAs 7 it Fll bPAs/TPAs 123 b Ft.

3 1 ®

3.1 EhFhiE Xt A T A& B HD I R E i £ E
T &AW A e e i e A, A
Wi R AR B B B . AR &R R e
WA I, 2 2R GE IR AR FE FIAE M Tt 6k B B bk A2
KR I R B AL 1 E B AR AR 2
— o R PRABAEIIL 1y G =5 5 i o SR i = < i
15 RgE kR, BT 2 30 mmol-L™' NaCl e
10 d, AR R F R R W R, il
5 157k ZFERIC R FEAE M, 60 mmol-L ™' NaCl firif
T, “ERMEECREE 1SR EERS B TR 32%
M 17%, I <A1E 9087 ERFFE R, 50,
100 mmol-L™" NaCl fif}3f 10 d, i & 28 R &% BTG
B384k, 125 mmol'L™' NaCl 8 T, “&1E 908
KRG E T AT FEA, 25,50 mmol L' NaCl
a7 d, “BAE 9037 K R SR AL 22 A B3
75 mmol-L ™' NaCl il F, “&fE 903" & 2R E T
[, 125 #1150 mmol-L™" NaCl i3 F, “&4E 9037
KR E T, KT BB BT B 58%F
90% (& 1a))o 1“1 58 44 120 F1 150 mmol-L™
NaCl JiHE T, K235 5B BT B 75%F 87%;
“fi5f 1 57E 120 A1 150 mmol-L™' NaCl lHE T, &
ZEARN BB R B 54%F1 90% 2, k4 SR
IRER T, <A fE 903 M Eh Pk 5l 1 5 i fl, ik

Ter R, M T A 1E 90875 MmERisFH] 150
mmol-L™" NaCl i, it Tk RME, FRi%
At b R ZE X PR R IR, ARME X A R v i 25 5
ARWFFE R, Hih43iAF] 200 mmol-L ' NaCl il
“BAE 903" R TAE 7Td EAARERE AL (K 1a)),
ifi Huang ZEP°H] “Micro-Tom” k35 & HAt kL,
&I 200 mmol-L™' NaCl it 7 d, HESR AT {545 X} B
56%1 & %%, Ahammed ZEPUEREDL<SE 903K
MR, & 150 mmol-L™! NaCl B R 5d, K#HF®
IR RE 9%, KBB4 903 7Eii Kbk, H
HIRm AR E, SAM R 2R ELZ IR L ER
—38, HIEHEA 5T,

FpF-16 T8 50 (SVI) Fp 15 i 1Y F 2845,
WS FP A E A E B LSy, B SR H
FOIMIE, e EG KR T 15 AR R B 5 0 [
SR P72 Maleki S5 P9 & B A B A AR ST T
SR 0 A T R B (85051 8 .20 T 15 dS'm™',
TP 37 1 B B R 38 oA U, S R S
Xof b PR PR, A R R A v R R bkt
X PO I L A A W 2T Rk kL, S b
TR, LURPR GG B R A 45.78 mmol L'
B 4P A K ER W 50.59 mmol- L' ] ik & BRAL
0B K TR 3k BB B 2 273.0 mmol- L', 4l i A= K
i £ [ {8 A7 388.2 mmol-L™", i SR £h A= W 2L b 4 1
FEER b AR R B MO S I S R, AT
W] %2 Wy B R AR, Xt A B A M I SE AR RRAE
ARG LI, R N SV AR IR L & 255
IR 2% (IR 1), dE— 2B ARR I £k B A Y H A o
Brol &3, LAFR 306 138 850k P AR & 1 i & B B i
Tiif 5 5 (22 B AR T LA R 2R AR B (] 2),
X Uk B e P T R A S e N ESE, H
EIHIFD T A, XA E S A E R A
WoR, 5TEEEPIERE LR R —8L X
SEAIF 5 F1UE BA Bl W K B B R 2B AP B0k A
WBE SR IS G HERY B . TERX— BB, XTHA:
KT e RS 8 BUrk e . b W & N 5 R Al
P40 R R IR S R P, A 4 e e )
T, T R X TR A 5 AR TR R A S v A AR 3
TR SZ I R B A R K Y
WE, Wi EIR F YRR T AR T
22 T P B S A
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32 EmMFiELZPHEANERREZX B

B Rz &

NS IEROERD, 377 SR A ol SN DS at N =1
(R Gk T A AR 30 55 o 7 AR I K 4R 1) F 2R
75 R W R R i A 5 BB 1 & A AR Ll 454
e Z i, Huang Z2% # 200 mmol-L ™' NaCl
i “Micro-Tom” #RIGFHFAMP T A 7d, Hit kR
CAT. SOD. POD. AWtH ik#i AL (GST)
B ik 3 3% LT, mifg i AL (LOX ). 4T
Wl R AL W ( APX ) AYFEN K FRE, TR
HnTs bR (Ss) & it BT, XIPHEN e L iR
AR R, AL A AR MDA &
Tt Hrp T AR RS A LT MDA B IE A T AR AN
i 6 ) S Fef 7, SR AL PR 154l SOD ., POD,
CAT J M3, FLREE $hab 5 B 3 m, 2
SOD. POD. CAT {EMEtARRIRE LF, HiitshtE
R A AR, X — B GR , FE SCI DAL
“GAE 906 1A E 9097 F At i A i B b R}, K I
100 mmol-L ™' NaCl i}if1 10 d, SOD. POD, CAT FiI
FUIR e i E AL ( APX ) R [ RE B h i 35 R
W5 [, TR PR A (SP) ¥R BE, it £k <&
TE 90971 SS & FRE, FhEURM“H1E 90671 SS
T BT MBI R 5 IR T AL i
Rk kL, &P 100 mmol-L™' NaCl i} 7 d, #ik
(R4 SOD . POD., CAT i%E¥ 83 ETb,
SEZE 200 mmol- L' NaCl, &/ R, Hi} 5%
TR . Moles Z5BYF598 T 25 mmol-L™! NaCl i
BF, MEREE MRl Ciettaicale HY B ILEALAE S
BT, mEhEUE A San Marzano B B HIE L
Ae 1 TR, SHUAILBE S VR A 2T R Ciettaicale
) SS FraEfEdhAb BT B L, miih U San
Marzano [ SS &8 T F%. Ebrahim #1 Saleem!'''L)
B A0 Super Strain-B FY R bRk, EhAbHE 12 d,
K 50, 100 mmol-L ™' NaCl At i 42 5 4h i ik A
SS ik, MR A SP &, EhEFME, X—4F
fota ol B 2 . AHIFSY 7R R Mhae S 0% i 2 i i
fRiTE AL Y MDA Fa B E LT, A4
SOD. POD. CAT {fMtARFE b, HREEE
hiassEER EF, BiREls A EEE (BI3), 5
X P ARV A LT i L A 45 SR A — S v R A
SS. SP ErE A L, WM iFh . AbBRETR] . AbFEGE

I AN [ S PR 22 R AR Ak
33 EFEmMFHEAPSEESEMEETHBEY

JVE-=S

Wang Fl LiuP Vo8 £ W1, haa T 2 A LG
( PAO ) J M /) #E e 3K HUAR B3k v F A b 7 i
K BT, ARSI AR A i A K, BRI
>4 £Spd Fl fSpm % it i T FE AR & H,0, 77 A4 33K
WA BE ;. R PAO JEH, AT BRI S A Spd A
Spm i, AN A T . Afzal
236143 9% ] 50 mg-L ™" Put, Spm #1 Spd #&F 24 h,
&I Spm B Spd Ab R AT F e it Al A L B AR
TGy, e HPTEALEE S, W Put AEERRE T
AR PR AL RE ST, DI HE IR Fomh A1 1 & 0
KA 715 J1 . Bueno Z5U7FST T £ it b wil -y 3
I I 25 i o A B A5, & R A EE ) S A AR
AR YRR R R R B2 (fPAs) 1Y
S, 1A RO R A AR AT fPAs R
W, ShWhEsR AR, iSRRI 2
Bral, ERMa TR Ak R L R fPut
NBEM R, fSpd B NFEALN fPut B, i fSpm
WF ETF, MmH (fSpd + fSpm ) /fPut H{H % |
Tt FhWra RN EE BT TR R A fPut
TR, (AR R TN sk E#E, fSpd A1 fSpm ¥
B3E LI, JUHJE fSpm B R, M H: (£Spd +
fSpm ) /fPut H{E BB Lt RS EIR,
200 mmol-L ™' NaCl b3 10 d, &% M ZE R M 42 1
& FhF (fSpd + fSpm ) /fPut FL{E 25 A4 A X
HRAY 5.7 F5 0 3.8 %, ABF52 %W, 50 mmol-L ™' NaCl
AhFE 7 d, fPAs W TR, XARATREE B LA
A BT & AT AR R s (E R A P
W BT, fPAs MOZHT B 3% 1T, (ARKRARILT
XPRER (3R 1), X FBIRH A BRI 0 om B i 38, 3L
R R B BEAE TR o dE— 2 R, Ehha T
fPAs [ F 2Rt T fPut (19 F S 2009, 1M fSpd
F1 £Spm #4 & 3 [ F, JUH & fSpm 1 3G i B ok I 2,
MIME: (fSpd +f Spm ) /fPut LWE 2R T, FFE
Rt 5 B A3 A R (R 1), AMATT
5. MprEg kBN AR, HIFR S SR R
AL fPut [1] fSpd A1 fSpm AYAS AL, FLid & £ B iF
BEABZHN TR, X— FRERERFESMSS
BEREEA Z R AR . A OCTEAR AR A K B B ax A
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AR SCRR RS TE £ . fPut 19T R0 57 45 F B 0 i
Wil it — R A LS ( DAO) 43, JEIEH Pro.
Wi Y PAs BERERZERTFHEIRERMT
H fPut Fit B THALZ I, Put FEARERT
Wi A8k . (fSpd +fSpm ) /fPut FLfEH) T+,
PRBLT £ Mrif T £Spd A1 fSpm XHE ¥ A BRI VR
JCH IR R SR AP VE T, T fPut 38 9 R I
AEMEHE, H (fSpd+fSpm ) /fPut AEAY E T+
A T4 s 4 A0 B ) P BE BP0 I Chen 25
FoE R W], mE T EPA KM B E, RS Put
B3 L Ft M £Spd Ml fSpm Y & F e, RN A
HE.H Epichloé bromicola 7] B i i %% X — i 82, MM
B KR . Ke SPHEs £,
100 mmol-L™' NaCl &b H/NFZ 4T 16 d, HoAd bl 5]
FEEE A, fEBEE fPut 23 T A fSpd Al fSpm A9
WETFRE, 1 pmol- L' HRAE R HIALEE, Wi 2% i
FHREER S, LR fPut 3% TR A fSpd F1 fSpm AY
WE LIt

PRI R 38 T AE D Fh i & 2 v 2 OB B4R
WA SCHRA R BBk ASBFSE R WY, BEE SR E A
Jal, WA B F AR S 2 (fPAs) FIH 4R
SZMe (bPAs) WHE ETF, MEEAZM (cPAs)
FLEE FF# (3 1), 0l UL fPAs il bPAs 748 F M Y ¥t
BiERe IR TTR, TE/NEE L R E KRS
PR XA ZE Y, Scaramagli 26PN} 44 B E 7
Y T TSR, FS R L 2R (PEG)
WA R, RIFEZ BB &M a5 T ]
FHRABHEGEZ M (bPAs) #Ak, F#7JE bPut
1) RN R IR 14 A% o AERD T8 &b, $hihia
B E e R R R . AW R IR A
T bPAs, J3 % bPut, bSpd. bSpm ¥ W # FTt,
[OEENSCE N SR YR OB ) | IR NI S g - T
L bSpm AY_ETFHEE HH B (1), Chen Z5I%} 8 4=
REL W TR RN, EHhha T PAs tLE TR,
cPAs JESETHEFEIG TR “BIRL", T bPAs [LEE—
B BT WER N A B Epichloé bromicola #—3
I fPAs LLEE TR, Jf- T2 cPAs HEHAY T EE,
BIRT bPAs WY LLTE . il L, fPAs, cPAs [f] bPAs
155 ARAR W] RE 2 3 o P A KAZ Gk . i h -+
Y T 6 Y R Y R e 5 S B AR R A AR
TPut I Ft. TSpd FF§, LIK TSpm SEfEET, HiE
PRV A L Epichloé bromicola SEURRRTH £h M

BF FTHRFERE, fERE TPut A9 2% FRELL & TSpd
Al TSpm B2 EF+, REL T TPut/TPAs fIEE
M, LLJ ( TSpd+TSpm ) /TPut . TSpd/TPAs .
TSpm/TPAs (4 58 & F T, A58 & BLER e i
5 T i Al T R R BT 3 b i R 4 A A AR R
P, HEMIE AL e Bk R B T X —A8 1k
B (F 1), BiIE T =SB RN Put
] Spd Al Spm A& Ak, It HL IR Ui B A RN SR 248 22 e 11
e Ae 4k .

R, REASAT b A A R G LR
p il ol E R IR = E Y ST BT B o R N I & 1B YO =
e 5 F A HAR A . et X FEM Bt B Ak I
ZRERERERPY EEA S, (1) B
SRR N (2) WG —Leds, ERRTEHER
(ROS); (3) fRMFTHPERMIHFE, Chen SFIHFSE
R, BRI B Epichloé bromicola (A KA
FE AR A1 55 25 Spd Fll Spm LA K 45 4 2549 Spd Al Spm
FREE ETF, 1 fSpd Al fSpm Al AR O, Al
H,0,; cSpd il cSpm W] A #0E R H AL ROS, JEEA
BHESEEMNIUAIRE S . BERba T 4w
() B R A FE AR LG T R P ER RE T . AR R,
L5 Wi i S 0 7 i B & AP F ) fSpd . fSpm .
cSpd Fl cSpm, FHEE#k R, HE MR ; MAF Put
M cPut 7EERME T FRE (% 1), KI T Famsh1
1 % 3 A R X ) AR IV 2 o

4 4 it

AR5 A 4 T AR DT T R e it <A E
903" Fh—F W &R, EhWid G5 F AT A&,
FEEMEIF TR, T RS ILA A A
YRR . A8 & B Boxt ik e BT — e 1
itk, FEHTHEMT 2R (FEST
W R+l B ARS8 25 i [ ( £Spd+fSpm ) /fPut]
LR 2R BT . S5 WAS B A E (cSpd Ml
cSpm ) Y i LT DA KRB L) i R
A, (AT AT b R T S 1 A 1 B A R e 1 )
BRI E RS T8 kRS
BHPEATRE S . HEAE 150 mmol-L ™' NaCl iX FEfd & h
BT, cSpd Al cSpm A4 I FH- IR+ FH B s 55 ,
MRS L e . fSpd Al fSpm A9 b T DL K AT i 1k
Wi (SS) Fin¥stE (SP) BRI AE I 7E 1G5
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