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Physiological reaction of wheat seedling to 1,2 ,4-trichlorobenzene stress
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Abstract; Wheat seeds germination and seedling growth were investigated to study the physiological response of Yanfu 188
and Yangmai 16 to TCB toxicity. The influence of increasing concentrations of TCB (0.0.3.0.6.1.0.1.5 mmol/kg sand
and 2.0 mmol/kg sand ) on the germination rate and germination exponential of wheat seeds, the biomass of wheat seedling
were measured. Soluble protein content, malnodialdehyde ( MDA ) content, superoxide dismutase ( SOD) activities,
peroxidase (POD) activities, and catalase ( CAT) activities of both leaves and roots were also measured. TCB had obvious
toxicity to wheat, and there was significant difference (P < 0. 05) between Yanfu 188 and Yangmai 16. The seed
germination rate, germination exponential and the seedling biomass of Yanfu 188 were higher than those of Yangmai 16. No

significant difference (P >0.05) was observed between the control and the treatment on the leaf soluble protein content of
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Yanfu 188 under TCB stress, but the leaf soluble protein of Yangmai 16 were significantly lower (P <0.05) than the
control. With increasing TCB level, the root soluble protein content of Yanfu 188 increased, significantly different with the
control. While that of Yangmai 16 increased firstly, then significantly decreased. Under TCB stress, the activities of SOD,
POD in Yangmai 16 leaves were lower than control, and the activity of CAT was significantly lower than control. SOD
activity in Yanfu 188 leaf was similar with the control. POD and CAT activities in Yanfu 188 leaf was similar with the
control under low concentrations, while lower than the control under high concentrations. MDA content in Yanfu 188 was
lower than in Yangmai 16. The activities of SOD, POD in Yanfu 188 roots were not sensitive to TCB stress, while those in
Yangmai 16 root increased with the concentration of TCB, under induction of O, . Since O, producing velocity in
Yangmai 16 was greater than Yanfu 188, it could not eliminate excessive O, , which led to its higher MDA content. In
conclusion, the germination, seedling growth and physiological function of Yanfu 188 were better than Yangmai 16 under
TCB stress, and Yanfu 188 was not adversely impacted by TCB.

Key Words: 1,2 ,4-trichlorobenzene; wheat; tolerant genotype; sensitive genotype; toxicity; antioxidant enzymes

HELKA YL chlorobenzenes, CBs) 7E4 BUA b BN R 26 HIZE MBS TR A AL ZH
B, WRREHEEN—RFKEERE NG LY. 7ERECRHX B EmAK D CBs Wik ilSBIEE N
0.093 ~6.638pg/L, FEVLHYI(TE) & CBs HTEEN 95.3 ~1 827.7 ng/g, WAL TIX (T
&) ¥ CBs BB EIN 0. 232 ~51. 15 ng/g, MM ( T3 ) % CBs FYTEE K 5.635 ~31.99 ng/g'*, CBs H1LA1, 2,
4-=HH(1,2,4-TCB) N2, TR EEFFR YR (EPA) 43, £ E 2001 4/ + EHHEH T 1,2,4-TCB
3497 kg, B B HEN 53023 kg, EPA B HFIA LRGSR BL Y, REEHR=/MA K=/ . e
S5 X FOVE FH L 220 PG R SR T 0I5 R . IR R T K B T 1,2,4-TCB, 7EK F¥k B 3% 1.55 pg/
L, {50 & B85 2.929 mg/kg D. W. 7, 1,2,4-TCB fRMEREAE . 15K ML R Y5 Vel fERERHE  ,
£53kEH 1,2,4-TCB 9 B, He R4 T /ARG L+ 1,2,4-TCB FB7E 0 ~50 mg/kg D. W. Bt K —F
KHEE, FEAFMEE 1,2,4-TCB & B & &1k 4.01 135.90 mg/kg D. W. ', ERBSWAERKHHRM
1,2,4-TCBEGUR % 30 ~40 pg/kg D. W. [ s oy it e RSE AP i MBI T 1,2,4-TCBY,
KUBIFRE T 1,2,4-TCB ¥ S H7ER ™ 5P R B, HET 5 & i B RUE E ASf,

T A A A BRI BOE B0m BB R, E i, B A BT S A Y5 R, T EE A
RO R A R E R R IR " B DR AL R A A RAE K AR A
G BT R TR IR BB L , W SR I A R B L BT S e A RN
Xt 1, 2, 4-ZEFEME R A TR R H R MARTE . TN I B AR S B0 , T M S
Byt R B RAPRE B NG . 458068 2 /g (JE%E 188 M3z 16) kTR, ZEEHT 1,2,4-TCB X/)
ERTFH R EE KN ER XA EVIER 2 M/ E 2 SR BRI, U N
S TR B R AR
1 HREHE
1.1 Rk

FAS/INZE AP AEEE 188 (TR ) F1d% 32 16 (BURGFB) , AT M R R B R, 2, 4-28
#(TCB) , 25 % 96% W A EEZER EEkRH AT,

1.2 REwt

FRBAELREATSBERAN THT, RAERFLFHEN TR, SHHFEMEY 60 g, % E 03
#%).0.3,0.6.1.0.1.5.2.0 mmol/kg ¥ 6 4~ TCB ¥ B ALFH(0. 3 ml RARIER) , B8 3 WEE , FEHLIX 4
Wit MR WK/ NER T 0.2% # KMnO, R HIE 3 20 min, 551 HRAK WYL 3 EEBAEE TK
WEETH, S PET AR TCB iR Mt &%, MESHIRMTREEKER, #5%2 AENERR

hitp : //www. ecologica. cn



4390 £ K5 % K 28 %

TCB ¥ B AL BREK) /NS AR AR VAR 28 376 1tk BRSBTS 1 A T AL 9T
1.3 WEHB XHTE
1.3.1 BHEMEMRHTE
MTRELR LS IR OECD 71 1S0 ke . RER(%) = (7d AREM TH/ XM TH) x
100% . RHIEH: GI = Y, (Gt/Dr) , Rop Gt g NI WA A R R T30, D NHIRIRG R 2 H ¥k, A4 &LL 20

Wreh e TR FERR (/) o
1.3.2 ZEHRFEMIE

RAE DR e AR ANEARSE™ (mg/s)
1.3.3 BEABFEHEO, ) PERBRN E

BB EBREMS R TE™  BnEE. E8 MBS B R P REBCE T BB 5 AR R, B
0.5 g b H SR A pH 7.8 )65 mmol/L HBRERZEMWE, 514 IS0 (2 500 x )10 min, BUE6W Ll JIA
0.1 ml BpE ALY (10 mmol/L) ,25C &4 F W 20 min, E-HITA 17 mmol/L B X & FFEHEEE 1 ml F1 7
mmol/L f o-Z8H 1 ml,25°C F &)W 20 min,
1.3.4 HZE(MDA) ZEMNE

PR (MDA) & 2T ES K BB o BULMR 1.5 ml, BT A 2.5 ml0. 5% FBRRE R R
(TBA,B#%T 10% =F Z8R) , 7EB /KB H4R1R 30 min )5, 57 ¥4 20,4000 r/min BS.0> 20 min, B_ 15 W 72 51
7E 450.532nm 1 600nm Tl 5E W& Y B (A) {6, F§ MDA (pmol/L) =6.45 (A, —Agy) —0. 564,518 MDA &
&, DI E MDA &85 8./ (nmol/g FW)
1.3.5 HLEEEERNE

A AL AL RS (SOD) SR AT PUmEIs ™, LU NBT Se3d AR B 43384 50% i & 4F 4 — A B 2
7 (U) , BgrE ML, U/mg pro R,

ALY (POD) R A AIABNE ", BEHE LA A A/ (min-mg pro) FiR o

AL CAT) R A MR UL ™, LA 1 min Y Ay B> 0.1 BIBEE N | ANBETE M (U) , B MU
U/ (min -mg pro) &R,
2 ZR5H5%H
2.1 1,2, 4-=FEPHEXNERF R FERMANRZFRE R

TCB Hrax/NEMFRFNEMALEEN B ERNE 25 (B 1A.B) , 58 188 MAF R LFBEZ

—e— Yanfu 188 —o— Yangmai 16
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8
y 100 - a a a a § 50 La a a a z a
E S e e B
g 9 - =
g S 40 | | i
E £
é 80 *a g 30
L5
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0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
TCB¥kJE TCB#kE
TCB concentration (mmol-kg™") TCB concentration (mmol-kg™")

B 1 TCBX/MEMTRIFR(A) MEFHRE(B) WM
Fig. 1 Effect of TCB on the germination rate( A) and germination exponential(B) of wheat seeds
FlAMARRFEERRERIL 0.05 BFE/KE; TE Different letters within the same variety indicate significant difference at 0. 05 level ; the same

below
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TCB EHE/), %4 TCB B 5 MEFABZE; MHE 16 MR FR . K FHEETE TCB W EMIEIME T K
P, MR =1.5 mmol/kg By R HE K HIREH B EMT MR (p <0.05), I, BUREFAEYE 16 KFZ
TCB MK,
2.2 1,2, 4-=FXMaX/ NG E YR Em

MFE 1T, BR/NEA YRS TCB YR EZH Y

BRBERRAELR, ANIE 188 W& (y) 5 TCB ¥k R1 TCBREXAEEMRIKE

Table 1 Effect of TCB on the biomass of wheat

B (x) ZIA LML N y = —0.0033x +0.0378(r = TCB ¥ P (mmol/kg) /132 AW (/¥ ) Wheat biomass

0.9543"") ,Ip7F& 16 Y& (y) 5 TCB #JE (x) Z A TCB concentration Yanfu 188 Yangmai 16

I HEFTR N y = —0. 005x +0. 0368 (r =0.9328"" ), 0(CK) 0.0367 ab 0.0390 a

Tit 14 2 6 B 188 72 (9K BE TCB Bvift , A i 5 i oo i

X2 5K, BV TCB Mt itk 9 R WU o o o

MR, BUREF R E 16 2 TCB B )G , A YE R 1.5 0.0325 ¢ 0.0283 ¢

E T, 2.0 0.0311 ¢ 0.0281 o

2.3 1,2, 4-=EEME /NG R A TS [R5 AR F B %R 253k 0.05 BEAKYF, F[  Different
letters within the same column indicate significant difference at 0. 05 level

BEHERMZHE the same below

M2 WTLLE W, X T MR 3, H5E 188 &
TCB 4b#H (B 0.6 mmol/kg) KM ME 0 & B SXMERA B, UiHA ML 188 M W &0 &85 TCB
MBI T2 16 £ TCB ALH(BR 0.6 mmol/kg) B AIEME A B BEMT XK, flHE 16 M A Xt
TCB 28U, WMANAE,HEE TCB IRER R, 4R 188 W& & 82 LIaE, TCB e ik B 8
#, HEXHRE R 2R E; MiHE 16 Sa EARGE TGS, ESXRAIZRBE,

F2 TCBREXMNEMAMRATHRERASBHALMN
Table 2 Effect of TCB on the soluble protein content in wheat leaf and root

HATESEES SR (ny/s) RATMEEEO SR (mg/s)
TCB ¥ ( mmol/kg) Soluble protein content in leaf Soluble protein content in root
TCB concentration
Yanfu 188 Yangmai 16 Yanfu 188 Yangmai 16
0(CK) 12.4 ab 15.8 a 1.2d 1.7b
0.3 11.8 b 12.5d 1.3d 1.9a
0.6 10.8 ¢ 15.1 ab 1.1d 1.3¢
1.0 11.8 b 14.2 be 1.6 ¢ 1.4 ¢
1.5 13.1a 13.1 cd 1.8b 1.4 ¢
2.0 11.6 be 13.3 cd 2.1a 1.39 ¢

2.4 1,2, 4-ZGHPHEX/NETFFRER 0, FEAERNE N

M 2A B " H1,4: TCB fHBJE , A/NERFMN O PARERBLBE—3, HRFEE TCB IREH
BmEF e TR, EREERN XA FTEF, E 0, FAREA/ NN BHERTZS IR TCB A
BH%3 16 {9 O, F=A4- i R\ BB & T RS 188, B #%3E 16 Xf TCB FGURM: ; F ¥k E TCB Jipi Bt B4~ &
FpE O, PEAERMEERK,

BN ERFR AN T TCB e B o A7 7E B B R R A2 7 MR 188 19 O, AR T MG
EF, WimE 16 RSB EFAWE XRE T, BE& TCB 48K 0, FAEREH R TR, % 16 WL
i B BA B K T AR 188, UiHAHA 3 16 X4 F TCB [if8 B BURk.

2.5 1,2, 4-=GRPHEX/NE M AR R MDA & &H# N

B 3A.B %K, 16 i FIR R MDA & &3 2FE#E TCB ¥ R s8 T MG L7+, 78 TCB ¥k =

1.5 mmol/kg i, i i MDA S & 5XRERARE ,IRA MDA FESEXHRERBE, [H4E 188 i) MDA &
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B & F W 28 %

05" 7 4 3 (AAsso/(min-g FW))

Producing velocity of O3

—e— Yanfu 188 —o— Yangmai 16

0.07

0.06

0.05

0.04

0.03

0.02 L I I I I

| |
0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
TCBi# & TCB concentration (mmol-kg™)

B2 TCBX/hEMR(A) FIRR(B)O, " A EARKIR N
Fig.2 Effect of TCB on the producing velocity of O, * in wheat leaf (A) and root(B)

KEFBNAFEHE 16,/ NEFHLFEMEIE 188 The capital letter indicate Yangmai 16, the small letter indicate Yanfu 188

Xt TCB et R AURR , R Z% IRV TCB Jiit FBURG, 75 TCB W =1. 0 mmol -kg ™ AR 2 MDA 5 B 534
WZRBE, BRI A3 TCB BHasu.

[ s
MDA content (nmol/g FW)

—+— Yanfu 188 —o— Yangmai 16

B

ab ab be

be

! !
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 20

TCBk & TCB concentration (mmol-kg™")

B3 TCBX{/hEM A (A) FIRR(B) R B S BN
Fig.3 Effect of TCB on the MDA content in wheat leaf (A) and root(B)

2.6 1,2, 4-=FRMAX/NE M AR R BT EALERE M R
2.6.1 1,2, 4-=FRMHAX/NEM R FIR A& SOD 1E MK IR
B 3 WAL XM RS, kRS 188 £ TCB AbER] SOD &AL IR A K, 5 X1 i A 22 RAD

3 TCB REX/NEM FTHRER SOD &M
Table 3 Effect of TCB on the activity of SOD in wheat leaf and root

SOD 1 (U o 2 SOD &4 (U o
TCB ¥ ( “““"l,/kg) n“:cﬁvityﬁ%éD i:lif:f : ﬁffctivityﬁ%()(D i:lfo:t :
TCB concentration.
Yanfu 188 Yangmai 16 Yanfu 188 Yangmai 16
0(CK) 58.1a 95.2 a 193.7 ab 216.1 ¢
0.3 57.3a 74.4 be 239.7 a 250.6 be
0.6 53.6 a 89.0a 181.0 abc 260.9 be
1.0 57.4a 87.9a 210.2 a 297.9b
1.5 53.6 a 63.3 ¢ 132.4 be 279.4 b
2.0 55.7a 84.1 ab 129.2 ¢ 388.4 a
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ABE, I IR4E 188 i SOD 1E M Xt TCB Jija AU, SUREREIHE 16 SOD FHH:E AL IEF R K
(63.3 ~95.2 AAsg/ (min-mg pro) , £ TCB 4b3H SOD {EHAERI/NFRIR, X TFRAMSE , M4 188 SOD
HA7E TCB YRR E] 2.0 mmol/kg B 7 BE LT iR, X UiHI HAR & SOD HE %t TCB i A 8uR. % 16
SOD & £fE TCB ¥ E AR 2 LA #EE, 76 TCB ¥ F =1. 0 mmol/kg B SOD 15 4{H 83 = F X4 i , }i8] TCB
B8 %33 16 R % SOD FEHFHRE .
2.6.2 1,2, 4-=FRMHaX/NEM B IR R POD 1& 19 H

3 4 TH, 4 TCB A3 5, it T 5 , M4 188 7E TCB ¥ & =0. 6 mmol/kg &} POD & & &Il F X7
M (p<0.05) ;M7 16 & TCB 4-3H POD & PEAH 4 B ZE K F X B (p <0.05) , X ¥iHA$HZE 16 it i POD X
TCB MmN AR, S FRARUL, H4E 188 & TCB 43 53¢ A2 R A BE ;% 16 45 TCB A #H K B
ER TR (p <0.05) , X Ui 16 B R X TCB [ 59w N 58U

F4 TCBREINEMFFHRR POD FHEHIRIN
Table 4 Effect of TCB on the activity of POD in wheat leaf and root

i F POD {4 ( A A470/ (min- mg pro) R FR POD &4t ( A A470/( min - mg pro) )
TCB ¥ & ( mmol/kg) Activity of POD in leaf Activity of POD in root
TCB concentration.

Yanfu 188 Yangmai 16 Yanfu 188 Yangmai 16

0(CK) 5.4a 12.2 a 275.6 a 185.7 e

0.3 5.1ab 8.7¢ 252.6 a 232.6 d

0.6 4.5 be 10.5b 259.3 a 341.5b

1.0 4.5 bed 10.3b 291.9 a 283.3 ¢

1.5 4.1 cd 6.1d 243.9 a 295.7 ¢

2.0 3.8d 9.5 be 272.7 a 387.9 a

2.6.3 1,2, 4-=FXRMHAX/NEM K CAT &M

Hi#% 5 A0, JR4E 188 Mt j CAT V&M 5eHsA _EF/E T RE, 78 TCB ¥ ¥ <1. Ommol/kg Bt 55X ZE R A B
% ,% TCB ¥ =1. 5mmol/kg, CAT 15 B K T X IR ; #% 16 45 TCB 403 CAT {EHH BE M TR, &
TCB MR ARE . TLIEH, 3 16 33T TCB M8 ip b AR
3 it RS TCB REXNEMH CAT & HEiBm

. N - 3 Table 5 Effect of TCB on the activity of CAT in wheat leaf
AN R — o R R, B Y5 K T

DA T ) PR 371 a2 3% A5 PR il OB [, & R 3 m&?ii;"i‘;‘ﬁf) Activity of CAT in leaf
REPEHIE Y BRI, RBIRSREN, Yanfu 188 Yangmai 16
7£ 1,2,4-TCB il ¥k & 5 Bl , X 2 5 2L AR 4R 0(CK) 5-0.ab >-0a
188 & SR B , XHHUBRIE B3 16 & i e i
B @Al TCB fraRBUME LK SRR, 1 16 Lo 4.6 be 39
AYEI B TR, Jl%E 188 ZERVEE TCB a4 1.5 4.2¢ 4.1b
B TRIBEH K, 2.0 4.5¢ 4.0b

FBrEH 4 TCB A3 G , AR5R 188 M il s
FEOHFEESNRERARE 3k 16 NBERTNR, #—2U0 T8 188 Xt TCB HHa i ##E, %% 16
%t TCB Uk, BEE TCB KEHIF R, M4 188 RANUHUEAFTEE LABY, SNRERBE T
% 16 oA L ARG R THES, HBE /TR, XWHEEE VR R EH#ZEM TCB, M HEREFE A4 SRR
BLEAM, 5 TCB 458 R HE Mk ; MEURZER RIZ TCB o fE5E GBS M5 , Ik T 8 BRI s
# # RNA B RABEZ MG, S REARARZHE, FERARAR TR TR, PIREY, YL g-
RO R AR SR YA 15 e 18 S DL B B LT, FETRRUT Xk B B4 75 S ik B8 VT LAY O e A k¥ e ATE IO 1
P2 e B S B ™ o ARSI TCB ¥R B (0. 6 mmol/kg) e T (926 1 & 8 A1 POD & 4 i BAF

hitp : //www. ecologica. cn
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&t
4k
=

28 %

54 R T AR ZE T U

ST A=A Z TR A 3, B BRIR A LTI S B R AR, WA M SUR BV, SOD,
POD il CAT W5 R BUAE AR P — A RO T T T, B RO TR HE W iy 1) 1 o 203 Ak
3™, SOD Ak 05" T H,0,, H, 0, ARG e B —FHAAET R, HUB A WA £ BT CAT 580, It
5} ASP,POD {5 W RIS H,0, MR, H,0,M0B RAALT B CAT WHERSIE™ o HIHI% i
TR T K8 % /N3 40 i 2 1 B, — M8 /13 POD, MDA &5 B3, /135 32 9 R B A
&%, ABiGeLE R, M 188 FIFAE 16 %4 TCB I BB #7721 8 B B B 022 5 TCB 136 93¢ 0;
B v BRI AT T, UL B 045 35 16 19 O; =K, T e 2 TR A9 188 Pk 2808, 11 LY
RS ES AN RE R AU, SUREFEE % 16 1 H SOD.POD 1t HX A SR, CAT F b 8 51
;T 5 B AR 188 WA SOD T 5% W 022 5 R0 8 , POD I CAT I5HEAE (G BE TCB it it
SRIRERAK, Wi TCB M S BB EBIEH SOD Wk O MBS T, POD 1 CAT I folE
G s b B H, 0, 0B BURHY O] 1 H, 0,20t W , S BOBING ot LA, B 36 MDA 5 8 % -t
PERPIR, XITRRTIE , Tt B4 188 B9 SOD POD FEHEXT TCB M R UK, BURSEA 3 16 1)
SOD.POD i3 0, VR LT+ (T4 0; s REATREEEE, (IATEER O, WHE, &
BB MDA & BB T iHE R R,

BT KB 188 WV EURRR AR AR OF " P R s L B AT B SIS R G e
S TR U B B3R B T 2T 32 TCB it i B H BT 453 16,
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