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filling stage and grain yield of rice of different genotypes
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Abstract: A soil culture experiment was conducted to study the effects of 1, 2, 4-trichlorobenzene ( TCB) at different
levels on the grain yield and physiological characteristics of rice plants during grain filling period. Two cultivars, Ningjing 1
('TCB sensitive) and Yangfujing 8 (TCB tolerant) , were planted in soils containing 0 (CK), 10, 20, 40 and 80 mg TCB
per kg soil. Significant differences were determined in the effects of TCB levels on the grain yield and physiological

characteristics during grain filling period between the two cultivars. With the increase in TCB level, the yield of Ningjing 1
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was reduced gradually and the yield of Yangfujing 8 was increased at the two low TCB levels of 10 and 20 mg/kg and
significantly decreased at higher TCB levels. At the medium and high TCB levels (40 and 80 mg/kg) , the panicle number
per pot, grain number per panicle and seed setting rate of Ningjing 1 decreased significantly, with decrements significantly
bigger than Yangfujing 8, while there was no significant difference in 1000-grain-weight between TCB treatments. The plant
height and dry biomass weight of Ningjing 1 were reduced at higher degrees than those of Yangfujing 8. At the low TCB level
(20 mg/kg) , chlorophyll content, root activity and soluble protein were significantly decreased in the leaves of Ningjing
land slightly increased in the leaves of Yangfujing 8. The activities of superoxide dismutase (SOD) , peroxidase ( POD)
and catalase (CAT) of the leaves of two cultivars in leaves were increased at low TCB levels and decreased at high TCB
levels. At the low TCB levels of 10 and 20 mg/kg, the activities of antioxidant enzymes in Yangfujing 8 were significantly
higher than in Ningjing 1. At the highest level of 80 mg/kg, the activities of antioxidant enzymes were significantly lower as
compared with the control, with bigger decrements than those in Yangfujing 8. The content of MDA in leaves of Ningjing 1
increased more remarkably than that in Yangfujing 8, indicating that lipid peroxidation was more serious in Ningjing 1. Our
study indicated that low TCB levels slightly promoted rice yield, biomass weight, chlorophyll content, protein content and
the activities of antioxidant enzymes of the leaves of Yangfujing 8. TCB at the medium and high levels had more inhibitive
effects on Ningjing 1 than on Yangfujing 8. Compared with Ningjing 1, Yangfujing 8 was more resistant and adaptable to
TCB at different levels.
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B2 ST 0 BT 2 A TR, XK A DS P BN 5 i, L SO N B8 M |
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A hiE ey 24 20 RGeit, BRATEHE AT R B 0 A R Tl B K P SR R R 133 kg, 95 2001
AT IR HEL T 1,2,4-TCB 3497 kg, 2312 i 53023 kg, EE R E AN SRR A5 CBs 15
B H N 0.1—50 mg/kg, FELE 1—10 mg/kg Z[A], DHAE 50 mg/kg LA L, A BIEE =K 1700 mg/kg'™*7
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1,2,4-=40K (TCB) fb2#:4l , &1 =98.5% , W [ [E 245 42 AL 2R 5004 FRA 7
1.2 5Tt

I T 2013 4F 5—10 A 7ei M K7 L8R ) (R4 119.42°, 645 32.39°) , i & I At 2= KAk,
5—10 A V30 24°C, A BEK & 88 mm, H H B4 168 h, FE RPN AiAk , WA 5K B AR 25 em 5 30
em B+ 15 kg, B ARGFEHZE L, 0L 2 3 mm fLAAE 0, 58 pH(H,0) {8 6.89 4% 0.14
% A 35.62 mg/kg N 88.12 mg/kg AL 14.9 g/kg, MR E 2 o, HR 280 0.5 g VENHLAE,
FRBR R pH {E7E 5.0—5.5 Z[a],

FRE AT A B 5E 222 R £ M6, B O(XFIR) 110.,20.,40 .80 mg 1,2,4-TCB % kg + 5 M JE AL
B E S 8 K, AR K 1,2,4-TCB W (INEAVE R In AR+, se #3559, kg
WHCE 3 K, T 71 1 SB3, BAHk 3 78, O, KRR 3 i 1.0, Bulid 18 K, A K ZEAE K
B RE RN | LAB SRR At 35 A 3 )
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FEKFEHES I (RS 20 K) , & R A A BREUAC R VAR 5 /(10 #R) , IRk J5 , 4% 25 il RN
HRMH , IFTE 105°CHAE AT 15 min, SRJ5 80°C Mt 2 fH H AR T 5
1.3.2  AERHEAR I E

IKFEHIREST 20 K, 45 b2 AL BRI SR MR AR 3 7 2 A e A FRAE A, B e TR RARR 0.5 ¢, R
H a-ZE B ERR RTE ST, A0 ug/ (g - h FW) ;2K H SPAD-502 B2 3 G i 4 X & i, e 1
MR T o W LS, o R R R A D kI B O (mg/g FW) 5 TN R
( Malondialdehye fajFK MDA ) % 2 % F AR AC B H % iR ( Tertiary Butanol faj R TBA) 305 ", B4 K (umol/g
FW) ; #8957 AL ( Superoxide Dismutase fjFK SOD) % MK FH 20 % PUME ( Nitrotetrazolium Blue Chloride fijFR
NBT) St J5 kP i , LA B S 50% B4 i1 o — A BEE PR B0 (U) |, BT PR L U /(g - min FW) %
7N 5 i BALPI (Peroxidase AR POD) AYTE PR A BIAR WL, LIRS 81 A470 (5725 4k 0.01 7E R —ABEiE
PEBANL(U) BEHETELL U/ (g + min FW) R ;i S0 fL U ( Catalase AR CAT) SR 28 AMIRSc i ) i 52 3
B U/ (g - minFW)
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2.1 1,2,4- =GR A X KRS = e B AR o PR 22 1 5 i)

TrESHIRWA (R 1) 7 EAEFE ] (1,2 ,4- = 5F0RA I (TCB ) ¥ FE ) 25 S5 3 ki i 0K 7 0 H =%
FETER R I L AERUNE 7 AR i PR 28 7 ik PRI 8 ) 11 2 5 iR A B 35 /K-, 76 TCB R R[] o X6 s 119 5
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BEF TCB ¥ B A3 I, SRR SE DR R T 1 5 A 7 ke PRl Dl A 7 i 32 PR R 4 B 8 5 SR IR
PRI R B T P R B IR A, 7E 10 mg/kgTCB YRBEAL BRI, T8 1 B B 53 RER AR E, ¥
FERE 8 i LU X R 5 5.7 % , T A REA, B RN R, 45 SR o 4R R 6.19% .2.75% .2.17% . 120 mg/kg
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TCB ¥ BEAL R, TRE 157 B T 0 IR | HL 4 G o o 351 T IR AR O & 9 R i B R T
Xt MR 8 57 i A AR, BRI, 25 IR AR AN Y BB TCB W2 At — 28, P12 [ R
ity Pl R, B R, 2 SR R R R, HLTORE 1 SRR TE A R BE B TCB A BT W4~ 2 (4 7
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£®1 1,2,4-TCB XKBE=EREHREZM
Table 1 Effect of 1,2,4-TCB on grain yield and its components of rice

1,2,4-TCB ¥R J& o % g 5 P
' o B/ g A AEEL TRRIREL BEILER/ % ThRid/ g
E-afisl] 1,2,4-TCB S . . . .
. Grain yield/ NO.of panicles Grain numbe Seed setting 1000-grain
Genotype Concentration/ . .
g per pot Per pot Per panicle Rate/% Weight/g
(mg/kg)
TH15 0 92.74 aA 33.33 abA 108.40 aAB 0.92 abAB 27.90 aA
Ningjing 1 10 89.16 abAB 32.33 bA 108.20 aAB 0.90 beB 28.32 aA
20 72.48 dC 30.00 cB 99.00 beBCD 0.89 cB 27.42 aAB
40 58.58 eD 27.67 dB 89.40 cC 0.85 dC 27.86 aA
80 26.20 gl 14.67 D 78.00 ek 0.81 eD 28.27 aA
ViR 8 5 0 86.66  bhcAB  32.33 bA 109.40  aAB 0.92 abAB 2523 bBC
Yangfujing 8 10 91.63 abA 34.33 aA 112.00 aA 0.94 aA 25.35 bBC
20 83.42 cB 33.67 abA 105.60  abABC 0.93 aA 26.63 bBC
40 62.47 eD 28.33 dB 95.80 cdCD 0.89 cB 25.86 bBC
80 40.55 fE 21.00 eC 89.80 dD 0.85 dC 25.30 bBC
BB F {H F-value of genotype (A) 18.05** 42.24** 11.24* 39.89 " 62.48""
FEHA P {H P-value of genotype (A) 0.001694103 2.45894E-06 0.001760308 1.69872E-07 1.30756E-05
WeJE F {H F-value of concentration (B) 316.88 ** 259.02 " 32.04 % 56.41** 0.61
P P {H P-value of concentration (B) 1.75169E-10 6.41546E-17 5.47179E-12 6.45875E-16 0.664201667
FER I BE F {H F-value of (AXB) 8.72"" 12.33** 1.03 0.92 0.49
IR Ik BE P P-value of (AXB) 0.002679483 3.24771E-05 0.405837904 0.460731024 0.744198351

FEFNPARLR R /NG EREE S 57E 0.01 F 0.05 KPR B E,

2.2 1,2, 4-=ER A0 K RETE R I S H8 B T4 2 Y =2 R
N 2 P USSR R R T8 1 kR e BRI R T B AE 10 mg/kg TCB ¥R FE Ab BRES 5 %) BE 22 57
AN FE 20 mg/kg TCB ¥R FEALFRAT Bk M L3 AN T 3814 5 Lo X6 BB AR 9.48% .9.54% 11.9% , 225+

x2 1,2 4-=KFEMEX 2 MERBKEERBHEESIEIRHZME
Table 2 Effect of 1,2,4-TCB on morphological index in rice at grouting stage
1,2,4-TCB #JE

P | 2.4-TCB Hﬁ%@m iﬂzt?ﬂﬁ%i/g i&TE‘IﬁﬂF%ﬁ/g
Genotype Concentration/ Plant height/ Shoot dry weight Root dry weight
(me/ke) cm g per plant g per plant
TR S ck 81.05a A 25.10a A 3.56a A
( Ningjing 1) 10 81.30a A 27.60a A 3.45 a AB
20 77.30 b AB 23.95b B 3.18b B
40 73.90 ¢ B 2070 ¢ B 272¢C
80 67.73d C 1640 d C 1.84d D
Pfie 8 = ck 86.93a A 28.55 be AB 336 a A
( Yangfujing 8) 10 86.43a A 29.65 ab A 3.42a A
20 87.33 ab A 30.15a A 351aA
40 81.13b AB 2525 ¢ BC 287b B
80 7490 ¢ B 21.60d C 210 ¢ C

FEFN AR LR R NG EREE S RI7E 0.01 F1 0.05 K TR BE,
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KR EIKF, MRPERD A7 5 8 576 (10 mg/kg,20 mg/kg) TCB HREEAL IR | Mk SRR E AN E  HE
WA B0, AIAE 20 mg/kg TCB ¥R FEANFRRT , MR, Hh L3898, o 38T 54 B340 0.46% ,5.6% ,4.5% ,
B EB I i 7/ R i o O I WO 7 e ) | IR e PR BT 7 O i 7 = E L A e 7
W E AL, TR 1 SRR, ARVRE TCB X it 14 3 PR AL S R i F b 8 5 HAg — s i RIS VE A2 it
Htkm AR, TY R SR U SE A 5 R 15 e 22, 78 IRV B TCB &b FHEH B HE B0 BH S 00 6 4
FH AR AW VE O R RR RN, i (ol 7
2.3 1,2, 4- =GN R I DR B0 7KORe S B AR 22906 71 52T

WE 1 FR , AT TCB ARFEET , AL R AL SRR R 06 ) 252 R B3 B TCB YR T , SUERSE A
R 1 SRR TG ) 52T A i 1 35 R R 47 150

8 BHRRIE S 25 LIPR M 15 20 mg/kgTCB 8 a0 ¢ P =

e FEALPRAT TAE 1 SR R 3G T B 8K T 6 B8 i 4R :cn 130} beBC

8 SRR I B 5T I, 15 40 mg/keTCB 3K 25 1201

BERDFRI , T 1 54 20 B S RN, i 8 2 o

SRR VAR, 7 80 mg/kg TCR KFER SN, 2 w0f

PN HE R 80 AR R I M T TR FLTHE 1 % o0 ks :
BRRIRER, W R E R T s 5 s — e —
2.4 1,2,4-=GORXE P o I DR Y K R 2 e i e TCBkJE

P 1,2,4-CB concentration/(mg/kg)
LR R

M 2 ATLAE , Wi TCB Yk BE (38 m , R L B1 1,2,4=8FXAHERBKBERBEHRRZFTNNIM

fﬂ'ﬁz*ﬁ 1 %nfﬁnféi%%@%%?ﬁ%&ﬁ@ Z‘{ 20 mg/kg .Fig. 1 Effe.ct of 1,2,4-TCB(trich.lorob.enzene). on root activity
’ in the two rice genotypes at the grain filling period

TCB ¥k BE AL BRET A b AKX R, JRREE— 25 TCB ¥ bARRURR & /NG 5 BRI 43 512678 0.01 Al 0.05 2 5 3%

FERG T B S AT, iA M K, VSRR g e KT

8 M F 4R 3R A 5 AE (10 mg/kg,20 mg/kg) TCB ¥

FEAb BRI 2 FE 20 mg/kg TCB ¥R BE AL IR 5 25 v T X BB B iff— 20 TCB R B2 34 Jiniiy B 0K 7% B

K RV TCB AbBEET, WAL RDKREAG I AP R S 2 A MW TCB(20 mg/

kg 40 mg/kg Fil 80 mg/kg) ALFRAT 7R 8 St R RN B E S T TH 15,

2.5 1,2, 4- GRS T 35 R U 7K R SRS B R T A PR B O R S T

1,2,4- =GR IR KRG A 88 0 S A e I S (0 S PR R 22 59 iRl 3 B, Rk T TCB AR, 7
AN FE DR R SRR R AT AR S A 2 N B A IR ) TCB ARFE R TR I P R 7 R 8 i Rl
PEER (0Tt B 2 O S R T B R R T 1 5

BEZ TCB Ve FE R T, > 6 DR 5 o 35) 22 LS00 JR el A e 34, 29 1,2, 4- = SRR K F 20 mg/kg B,
THE S R AR A S N, MR 8 S AR I i BT, 7E 80 mg/kg TCB ¥k Ab 3
B, T 1 SR K T R T FRRE 8 i 3 i TR
2.6 1,2,4- =GN PRI R RUK R UE S B T - MDA 5 1 (1 52 )

W 4 FrRARSEAT TCB ALBRET P JE HIRL SRR - MDA #5522 A8 B 3 B TCB YR EE B T+, A~
FEIRL AR R MDA F i 3 SR R TRk B H BRI PR R S A TR 1 S IR AR, 7 10 mg/kg TCB R JE
AOPRR , FURSE R T4 1 S50 7 MDA & &80 ASB &, it S R R AR 8 5 it i MDA Fra B & KT
XHR | 7E 20 mg/kg F11 40 mg/kg TCB ¥ FE AL FRR | 748 1 5 B E siE e B3 KT | 75k 8 5 5 R
SR TE 80 mg/kg TCB ¥ B AL BRIRF , A~ 6 PR R i 240 I8 35 R X B 76 TCB ¥R % (20—80 mg/kg) 4k
PR, 7M1 S0 A MDA S K TR 8 5,
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Fig. 2 Effect of 1,2,4-TCB on chlorophyll content ( value of Fig. 3 Effect of 1,2,4-TCB on the soluble protein content in rice
SPAD) of leaves in the two rice genotypes at the grain leaves at the grain filling period

filling period B ARG /NG S BE 23 5 325 0.01 Fl 0.05 22 5+ 2 3%
HE BRI R /NG BRI 2300 3275 0.01 1 0.05 22 57 1 2% K,

KFes

2.7 1,2, 4- =GR W 3k DR R K R T SR s e S il T 2 114 5 i)
271 1,2,4- =GN WAL R B K R S B SOD {4 Y 2 M

WE s s, BRI B AR R SOD TR 7E A AT TCB AR, 22 5 AN B I Bl TCB &b Bk i 1) 7
L PR BT S R A S ELAFAE R R A 22 53 FE 0—20 mg/kg TCB ¢ B Ab PR | A0/ IR 7Y S b 70 1
5 SOD i 4 i 3 A k2K T I 3 R Y S AP 4 8 5 60 mg/ kg TCB ¥k BEAR PRI, 788 1 51 i SOD
TP A 2K T X R T R 8 St 2 = 56 R, 7E 80 mg/kg TCB ¥k FE Ab BB, 54K b I T X0 B HL T
K1 S0t SOD & Pl o I T4 5k 8 .

@ 21.00 130 ¢
& —— THE1E #H o st
18.00 =y A 1o
é" —— GRS S a g % _ 120 +
:%15.00 L Lo s}
S Eo& 0t
2 12.00 - o g
& SZE 05
53 o900 | B ° @100 ¢
£ 600 5 Lls
S deE ir 2 90 r —— PS5
S 300 L ¢E = 85 +
é 80 L L L L
= 0 L L L L ) 0 10 20 40 80
0 10 20 40 80 OB
TCBK 1,2,4-TCB concentration/(mg/kg)

1,2,4-TCB concentration/(mg/kg)
¥ - 5 1,2,4-=SFEHEXERBRBAKE ) SOD E R
Z] = g oF 325 3 s — =anE
4 1,2,4-Z SURBMET R B RAATERE TP — R RO R Fig. 5 Effect of 1,2,4-TCB on the activity of SOD rice leaves at

Fig. 4 Effect of 1,2,4-TCB on the producing velocity of content the grain filling period

of MDA in rice leaves at the grain filling period FE FARLRT S NG 528140 51267 0.01 A1 0.05 2 5 i 2%
e EARIA R R /NG B 2300 3275 0.01 1 0.05 22 53 12 2% K
LS

2.7.2 1,2, 4-=GURXTWRN L R ALK FEVE SR B R POD T 1Y) 52 1)

aniEl 6 7R B4 TCB W EERYSE N, TORE 1 S Fi7 4R ke 8 S 1 fr SOD ISP 85k FTHE TR %, B
BITE 20 mg/kg TCB Wk B AL PRI A Fe KAR . BUBIE IR T8 1 5 SOD 16 M7 80 mg/kg TCB Ve 3 Ab A% it
FALT XS IR W4 8 S0 SOD IE MEAEA [k B TCB Kb AT 4745 2 2 & T X I, 7 20 mg/kg,40 mg/kg
1 80 mg/kg TCB V& FEALBERS , THE 1 S0 Jr POD Wi P W E IR T4 Hk 8 5,
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2.7.3 1,2, 4- =GR PR L R R K R T CAT TR A5 i)

TNIEN 7 iz BEAE TCB e RE A I, WS SE DA L SR B CAT 35 P38 12 I SE 1 I OB 3 #F7E 20 mg/kg
TCB ¥ B A BB A AE , BRI AL i Fh T8 1 5 1 i CAT B PE7E 10 mg/kg, 20 mg/kg TCB ¥ £ AL B 55
Xf IR 22 S AN 35 A 1E— 20 TCB ¥R B A 84 iy BH S R AIG , SR W 2K T A1 8 ot 47 R 8 5 I
CAT ¥ H7E 10 mg/kg,20 mg/kg TCB ¥ 8 Ab N4 2 25 T X i 78 40 mg/kg, 80 mg/kg TCB Ab B 5%} IR
22NN . RPEAT TCB hin B PR R B K Rt i CAT 16 PE22 FoA k3 #H IR TCB Whin T~ i b feg it i
CAT iR PR BZE R T TR 1 5,

5000 R 800 A g
- T*?lj‘:" aA 9 700 -
wg  AS00f - ST By _
MmE 2= 0l
&2 @ 4000 &
S & cCD dD %5 £ 500
<O .2 3500 | 25 % 400}
®BEE 2202 00
"1’7_'2 “S ?D efE 7 £ =
T 233000} g 300
> =
:I;_‘-E g fE < 200 L L L L J
< 2500} 0 10 20 40 80
oF TCBkJE
2000 . . . . ! 1,2,4-TCB concentration/(mg/kg)
0 10 20 40 80
TCBk i
1,2,4-TCB concentration/(mg/kg) B7 1,2,4-=SEMMESTERZHHKBITA CAT FEMRIN

s ) - . Fig. 7 Effect of 1,2,4-TCB on the activity of CAT rice leaves at
Bo6 1,2,4-=SFMHEXT#EREKTEMF POD E MM

Fig. 6 Effect of 1,2,4-TCB on the activity of POD rice leaves at
the grain filling period

K AR R /NG FEBEE 35 3278 0.01 F1 0.05 2% 5 1 3%
K,
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