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KBFBAABRTBEREIKE AsA—GSH
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LRMEFFHN, L5 BR 210094;3. RUBTRKRLYURBELAFFRERE, 75 BER 210094;4. EEIFEAE
AR B TR BIR 210097 ;5. Y1354 A B4 Bl BT IR SR EE RS 7 » Y195 R AT 210014)

BELUFZIMH AR TESRENERKABEA AR WAKHEBRYERERKAPEZHEN AsA—GSH
BAEWHSEEL. HFREW ERARREABBRABRLENERXRNRIREYETEARARMEME, K, L
B0 BBERMEYLBEREF ERARWRERNSE KREGHNEYEYEFRTHE, YEBEA LA KT
50 %% B , A 0 0 A B 2 A 2 VR VR P L £ 8 T A5 AR BEUS BB Ve B IR BB K ML ER (AsA) R S ST I AR
(DHA) B AL 8 R 7], 25 % BB AL AR AL 28 45 #0160 d A, B Ve SX AT B E N AsA BRA BT 0
(BT 30d) BE5BERABE,DHA SEHBEATXE. YEREMAKHFIKT 500, 58 Ve, AsA
DHA 53 FEAR Lb 1 @ FREAK s 45 AsA J5 30 50 RO B0 I I BR 1 € 1L % B8 (APXD) (B 3K I B8 S 1L B8 (AAO) R E 4136
I B8 3 DR BB (DHARD % 14725 (b 8 S0 100, 199 8 2 A JEL It (R 386 o 2 e 3 b0 S MR A B 88, JE P L 25 e B Rk e
fb 7 30 d B E L, T LA S A IR I BR A JE B (MDH ARD ¥ 4 TN g 32 &b 33 B (] 9 386 b i 3 0m , A 25 % R B AR
AL BE Y Ab 38 3O B 5T 5 R 3R SR LA B H BK (GSHD 183 i &AL B8 BE H BR(GSSGY #1 GSH & B FEE AL 2 (7] i 3%
s m, LA 25 L B R AL A AL BRI, S A L R 83 T4 B H KR S (GRO 15 M Bl 5 AL B e
(B] 3800 2 e S R R K A 25 N R BERLIE B 45 dEEHES. WHAHASREY KIS BBREN
FLREXTH SEFATAL R A B PN AR, B M TR AsA—GSH RERA, BE T HXWRALGHES.
K@ KE B E R PR ; A B H AR

SIS S5557.5;Q048. 1 XEARIRED A X EHRES.1004-5759(2011)03-0091-08
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BIE 15, K REBILF SEHYERNFAEERTEY . EEMREA, KEFRBREEREEYEK.
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1 #H5F*E
1.1 H’H‘ﬁ"ﬁtﬁ

KB . FRXRRIEY 1 5) ;KB R B ILHFE R BB K S R BG4 M E . Hf pHE R
7.06, 2 N. 2P 2K &EE2HH0.75 g/kg,0. 22 g/kg,0. 15 g/kg. ZIRFAETLIHFE R B 2= B 55 8 = #1717,
If B2 2009 4 5—9 A,

BERMFHO.3%M HO, HEG, HEEAKSEE REREY — BAEXHMAFETH 3 ZEKMEFL
(H& 15 con) 91,3847 35 4, ERCE IR EE4X A0 31 1 22°C. M4 K2 5 om A4 B, S BUK #— BU 4 kLK
HEREER A, 1k 20 d 5, 2 BUR AR A BORHEAT R0 B b B A 5 . ALTHWRANG 5 d Jei—K,
43 5 FALBE 15,30,45,60 d J5 AT R AR, 5B 45 Ab T A SR 36 4 T8 A AL AR
o BB XER(CK) (25 B W+ 75 % ALHE (Z-25%) (50 Y% W 50 % AR (Z-50 %) .75 U I W+ 25 %
FBBE (Z-75 %) \100 %6 ¥ W (Z-100%6) . 7 AL B SR R YT 5 48 4 i B 2 5% i 360 7 8 43t 1 K 08 M R, 0 4 4 20
30%, Hh AR (NH, —N)2. 42 % SR A (NO; —N) 3. 32 % , K M8 (P, O, 10 % , KM (K, )10 % , K
HEEE (MgO)0. 200 R BT R 55 s AKFH = BI85 1 & B /K 3 7 VR T R B e L ) e B AR AL AIE
1.2 WEF %

1.2.1 #ENE RKBRLERE, TRELRM 7:00—8.00, F A FEVLPE 6 BAEKRME -BM4hH . AR5 H
BB ORGSR TR B e E

1.2.2 WM ESENE ®EAHIR MR (ascorbate, AsA) & H IR i (dehydroascorbate, DHA) F1 5
Ve § B2 8 Zhang 1 Kirkham"™/ ) 5 % ME ., B 1 g FXEM A E ACT T 50 M IRBERR 0B 51K R G
F 4CTF 12 000 r/min B> 15 min, & LERATIUE L Ve F1 AsAER. WES Ve b, B 0.3 mL L
WA 0.75 mL & 5 mmol/L Z, — % M4 Z B8 (ethylene diamine tetraacetie acid, EDTA) i B B8 25 ¥k (150
mmol/L, pH 7. 4)#1 0. 15 mL 10 mmol/L # Z# A ¥EBE(DiThioThreitol, DTT), =& Fi#E 10 min J5, A
0.15mL 0.5% N-Z B ORB TR LITEREZ4LH DTT. RIEMA 0.6 mL B 10% =4 2 % (trichloroacetic
acid, TCA).,0.6 mL ) 44 % IEBEBR VA W 0. 6 mL B9 4% SUIL BETE RS (70 %) B W A1 0. 15 mL 9 0. 3% (w/v)
FeCl; %W . 1R51/G 40°C/KH 40 min, U 525 nm M RIEME . AsA B E i B L 0.3 mL K DTT 1 N-
ZEDRBIA, EABELRI LR, DHA KNS Ve 5 AsA EY

1.2.3 A HEHKSENNE SRS E K (oxidized glutathione, GSSG) & £ #1346 R B A Bt H K (reduced
glutathione, GSH) & &l & 3 B R EEF S M k.

1.2.4 M H KL JRE (glutathione reductase, GR)WME I GREEW B 0.5 g HF . MA 5 mL 50 mmol/L
B Tris—HCI(pH 7. 0), & 20% (v/v) H .1 mmol/L $ L IR I # .1 mmol/L. DTT.1 mmol/I. EDTA .1
mmol/L. GSH } 5 mmol/L MgCL ,fE#K LB )G 3BT 4°CTF .10 000 r/min &[> 30 min, EE® TN E
FEEHS . GR M ES BB S5 M 2B 50 M5 %, 3% 5 T B IR W — 2 H R (NADPH) &k
JG7E 340 nm 4 B9 WK BE IR A0 R Mg B R VS HE RN T R . R FE 50 mmol/L Tris—HCI(pH 7. 5) 2 M .5
mmol/L MgCl,.0. 5 mmol/L GSSG # 0. 2 mmol/L NADPH, & &% 1.2 mL, 7£ 25 CTF,MA GSSG 28R
I

1.2.5 HFMER— A H KB EEANE  FiIF MR A LEE (ascorbate oxidase, AAO) IEH S R
R0 g E e, B2 g M, 0 10 mL FX B9 50 mmol/L BEERZE whi [ pH 7. 0,4 1 mmol/L Hrif M@k, 1
mmol/L EDTA 2% 3 24 "% 52 B (PVP) 0. 25% TritonX-100 8, F 4 CF 8 000 r/min #f.0» 20 min, b
VBN, B LW 0. 12 mL, A 3 mL & 2. 88 mL BfERZE ¥ (pH 7. 0,0. 5 mmol/L HLIR ML BR) i) K WK »
DA I8 VK 5T R, 98 5% ODaeo A5 461, HU3F i AR it B AL # B (ascorbate peroxidase, APX) | Jit ZUH0 5 1l BR ik IR
J& (dehydroascorbate reductase DHAR) 1 8 it S 1 35 Ifl BR iF JR B (monodehydroascorbate reductase, MDHAR)
BTG PRI S IR R AR R AU W By sk AT BLES R SR BT B5 R B, LA min WIROB(E AL 0. 01 Ky — > B 1k
fE (),
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1.3 %t o

i& i} EXCEL 1 SPSS A= ) 48 3+ 5 4k 47T AH R J 38 2 4 .
2 GER5HH
2.1 BRAFREKGH R

EARLOIBBRLET . FXNEEMEYBEELENEHNARWMAR(E D, EETE.Z-25% 48
F.,15,30,45 F1 60 d Bf . ¥k 5 4> B L XS BRIE N T 6. 6%6,6.0%,11. 2% 1 10. 5%, ¥ B ZE K F 5 B ; 7 Z-50 VoAb 38
T.15 d Bt EESt BB/ 0.5% B 5 BERARE .30 dBF LU RN T 3. 0%, 5 BERAEE . ME L HEA
V6] FF) 380 A 1ot 45 %ot BB AR EL SB 3 0 .45 0 60 d B RO BR = 4 B E X BRI N T 6. 890 9. 9% FE Z-T5 N b,
15,30,45 F1 60 d B ERE 45 b3t BB/ T 10.8%,17. 6% ,18. 3% F1 9. 9% , ¥ B & /N F Xt B8 ; B & 7B W F bk
BB, SR A K 2R E R W, 4 Z-100% BT, BN AABES Z-75 WA EAR R , B & kb B o 5] #38
T, Bk 5 ) BR AR L B PR .

EYBNELNER SHERR., ® Z25% 0BT, 15 dNHEREMNEE, LB INT 22.9%, BZ KT
%ot B8, 30,45 F1 60 d BYEEE 4> B L AT RGN T 7.6%,8. 7% 1 9. 3% . B E R FX BB 7E Z-50 % AL F,15 d Bt
FXTEE/N 1. 5% HE5 X MER AL E,30 145 d BT T3 B3 BT 1. 026 M 3. 3%,60 d B Eb X BB /1y
14. 8%, BE/NF X 78 Z-75 % AL BT , Bl 5 Ab 38 B () 9 186, & BB PG A W B AR K, 15,30,45 1 60 d AP B &
Ay A et B D T 18.3%,27.3%,29. 7% M 42. 6%, I B E/NTF XTI 7E Z-100 % A BT, B EM MBS
Z-T5 % b FRAR T . Ui BA FE B MK S S BN R AT B B TR A K,

1 FAELFBRLENERERKREYRANE

Table 1 Effects of different biogas slurry ratio on the growth and biomass in B. rapa

I H A AL 3 E] Treatment time (d)
Item Treatment 15 30 45 60
¥ & Shoot height (cm) CK 5.35+0.093 b 11.1340.351 b 14,5740.351 b 15.20+0.300 b
Z-25% 5.704+0.067 a 11.80+0. 265 a 16,2010, 361 a 16.80%0.794 a
Z-50% 5.324+0.101 b 11, 4740. 252 ab 15,5740.252 a 16.70£0. 300 a
Z-75% 4.77£0.095 ¢ 9.17%0.351 ¢ 11, 90%0. 200 ¢ 13.7030.458 ¢
Z-100% 3.88%0.085d 7.93%0.252d 11,0340.802 d 12.40+0. 656 d
#tH Fresh weight (mg) CK 1.2740.047 b 2.56+0.131 b 5.6410.227 a 7.574£0.227 b
Z-25% 1.5640.016 a 2.75+0.055 a 6.1310.147 a 8.2840.147 a
7-50% 1.2540.044 b 2.5910.083 a 5.83%0.186 a 6.4530.186 ¢
Z-75% 1.0410.056 ¢ 1.86+0.059 ¢ 3.974+0.082 b 4.3540.082d
Z-100% 0.87£0.049 d 1.70£0.053 d 3.40+0.269 ¢ 3.8040.369d

E:FSARNE PR RREREE (P<0.05),FH.

Note: The different letters in the same column mean the significant difference at P<Z0. 05, the same below.

2.2 BRNFRAARTR RS ZAHR

B Ve, AsA #1 DHA AL HEAMEI(GER 2. M TFRE VMg, Z-25 %4 TF,15 A1 30 d B EXEHNE
B Ve sr Bl X BT 4. 7% 5. 0% B 5 X BAR L 22 BN B 3, Pl A AL SR (R A9 36 0, 7E 45 F0 60 d B, F
A EE Ve iRl Xt BIIT 5. 2058 12. 420, BER TG Z50 % BT ,15 d BT B/ 7.5%, B
/NTF 3t BB, 30,45 F1 60 d B 4r B L HBHEIN T 1.9%,2. 1% FI 5. 7% , ES5WMBER R EE 7 Z-7T5 %A BT, 15,
30,45 1 60 d B EFFEE N B E Ve BT BBA T 24.7%,20.1%,21. 1% F 16. 1%, ¥ B E/NFRIEE 7 Z-
LOO AL ZE TR , BB Ve MRS Z-75 W AL FRARML , Bl & A0 BRI 6] B 38 1, 8 Ve 50 AT L B 2 1K

T Z-25 AR BT BRT 30 d BFHSEIR N AsA H R §E R TXIE LA T 15,45 F1 60 d BEE KN AsA 58
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BAREGHRAHLLETEM, HERARE 7 Z50% AT, 15 M 30 d BFF KKK AsA & &4 5 T BN
11.4%0f3. 0%, 5 2= 5 B &, Ab 8 45 F1 60 d BY AsA S B BT/ 4. 5% M 4. 8% BERFE 2,7
TSYHALEET , HRIEAN AsA TR BES Z-50 AL BTEAL; £ Z-100% A3 R ,15,30,45 1 60 d i 75 3 ik
W AsA FE45HI L3 BT 61.2%,32.1%,38. 1% 34. 6%, ¥ 8 E/NTF XA,

DHA S BHELBESEE Vel AsA SENBBESAHF. 78 Z-25% 48T, 4B 15,30,45 Hl 60
d B, F3AN DHA B4 3 AT BN T 5.5%,4.2%,5. 5% F 17. 1%, ¥ B2 K FXH B Z-50 AL B T 5 3%
kN DHA S BB BES Z-25 % A BAHM 7 Z-75 % A T, 40T 15 d BE B EA K DHA 5 8 X B /»
7.6% (B 5 X B RN B3, HEE AL A (8] B3 00, 7E 30,45 F1 60 d B 4> B LT E /N 29. 8%, 27, 2% FI22. 6% .
ERBEEZI0NLET , EXENH DHA S BB E/NTFXHE,

R2 FARALABRLENBERGEAAFNESREFN

Table 2 Effects of different biogas slurry ratio on the ascorbate content of B. rapa

b=l Ab R Ab 3 AT fE] Treatment time (d)
Ttem Treatment 15 30 45 60
B Ve CK 29.734+0.514 a 34,9040, 465 a 35.77+0. 408 ¢ 29.2240.702 b
Total Vc content Z-25% 31.11£0.412 a 36.64+0,801 a 37.62+0.350 a 32.85£0.310 a
(mg/100 g) Z-50% 27.5140.428 b 35.5740.790 a 36.53+0.271 b 30.90+0.511 ab
Z-75% 22.40%0.392 ¢ 27.8740.454 b 28.2340.601d 24.5340,781 ¢
Z-100% 15.90+0.335 d 20,4970, 468 ¢ 20.67+0.278 e 19.5140.858 d
LR Ve g’ CK 14,1640, 025 a 15.724+0.042 b 14.84+0. 674 ab 13.05+0. 348 ab
AsA content (mg/100 g) Z-25% 14.691+0. 341 a 16.65+0.252 a 15.7240.251 a 13.9040.313 a
Z-50% 12.55+0.115 b 15.24+0. 677 be 14.1740.790 ab 12.4240.418 b
Z-75% 8.0140.310 ¢ 14, 4140.550 ¢ 13.1240.495 b 12.0040.474 b
Z-100% 5.50240. 606 d 10.67+0.563 d 9.180.234 ¢ 8.534+0.823 ¢
B Ve F 8 CK 15.5740.570 a 19.1840.505 a 20.75%0.178 a 16.18+0.763 b
DHA content (mg/100 g) Z-25% 16.42+0.638 a 19.9940.777 a 21.90+0.589 a 18.95+0. 624 a
Z-50% 14,96+0.517 a 20.56740.409 a 22.36+0.770 a 18.4840.864 a
Z-75% 14,3840, 221 a 13.4740.418 b 15.1140.762 b 12.5340.886 ¢
Z-100% 10.404+0.737 b 9.82+40.912 ¢ 11.4940.510 ¢ 10.98+0. 434 ¢

2.3 BRNEFED G HRAFRLBRERTBEBERGY H

Z-25% R BT, APX B IE M B A0 3 i JR] 38 in B S5 3 B S MR i R % (B 1)L 40 BE 15 d B, SR APX
BEIEME XTI 11. 9%, B E R FXF BB, 30,45 F1 60 d B, APX B i% M43 B Ho X B &5 64. 9% ,44. 5% 1 44. 4%,
T Z-50 % R 3T AL EE 15 d B, APX BTG P EL X FR /DN 20, 4%, BB /N F X B, A0 38 30 #0145 d i, APX BEIE 74>
B R E 8. 9% F1 1. 8% ,60 d Y, ELXT BB/ 4. 5% ,{H 30,45 F1 60 d BY By APX IS HE S/ B E R AR B2 4
Z-T5Y% R HE T L BR T A B 30 d B, APX BEIE ML 0 BB 2. 6%0,15,45 1 60 d B, 32k P APX B & ¥4 tb vt
BT 23.0%,19.5% /M 18.6 %, 2R B F ;7 Z-100 % 4B, F XA N APX B I% 1 BE & &b 3 i 18] 5o 38 o
Ej3f BAR L34 B 3 K.

AAO BTEMM LGS S APX BEHEM BB ER AR (E 1, £ Z-25% 48T, 43 15,30,45 # 60 d
AR AAO BEIEHE T BIHL YT BB 4.8%0,5.9%,3. 7%/ 7. 2%, 2 R AR B F ;7 Z-50 %A BT, bl & 4b P it
] 3 A, AAO BETE M o % BB A 4K 0 B, AL 3 15,30, 45 A0 60 d BHR P AAO B IS TR 4 B b X BE AR
10.3%,22.0%,22. 1% f1 24. 7%, R B E;Z-715% M Z-100 % AL BT, F AN AAO BEE M AL BE S Z-
50 Y% AL FEAHML
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T Z-25Y A BT, 4038 15 d BY ,DHAR B§VE M U XTBR &G 0. 7%, 2R A B F , B E 4 ¥ 6t (8] A 3% in , DHAR
B I 7 SB35 0, 43 B e X BB 14. 820,18, 5001 33. 7% 7E Z-50 % AL BT, 4b 3 15 d Bf DHAR F§ 5 1 o X B8
24, 7%, BE/NFXTER AL 30,45 #1 60 d BY A DHAR B§IEHE 451 X B/ 9.7%,3. 72070 2. 2% , (HER A
BEE Z-T5 T, W& AL B[R] #9380, DHAR BEE T B 3 MK, {E R {08 B2 3 /b, 4 38 15,30,45 1 60 d
B,y DHAR B 7E M2 B e xd BBBEAR T 57.0%0,41. 8% ,34. 1 %71 26. 7% ;Z-100 % AL B8 F % 3 4A ) DHAR B
EHRT RS Z-75s WA B THME D,

1E Z-25 % Ab 3T, kb B 15 d B, MDHAR BEE X BB/ 7. 2%, BE R A B E, 4 7 30 f1 45 d A,
MDHAR E§iE1E 2 B Xt B 6. 2% /1 9. 1%, £ R A B 3,60 d i) MDHAR BEHE B F K FX R 7 Z-50%
AEERR , i 5 b R B] A 3% hn, MDHAR BS{E 4 B Z PR (K, 15,30,45 #1 60 d i) MDHAR BE % 1 43 ) Ho Xt FR /1
23.6%,30.3%,23. 9% 27. 5% Z-75% M Z-100% AL 3T , 5 3R & W MDHAR B 5 ¥ B L # 52-50 %0 &b

HARRL(E 1),

8 [ —e—CK  —W—7-25% —A—Z-50% g 07
g 7 b ——27-75% —L1—7-100% :‘é) 0.6
2 Ay
£ 6 :
: o5
a $ g 4
o, S
3T w0 E
< E 2207
N E
; . 3 0.2
2 3
Z 2 0.1
5 1 o
5 s S 00
< 15 30 45 60 z 15 30 - °0
2 0.030f g ooy
z 2
. £ 0.040
£ 0. £ 0.035 }
s o
o o.0m0k #9030 |
g A
s & E 0.025
% & 0015} Z3
H =3 002F
25 o010} =3 0.015f
: g
Z 2 0.010 F
g 0.005} 2
E < 0.005 |
<<
E o -
15 30 45 60 15 30 43 50
f 8 Time (d) At 18] Time (d)

1 RELSTERELEIEKERN APX,AAO,DHAR 1 MDHAR # ¥ g
Fig.1 Effects of different biogas slurry ratio on the activities of APX, AAO, DHAR and MDHAR in B. rapa

2.4 BasFERYG TR SBERAIRGH @

TE Z-25 % Ab 3R , GSSG & B K6 AL FE v 18] 38 fin v 3% hn (& 2>, 4b 38 15,30, 45 #1 60 d B, GSSG & & 73 5 b
Xof B3 13.5%,13.6%,12. 2% 1 10. 6%, HER B E ;7 Z-50 %403 T, 43 15,30 F1 45 d B, GSSG & & 4)
BT HB/N 6. 0%, 7. 7% F 7.4% , ER A BE, 40 60 d BF,GSSG FE S AL B EREMK 7E Z-75 % kb 3
FL.AbHEE 15 d B, GSSG B HXT /N 8. 2%, 2R A8 2, b3 30,45 # 60 d B, GSSG & & 4 5 kb Xt B8 38 2>
11.9%,13.9% M 14. 0%, £ % 8 & ; #£ Z-100% A B F, £b 38 15, 30,45 # 60 d B, GSSG & & 2 B b XF B/
15.6%6,20.0%,22. 1% 21.6 %, HEREBE.

e Z-25 0 Ab BN, Ab 38 15,30,45 F1 60 d BY,GSH & & /3 HI X B8 5.8%,2.0%,2. 1% f1 2. 1%, HER
ABE T Z-50 4L BT, 4B 15,30,45 F1 60 d B, GSH & &4 J o xf BB/ 13.0%6,17.5%,17. 1% 01 17. 6 %,
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r ——CK ——7-25% —h— 7-50%
L =% Z7-75% —13—7-100%

EREBE;Z-T5UNMZ-100 Y AT, F KK N GSH
SR BES Z-50 % AL BAR ML, B E Ab B A ()
R GSG S B R EFRIKAE 2,

GR E§EMM A5 GSSG &M GSH & &
A ARF . 7£ Z-250 40 F, kb3 15 F1 30 d
At,GR BT 1 4 3t Xt B 5. 4% A0 4. 906, 5%t
R REE,45 d BF, GR B§TH M L X B R 26. 300,
WBERKFXTIL60 d BB GR BSIE 1 5 X4 B AH[H (&
2);7E Z-50 % Ab BT, 15,30 F1 45 d B, GR & i R 30 45 60
SRS BN 12.4%,10. 3% f 16, 7%, Z R A B i !7#:’:!
2,60 d BT A GR B§IE HE B AR A FTFEAK, (B 5 X T
BRARBEE Z-T5% BT, 15,30,45 #1 60 d B, [
GR B 5 4> Bl tL 3t BB /s 32.6%,32. 0%,8. 5% #1
16.1%, 2R B E;Z-100% 4T GR B 5 4 1 &
a5 2-75 % AL AR .

3 it

TEY IR ¥ A KT EBREREE SR XKL 15 30 45 60
RFY AR E LB R AR IENE XK
RAMBETFERFREWE, H L 25 6B BRERL
RE B AL 3R OR B IF , TE AN [B] O SRR R, Rk s AN AR
MEHWEERTFR, BEBRFHELF KT 50% 008k
B, bR T VAR Y B 2 B B TR W A Eb ) B 2 T R
B, 5MREREE. BRERESEBES. £ o081 D__/\ﬁ
HABBRTEEEENERYEMNEYESRY 0.04r
BRUS 33 4 15 ) SR B T A A R e T A R AR 0.02 :

B, Ry AT RS R R R T s Yo Time ) o0
IR AR 7 I8 B R, 4R AR AR B9 AR K R B 3 i AE

PIPUREE T B E BT RABEHEZHRR AR GSH & B GR & 1M
ﬁ/[\fﬁlﬁfﬂ’{]?ﬁ i @E&L& N %BZ PF ﬂ}iq”ﬁﬁﬁ %ﬂ%’kﬂj Fig.2 Effects of different biogas slurry ratio on GSSG
J1% BB LA [ AR AR AR A 1 3 ARR T 7 9K/ content, GSH content and GR of B. rapa

58 MEHRLERENNBREREMEXE, MHE

BWAEMERLAERKMEREMEK., XESaTARRESRMRD,

EERHBRT EYERRTEREEEBERE B8R, 7 KA EREY 2R E = A ' A
176 75 T L 7 A A B R — A S S ™. AsA DHA ,APX,AAO,DHAR.MDHAR f1 GSSG.GSH,
GR M T AsA—GSH &%, APX.MDHAR.DHAR f1 GR & AsA—GSH BHEHAE R E AN EERH
AR, AsA FIGSH SR BEWEBRELYR. % AsA—GSH % &, GSH, AsA #1 MDHAR, DHAR,
APX,AAO Hl GR % #H MY ™ %1k AsA—GSH ERF N E LB RE  EHERERE T HEEEMS
FOenl | o, APX fl AAO RHEPIH 2 Pk m iR & /LB, MDHAR 1 DHAR 7E 503 1f B2 — 4 Bt H k4@ 25 o
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Dynamic changes in the growth and the AsA— GSH circulation metabolism of
Chinese cabbage treated with a biogas slurry of water hyacinth
XUE Yan-feng"'?*, FENG Hui-fang"*, SHI Zhi-qi"***, YAN Shao-hua’, ZHENG Jian-chu®
(1. Institute of Food Quality and Safety, Jiangsu Academy of Agricultural Sciences, Nanjing 210094, China;
2. Key Lab of Food Quality and Safety of Jiangsu Province-State Key Laboratory Breeding Base, Nanjing
210094, China; 3. Key Lab of Agro-Food Safety and Quality, Ministry of Agriculture, Nanjing
210094, China; 4. College of Life Science, Nanjing Normal University, Nanjing 210097,
China; 5. Institute of Agricultural Resources and Environment, Jiangsu Academy
of Agricultural Sciences, Nanjing 210014, China)

Abstract; Dynamic changes in the growth and the AsA—GSH circulation metabolism of Chinese cabbage treated
with different contents of biogas slurry of water hyacinth were studied in a complete growth cycle. Different re-
sponses were found in shoot height and fresh weight when the Chinese cabbages were treated with different
contents of biogas slurry. The most obvious effect was observed with 25% biogas slurry. The shoot height and
fresh weight significantly increased compared with those of the controls during different sampling periods.
However, when the contents of biogas slurry were more than 50% , the shoot height and fresh weight were in-
creasingly reduced with increases of biogas slurry contents. The contents of total Ve, reduced ascorbate (AsA)
and dehydroascorbate (DHA) changed differently. With the 25% biogas slurry treatment, total Vc content sig-
nificantly increased after 45 and 60 d treatment and AsA content also increased even though there was no signif-
icant difference compared with that in the controls. DHA content increased considerably during the different
sampling periods. When the contents of biogas slurry were more 50% , the contents of total Ve, AsA and DHA
were considerably reduced with increases of biogas slurry contents, In the AsA cycle, the activities of ascorbic
acid peroxidase (APX), ascorbate oxidase (AAQ) and dehydroascorbate reductase (DHAR) showed the same
change trend, initially increasing and then decreasing with an increase of treatment duration, I. e. the activities
showed the maximum values after 30 d under 25% biogas slurry, whereas the activity of monodehydroascorbate
reductase (MDHAR) increased with increased treatment duration. At the same time, the contents of oxidized
glutathione (GSSG) and reduced glutathione (GSH) increased significantly with an increase of treatment dura-
tion in the GSH cycle. There were significant differences compared with those in the control. The activity of
glutathione reductase (GR) increased initially and then decreased with an increase of treatment duration. The
activity showed a maximum value after 45 d treatment with the 25% biogas slurry. It is suggested that the opti-
mum biogas slurry content promotes growth,, enhances AsA — GSH circulation metabolism, and maintains
higher antioxidative stress capacity in Chinese cabbage.

Key words: water hyacinth (Eichhornia crassipes); biogas slurry ( Brassica rapa); Chinese cabbage; ascorbic

acid; glutathione



