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HAW) , AU E 12 D, B BRI G R A bRl JL A8 MRS, M R Rl b $8F R =l it 2B K
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2 WY RS, $TUfL B SOD ., POD il CAT 1 P 43 | 3 i 30.75%6 . 27.44 5 F1 17.68% , MDA % 4t b 35 A%
20.58%0 ;s ALY (0 i 7R , D5 A3 i S8 Ak SRR S0 3 M A SR I i /b . 25 1, SN FH DADS ] 38 o R 41K
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DADS #b 3B ICA] i A 3R A 22 3 2440 CDKA
M CDKB 3k i, JRPE AR 2R N IRER & i, {2 AR
AR

ST DADS 500 8 I 7 i 3 V9 10 A K Ak
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KRGO - RIS IR IE S
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37 S BN FD
1.2 XKBFKEEERHNKE

RESER T 25 CH i 1 d, Z IS A
PCR AL, B¢ H 3% T 1/4 Hoagland 2 553 ik
TN PERE IR 7 d, %8 A 1/2 Hoagland 5 772 % 1) 2H 15
T, AN SR A 200 mL SRS 3R 4 MR
. ARRIMU B TEAGEDG, B A AL = JE T
ik, REIRAFS A 25 °C 6 000 Ix G B 14 h/19 ‘CH
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FiFw 20 dJa , AT E SR E SR 2 200 mL, WUEE K
P SRR 8 E A S SR A%
1.3 Rt
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A [A] ¥ BE DADS, 3% & 6 2 4 B . CK1(1/2 Hoa~
gland & FR W) \CK2 (HE 2R AL ) (D1 (1 pmol/L
DADS+ & £ ) \D5(5 pmol/L DADS+ H £’ )
D10(10 pmol/L. DADS+ & #E# ) \D15(15 pmol/L
DADS-+H A , BB & 12450, B4
WG SE A BRI, HL AS KR . A JE Y pHAE
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A€ B ZE K e i e B n R RO AFE R
i AP J 5 TR R a4, 5 PRAF I R IR 40 i SR
K AR SRR SR SR

SVAEBYER . S WSTR[ 11, M 96 00 Z Btk
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g ok HBRAR L bE 2 PR I N 1 (MDA ) % &t 5 >R
FHAAR AR 55 DU 20 (NBT ) S Ak Jirt ok 0 8 48 £k 47 15
AT (SOD) 1 14 5 SR F AL A By Lo €2 3200 2o 48 Ak )
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K H DAB H 48Uk 2= g o ik g i AL A B R
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Fla R
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2.1 SMEDADS Xt B E{EA T X B R4 HEKE

=AU
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W EE DADS 4B 5 B 411 1 - v K/ AR R AR R AB
¥irg 3 ekst , Hoh D5 AR (5 pmol /L DADS) A #k
AR K AR RECE SN B . EEAER TR
N DADS 7] DL 2% fife 5 15 4E HIX 4 i i 05 3%, B AR
5 pmol/L DADS Zb 3 F R e df .

A2 1 AT, CK2 Zb B Fb CK1 A B K 2R 401
PRI 5 I B T R 40l i 2RI T 30.03 %%
39.90%6 F138.33 %0 , Hbu T FBfif ot it A1 1 BT £ 4 0l
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HER I SEATE A K, BEFE DADS &b By B 16 i 52 31
Je IR FHRy#% . D1.D5 D10 A1 D15 AbH i
b R 4 W CK2 &b B o T 13.42% .
19.42%.9.71% #13.53% ; D1.D5 H1 D10 &b B it T

D5 D10

D15

S i i B A CK2 Ak 43 53] d 2 6 11,70 % . 23.40%
F12.77% 5 D5 ABEXT 40 B AR I8 B R S8 A ok
K A0 FEAE FH IR 2 B K AE, 4351 HE CK2 b B8 i T

22.81%.,20.93% #121.20% .
CK1

CK2 DI

D5 D10 D15

1 4MEDADSX BEERTKRBERGEM (A FIRFR (B HIM
Fig. 1 Effects of exogenous DADS on blade (A) and rootsy(B) of Chinese cabbage seedling under autointoxication
F1 SMEDADSXMBFERATABRSEERKHFM

Table 1 Effects of exogenous DADS on the growth of Chinese cabbage seedling under autointoxication

Hby [ o o/ o Hi TR T/ - = e = 2
b5 WEURES yy pgrmmy S TERES ey } RO /om RO fem
. (g/plant) (g/plant) B/ cm . .
Treat . (g/plant) (g/plant) . . Maximum Maximum
Shoot fresh . . Root fresh . Crown diameter .
ments . Shoot dry weight . Root dry weight leaf width leaf length
weight weight
CK1 1.521220.072a  0.1472£0.009a  0.12340.005a  0.01244-0.000 7a ~ 11.47040.369a  3.8644=0.151a 5.089=£0.184a
CK2 1.133220.044e  0.104==0.006d  0.0942=0.006¢  0.010 240.000 6¢  8.821=x0.167¢ 2.762+1.112d 3.67920.106d
D1 1.285+0.072bc = 0.11840.003bc ~ 0.105-£0.003b  0.010 7=£0.000 4bc ~ 10.403+0.230bc ~ 3.166£0.101bc  4.28040.093b
D5 1.353+0.053b  0.126+£0.005b  0.11640.002a  0.011 8+0.000 3ab ~ 10.833+0.274b  3.340£0.036b 4.459+0.077b
D10 1.243+0.034cd  0.112£0.005cd ~ 0.10640.004b  0.010 940.000 6bc ~ 10.000£0.415cd ~ 2.978+0.173cd 3.945+0.147¢
D15 1.1734+0.021de  0.104£0.004d ~ 0.095£0.006c  0.010 3£0.000 6¢  9.517£0.240d ~ 2.94340.146cd ~ 3.848+0.079cd

- R RPN B 5 AN RN R KR 25 57 3K (P<K0.05) . R TRl Note:In the table, data with different lowercase letters indi-

cated significant differences among the treatments (P<C0.05). The same as below.

22 SNEDADSMESERATKBAXRSERRZDN
A

P P 2 ] L, EAE R A HE (CK2) 2 2 K 1 3%
AR A K (R EAREBRSN) , #ME DADS b B A] DL [F]
FEBE AR HE R R4 i R R A K, Bl MR DADS
Ab BV B R R B A TR ALY 4, D1.D5 .
D10.D15 43 i 255 T CK2 AP APk, B D5 gb 33
AR A BN R R TG SRR AR A
HRARFR ML AR B AR R 0 B AR R 58 B3 i) L
CK2Ab PR R T 45.29% .34.41% .42.60% .53.45% .
50.00% .57.79% .48.30% - Jiti FH DADS 9 4 &b B AR
T EAAS CK2 AT B 3% 22 5% .
2.3 SMEDADSX BSBSIERATABESENTERE
=N

HMIE DADS BT 3 #E4EHT K 54 iy i
GERGTEMEL R (F2) WoR, CK2 AL A28 &

LT CKLAREE i in SR DADS J& %) i it
SRS RETHE R, SRS T CK2, Hh D5 4b B4
FEAF , KA K a e R b S MR
Ant gt & (atb) 4 9 e CK2 &b P 42 55 18.97% .
20.39%.17.16% 1119.42% .,
24 SMEDADSYMBEBIERTAXBX4SHEEER
T RF MDA & 2RI

& 3 A L it DADS Ji& , % H CK2 Ab 3, K
P13 I T B T T Rl 2 kA
B B0 8 S T S Bk, DL D5 AR PR (5 pmol/L) B
e, LTI AR AT IR I R i T
CK2AbF12.97% .16.72 Y% H136.63% -

A #EH S8 CK2 A B R R4 1 MDA & i
e CK1 & 2 7, i 4t A DADS 2777 I MDA
TR BEHR B2 1S fin 52 5ER 5 THEE #5 , D1 D5 F D10 4b 3t
I MDA %5 543 51 Fe CK2 A BFRAR T 8.96 %6 ,20.58 %
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Fig. 2 Roots vitality(A) ,total length(B),surface area(C),volume(D),diameter(E),tips(F),forks(G)
and crossings(H) of the Chinese cabbage seedling under different treatments
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=2

AELEXRERGEHERESE
Table 2  Chlorophyll content of Chinese cabbage seedling under different treatments

mg/g

i 2R R a i -2 b i FENE MR M2 (at+b) & fiE
Treatment Chlorophyll a content Chlorophyll b content Carotenoid content Chlorophyll (a+b) content
CK1 1.193+0.021a 0.4234+0.004a 0.232+0.004a 0.809+0.011a
CK2 0.870+0.012¢ 0.3044-0.005e 0.169+0.008d 0.587+0.007e
D1 0.98840.019¢ 0.350+0.008bc 0.186-0.005¢ 0.66940.013c
D5 1.035£0.035b 0.3664-0.015b 0.198+0.006b 0.700+0.025b
D10 0.96240.021cd 0.338+0.008cd 0.1780.002cd 0.6504-0.014cd
D15 0.935-£0.012d 0.326+0.002d 0.181-0.007¢ 0.63140.007d
3.0p 7
_ . 2.5 .
gg 2.0F [ E"Lg)
W = B
afzas @;
Bs £:
F2 s
0.0!
35
a 1201
301 ab g be
23 N L a a
8 § 4« 100
S 25 ¢« N N N & @ & 8
=t N N N N X N N
2N N N N N N & NN \
NN NN N N EELN N \
2 0N N N N N N 17N N \
N N N N NN = N N \
NN N N N N AN N \
i § § \ § S 20t N N %
NN N N NN N N \
NN N NN LN LN LN \

CK1 CK2 DI D5 D10 DI5
A3 Treatments

3 TEABXKBERSHESEFATYWRIMMDASE
Fig. 3 The osmotic regulation substances and the MDA content of Chinese cabbage seedling

CK1 CK2 Dl D5 D10 DI15
ALF Treatments

under different treatments

F17.32% , Horp D5 Ab B AIG B & 3% (&1 3D) ©
25 SMEDADSX BSERATXBXRSERENL
[y s b= A

TR SR 40 T A5 Ak R SR A i 0 5 S dn 1
4 R, 6 e CK2 4021t H DADS J& K FH =240 i it
SR AT 12 B A BV R B N S SE TR B R, DL DS
ALEE (5 pmol/L) i, H: SOD \POD 1 CAT 7% 1 e
CK2 3336 hn T 30.75% .27.44% F117.68% .
26 SMEDADSYHESBIERATABXRSAEFTHES
RER M

DAB 2k 2z g ta 45 3 (K1 5) R, CK2 Ab 2 LY
CK1 Ay R Ye o 7%, Bl € 0 i T FRLBH S 36, 23 41

RS R A ; AR DS IS [ B2 DADS
Jo A (L UTTE R BT He CR2 ¥ K 1m0 BU/IN , Bl B 38 m
SIS R IR H, L DS 43 (5 pmol/L DADS)
P AT ik, W AL S R A i de b NBT
A5 AR B S g A B SR Ve ) o, TR
T i A B B iR R DL . i SR B DTTE
Yok 2, iR A B IR RS . CR2 AR
CK Ab 2 5% (0,72 JE AR , i 5% €0 3R a5 W) Sl 14, R
A B IR R E AR WA AN ] v i
DADS J& , bt (A U vE #2 B [ CK2 3 S iR/, Bifi ik
RGN 52 PS5 TR B 35, D5 AL BRS¢ (. 1T E W] i
Wl /L, BE € R T R AEURR R H  RR AR (BT 5) .



55 5 1] 71 PN B e T RO NIE By S e (A ETEUEE S i 4 87

2000 6001
1800
_ 500F
= 1600 = d
= =
= g
E, 1400 T
w1200 2E
<z YR
A D g 1000 B 22 300F
~ o) =N
5 goo #Ho
£ #5200k
[a) 600 fa)
2 o
=%
400 100k
200
0 0 . . .
CKl CK2 DI D5 DI0 DI5 CKl CK2 DI
AbPH Treatments AbPH Treatments
2500
—  2000F
=
g d
%S 1500 @
c28
e
HZ 1000f
o
=
<
© 500¢
() I 1 J
D10 DI5
AbH Treatments
B4 AEALEABFELE SODA).PODB)FICAT(C)F M
Fig. 4 SODC(A),POD(B) and CAT(C) activities of Chinese cabbage
seedling under different treatments
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Fig. 5 The histochemical staining of Chinese cabbage seedling under different treatments
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J& U DADS b B K 1SR4 v R IR R A
I KA1, Ml b R Ml S e A A s T
CK2 4 BRZH , L HLL 5 pmol/L DADS Ak .

DADS 54 K Z 1LY A % I C , DADS
300 3 A4 e A NI i b B AR R R A A
MEBIA 225y AR R A K1Y, Cheng 2515 45
F,DADS A DL 8 2 o 20 At 3 24 N R R
KPR R A 1 i R 3 3R Sk R i 2 i AR R A
ARHFFEH , DADS ALl i i K AR E R AL T
KZ i A FRE BRI . 78 [ FEVE MG R it
DADS B 2 5 T K (R4 B AR R 36 1 AR K
HRARH, 3o THCAH A E M BE ), XAl g S
DADS 2 5 Y A B H XK.

DADS & Kk Z 0 Ja A LR 9. 1r 2
I B, 76 32 KR ) - T W5 i R 8 25 /KR PV
ST I AR 2R B e R 4 AT R v A A
KW MRS EREOL G E RN Cheng
VIS, DADS R 8 7 it Y % /R BRERS, 33X ] i
T DADS 4b #AH A5 2 i 6 A B R B, el T
A K 28 DA B oK 43 FHE S B WA, B8 5 T ARLAR (90
AR . Hitk, DADS 76— E B el
YIREH 25, AR LK AROWEE 2 A&
YERIEE e AR 222 230, CK2 kb2 5 2 FEAK4)
B3R a b LB R & . i DADS
AP EE a b M SRR A A R A R
A3 A0, P DADS 78— & 2 B Re ORI &

FEACE 58 30 B A R B B R RE RS
P RO T A 6 3R R W A DADS
2 [] Aob 3 T 8 41, A n i R RAR R A ATV R R
B RN . AL R Y KR K R
By o e liE R S E . B
MG SR IA N B S AR R
BRI G 5B AR 5 MDA 5 4,
AT BRI L5 R . AEE W PiEH 5 pmol/L
DADS J& , &% W15 P i & 5 35 3 S T CK2 Ab
FRZH , Al MDA & 1 ik 2 BRI, iX 3R W] DADS X 4
JiL RS EL AT — 5 (8 S R R AR Wl B P ke
R G5

HEEY) e — 2 R B 2 (e A 200 B A ) 3
SRR RGN, 300 ol A P A0 M A AR B L 4
P AT PR AR B i . RIS A,
DADS 7] L 52 486 15 7 it 977 00 il 5 D] g 2 38 K 9 49

bt E AT TS 7, WU R A R AR R 1
Yang %% ) 35 U E & VA L DADS fig
RE ARG R 420 B 5, 38 mT 8 15 $1 4 AL (SOD L CAT
POD) (1% ¥ i S8 AL ) it (MDA .GSH #1 ASA) 1y
& M FE K (CseAPX, CsGPX , CsMDAR , CsSOD
CsCAT .CsPOD) [N ZIXRAH M B8 . DADS BE
% 218 BT HLS ', 1l 40t b AR 2 /04 LS, TR Y
H,S ] LATE A AR A K R p S L R 40, 1 ik
2 2 Al A W 3 A s B 45 T R AR
e, R E SR 2 3 A #4E kA 5 i H DADS,
{3471 SOD ,POD I CAT ¥ 1488 CK2 4b B4 b 3%
Frm  H O, O, R BT R, W% T 48 AL aa XT 4l
T A E

Zi b1 EHRE AN DADS XK SR 4 Y
A B2 A RN, LUk 2 2k 5 pmol /L (1)
RO F Ry FRARL, AT IR AR S A B E R T T
AP ACTE TG | BTGk 2K IR e — AR
Hom 5 R AL R R AR AR S T
Yy i BUER DT 22 i FL 5 T8 38 X6 K S 4 Y
.
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Effects of diallyl disulfide on mitigating autotoxicity
of Chinese cabbage

YANG Xinlei, LIU Xiaole, LU Rong, YANG Yansong, HUI Maixia

College of Horticulture, Northwest A&F University/ Vegetables Engineering and
Technology Research Center of Shaanxi Province, Yangling 712100, China

Abstract Diallyl disulfide (DADS) is a biologically active organic sulfide produced by the decompo-
sition of allicin, which has a strong effect on inhibiting plant stress. The Chinese cabbage variety ‘Golden
Kirin’ was used to study the effect of DADS on mitigating the autotoxicity of Chinese cabbage. 6 groups
of treatments including CK1 ( 1/2 Hoagland nutrient solution ) , CK2 ( continuous cropping solution ) , D1
(1 pmol/L. DADS + continuous cropping solution) , D5 (5 pmol/I. DADS —+ continuous cropping solu-
tion), D10 (10 pmol/I. DADS + continuous cropping solution) , D15 (15 pmol/L. DADS -+ continuous
cropping solution) were set up using hydroponic experiment, with 12 tissue culture bottles in each treat-
ment and 4 seedlings cultured in each bottle. The effects of different concentrations of DADS on the
growth, physiological and biochemical trait of seedlings under the autotoxicity of Chinese cabbage were in-
vestigated. The results showed that the application of different concentrations of DADS had an effect on
promoting the growth of seedlings under the autotoxicity of Chinese cabbage, with D5 having the best ef-
fect of mitigating. Compared with CK2, D5 treatment significantly increased the fresh weight of aboveg-
round and underground parts of seedlings, and root activity of Chinese cabbage by 19.42% and 23.40%,
and 45.29%. The length of total root and the number of root tip increased as well, which mitigated the
damage of autotoxicity effect on root structure; meanwhile, the content of chlorophyll in leaves was in-
creased , which promoted the photosynthesis in turn. The content of osmoregulatory substances in seedlings
of Chinese cabbage significantly increased, with the activity of antioxidant enzyme SOD, POD, and CAT
increasing by 30.75%, 27.44% , and 17.68% , and the content of MDA significantly decreasing by
20.58%. The results of histological staining showed that the accumulation of hydrogen peroxide anion and
superoxide anion was significantly reduced by D5 treatment. It is indicated that exogenous application of di~
allyl disulfide (DADS) can effectively mitigate the autotoxicity of exudates from the roots of Chinese cab-
bage by reducing the oxidative stress and promoting the growth of root. The most significant mitigating ef-
fect was observed when 5 pmol/L. DADS was applied. It will provide a new method to mitigate the obsta-
cles of continuous cropping caused by the autotoxicity and lay the foundation for the rational use of diallyl di-
sulfide (DADS).

Keywords Chinese cabbage; exudates from roots; autotoxicity; obstacles of continuous cropping ;
diallyl disulfide (DADS)
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