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Mitigation of Autotoxicity Stress of Tomato by Ascorbic Acid
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(1.Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China; 2.College of Horticulture, Gansu Agricul—

tural University, Lanzhou 730070, China)

Abstract: Ascorbic acid widely present in many plant tissues is a high abundant and small molecular antioxidant. It plays an important role

in protecting plant cells from oxidative damages and stimulating cell division and elongation. This experiment was carried out to explore the

effects of exogenous ascorbic acid on resistance of tomato to autotoxicity. Tomato seeds were treated with substrate extracts of 3 year continu—
ous tomato cropped soil, and the effects of exogenous ascorbic acid at different concentrations(0, 0.25, 0.5, 1 mmol*L™") on the seed germi—
nation and plant growth of tomato and the ultrastructure of roots were then investigated. It was found that substrate extracts suppressed seed
germination, seedling growth, decreased the activities of superoxide dismutase, peroxidase, and ascorbate peroxidase, and reduced the con—
tent of glutathione and ascorbic acid, but increased malondialdehyde content and relative electrolyte leakage. Compared with substrate ex—
tracts, treatments with ascorbic acid at 0.25, 0.5 mmol * L™ and 1 mmol* L™ increased the seed germination rate, germination energy and ger—
mination index, enhanced seedling root and epicotyl, elevated the protective enzyme activity and antioxidant content, decreased malondi—
aldehyde content and relative conductivity. In addition, exogenous ascorbic acid could alleviate harmful effects on root structure. There re—
sults indicate that supplying exogenous ascorbic acid could alleviate tomato autotoxicity caused by continuous cropping, with 1 mmol *L™

having the best effect.
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VERI BT K LA FAPLE H AR DR AR
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W5 (CK2)1/2 #eFE Hoagland B W . # 23d 10%
H,0, {H 8 2 min AP BT 5 mL 208N, 40

BT NS AL B 3 mL, ¥R , R S5 T e o 4
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£ 45% ) , BN PRIES T =M W AR YR TR R
5 mL AbHEE MR SR M A U8 AR, DACRUE AL v B
AAE

R 2] B o6 B0 R U2 5K, DA B 24
RMEZENE 1 d, N5 2 d 3% H G TR 7% 284K,
B4 d e RIS, 8 d MEL LR, LT
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R EFFRELIN 7 2 BB S8 0 5 1% 5 AR
KRB bR R RO o
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A1>CK1, H A3 4bH 5 cK2 ZRARE, SHALTA
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W, T EARK AR S R R R
BT AsA MBS RIS R EARK B R, 2l B IRAhxT
AsA [ AT HA AR brfgusk, b BRS A3 5 CK2 %
SARE, SHMAMERKBEKT;ALA2YE
CK1 [EMZEFAEE, 5 A3 CK2 ZREE;ALYS
A2 PHALFRIE) B AT B 25 57
22 AsA STEBIERATEM S ERSUEETENZMm
HEEEH T IME AsA X% H SOD . POD &
APX 1R MRS R Ab B R 22 55 e 2 . AR 2 T,
ANIE AR TIN AsA J& ,A1.A2 A3 AL B SOD i 1k 4%
CK1 BETHE; Frauin AsA AbEER SOD JEPEY
FART CK2, BEBASNE AsA XF SOD 1&TERY IR HE
. 5 SoD IEMEM L, POD 1ETEXT AsA A B
MU, AN AsA KBS A2 5 A3 AbBRA] 22 55N
#, H POD TEEIM i 2 55 T CK2;A1.A2 1 A3 4b
PRI A0 AL N 45 £33 A -0.270..0.082 T 0.079, 15
W] A2 A3 KbITRE D P S A AR AT POD 161, Sb
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Table 1 Effects of ascorbic acid on germination and growth of tomato under autotoxicity stress

Jb3 RZFAR R REHREK RSN iR
Treatment Germination rate/% Germination energy/% Germination index Root length/cm Epicotyl length/cm
Al 88.67Ab 17.33Bb 26.24Cc 9.63Bc 4.02Bb
A2 94.00Aab 30.00Aa 32.14Bb 10.47Bb 4.04Bb
A3 96.00Aab 29.33Aa 34.59Aa 12.08Aa 4.62Aa
CK1 65.33Bc 11.78Bc 16.02Dd 9.18Cd 3.56Bb
CK2 98.67Aa 31.33Aa 35.74Aa 12.29Aa 4.70Aa

T WS T 2200/ ING PR ROR A BRIRITE 597K BRZES B8k RS FRBORA TR EITE 19/K-F FRIZESR Bk, T

Note: Different small letter mean significant difference between treatments at 0.05 levels, different capital letters mean significant difference be—

tween treatments at 0.01 levels. The same below.

T2 AsA STEFERTEMLE SOD .POD K APX E IR

Table 2 Effects of ascorbic acid on SOD, POD and APX activities in tomato plants under autotoxicity stress

AREL SOD TETE SOD activity/  fLEGSRNAEEL  POD IGHE POD activity/  fRIBSENIEEL  APXIGME APX activity/  TREGRN HE 5L
Treatment U-g'FW Response index U*g'FW min™ Response index U*g'FW min™ Response index
Al 393.8+13.37Cc -0.177 43.98+1.211Cc -0.270 4.985+0.148Cc -0.241
A2 441.4+5.09Bb -0.077 65.69+0.808Aa 0.082 6.397+0.163Bb -0.026
A3 459.6+8.86ABab -0.039 65.46x1.616Aa 0.079 7.665+0.303Aa 0.143
CK1 364.0£12.54Cd -0.239 37.72+1.966Dd -0.374 3.564+0.096Dd -0.457
CK2 478.2£17.17Aa 0.000 60.28+1.041Bb 0.000 6.565+0.246Bb 0.000
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T CK1 A1 CK2o BMASIN , 45 A BR ) AL BRSO 45 54
KK CK1<A1<A2<A3<CK2.
23 AsA STEHIERATEMSEREAF G2
H#1EFH TAME AsA 40 B 40 ¥ 0 GSH & 1=
B Th e, BT A Ab B A 35 3K ) 25 57 K OF (%
3). 5 CK1 M, A1 A2 FT A3 AbFRY GSH & &5
BT 48.9% .70.9%F1 56.9% . T AL B GSH 7
A SN AsA WRE G T e THE BR R
Fi A Ab 3R, A2 AR GSH & i i, M 9.335 ng-
g™, CK2 IRZ,CK1 F/IN, Uk GSH XFAME AsA 1]
W ESHBURE, 24 0.5 mmol * L' Y AsA Ab PR 2011 1
GSH &t K, miMe B AsA i 2 B0 i ) i 1)
GSH 7 & . 55 GSH At , M FR IR N 1 AsA XT A1 i
AsA ML PR AR, M R R) MR B2 1 AR AsA Ab 3R
J&, FHFRAIASA S CK1 M & THE, UiBAANE
AsA P DL E A AR WOUOR 5 A2 ZbFRIY AsA & &
3 T IrE AL BRI RE, (ABEE SN AsA HRIEY
THEFIRE) GSH & A 28 TR, PTRER T AsA
4 S A FH 3 8D o AN T A B P e Sl 1 i 50 1 8 Yo A1
K/NA CK1>A2>A3>A1>CK2, BLEH A2 A3 ZbFEn] fi¢
HEREFE GSH BA HUAEE 1

R 3 AsAXTEFEATEMLE GSH 0 AsA EEHINT
Table 3 Effects of ascorbic acid on GSH and AsA content in tomato

plants under autotoxicity stress

[T
JbEL GSH & GSH BN FE £

. Response

o (A ek
AsA T AsA
S A . %X Response

Treatment content/pg* g ind
maex

. content/pg* g
index He's

Al 8.133+£0.148Dd  -0.092
A2 9.335+0.040Aa 0.040
A3 8.571+0.303Cc ~ -0.044
CK1 5.462+0.096Ee  -0.391
CK2  8.962+0.246Bb 0.000

83.360+1.811Bd  -0.050
101.045+2.012Aa  0.132
97.667+1.882Ab  0.102
55.987+0.671Ce  -0.362
87.710£0.997B¢  0.000

24 AAAXTBEEBERATEMYER_E(MDA)SE
FEBMBREREEL RN

¢ 4 AT, R iR SR M s kb BRI (CK 1), 7
BT A MDA 7 18 i 25 = TR 2 5L i i S 9 Ak 7
M(CK2),38h0 T 212.3%. 5 CK1 A0, &A AN Ak
FEBUIR IR B IR P R AL BRI AT AR B 5 EF T MDA
P, P DL A3 S AN, CK BEIR T 67.5%,
FUIPUIR MR AL HE (A3) AT LS 042 ih T B 3 EH

R4 AsA MBEHIERATEMPE MDA SEMEBRFER
EiREEL
Table 4 Effects of ascorbic acid on MDA content and relative
conductivity in tomato plants under autotoxicity stress

MDA Pt AL REL XS AL
MDA content/  Response %4 Response
pmol * g™ FW index conductivity/% index

Al 6.404+0.027Bb 1.483 47.450+0.783Bb  1.388
A2 5.407+0.028Cc 1.097 38.823+0.449Cc  0.953
A3 2.622+0.065Dd 0.017 20.079+0.883Dd  0.010
CK1 8.053+0.054Aa 2.123 56.519+0.680Aa  1.844
CK2  2.579+0.009Dd 0.000 19.874+0.855Dd  0.000

QbR

Relative
Treatment

i R i AV E R . B BB T % (EL) 1948
bt MDA JEAR— 3, 5 B —JL TR i v A FLAH
FC(CK D), &8 BRI iR 1) 3L B2 R M AL PR L EL 2
FPTREAS,  HBEHTIR MR M BE (A3 R FEAIG, {H A3
5 CK2 AbHA = AR
2.5 AsA STEHIEATEMSERRZBHMEHNITMN

M 1 AT DA M, BRI B v Ak B ) F i AR S A
JHURE S IR, A RE AN SE L A G (] 1 A i
ARy A AN EE SZ A Ty ) 5 SRR A M T R A
ANFRN A7 2 BRANRAZ iR e B A 254 . 3X
FAFAA T A I SRR AL FL R, D AR AR 1
ISR Z BN . IMAHREE N 1 mmol - L™ F AsA
AFRJE AR ANA rh 2 B4R BEAZ BT LR AA TR
W IR R R LS (] 1C - 1D) , (H 4 2 i 2w
SASHL, vTRESE T AsA BOVRIE K/, I8 58 4
GRS . X RIATRINAME AsA
SRANRE 5T 421 Pk 142 7 35 5 12 B VR0 AR 2 491 i 14 47 2
YER AR REAE— e PR B
2.6 Z4EEFEAXNMISZEEN

MRS ATLVE N, BRI AR S5
AsA A IR 5 04 B A5 0 F bR 1 25 SR s R R
K/NR A1(4.968) A2(6.044) \A3(6.753);5 CK1 M
Fo, AT A2 A3 AR & A8 AR LR & S JE pRE T I3 K
T 6.69% .29.78%H1 45.01% , /NI AsA ¥R i A8 K38 i
INEER . T A PR FEIR A 255 SR T pR BB /Ny
A3>CK2>A2>A1>CK1, BEAHAME AsA X b i 5 o
AW B B B E R B RN, o A3 %2
RS , A2 IRZ AL 122

3 iTig

AsA JE 38 A7 LE TR 2 b 1 = BN T
PUEALYI T, xR A A A R 5 A B A A
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(A) (BN HEFUKESRAL FIARR , (C) (D) “ BEBUKE M +1 mmol » L FUIRIMLER " AL FEAIARIS . A(x2.5K) s B(x15K) 5 C(x3K); D(x25K) ;5
N. 44 (Cell nucleus ) ; P. FiFi{A& (Proplastid ) ; V. I Vacuole ) ; B. 4MEE(Cell wall) ; M. ZERi4A (Mitochondria) ; G. 347 52 (Grana lamella)
Bl 1 AsA X EFEATEMYERRBUEHHZIG

Figure 1 Effect of ascorbic acid on ultrastructure of root tips of tomato seedling

R S5 AsA MBHEATEMSNERIRHRERLYE

Table 5 Subjection values of ascorbic acid effect on measurement index of tomato under autotoxicity stress

B AL PR SR s ELE Subjection values of each treatment

MEFEFR Measurement index

Al A2 A3 CK1 CK2
K ZEH Germination rate 0.444 0.500 0.600 0.417 0.667

KB Germination energy 0.417 0.500 0.556 0.444 0.556

K ZEHEEL Germination index 0.430 0.452 0.522 0.395 0.520

FHUL Root length 0.452 0.486 0.593 0.439 0.599

IR Epicotyl length 0.389 0.424 0.533 0.362 0.542

SOD i1k SOD activity 0.426 0.543 0.566 0.375 0.580

POD &M POD activity 0.406 0.534 0.523 0.396 0.417

APX & APX activity 0.393 0.543 0.649 0.348 0.563

AsA T Ascorbic acid content 0.410 0.647 0.637 0.356 0.575

GSH 1 Glutathione content 0.432 0.529 0.481 0.408 0.488

MDA %5 MDA content 0.408 0.468 0.512 0.378 0.515

AT HL % Relative conductivity 0.362 0.418 0.581 0.339 0.484
BAERLE A R R EUE Integrate subjection value of each index 4968 6.044 6.753 4.657 6.506

Rudrappa ZFPF5E 220, 0.5 mmol - L™ AsA REZE i th
Ay ot (B 1R )3 iU AU R I AR ) B AR R AT 1
Hob b b AR AR R 80%; LA, AsA REABIRER
BB TRRAL G AR KA H,0,, (AR 405
BRRSZIEN o SKRFOHRIE L 0.25~1 mmol - L ISP AsA
REISS H B B il ) B TR 2 il 2R 42, B
P 0.5 mmol L™ BURF M. AWFFEE R LRI,
0.25.0.5.1 mmol - L™ FYFIIR AsA Xof Fy i 7 2 o 152 i
I BRI At R Y A RN A A S R E T A
GEfRAON, HA 1 mmol - L MR RRCR Il X5
Rudrappa®! 5K F 5 (I BIFFE 45 A K —30, AT fig /2 i
TOFFEVEY 5 s KA pFa A 12U i PR A58 2%
PRI R

AsA BEWS 422 550 [R] H2 Hi T B 16 1R 422 AR A
AN 200 L 1) 4B A SR S Al T Sl 21 AR B o 5 [k
TP A SR A, (AP i 1

AR AZ BT, AT ZHTAAF 5 R IT,0.05 g mlL AYEH:
LKW e B I A AR E i . 4 SoD
FAPX S M SR R0 7, M0 A A AR A= 1 o
Ding S5 1 , 0 TVAR 22 4361 1 25400 J53 e Mokt 3 42k
AR A SR BRI, A S
TR PR R 5806 R BV, A w5 R 4R
it 0% e S R A B 3 i 5 1) AR AR, SOD
POD Fll APX & A8 4 1 N 2 22 1) £R 47 g 12271, v
SOD AT LUK 07 - B4k, 74k R H,0,, 11 APX AT LAV BR
H,0,0 FEAWFFEH SN IR RV LG AsA REFE &
FEFUKE R AL T AL ET 9 SOD . POD \APX T
M, HLL 1 mmol - L™ AR i, i & B POD XA
PR AsA BT L SOD SRR X ULHAZME AsA BRI
BTEAAEAR PN SOD . POD APX B , T T B AT
PRAKPIAAR A H 5, R 2 G2 K R e i VR
P2 = AE PR N B BT AU I R R S A T
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PR T B i — 2, BRI B H K (GSH) &
YA Py — P 75 AR ) AR T e SRR R N T
AFER) — PRSP ALY T . R OHGE A
TP GSH 7K i 85 A8 4 %o W 2 8 i 2 1 2 D) A
X, HAr 20 i & Ak T IR M R 2 75 38 27 4
TR B AR, AHIF ST 25 SRR I, 3 IR SR M
TFAMNBEAIN AsA fE B E L S AR GSH &, Hi
L 0.5 mmol L7 AsA ZbFRAYAERE GSH SR K. 5
GSH HH L ARR T AsA X ANIE AsA Fr 4 F B A5
AN AsA AFRJS, FERRE) AsA iR AL
PAR 2 T, LA AsA BERAER] AsA-GSH 1
I ERERE AsA A REL bk . AFse & 3L, 4
U5 AsA W FE R 0.5 mmol L™ BF AR A AsA & &
77, 1 mmol - L™ AbFRA & REML, BN AsA B9
JnaT LASZ e 5 #E0E FE T AT R TR AsA B A
AN AsA TN AsA RN, B
T8 AsA T BURNEE 4K 3Z BH

MDA 2 H 2 I WL RR i AL fatn . —, H&
T IS 1 A M AR AR B ASBIF T A SRR
B, B — L TRIR BERA P B 4 T B9 MDA 5 5 A
HL A 0 T 6 S 1 5, A FH A 5 2 55 2 3 7 T A
2 AT AN RV BT IR i R 1 I S VR B R Ak 3
J& , MDA 7% 5 Fl L 8 e 6 1 3 AR, HLDLE
J& (1 mmol L) Kb BEASCHR 547, Ui B AMIE B 8 it 12 i
EREACT 4T MDA WA R AR T ANS  4eRE T B
BEVEF N4l i AR R G R b

MBI, AU AR S5 1 SRR TRl R & =
SN MAR DG A PR BRI BRI 28 3 2k, AR 25 1
FH, FEREFEUKIR AL B ARSI 2 20405 3, 4
PRLREAT WA, VAT AR A A T B LA 254, 3xX
T2 RELTE A5 28540 i 2l A2 2 F #EVE R T i i B A
RN Z—. BEEMHE FIMARKE R 1 mmol L™ Y
AsA J5, DR T 00 R IR AR A B A% | TR
TR ZRRIAR R R )2 AR AR LR AsA BEAIR T
SRR A S I Ve, R4 T AR

4 Z5iE

SN AsA ZEFRG 1 A BB R AL A —
FINMFN Tl K 238 R ZF AR 2R 800t
. A ERR B R A KO, R R BT A A
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