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Abstract: [Objective] Regulating effect of melatonin application on the physiology of a tomato plant under aluminum stress
was studied. [Method] Al-tolerant Millennial tomato and Al-sensitive Provence tomato plants were grown in blank control,
Al-added, melatonin-added (MT), or Al-and-melatonin-added (AMT) potting soils. Activities of superoxide dismutase (SOD),
peroxidase (POD), and catalase (CAT), contents of malondialdehyde (MDA), proline (Pro), ascorbic acid (AsA), glutathione
(GSH), and chlorophyll as well as chlorophyll fluorescence parameters, Al-accumulation, and root activity in the plants were
monitored. DNA damage occurred to the roots, stems, and leaves of the plants during the experimentation were recorded.
Statistical analysis was performed on all collected data using the one-way ANOVA and Duncan test. [Result] Under Al-
stress, the growth and development of the tomato plants of either variety were severely inhibited, and the DNA in the organs,

especially the roots, seriously damaged. Whereas the presence of melatonin in the soil (MT and/or AMT ) significantly
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alleviated the symptoms of Al-toxicity on the plants. For instance, with the addition, the main growth indicators, such as plant

height, root length, and leaf area, were improved; the activity of antioxidant enzymes significantly heightened with an

increasing trend initially and followed by a decline as treatment duration prolonged; the contents of GSH and AsA raised by

91.14% and 13.52% respectively; the reduction on MDA maximized at 38.39%; proline, which regulates the osmotic balance in

tomato, increased to 144.81% and chlorophyll significantly; the fluorescence parameters improved; the photosynthetic capacity

much restored; the root activity of Millennial tomato plant increased by 5.19%, and that of Provence tomato by 43.03%; the Al-

accumulation in the roots, stems, and leaves significantly reduced; the DNA tailing in organs slowed; and the repairs on

damaged DNA in cells observed. [ Conclusion] Applying exogenous melatonin in soil effectively activated various

physiological responses, raised the activity of antioxidant enzymes, enhanced the plant photosynthesis, reduced damage on

cellular DNA, and elevated the resistance to Al-toxicity of the tomato plants under the heavy metal stress.
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Table 1 Effect of MT on growth of tomato plants under Al-stress

s USLERN M AR A

Varieties Treatments Plant height/cm leaf area/em” Root length/cm
CK 64.25+1.35b 49.16£2.60 a 9.75+0.76 a

Al 59.32+1.44c¢ 33.09£2.24b 433+235Db

1% Qianxi

MT 69.16£2.07a 60.76t3.14a 11.59%t1.35a

AHMT 65.92+3.12b 5540t147a 1047£1.32a

CK 59.37+£1.21b 3795t1.24a 1264+ 1.84a

Al 51.31%2.74 ¢ 25.88+£3.27b 8.24+2.46b

W HE AT Puluowangsi

MT 62.81t2.68a 41.84%+155a 16.05t1.27 a

AHMT 60.44+1.67 ab 39.62+247a 14.18+0.55a

RN PRI e, FBIR SIS SR TR R E 2R (P>0.05), T

Datas are mean + standard error; those with same letter on same line indicate no significant difference ( 7>0.05). Same for below.

2.2 MR MT SHEE TEMMAULEEENT N
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Table 2 Effects of MT on antioxidant enzymes of tomato plants under Al-stress
W EFEAR Ab3 T8 Qianxi % I Puluowangsi
Measured indicators Treatment 10d 20d 30d 10d 20d 30d
CK 3902.26+33493b  950.64+36.19¢ 67579+ 1547a 4457.17+75413a 906.62+17.75d 583.64+12.05b
. Al 6536.58+237.21a 1288.10£16.24ab 529.74£5.01b 5609.25+138.00a 1139.10£25.28b 472.19+7.09 ¢
sopUe ) MT 4421.31£299.02b 1142.93+41.86bc 694.85+33.19a 4712.67£180.63a 1041.19+24.62¢c 595.65+£29.14b
AI+MT 8008.05+193.70 a 1407.24+34.62a 629.48+11.85a 6600.041+281.52a 1314.23+32.45a 813.36+28.87a
CK 58.25+2.72a 753342210 163.72+7.11 ¢ 110.56+12.98bc  113.50+8.86b 118.62+10.85¢
Al 55.01+14.66 ¢ 95.76+11.25b 97.96+13.18d 42.861+8.97 bc 138.954+9.53ab  95.42+4.70d
POD/(AOD470'min g ')
MT 64.88+7.39 ab 80.43+11.95b 192.96+3.54b 93.16+6.10 be 124.86+8.80ab 171.23+6.18b
AI+MT 73.31+3.57a 184.41+26.62a 238.29%£9.09 a 114.05+7.30 ab 152.73+539a 193.36+10.77a
CK 589+1.53¢ 18.361+3.04 b 58.601+1.42b 9.06+0.99 d 18.50+3.72d 73.77+£1.31b
Al 24.54+3.74 b 32.18+2.51b 53.00+0.98 ¢ 69.52+2.06 ¢ 60.601+0.92 ¢ 52.53+1.32¢
CAT/(umol'min g™
MT 12.03+3.40 ¢ 21.47+4.46b 29.31+143b 63.31+1.43b 73.77+£0.49 b 83.63+1.89a
AI+MT 61.12+1.96 a 77.17+121a 74.67+1.39a 74.67+1.39a 89.77+2.03 a 82.17+1.88a
F 3 HMNEMT xEME T EMRIREERE IR0
Table 3 Effect of MT on antioxidants in tomato plants under Al-stress
W EFRFR Ab 3 T4 Qianxi & D HE T Puluowangsi
Measured indicators Treatment 10d 204d 30d 10d 204d 30d
CK 0.44+0.01d 1.07£0.043 a 1.061+0.05 ¢ 0.66+0.01d 1.11£0.02b 1.10£0.02 b
GSH& & Al 1.14£0.01 b 0.86+0.03 a 0.8940.03 d 1.09+£0.02 b 1.06+0.02 ¢ 0.66+0.02 ¢
GSH content/(umol-g ') MT 0.614£0.01c 12040022  1.69£0.02a 0.71+£0.01c  126+0.01b  130+0.04a
AI+MT 1.20+0.02 a 1.65+0.09 a 1.49+0.05b 1.13+0.02a 1.57+£0.01 a 1.39+0.02a
CK 0.03+0.01d 0.18+0.02 ¢ 0.224+0.03 b 0.14+0.01d 0.1240.01d 0.20+0.02 b
AsA L Al 0.36+0.01b 0.39+0.01b 0.11£0.02¢ 0.30+0.05b 0.28+0.05b 0.13+0.02 ¢
AsA content/(mg-g ) MT 036+001c  041+0.02ab  037%0.02a 0.16£0.03¢c  0.16+004c  022%0.02b
AI+MT 0.40+0.02 a 0.441+0.02 a 0.36+0.03 a 0.314+0.03 a 0.29+0.03 a 0.26+0.04 a
T4 . E P IERT T B GSH & & 20 5l & CK 4111 2.62 FKF, TMAME MT AR JE T8 . 38 2 BE 07 3 0 B
F . 1.59 4%, AsA S AHMN R 11.36 £, 2.01 fi KB R 4351 R 15.81% ., 38.39%, ﬁMDA 138 e A
IIMT J&5, GSH. AsA KA ANFRBERR, LU Pk 2% . BLAh, Bl W0 B ) ) ZE 4, il R 1 i

ZJE (20d) A, TAE L SR S & GSH &
M ETET 91.14% . 48.86%, AsA M A 13.52%.
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umol'L ™) F %% IF 7 GSH Al AsARg LAk, HZ
MT (150 umol-L ™) AbHRfS (b h % . &b, &
BRI A R, FOMAE AR AT 2 3h 4 & AsA Fil GSH
FRIN AR, MAMEBTE MT (150 pmol-L ™) 1]
HE— AR T i, MR P
2.4 HNEMT 3R EHE T E A S ER A MDA 22/
A

4 nr s, e T

MDA & fit i A YEFF AL 4L

B T, AR E MT (150 pmol-L ™) J5 ifi & 2
SR, TR X B0 I T A f A R 4 )
N 144.81%. 95.10%. %7 b, i& i fim MT (150
wmol L") T 3 i 389 AL AR A PAY A 1R 5 ik D 9 S
MDA % 2 e Uk 553 195 P S0 X 76 i I 1) 48247
2.5 SMNEMT 3HEME TEMA AR

Hi 2% 5 WA, BRI R F il SPAD. FJF, ¥

X IR, i MT (150 pmol'L ™) J&, T A
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Table 4 Effects of MT on Pro and MDA contents in tomato plants under Al-stress

MR AT fb T4 Qianxi W BHEHT Puluowangsi
Measured indicators Treatment 10d 204d 30d 10d 20d 30d

CK 8.08+0.71 b 6.98+0.40 b 6.1940.49 ¢ 6.41+024b 627+0.72ab  7.7740.65¢
MDA 5 Al 9.47+0.65a 8.03+0.47a 8.0140.48 a 7.49+0.73 a 71140702 10.17+0.93a

-1
MDA content/(nmol-g ) MT 3434095ab  412+1.15b  5.8340.68¢c 2364+046c  54940.52b  6.95+0.80c
AT+MT 8.75+0.63 ¢ 6.7610.65 6.8240.62b 72040222 652+085ab  8.72+0.38 b
CK 494+133 ¢ 639+1.16c  1647+1.90d 2244097 ¢ 510+191b  13.12+120b
AR Al 554+1.63 ¢ 9.63+143b  2023+1.20¢ 3.77+0.99 ¢ 826+1.82b  14.43+2.09b

. -1
Proline content/(mg-g ) MT 964+1.15b  1439+123a  34.06+1.06b 648+1.54b  1234+200a  25.86+2.03a
AMT 1264+120a  1534+221a  4553+2.08a 1325+286a  13.89+3.00a  28.16+3.06a

MT (150 pmol-L ™) BIEM T, M THMa4, T
o A 5 T 7 0 1Y) 32 R W 30 1 0 AR AT B e i %
fi, LL30d MG, T-HEARE 2R Fy 2 IR
1 14.52%. 23.37%, F,/F, 5% 517+ 8.18%. 13.84%.
AN, BERXT AL, A HTE P R, T

FRIDCEAEIRENS, Fo (AR, F/F, HE R, o

LIE T4 BA SR AOE S R, B B A
RAET . HRULRIAT, BTSN AL AL
K, MM MT (150 pmol-L™ ) RS HC % it

b
ZHEST o

&5 SMNEREMT B8 FEM S S FHE AT

Table 5 Effects of MT on photosynthetic characteristics of tomato plants under Al-stress

T4% Qianxi

% HE W Puluowangsi

M EFE bR bos i
Measured indicators Treatment 10d 20d 30d 10d 204d 30d

CK 281740372 2860+0.12b  3530£032b  3137+0.62b  3587+047b  35.00£038b
SPADIi Al 2497+032b  25.67+026c  27304032c¢  2893+0.77b  29.67+£023c  3027+043c¢
SPAD value MT 282340382 3043+032a  37.032008a  36.104098a  4037+027a  38.7320.68a
ALMT 270320462 28.93+020b  34.53+£055b  31.40£136b  3627+045b  34.40+0.10b
CK 01040032  0.11+0.04b  0.11+0.02¢ 0.10£0.03b  0.10+0.07d  0.11+0.06¢
— Al 0.094001a  0.13£0.04a  0.13+0.07a 01240042  0.16200la  0.18+0.05a
Fo MT 0.065003¢c  007+0.06d  0.09+0.05d 0.091006c  0.11+0.07¢  0.11+0.04c
ALMT 0.08£0.02b  0.0940.05¢  0.11£0.05b 0.11£003b  0.1240.04b  0.14+0.03b
K 0924003b  093+0.02a  0.93+0.04a 0824003d  08140.02b  0.82+0.03b
PSIL FA A2 BT Al 084+002d  073+0.03d  0.69+0.02c 0.724003b  0.65+0.03d  0.61+0.02d
R MT 1044001a  1.00+001a 09440022 09440022  09340.03a  0.95+0.03a
ALMT 088+00lc  078+0.03¢  0.75+0.01b 0.794001c  071+00lc  0.70+0.02c
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AR /N, AN MT (150 pmol'L ™) Ab3E T,
PR . 25, MRS TR, TR SRR R R
I3 M 14.66%. 9.91%. 14.76%, & % 1E B 5 Fl 0]
H 3.11%. 13.32%. 14.18%; [@ W , MT (150
umol-L ™) Ab 3 J5 3% B BE 307 % Jifi (4 7% 32 2 B /b
13.15%. £ b, MT jifa B AT 98 55 2 i 10 B s SR e T
X 40 SRR it e i e ) AR A — E R I S5 VE
AT A ARG AAR P 4 5 o
2.8 SMEMT xt4a R8T & Al DNA #5220

P2 B Sk G 3 hm it AR L 25 L R R e K ]
1%, AR, RPN A AT (RS &
it 1000 pmol-L ) XS BRZH i 45 7% B DNA JL 7438
SERFTCEL, FERGINAS A S, 2 RE A AR A0
1% DNA Wi 24453 0515 O 34 8ok 8, Hoh i & DNA
fi R, E™ &, MiBHE MT (150 pmol-L ™)
JRA AR K B, ARUEE DNA 45, Il MT
REAT A% e 0 13 36 I A 42 4 DNA B 445

400 - g CK Al CTIMT [ JARMT
360 - a
320 ¢
Ten 280 1
)
R 2401
I >
o~ B L a
W £ 200 b
B3 160 | °
2 120} d
o~
80
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0
T W 2 A
Qianxi Puluowangsi
Al
Variety

AFENE FRER R F — A AR AL B E R B E (P<0.05).
Datas with different lowercase letters indicate significant differences

between treatments on same tomato variety at P<<0.05.
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Fig. 1 Changes on tomato root activity under treatments
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Table 6 Effect of MT on Al-accumulation of tomato plants under Al-stress

Al & Al content/(mg-kg )

Al'E % 2% Al enrichment factor

=] 5 e " - e 0
A iR iR = i % iR = i Coefficient of transshipment
Root Stem Leaf Soil Root Stem Leaf
CK 0.13+0.00¢ 0.10£0.00 b 0.07£0.01 ¢ 0.83+£0.03bc 0.16+0.01b0.12+0.01 b 0.081+0.01 ab 1.2940.005 a
Al 0.22+0.02a 0.14£0.00a 0.10£0.02 ab 1.02+0.01a 0.214+0.02a 0.14+0.01 a 0.10£0.01 a 1.16£0.003 b
F%4 Qianxi
MT 0.1240.02 ¢ 0.0740.01 b 0.06+0.01 b 0.86+0.02¢ 0.15£0.02b 0.09£0.01 ¢ 0.0740.02 b 1.09£0.002 ¢
AIHMT 0.18£0.01 b 0.13£0.01 a 0.09£+0.01 ab 1.11£0.03ab 0.171+0.01 b0.12+0.02b 0.08£0.01 b 1.20£0.002 b
CK 0.11£0.01 0.09£0.01 b0.05£0.01 b 0.82+£0.06c 0.13£0.01a 0.11%0.02 ab 0.06+0.01 b 1.37£0.003 b
Al 0.15£0.01a 0.13£0.01 a 0.09£0.001 a 1.02+0.01 ab 0.154+0.03 2 0.13+0.0l a 0.09+£0.01 a 1.4740.004 a
-2 HE T Puluo wangsi
MT 0.10£0.01b 0.08£0.01 b 0.05+0.006 b 0.85+0.03 bc 0.124+0.01 a 0.10+0.01 b 0.06%£0.01 b 1.38+0.002 b
AHMT 0.141+0.01 2 0.12+0.01 a 0.08+0.002a 1.10£0.01 a 0.14£0.01a 0.11£0.01b 0.0710.01 ab 1.3240.001 ¢
i Root = Stem " Leaf
CK Al MT AI+MT CK Al MT AHMT CK Al MT AI+MT
T8
Qianxi
R :
Puluowangsi
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Fig. 2 Effect of MT on DNA damage on tomato plants under Al-stress
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