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ABSTRACT
In this research, the effects of spermidine polyamine on induced resistance of two sensitive and tolerant cultivars
of tomato to Fusarium wilting disease caused by Fusarium oxysporum f.sp. lycopersici was investigated. For this
reason, a designed factorial experimental based on randomized completed block design was performed under
reenhouse conditions. Spermidine solution at 0, 1, and 0.1 mM concentrations was used as a resistance inducer
l%y spraying on tomato plants. Tomato at the six-leaf stage was inoculated by the pathogen. Sampling was
performed at 48 and 72h periods after inoculation. The level of several antioxidant enzvmes and also the
exnression of some transcrintion factors as up-stream regulators of various resistance-related genes (nprl, edsl,
and pds) were measured by spectrophotometry and Real-time PCR, respectively. Results showed that
approximately the highest enzyme activity was related to infected tomato plants treated with 1mM concentration
of spermidine 72 h after inoculation with Fusarium oxysporum f.sp. lycopersici. Gene expression analysis showed
that all tested genes were affected by spermidine application in in%)ected plants. The highest and lowest expression
level was observed for nprl and pds genes, respectively. Based on these results, we suggest that exogenous
application of spermidine with an appropriate concentration on tomato under disease stress condition could
improve the plant growth condition, wﬁlch can result in plant resistance against pathogen attack.
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Figure 1. The effect of different spermidine concentration on the rate of Ascorbat enzyme activity in two
tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two time

periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at p <
0.05 level.
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Figure 2. The effect of different spermidine concentration on the rate of Polyphenoloxidase enzyme
activity in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sps lycopersici
at two time intervals periods (48 and 72 h) after inoculation. Treatments with different letter are
significantly different at p < 0.05 level.
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Figure 3. The effect of different spermidin concentration on the rate of Catalase enzyme activity in
two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two
time periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at
p <0.05 level.

) 50 ohste mpl SR e S len el
ChlE e Gl Lol VL lals ules
Solosine ssbar b w3l il oliee e el
3o Gl atily golidl cieS glacdale @ cond

S35l 3 wogbion sanli ¥ S o ey

5,5 a4 ws Lasie s Segll )l am cell VY
pos 4 Cod w3l Ol 53 S Sl pe el
pac Ll o cdale 9o a0 el oo ol o pl8



Y0

o,lg0n a5 5 sbay .ouils clds slo STy jo Lol
ool 03, 5 i Ol (nl ey oo 03 50
ol e 08y (SIS Cueglie @y 4z L g 09 LnlS
LS 5 ol g lows i olml bl jguaie
clale & cos gyl e jebay o8, 90 o 8
ool s @ axg bcwl ails (ili8l jhe
S8 a8 s el 45wy o0 Sl 4 i
EJL».) ] cl,:f ) ng‘LA ‘sﬂle—u Lgl.(bw
F U o s 5l el slacols 3JUT 51 ol

w25 03, 30 50 mpl olime Ll s len cl>
il 9o 0 gl g 08, 50 2 40 Iy el oo YL
i @l 4 Az b el ooy LSy Loy
Syl oy 3T iy & e w3l ol a5 o 5

g5 S
ol o IS S Gl gy 5l Jol il
5 Ol e o8; 90 @4 by plls 5 jles

Sl 5 el Ol ol Sl Glis ey Jeote

Total phen0U48h B Termeh ©Capitan
0.9 =
0.8 b
0.7 L
[] -
'E 0.6 p d
= 05 " e g f
= E’ 0.4 - T - = -
= = 9
@ = 0.3 - T —
i = o E' f
= .
=]
= = 0.1 ~ —
2 .=
- g 0 -
1=
& 0 ‘ 0.1 1 0 | 0.1 1
Non Infected plants Infected plants
Spermidin concentration (mM)
Total Phenol/ 72h Wi m NS
35
3 a
z b T
- 5 25 T
g2z < ¢
5 £ 2 cd - -
-
== 1.5 d
= =5
Bs ! . : e —
TE 0.5 - T —
— - —
o ! | | : :
0 0.1 | 1 0 0.1 1
Non Infected plants Infected plants
Spermidin concertration (mM)

(S5 G £ S 5 5 (S parsT 8, 99 10 S 58 slsiome 2 ovien ] chliis slacble 5T F S
Sgy> b lajles . Sogll 5l am el YY YA Jlo; 550 g0 0 Fusarium oxysporum f.sp. lycopersici g 8 lawgs
e s e M s /e D elan s oglite

Figure 4. The effect of different spermidin concentration on the total phenol content enzyme activity

in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two
time periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at

p<0.05

level.
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Table 2. Analysis of variance results of related traits to Polyphenol oxidase, Catalase, and Ascorbat
proxidase enzymes activities and total Phenol content during 72 h after inoculation with F.
oxysporum f.sp. lycopersici.

Source of variation Catalase Ascorbat proxidase Polyphenol oxidase Total Phenol Freedown
Stress 262.015%* 2.631%* 23853.828** 29.302%* 1
Hormone 863.334** 2.344%* 3606.520%* 11.100** 1
Cultivar 505.552%*%* 000%** 103174.583** 342.745%* 2
StressxHormone 3370.627** 16.300%* 9939.778** 84.766%* 1
StressxCultivar 2726.001%** 9.827%** 35972.238** 23.418** 2
1203.584%** .089%* 402.679%* 402.679%* 2
Cultivar xHormone
Cultivar xStressx 1236.698** 000 23075.328** 000** 2
Hormone
Error 0.017 0.002 0.02 0.150 24
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Table 2. Analysis of variance results of related traits to Polyphenol oxidase, Catalase, and Ascorbat
proxidase enzymes activities and total Phenol content during 72 h after inoculation with F. oxysporum
f.sp. lycopersici.

Source of variation Ascorbat proxidase Catalase Polyphenol oxidase Total Phenol Freedown
content
Stress 333.484%** 778,545%* 805.851** 0.052" 1
Hormone 1168.943** 434.128%* 1580.081** 16.194** 1
Cultivar 222.574%** 162.912%** 9542.134%* 20.786** 2
StressxHormone 182.555%* 294.725%* 2160.874%** 27.086** 1
StressxCultivar 3029.669** 43.137** 12045.077** 4.754* 2
Cultivar xHormone 1248.278** 2243.789** 725.532%* 7.674%* 2
Cultivar xStressx 1326.302%** 3462.766** 544.708%** 117.919** 2
Hormone
Stress 0.077 0.013 0.052 0.003 24
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Figure 5. The effect of spermidine on relative expression of nprl gene in two tomato cultivars

Termeh and Capitan infected with F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h)
after inoculation.
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The effect of spermidine on relative expression of npr/ gene in two tomato cultivars Termeh and Capitan infected
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