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Table 1- ANOVA for the effect of different concentrations of spermidine on characteristics of cucumbers seedling cv.
‘Rashid’ in 9 °C

©laryo ke
Mean square
Oyt 2ol @3ljl 4y ‘.”f_ 039 S Cul P Culd
Sources of Degrees of Bl Job iy Job Bl 39 Ay 5 39 N Sis a3l Ay,
changes freedom Shoot Root Shoot fresh Root fresh Bl iy Electrolyt  Electrolyt
length length weight weight Shoot Root dry e leakage e leakage
d'ryht weight of shoot of root
weig
: ' o 001" 0.
. S’e’;:);”ne 3 6.6 46.49™ 0.33" 0.712 0.001"  0.00085 1y pon  4ggm
idi
s
c 12 1218 44.14 0.23 0.115 091 000019 891 778
rror
cv 15.93 9.25 8.64 11.95 6.5 8.66 12.8 111
(%)

Juo 3 ) Jlin] o )3 43 gae BMA] s )3 B Jloin! pdaws 3 Iy dme BB ()5 Jxe WS g2 g pas
"s: none significant, *: significant at 5% and ™: significant at 1% of probability level.
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Table 2- Effect of different concentrations of spermidine on characteristics of cucumbers seedling cv. ‘Rashid’ in 9 °C
“ .. “ .o SUEA ) & . PR
el cBE Gl am, S S0 S0k OB s gy Seoned ady) (g Sl
T Shoot Root Feim Electrolyte
Spermidin Shoot Root ) Electrolyte
- fresh fresh Shoot dry leakage of
concentration length length - . - Root dry leakage of root
(mM) (mm) (mm) weight weight weight weight (q) shoot (%)
(9) (9) (9) gntig (%)
(1al3) - 2137a 73.36a 579a 3.18a 0.64 a 0.18a 70.39a 76.83 a
0 (Control)
0.1 20.34 a 75.86 a 542a 312a 0.60 a 0.17 a 72.16a 76.59 a
0.5 23.03a 69.47 a 5.88a 2.83a 0.63a 0.16 ab 69.84 a 80.05 a
1 22.88a 68.55 a 5.27a 2.26Db 0.60 a 0.14b 81.30a 84.06 a

)05 5 me BMES] Mo p3 B Jlesin] aws > LSD (9051 (wlaol il o S siitio By S5 slyls Jlis 45 ola pSbo g o 40
Mean values are followed by the same letters in each column are not significantly different at P < 0.05 by the LSD test.
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Table 6- Effect of temperature on stem length, stem fresh and dry weight of cucumber seedling cv. ‘Rashid’ in seeding stage

o alw Jgb Bl i 339 Blw S 59
. Shoot length Shoot fresh weight Shoot dry weight
Treatment
(mm) (9) (9)
Lo 9 7181a 5.59 b 0.619 a
Temperature 6 20.84D 6.90a 0.576 b
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Mean values are followed by the same letters are not significantly different at P < 0.05 by the LSD test.
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Table 7- Interaction effect between different concentrations of spermidine xtemperature on root length (mm) of cucumber
seedling cv. ‘Rashid’

o ] ClalS Sl ds o yd bed Silee
Spermidin concentration Temperature in seedling stage ("C) -
Mean
(mM) 9 6
(al2) 21.37d 62.92 ¢ 42158
0 (Control)
0.1 20.34d 80.44 ab 50.39 AB
0.5 23.02d 82.90 a 52.96 A
1 22.88d 68.62 bc 45.75 AB
Gl 21.90 B 7372 A
Mean
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Mean values are followed by the same letters are not significantly different at P < 0.05 by the LSD test. Upper and lower-case letters
are used to compare main and interaction effects, respectively.
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Table 8- Interaction effect between different concentrations of spermidine xtemperature on root fresh weight (g) of cucumber
seedling cv. ‘Rashid’

R0 ] ClAIS Sk Al 5o 43 Lod .
i . : e
Spermidin concentration Temperature in seedling stage ("C)
Mean
(mM) 9 6
(2l2) - 3.18¢c 5.08 b 413 AB
0 (Control)
0.1 3.12¢c 5.86 a 449 A
0.5 2.84cd 5.93a 438 A
1 2.25d 5.20b 3.72B
ol 2.85B 552 A
Mean
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Mean values are followed by the same letters are not significantly different at P < 0.05 by the LSD test. Upper and lower-case letters
are used to compare main and interaction effects, respectively.
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Table 9- Interaction effect between different concentrations of spermidine xtemperature on root dry weight (g) of cucumber
seedling cv. ‘Rashid’

Ot ] SIS Shls A o 43 Lod -
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Spermidin concentration Temperature in seedling stage ("C)
Mean
(mM) 9 6
(aals) -
0.178 bc 0.135d 0.156 B
0 (Control)
0.1 0.165 bcd 0.198 ab 0.181 A
0.5 0.185 cd 0.218a 0.188 A
1 0.142 cd 0.155 cd 0.149B
OS5k 0.161 A 0.176 A
Mean
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Mean values are followed by the same letters are not significantly different at P < 0.05 by the LSD test. Upper and lower-case letters
are used to compare main and interaction effects, respectively.
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Table 10- Interaction effect between different concentrations of spermidine and temperature on electrolyte leakage of root
(%) of cucumber seedling cv. ‘Rashid’

Ot ] GRS Sk Ao 43 Lod Silee
Spermidin concentration Temperature in seedling stage ("C) -
Mean
(mM 9 6
(al2) 76.83 a 79.47a 78.15 A
0 (Control)
0.1 76.59 a 77.80 a 77.20 A
0.5 80.04 a 72.24 a 76.14 A
1 84.06 a 54.62 b 69.34 A
Gl 79.38 A 71.03B
Mean
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Mean values are followed by the same letters are not significantly different at P < 0.05 by the LSD test. Upper and lower-case letters
are used to compare main and interaction effects, respectively.
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Table 11- Correlation coefficients between measured characteristics of cucumber cv. ‘Rashid’ in seedling stage

SS iy S s

@deyw Ay Ser Culs ] > o) 202 09 M}J}‘a ‘\BLM’LJ9]9
48l Ay Stem Root
| Electrolyte Electrolyte Stemdry  Root dry fresh fresh Root Shoot
eakage of shoot  leakage of root weight weight weight weight length length
o Jb 0.05 0.48 0.76* -0.25 -0.89** -0.94** -0.97** 1
Shoot length
ady) Job -0.01 -0.45 -0.85%* 0.48 0.86** 0.98** 1
Root length
a2y ¥ 09
Root fresh -0.13 -0.48 -0.79* 0.52 0.88** 1
weight
Lo 3 05
Stem fresh -0.02 -0.17 -0.54 0.25 1
weight
iy SIS 09 -0.06 -0.12 -0.54 1
Root dry weight
o S22 U 0.21 0.33 1
Stem dry weight
Aoy (g Sl
Electrolyte 0.72* 1
leakage of root
QBlo Soy Culid
Electrolyte 1
leakage of shoot
wad oo i 1y o pd B 9 ) Jlein] aw )3 (3 Jd xe i 4 F 9 FF
** and * are not significant and significant at 1 and 5% probability level, respectively.
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Introduction: Cold stress is one of the limiting factors for plant growth and yield production in most parts of
the world. Cold stress damages cells through changes in the activity of macromolecules, decreasing osmotic
potential, and significant changes in other parts of the cell. Cold stress in young seedlings generally reduces leaf
development, induces wilting and chlorosis and in more severe cases, browning and necrosis become visible.
Cucumber is a sensitive plant to low temperature and its cultivation, except the southern and central parts of Iran,
occurs in areas where there is a possibility of cold stress in the early part of the growing season due to the low
temperature. The different ways for controlling cold stress had been used; one of them is using plant growth
regulators such as spermidine. Spermidine is one of the polyamines that has been used in recent years to control
cold stress. The effect of cold treatment on the amount of indigenous leaf polyamines has been reported
differently between cold-resistant and sensitive cucumber cultivars. During the cold stress, the amount of
indigenous spermidine in leaves of cold-resistant cucumber cultivars and sensitive cultivars increased
significantly and remained unchanged, respectively. The increase in the content of putrescent, spermidine and
spermine in cold resistant cultivars during cold stress was probably due to the increased activity of ornithine
decarboxylase (ODC). The amount of polyamines in chickpea plants that were exposured to low temperatures
(12-15°C and 4-6°C are related to mean maximum and minimum temperature of the farm, respectively)
increased six to nine times. Adding spermidine to the cucumber growing medium before applying cold treatment
increased spermidine amount in all organs and increased cold tolerance.

Materials and Methods: To study the effect of spermidine on cold tolerance of cucumber, seedling of
‘Rashid’ cultivar, an experiment was conducted based on completely randomized design with four replications
and four treatments consist of different concentrations of spermidine (0, 0.1, 0.5 and 1 mM) in incubator of
College of Agriculture, Isfahan University of Technology. So seeds were exposed to 20°C for 7 days in a humid
condition and then were treated with 0, 0.1, 0.5 or 1 mM spermidine, the remaining 8 days they were kept at 6 or
9°C. The treatments performed in dark conditions until the second day of germination and received 8 hours of
light daily from the third day until the end of the experiment. At the end of each experiment, shoot and root
length were measured by use of the ruler, shoot and root fresh and dry weight were measured by use of digital
scale, shoot and root ion leakage were measured based on Lates method (3) and shoot and root proline
concentration were measured based on Bites et al., (2) method. To compare the effects of temperature and its
interactions with spermidine, data of two experiments analyzed as split plot experiment (Different temperatures
and spermidine concentrations were as main and subplots, respectively).

Results and Discussion: The findings of this study showed that application of the highest concentration of
spermidine (1 mM) in 9°C had the inverse effect on cold tolerance, so it decreased the fresh and dry weight of
root. In 6°C, 0.5 mM spermidine was more effective than other concentrations, and it increased root fresh
weight, shoot proline concentration and decreased root ion leakage. It has been shown that the non-saturated
lipid profile of membranes of cold-resistant plants in comparison of non-resistant plants is significantly
increased, and this increase is associated with a decrease in cell ion leakage. Proline works as a nitrogen source
and soluble substance that helps the plant to combat again stress conditions. The split-plot analysis of data
showed that 0.5 and 0.1 mM spermidine treatments increased root length, root fresh and dry weight significantly.
The study of spermidine concentrations xtemperatures showed that the increasing effect of 0.5 mM spermidine
on root length, root fresh and dry weight was only visible in 6°C.
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