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Table 1. Mean comparisons of the effect of different temperatures on the growth indices of

grafted cucumber plants on different rootstocks.

Sk S S5k o sl Les sles

Heat stress Chilling Optimal temperature Temperature treatment
0.31° 0.4432> 0.5% (Root volume, em® per plant) 45 5 (slla 4z 2>
0.02° 0.02 0.02 (Root dry weight, g per plant) « 5 |l 4y, i 055
0.812 458 0.352 (Root fresh weight, g per plant) « & lila aio; o306 O35
10.67* 1243 11.22° (Root length, cm per plant) < 5 (sljla 42,5 Jsb
0.12b 0.132b 0.152 (Shoot dry weight, g per plant) « 4 glla a3l i O35
1.01¢ 1.95° 2412 (Shoot fresh weight, g per plant) « 5 (sl3la 48l o350 O35
11.712 10.582 11.852 (Stem length, cm) <3l J 4b
2.78Y 2.96° 3.32 (Rootstock diameter, cm) 4l s
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In each row, means with the same letter are not significantly different at the 5% level based on the LSD test.
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Table 2. Mean comparisons of the effect of different rootstocks on the growth indices of
the grafted cucumber plants on different rootstocks.

5 St Olgaol Ol ol S s 2 b
Ferro Babol  Isfahan Cucumber Sari Non-grafting Rootstock
0.65¢ 041  0.53 0.24¢d 0.51 0.17¢ (Root volume, cm’ per plant) 4 5 (sl3la 42y o2
0.3 0.1 0.2 0.1¢ 0.3% 0.02¢ (Root dry weight, g per plant) < 5 gl3la a2y, Ko 035
7.5 7.422 7342 7.192 736 7142 (Root fresh weight, g per plant) 4 5 15l ada; 036 055
16.76*  11.07°  14.48® 7.56¢d 13.15% 5.524 (Root length, cm per plant) « 5 glila a2, Jsb
1.1  1.16° 1.28 1.07° 1.212 1.034 (Shoot dry weight, g per plant) « 5 (gl3la a3l iz 05
12.19%  10.87°  12.67° 10.89¢ 12.552 10.6¢ (Shoot fresh weight, g per plant) 4 5, glila 3l o35 055
14270 1494 12,9 7.33b 13.36* 5.46° (Stem length, cm) w5l Jsb
332 347  323b 2.94¢ 3.942 1.58¢ (Rootstock diameter, cm) 4y L3
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In each row, means with the same letter are not significantly different at the 5% level based on the LSD test.
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Table 3. Mean comparisons of the effect of different temperatures on the photosynthetic indices of

grafted cucumber plants on different rootstocks.

S2bS Sk g e Ls Jles
Heat stress Chilling Optimal temperature Temperature treatment
93.932 49.22¢ 60.05° (Ion leakage, %) 55 <is
0.342 0.292 0.27° (Phenol, mg L") J 5
0.93¢ 1.17° 1.278 (Transpiration, pmol m—2s=') & =5 i
0.056¢ 0.058b 0.06% (Stomatal resistance, mmol CO2 m=2 s71) gl 54, oo slde
3.77¢ 6.55° 10.982 (Photosynthesis, pmol CO2 m= s!) s 5
5.340 5.942b 6.982 (Chlorophyll index, SPAD value) |, IS 2sLs
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In each row, means with the same letter are not significantly different at the 5% level based on the LSD test.
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Table 4. Mean comparisons of the effect of different rootstocks on the photosynthetic indices of
the grafted cucumber plants on different rootstocks.

5P Fb o Olral oL ol S g b
Ferro Babol Isfahan Cucumber  Sari  Non-grafting Rootstock
47724 91.722  59.61° 69.920 49.464 87.952 (Ion leakage, %) JEE YRS
024  0.27%  (.24b 0.51° 0.22¢ 0.33% (Phenol, mg L") J 52

14 123> 0.96° 1.08¢ 0.83° 1.65 (Transpiration, pmol m=s7') & =5 s

S5, S glin

0.053¢  0.06° 0.054 0.054¢ 0.054 0.08?
(Stomatal resistance, mmol CO2 m-2 s-!)
16.64¢ 15524 19.51° 16.83¢ 21.692 12.4¢
(Photosynthesis, pmol CO2 m2 s-1)
5.07°  5.51°  5.86% 6.68% 5.63% 7.76 (Chlorophyll index, SPAD value) | IS 2xls
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In each row, means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 1. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) chlorophyll index and B)
photosynthesis (Rn Non-grafting rootstock, Rcm Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Reb Babol rootstock,
Ref Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 2. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) stomatal resistance and B)

transpiration rate (Rn Non-grafting rootstock, Rcm Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Recb Babol
rootstock, Ref Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 3. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) root volume per plant and B) root
length per plant (Rn Non-grafting rootstock, Rcm Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Reb Babol rootstock,
Ref Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.

§4 | o i\% be . abe atic > abc bed bed 20 ii;)c
53- defef \ \. § Q §
Nl i N O\ W

Rootstock

4L Res ¢ wswsls 4L Rd (g e 4l Rom (g5 58 4L RN) il los ) Calse glales 5 Laasly oSy Sl anlis ¥ Jse

Q_,ﬂ)'TwLw|ﬂJ,pJ:.O C}ﬂ.w).))\.)‘-;i;u Sl ghyls At Sz O S gl S b Sl ¢(5 0 4l Ref ¢ oL 4l Reb leiwl

Lz LSD

Fig. 4. Mean comparisons of the interaction effect of different rootstocks and temperatures on the rootstock diameter
(Rn Non-grafting rootstock, Rcm Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Reb Babol rootstock, Ref Ferro
rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 5. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) shoot fresh weight per plant and B)
shoot dry weight per plant (Rn Non-grafting rootstock, Rem Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Rcb Babol
rootstock, Ref Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 6. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) phenol concentration and B) ion
leakage (Rn Non-grafting rootstock, Rem Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Rcb Babol rootstock, Ref
Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 7. Mean comparisons of the interaction effect of different rootstocks and temperatures on proline concentration (Rn Non-
grafting rootstock, Rem Sari rootstock, Rd Daminus rootstock, Res Isfahan rootstock, Rcb Babol rootstock, Ref Ferro rootstock);
Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Fig. 8. Mean comparisons of the interaction effect of different rootstocks and temperatures on: A) root antioxidants and B) shoot
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Ref Ferro rootstock); Means with the same letter are not significantly different at the 5% level based on the LSD test.
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Abstract

To study the effect of grafting on the tolerance of chilling and high temperature, the grafting of Super daminos was
done on Cucurbita moschata (Isfahan), (Babol), (Ferro), (Sari) rootstocks and then compared with non-grafted and self-
grafted ones as a factorial experiment based on completely randomized design with three treatments. Temperature
treatments were optimum temperature (25 °C), low temperature (4 °C) and high temperature (40 °C), with four
replicates. The results showed that root length, root volume, rootstock diameter, and fresh and dry weights of shoot
were increased in all rootstocks, as compared with the non-grafted ones. The highest fresh and dry weights of the shoot
were observed in Sari and Isfahan rootstocks, and the highest dry weight was observed in Ferro rootstock. The
interactive effect showed that the highest fresh and dry weights were measured in Isfahan rootstock and at the optimum
temperature; meanwhile, the lowest fresh and dry weights were observed in non-grafted one and at the high
temperature. Moreover, the highest dry weight was determined at both low and high temperatures in the non-grafted
sample. The highest photosynthesis rate was recorded in Babol rootstock and at the optimum temperature, while the
lowest one was observed in Babol rootstock and at the high temperature. The interactive effect of rootstock and
temperature showed that the highest stomatal resistance and transpiration rate were measured in the non-grafted sample
and at the optimum temperature, while the lowest one was recorded in Isfahan rootstock and the optimum temperature;
meanwhile, the lowest transpiration rate was observed in Sari rootstock and high temperature. Therefore, the use of
Ferro and Babol rootstock for their resistances to high and low temperatures could be recommended. It seems,
therefore, that these rootstocks by maintaining photosynthesis rate and chlorophyll and lowering transpiration rate, can
decrease the deleterious effect of temperature on growth.

Keywords: Photosynthesis, Transpiration rate, Stomatal resistance, Grafting, Rootstock

Background and Objective: Cucumber, following tomatoes, cabbage and onions, is one of the most widely consumed
vegetables globally; it is also a cold-sensitive horticultural plant. The optimum growth temperature range for cucumber
is 24-21 °C. The air temperature of 10 °C or below (i.e., cold stress) delays the seed germination, reduces or stops
growth; temperatures above 35 °C (i.e., heat stress) could reduce pollination. Consequently, it reduces fruit formation,
number and fruit weight, ultimately reducing the yield (1, 2). Furthermore, due to heat stress, the amount of free
radicals is increased, while chlorophyll is decreased (3, 4). This study was conducted to examine the effect of high and
low temperatures on the cucumber grafted on the endemic rootstock.

Methods: To investigate the effect of grafting on temperature tolerance of Super daminos cucumber scion on Super
daminos cucumber rootstocks, (Cucurbita moschata) Sari accession (Rem), Isfahan accession (Res), Babol accession
(Rcb), Ferro accession (Rcf) and its comparison with grafted cucumber (Super daminos) (Rn) were performed
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experimentally as a factorial experiment in a completely randomized design with three temperature treatments and four
replications. The studied temperature treatments included optimum temperature (25 + 2 °C), low temperature (4 + 2
°C), and high temperature (40 + 2 °C) in the incubator, which were applied gradually for 10 days. To prepare the
seedlings, the seeds were soaked in water for 12 hours and then in pots containing a mixture of sand and garden soil in a
volumetric ratio of 1:1 and for the scion of cucumber plants of Super daminos cultivar that 10 days before transplanting
in a mixture of cocopeat and perlite with a volumetric ratio of 1:1. After the emergence of the true leaf and reaching the
diameter each of 0.5 cm, the scion was cut from under the cotyledon leaves, and the hole graft was performed on
different rootstock. After the emergence of a true leaf in the rootstock plant, its terminal bud was cut off, and a hole was
made in the top of the rootstock plant by a drill. After two weeks and ensuring the grafting and after the operation of
grafting plants for one week in 4 L pots containing a mixture of sand and garden soil in a ratio of 1 to 1 with a distance
of 30 x 50 cm, then the desired temperature treatments were applied. The number of nodes, internode length, root
volume, shoot and root dry and fresh weight, Root and shoot length, Rootstock diameter, photosynthesis, and plant
length was measured in the last stage of the experiment. The other parameters are also measured at the same time.

Results: Results showed that root length, root volume, rootstock diameter, and fresh and dry weights of shoot were
increased in all rootstocks as compared with non-grafted ones. The interactive effect showed that the highest fresh and
dry weights were in Isfahan and optimum temperature, and the lowest fresh and dry weights were in non-grafted and
high temperatures. The highest photosynthesis rate was observed in Babol and optimum temperature and the lowest one
was recorded in Babol and high temperature. The interactive effect of rootstock and temperature showed that the
highest stomata resistance and transpiration were in non-grafted and optimum temperature, the lowest stomata
resistance in Isfahan and optimum temperature, and the lowest transpiration in Sari and the high temperature were seen.

Conclusions: According to this experiment's results, using Ferro and Babol for high and low temperatures was
recommended. It seems that these rootstocks, with the maintenance of photosynthesis and chlorophyll and decreasing
transpiration, can decrease the deleterious effect of temperature on growth.
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