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ABSTRACT 

In order to evaluate the tolerance of grafted watermelon plants on pumpkin, to oxygen deficiency conditions, a 

factorial experiment was carried out in the form of a completely randomized design in 5-liter plastic buckets 

containing Hoagland and Arnon's nutrient solution. The first factor was the amount of aeration of the nutrient solution 

in four levels (control, reduced aeration, no aeration and nitrogen injection) and the second factor was grafting in two 

levels (no grafting and grafting). The evaluations were based on the concentration of nutrients in leaves, and 

vegetative and physiological indicators. The results showed that although by reducing the oxygen in the nutrient 

solution or injecting nitrogen into the nutrient solution, the growth characteristics of the plant such as plant height, 

stem diameter, shoot fresh and dry weight, and root fresh and dry weight decreased significantly, but grafted plants, 

except for the stem diameter, had significantly better growth characteristics than non-grafted plants in other 

mentioned traits. With the decrease in dissolved oxygen of nutrient solution, the amount of proline and soluble sugars 

in the shoots and roots of grafted and non-grafted plants increased, but the concentration of proline and soluble sugars 

in grafted plants was higher than that of non-grafted plants. Oxygen deficiency stress decreased the amount of total 

chlorophyll, carotenoids and nutritional elements potassium, calcium, magnesium and phosphorus in shoot and root, 

but the concentrations of proline, soluble sugars and elements were higher in grafted plants than non-grafted plants. 

In short, according to the results of this research, grafting watermelon on pumpkin rootstock increased the tolerance 

of watermelon plant to oxygen deficiency conditions. 
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Figure 1. Establishment of grafted and non-grafted 

plants in hydroponic system and injection of nitrogen 

gas into nutrient solution. 
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Table 1. Results of variance analysis effect of oxygen deficiency stress and grafting on some vegetative traits of 

watermelon. 
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Oxygen stress (O) 3 4518** 49.49** 0.002ns 1442** 826.3** 3785** 1590** 
Grafting (G) 1 11353** 18.37** 0.00004ns 7141** 715.1** 8140** 1290** 
O×G 3 786** 0.71ns 0.003ns 65.83* 28.4** 27.61** 66.11** 
Error 26 30.08 1.13 0.002 16.79 2.87 10.79 5.92 
CV (%)  4.17 9.06 3.82 6.67 5.71 3.35 5.14 

ns � b<0< 91 ** � * %367 G��a< �)?5 ��� G��a< � X�	�P� kB  �� ���5  �1 "M��.  
 ns, *, **: Non-Significantly difference and significantly difference at 5 and l% of probability levels, respectively 
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Table 2. Mean comparison interaction effect of oxygen deficiency stress and grafting on vegetative traits of watermelon. 
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109 c 54.3 c 62.3 d 35.0 bc 1.08 a 189 c Non-grafted 
Control 

147 a 78.0 a 93.7 a 52.3 a 1.08 a 215 a Grafted 
87 d 47.5 d 51.0 e 29.3 c 1.06 a 168 e Non-grafted 

Reduce aeration 
121 b 57.0 b 81.0 b 38.7 b 1.07 a 204 b Grafted 
76 e 38.3 e 41.0 f 20.0 d 1.05 a 151 f Non-grafted 

Non-aerated 
109 c 47.7 c 73.3 c 29.3 c 1.06 a 185 cd Grafted 
46 f 19.7 f 19.0 g 12.7 f 1.04 a 99 g Non-grafted 
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88 d 35.3 d 63.3 d 20.3 d 1.05 a 176 de Grafted 

 w0P V� cA�"P �1 &�� [Z5�7 �)�  0� �� X�	�P� kB  �� &��� %367 G��a< I0�S75 "5��"5 "M��.  
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
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Figure 2. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on node number in watermelon. 
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Table 3. Results of variance analysis effect of oxygen deficiency stress and grafting on some physiological traits 

of watermelon. 
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Oxygen stress (O) 3 7.11** 0.12** 30382** 21587** 6.45** 53.91** 
Grafting (G) 1 2.78** 0.06** 4732** 852.1** 4.19** 1.87** 
O×G 3 0.69* 0.007* 21.49ns 177.9* 0.48** 1.76** 
Error 26 0.16 0.002 16.42 34.42 10.79 0.17 
CV (%)  4.74 3.05 3.03 3.90 3.35 6.70 

ns � ** � * b<0< 91 %367 G��a< �)?5 ��� G��a< � X�	�P� kB  �� ���5  �1 "M��.  
 ns, *, **: Non-Significantly difference and significantly difference at 5 and l% of probability levels, respectively. 
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Table 4. Mean comparison interaction effect of oxygen deficiency stress and grafting on total chlorophyll (TChl), 

carotenoid, root and shoot total soluble carbohydrate (TSC), and root and shoot proline of watermelon.  

Shoot proline 

(μg.g-1 FW) 

Shoot TSC 

(mg.g-1 FW) 

Root TSC (mg.g-1 

FW) 

Carotenoid 

(mg.g-1 FW) 

TChl 

(mg.g-1 FW) 
Grafting 

Oxygen 

treatment 

85 g 3.40 f 1.33 e 1.50 b 1.54 b Non-grafted 
Control 

100 f 3.63 ef 2.47 cd 1.70 a 1.69 a Grafted 

115 e 4.67 d 1.50 e 1.50 b 1.50 b Non-grafted Reduce 

aeration 111 e 4.17 de 2.47 c 1.50 b 1.51 b Grafted 

161 d 6.20 c 2.27 d 1.30 d 1.34 d Non-grafted 
Non-aerated 

178 c 6.60 c 3.23 b 1.33 c 1.41 c Grafted 

215 b 9.23 b 4.20 a 1.20 e 1.21 e Non-grafted 
N2 treatment 

236 a 11.30 a 4.20 a 1.27 cd 1.38 cd Grafted 

 X�	�P� kB  �� &��� %367 G��a< I0�S7 w0P V� cA�"P �1 &�� [Z5�7 �)�  0� ��5 ."5��"5 "M��  
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
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Figure 3. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on proline concentration of roots in 

watermelon. 
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 X�"^5.  0W� z5����� 9��h<�$=>� �)?	> ;3< �  "5)� 0195��"3� 9S�� � l01 �� 0M�34 +,-.. 

Table 5. Results of variance analysis effect of oxygen deficiency stress and grafting on mineral concentration in shoot 

and root of watermelon. 
Source of 

variation df 
Mean of quares 

K P Ca Mg 

Root Shoot Root Shoot Root Shoot Root Shoot 
Oxygen stress (O) 3 0.026** 0.17** 0.003** 0.0008** 0.07** 0.022** 0.02** 0.012** 
Grafting (G) 1 0.006 ns 0.35** 0.002** 0.0006** 0.25** 0.012** 0.002 ns 0.003** 
O×G 3 0.005ns 0.02* 0.001 ns 0.00005* 0.003* 0.0006* 0.001* 0.002 ns 
Error 26 2.42 0.004 0.0004 0.0002 0.0002 0.0002 0.0002 0.0002 
CV (%)  2.98 4.05 3.35 5.09 7.20 4.33 7.20 8.39 

ns � ** � * b<0< 91 %367 G��a< �)?5 ��� G��a< � X�	�P� kB  �� ���5  �1 "M��.  
 ns, *, **: Non-Significantly difference and significantly difference at 5 and l% of probability levels, respectively. 
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Figure 4. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on K concentration of root in 

watermelon.  
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Figure 5. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on P concentration of root in 

watermelon. 
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Figure 6. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on Mg concentration of shoot in 
watermelon. 
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Table 6. Mean comparison interaction effect of oxygen deficiency stress and grafting on mineral concentration in root 
and shoot of watermelon. 

Mg (% DW) Ca (% DW) P (% DW) K (% DW) Grafting  Oxygen treatment 
 Root  Shoot  Root  Shoot   Shoot     
 

0.55 b 0.35 b 0.53 b 0.084 b 
 

1.62 bc  

Non-grafted  Control  
 

0.58 a 0.42 a 0.63 a 0.094 a 
 

1.75 a  

Grafted  
 

0.49 cd 0.32 c 0.50 b 0.079 bc 
 

1.48 d  

Non-grafted  Reduce aeration 
 

0.51 c 0.36 b 0.53 b 0.085 b 
 

1.71 ab  

Grafted  
 

0.48 d 0.28 d 0.43 c 0.070 d 
 

1.28 e  

Non-grafted  Non-aerated 
 

0.46 de 0.31 c 0.45 c 0.075 cd 
 

1.59 c  

Grafted  
 

0.44 ef 0.22 e 0.28 e 0.053 e 
 

1.12 f  

Non-grafted  N2 treatment 
 

0.43 f 0.26 d 0.38 d 0.070 d 
 

1.48 d  

Grafted  
��  X�	�P� kB  �� &��� %367 G��a< I0�S7 w0P V� cA�"P �1 &�� [Z5�7 �)�  0�5 ."5��"5 "M��  

In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
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