
 
 

Contents 
I. Introduction and aim of the work…………………... 1 

II. Review of literatures………………………………..… 4 

II.1. Response of grafted plants to salinity stress ………… 5 

II.1.1. Effect of grafting on plant vegetative growth under 

salinity stress……………………………………… 
5 

II.1.1.2. Effect of grafting on fruit yield characteristics 

under salinity stress ………………………………… 
7 

II.1.1.3. Effect of grafting on fruit quality characteristics 

under salinity stress ……………………………..… 10 

II.1.1.4. Effect of grafting on the nutrient uptakes under 

salinity stress ……………………………………...... 11 

II.1.1.5. Effect of grafting on proline and antioxidant 

enzyme activities under salinity stress …………… 16 

II.2. Response of grafted plants to deficit irrigation ……… 20 

II.2.1. Effect of grafting on plant vegetative growth under 

deficit irrigation …………………………………… 
20 

II.2.2. Effect of grafting on fruit yield characteristics under 

deficit irrigation …………………………………… 
21 

II.2.3. Effect of grafting on fruit quality characteristics 

under deficit irrigation …………………………… 
22 

II.2.4. Effect of grafting on the nutrient uptakes under 

deficit irrigation …………………………………… 
23 

II.2.5. Effect of grafting on proline and antioxidant enzyme 

activities under deficit irrigation ……………… 
24 



 
 

II.3. Response of grafted plants to sub-optimal growing 

temperature ………………………………………… 
25 

II.3.1. Effect of grafting on plant vegetative growth under 

cold stress ………………………………………… 
25 

II.3.2. Effect of grafting on phytohormones and enzyme 

activities under cold stress ………………………… 
27 

II.4. RAPD ……………………………………………...... 30 

II.4.1. Molecular basis for rootstock-scion interaction ….... 30 

III. Materials and Methods……………………………… 32 

III.1. Plant material and grafting technique ……………… 32 

III.2. Salinity stress experiment ………………...………… 34 

III.2.1. Parameters measured ……………………………… 35 

III.2.1.1. Vegetative growth ……………………………… 35 

III.2.1.2. Flowering characteristics …………………..…… 36 

III.2.1.3. Fruit harvest and yield ……………………..…… 36 

III.2.1.4. Fruit characteristics ………...…………………… 36 

III.2.2. Chemical analysis ………………………………… 36 

III.2.2.1. Leaf chlorophyll contents ……………………… 36 

III.2.2.2. Lycopene content of fruits ……………………… 37 

III.2.2.3. Macro-nutrient determination …………...……… 38 

III.2.2.4. Proline …………………………………………... 38 

III.2.3. Enzymes ………………………………………….. 38 

III.2.3.1. Superoxide dismutase (SOD) …..………………. 38 



 
 

III.2.3.2. Catalase (CAT) …………………………………. 39 

III.2.1. Soil and water analysis ……………………………. 39 

III.3. Water stress experiment ………………………..…… 41 

III.3.1. Parameters measured ……………………………… 42 

III.3.2. Soil analysis ……………………………………… 42 

III.4. Cold stress experiment ……………………………… 43 

III.4.1. Parameters measured ……………………………… 44 

III.4.2. Soil analysis ……………………………………… 44 

III.5. RAPD – PCR analysis …………...………………….. 45 

III.6. Statistical analysis ………………...………………… 46 

IV. Results…………………………...……………………. 47 

IV.1. Effect of salinity stress on grafted watermelon……... 47 

IV.1.1. Effect of different salinity levels, graft 

combinations and their interactions on vegetative 

growth ……………………………………………..  

47 

IV.1.1.1. The main effect of different salinity levels ….….. 47 

IV.1.1.2. The main effect of graft combinations ………… 47 

IV.1.1.3. Effect of the interaction between different salinity 

levels and graft combinations ………….…….. 48 

IV.1.2. Effect of different salinity levels, graft 

combinations and their interactions on reproductive 

development ……………………………………… 

55 

IV.1.2.1. The main effect of different salinity levels ……... 55 

IV.1.2.2. The main effect of graft combinations ………… 55 



 
 

IV.1.2.3. Effect of the interaction between different salinity 

levels and graft combinations ………………… 
56 

IV.1.3. Effect of different salinity levels, graft 

combinations and their interactions on marketable 

yield and fruit characteristics ……………………… 

58 

IV.1.3.1. The main effect of different salinity levels …..… 58 

IV.1.3.2. The main effect of graft combinations ……….. 58 

IV.1.3.3. Effect of the interaction between different salinity 

levels and graft combinations ……………………… 
59 

IV.1.4. Effect of different salinity levels, graft 

combinations and their interactions on fruit SSC and 

lycopene……………………………………………. 
66 

IV.1.4.1. The main effect of different salinity levels ……... 66 

IV.1.4.2. The main effect of graft combinations …….….. 66 

IV.1.4.3. Effect of the interaction between different salinity 

levels and graft combinations ………………..……. 
67 

IV.1.5. Effect of different salinity levels, graft 

combinations and their interactions on 

photosynthetic pigment contents…….…………….. 

69 

IV.1.5.1. The main effect of different salinity levels…........ 69 

IV.1.5.2. The main effect of graft combinations ……..….. 70 

IV.1.5.3. Effect of the interaction between different salinity 

levels and graft combinations …………..………… 
70 

IV.1.6. Effect of different salinity levels, graft 

combinations and their interactions on nutrient 

contents …………………………………………… 

73 



 
 

IV.1.6.1. The main effect of different salinity levels…….... 73 

IV.1.6.2. The main effect of graft combinations ……… 74 

IV.1.6.3. Effect of the interaction between different salinity 

levels and graft combinations ……………………… 
75 

IV.1.7. Effect of different salinity levels, graft 

combinations and their interactions on proline 

content and enzyme activities …………………… 

82 

IV.1.7.1. The main effect of different salinity levels ……... 82 

IV.1.7.2. The main effect of graft combinations …….….. 82 

IV.1.7.3. Effect of the interaction between different salinity 

levels and graft combinations ……………………… 
83 

IV.2. Effect of deficit irrigation on grafted watermelon….. 86 

IV.2.1. Effect of deficient irrigation, graft combinations 

and their interactions on vegetative growth and water 

use efficiency ………………………………... 

86 

IV.2.1.1. The main effect of deficient irrigation …………. 86 

IV.2.1.2. The main effect of graft combinations …………. 86 

IV.2.1.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
88 

IV.2.2. Effect of deficient irrigation, graft combinations 

and their interactions on reproductive development  
92 

IV.2.2.1. The main effect of deficient irrigation …………. 92 

IV.2.2.2. The main effect of graft combinations …………. 92 



 
 

IV.2.2.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
93 

IV.2.3. Effect of deficient irrigation, graft combinations 

and their interactions on marketable yield and fruit 

characteristics ……………………………………… 

95 

IV.2.3.1. The main effect of deficient irrigation ………….  95 

IV.2.3.2. The main effect of graft combinations ……….. 96 

IV.2.3.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
97 

IV.2.4. Effect of deficient irrigation, graft combinations 

and their interactions on fruit SSC and lycopene …. 
104 

IV.2.4.1. The main effect of deficient irrigation …………. 104 

IV.2.4.2. The main effect of graft combinations ………… 104 

IV.2.4.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
105 

IV.2.5. Effect of deficient irrigation, graft combinations 

and their interactions on photosynthetic pigments… 
105 

IV.2.5.1. The main effect of deficient irrigation …………. 105 

IV.2.5.2. The main effect of graft combinations ………… 106 

IV.2.5.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
107 

IV.2.6. Effect of deficient irrigation, graft combinations 

and their interactions on N, P and K contents ……… 
111 

IV.2.6.1. The main effect of deficient irrigation …………. 111 

IV.2.6.2. The main effect of graft combinations ………… 111 



 
 

IV.2.6.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
112 

IV.2.7. Effect of deficient irrigation, graft combinations 

and their interactions on proline content and 

antioxidant enzyme activities ………………..…… 

114 

IV.2.7.1. The main effect of deficient irrigation …………..  114 

IV.2.7.2. The main effect of graft combinations ………… 114 

IV.2.7.3. Effect of the interaction between deficient 

irrigation rates and graft combinations …………… 
115 

IV.3. Effect of sub-optimal growing temperature on grafted 

watermelon ………………………………………… 
119 

IV.3.1. Effect of sub-optimal growing temperature, graft 

combinations and their interactions on vegetative 

growth, flowering, marketable fruit yield and fruit 

characteristics …………………………………….. 

119 

IV.3.1.1 Main effect of season ………………………….. 119 

IV.3.1.2 Main effect of graft combinations …………….. 120 

IV.3.1.3. Effects of graft combinations x seasons 

interaction ……………………………………..… 
120 

IV.3.2. Effect of sub-optimal growing temperature, graft 

combinations and their interactions on biochemical 

and nutrient analysis ……………………………….. 

131 

IV.3.2.1 Main effect of season ……………………………. 131 

IV.3.2.2 Main effect of graft combinations……………..…. 131 

IV.3.2.3Effects of graft combinations x season interactions 132 



 
 

IV.4. RAPD analysis of grafted watermelon……………… 138 

V. Discussion……………………………………………… 142 

V.1. Response of grafted watermelon to salinity stress ....... 142 

V.2. Response of grafted watermelon to deficit irrigation ... 144 

V.3. Response of grafted watermelon to cold stress ……… 148 

V.4. RAPD-PCR analysis of possible genetic changes in 

grafted watermelon plants…………..………………. 
150 

VI. Summary……………………………………………... 151 

VII. References…………………………………………… 155 

VIII. Arabic Summary……………………………………  

 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

List of Tables 
Table (1): Water analyses in the experimental farm. 39 

Table (2): Mechanical analysis of the soil in the 

experimental farm. 
39 

Table (3): Chemical properties of soil samples before 

transplanting. 
39 

Table (4): Chemical properties of soil samples at the end of 

the experiment. 
40 

Table (5): Amount of fertilization applied (Kg
-1

fed) during 

watermelon growth in seasons 2014 and 2015. 
41 

Table (6): Chemical properties of the soil in the 

experimental farm. 
43 

Table (7): Mechanical analysis of the soil in the 

experimental farm. 
43 

Table (8): Amount of fertilization applied (Kg-
1
fed) during 

watermelon growth in warm and cold seasons. 
43 

Table (9): Chemical properties of soil samples.   44 

Table (10): Mechanical analysis of the soil in the 

experimental farm. 
45 

Table (11): Monthly averages of air temperature, humidity, 

wind speed and evaporation (ETo) in all experiments 

during season 2014, 2015 and 2016. 

45 

Table (12): Effect of different salinity levels and grafting 

combinations on vegetative growth of watermelon 

plants. 

50 



 
 

Table (13): Effect of different salinity levels and grafting 

combinations on leaf relative water content (LRWC) 

of watermelon plants. 

51 

Table (14): Effect of different salinity levels and grafting 

combinations on foliage fresh weight (FW), foliage 

dry weight (DW) and foliage dry matter % of 

watermelon plants. 

52 

Table (15): Effect of different salinity levels and grafting 

combinations on roots fresh weight (FW), roots dry 

weight (DW) and roots dry matter (DM %) of 

watermelon plants. 

53 

Table (16): Effect of different levels of salinity and 

grafting combinations on flowering traits of 

watermelon plants. 

57 

Table (17): Effect of different salinity levels and grafting 

combinations on fruit number, marketable yield and 

mean fruit weight of watermelon plants. 

61 

Table (18): Effect of different salinity levels and grafting 

combinations on rind thickness and fruit shape index 

of watermelon plants. 

62 

Table (19): Effect of different salinity levels and grafting 

combinations on soluble solid content (SSC) and 

lycopene content of watermelon plants. 

68 

Table (20): Effect of different salinity levels and grafting 

combinations on chlorophyll a and chlorophyll b 

contents of watermelon plants. 

71 

Table (21): Effect of different salinity levels and grafting 

combinations on chlorophyll a+b and carotenoid 

contents of watermelon plants. 

72 



 
 

Table (22): Effect of different salinity levels and grafting 

combinations on concentration of N, P and K of 

watermelon plants. 

75 

Table (23): Effect of different salinity levels and grafting 

combinations on concentration of Mg, Na in shoots 

and Na in roots of watermelon plants. 

78 

Table (24): Effect of different salinity levels and grafting 

combinations on concentration of Cl in shoots, Cl in 

roots and K
+
/Na

+
 ratio of watermelon plants. 

79 

Table (25): Effect of different salinity levels and grafting 

combinations on proline content, superoxide 

dismutase (SOD) and catalase activities of 

watermelon plants.  

84 

Table (26): Effect of deficient irrigation rates and grafting 

combinations on vegetative growth of watermelon 

plants. 

90 

Table (27): Effect of deficient irrigation rates and grafting 

combinations on leaves dry mater percent (DM%) 

leaf relative water content LRWC (%) and water use 

efficiency of watermelon plants. 

91 

Table (28): Effect of deficient irrigation rates and grafting 

combinations on flowering traits of watermelon 

plants. 

94 

Table (29): Effect of deficient irrigation rates and grafting 

combinations on fruit number, average fruit weight 

and marketable yield of watermelon plants. 

99 

Table (30): Effect of deficient irrigation rates and grafting 

combinations on fruit skin thickness, fruit 

circumference and pulp dry matter percent (DM %) 

of watermelon fruits. 

100 



 
 

Table (31): Effect of deficient irrigation rates and grafting 

combinations on soluble solid content (SSC) and 

lycopene content of watermelon fruits. 

108 

Table (32): Effect of deficient irrigation rates and grafting 

combinations on chlorophyll a and chlorophyll b of 

watermelon leaves. 

109 

Table (33): Effect of deficient irrigation rates and grafting 

combinations on chlorophyll a+b and carotenoid 

contents of watermelon leaves. 

110 

Table (34): Effect of deficient irrigation rates and grafting 

combinations on N, P and K concentrations of 

watermelon leaves. 

113 

Table (35): Effect of deficient irrigation rates and grafting 

combinations on proline content, superoxide 

dismutase and catalase activities of watermelon 

leaves. 

116 

Table (36): Main effect of graft combinations, seasons and 

their interactions on some vegetative growth 

characters of watermelon plants. 

123 

Table (37): Main effect of graft combinations, seasons and 

their interactions on leave dry matter (DM%) and 

leaf relative water content (LRWC) of watermelon 

plants. 

124 

Table (38): Main effect of graft combinations, seasons and 

their interactions on flowering traits of watermelon 

plants. 

125 

Table (39): Main effect of graft combinations, seasons and 

their interactions on fruit number, mean fruit weight 

and marketable yield per feddan of watermelon 

plants. 

126 



 
 

Table (40): Main effect of graft combinations, seasons and 

their interactions on some fruits quality 

characteristics of watermelon plants. 

127 

Table (41): Main effect of graft combinations, seasons and 

their interactions on soluble solid content (SSC) and 

lycopene contents of watermelon fruits. 

128 

Table (42): Main effect of graft combinations, seasons and 

their interactions on photosynthetic pigment contents 

of watermelon leaves. 

134 

Table (43): Main effect of graft combinations, seasons and 

their interactions on N, P and K concentrations of 

watermelon leaves. 

135 

Table (44): Main effect of graft combinations, seasons and 

their interactions on proline content, superoxide 

dismutase (SOD) and catalase (CAT) activities of 

watermelon leaves. 

136 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 
 

List of Figures 
Fig. (1): Splice graft method in watermelon cv. ‘Aswan 

F1’ plants. 
33 

Fig. (2): Root distribution patterns of grafted watermelon 

on different rootstocks at different NaCl 

concentration treatments. 

54 

Fig. (3): The interaction effect between different levels of 

salinity and graft combinations on average fruit 

weight in 2015 and 2016 seasons. 

63 

Fig. (4): The interaction effect between different levels of 

salinity and graft combinations on marketable yield 

in 2015 and 2016 seasons. 

64 

Fig. (5): Plant growth and fruiting of graft combinations 

after two months from transplantation under 0.0, 50 

and 100 mM NaCl treatments. 

65 

Fig. (6): Relationship between the concentrations of Na in 

shoots (A), roots (B) and fruit yield (kg/plant) over 

all graft combinations during season 2015. 

80 

Fig. (7): Relationship between the concentrations of Na in 

shoots (A), roots (B) and fruit yield (kg/plant) over 

all graft combinations during season 2016. 

81 

Fig. (8): Effect of the interaction between different   

salinity levels and graft combinations on proline 

content of watermelon leaves in 2015 and 2016 

seasons. 

85 

Fig. (9): Effect of the interaction between different   

salinity levels and graft combinations on 

superoxide dismutase content of watermelon leaves 

in 2015 and 2016 seasons. 

85 

Fig. (10): Effect of the interaction between irrigation rates 

and graft combinations on average fruit weight in 

2014 and 2015 seasons. 

101 



 
 

Fig. (11): Effect of the interaction between irrigation rates 

and graft combinations on marketable yield in 2014 

and 2015 seasons. 

102 

Fig. (12): Plant growth and fruiting of graft combinations 

after two months from transplantation under 

irrigation treatments 100%, 70% and 50% ET. 

103 

Fig. (13): Effect of the interaction between irrigation rates 

and graft combinations on proline content of 

watermelon leaves in 2014 and 2015 seasons. 

117 

Fig. (14): Effect of the interaction between irrigation rates 

and graft combinations on superoxide dismutase 

activity (SOD) of watermelon leaves in 2014 and 

2015 seasons. 

118 

Fig. (15): The interaction effect between seasons and graft 

combinations on average fruit yield. 
129 

Fig. (16): The interaction effect between seasons and graft 

combinations on marketable yield. 
129 

Fig. (17): Plant growth of graft combinations after two 

months from transplantation under warm and cold 

seasons. 

130 

Fig. (18): Effect of the interaction between seasons and 

graft combinations on proline content of 

watermelon leaves. 

137 

Fig. (19): Effect of the interaction between seasons and 

graft combinations on SOD activity in watermelon 

leaves. 

137 

Fig. (20): RAPD-PCR analysis of the grafting zone (lane 

1), grafted Aswan/Giada (lane 2), rootstock of 

Giada (lane 3) and the un-grafted control (lane 15) 

using four primers (G2, M5 and M2). 

140 



 
 

Fig. (21): RAPD-PCR analysis of the grafting zone (lane 

7), grafted Aswan/Strong toza (lane 8), rootstock of 

Strong toza (lane 9) and the un-grafted control 

(lane 15) using four primers (G2, M5, M2 and O4). 

140 

Fig. (22): RAPD-PCR analysis of the grafting zone (lane 

13), grafted Aswan/Ferro (lane 14), rootstock of 

Ferro (lane 16) and the un-grafted control (lane 15) 

using four primers (G2, M5, M2, and O4). 

141 

Fig. (23): RAPD-PCR analysis of the grafting zone (lane 

10), grafted Aswan/Pumpkin (lane 11), rootstock of 

Pumpkin (lane 12) and the un-grafted control (lane 

15) using four primers (G2, M5, M2, and O4). 

141 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

List of Abbreviations 
CAT Catalase 

Chl. Chlorophyll 

Cl Chlorine 

DM Dry matter 

DNA Deoxyribonucleic acid 

DW Dry weight 

ET Evapotranspiration 

FW Fresh weight 

K Potassium 

LRWC Leaf relative water content 

Mg Magnesium 

N Nitrogen 

Na Sodium 

WUE Water use efficiency 

P Phosphorous 

PCR Polymerase chain reaction 

RAPD Random Amplification of Polymorphic DNA 

Ros Reactive oxygen species 

SOD Superoxide dismutase 

SSC Soluble solid content 

 
 

 



Name of Candidate Mennat-allah Nour El-Dein El-Sayed Hussein 

Title 
Effect of some genotypes on the response of grafted watermelon plants 

to abiotic stress 

Faculty Agriculture 

Department Horticulture  (Vegetable crops) 

Location Ismailia 

Degree Ph.D. In Agricultural Sciences –  (Vegetables) 

Date     /   /2016  

Language English 

Supervision 

Committee 

Prof. Dr.  Fouad H. Mohamed 

Prof. Dr.  Mohamed M. M. Abd-El Salam 

Prof. Dr.  Mohammed W.M. Elwan 

         Dr.  Khalid E. Abd El-Hamid 

ABSTRACT 

Three field experiments were conducted to examine tolerance of grafted 

watermelon to abiotic (salt, water and cold) stress during 2014-2016. 

Watermelon cv. Aswan scions were grafted onto different cucurbit rootstocks, 

namely Giada, Shintoza, Strong toza, Ferro and Pumpkin. Grafted seedlings 

were exposed to salt stress by applying nutrient solution containing 0.0, 50 or 

100 mM NaCl. In the second experiment, grafted plants were exposed to 

deficit irrigation treatments (100%, 70% or 50% ET). In the third experiment, 

plants were grown under low temperature by planting during the winter season 

to be compared with those planted in the warm summer season. Results 

indicated that all abiotic stress treatments resulted in decrease growth, yield 

and some fruit characters, in different degree, depending on the rootstock 

used, and un-grafted plants exhibited the highest decreases. Based on several 

growth and yield parameters, watermelon plant cv. Aswan grafted on the 

rootstock Giada or Ferro exhibited better performance under the tested abiotic 

stress treatments. Under high salt (100mM NaCl), deficit irrigation (50% ET) 

and growth under sub-optimal temperature, photosynthetic pigments and NPK 

contents were significantly lower than the control treatments (0.0 NaCl, 100 

ET, or warm season). Under salt stress, Na accumulation was higher in the 

roots of grafted plants than in their leaves, and the reverse was true in un-

grafted plants. Proline content, antioxidant enzyme (SOD and CAT) activities 

were higher, under the three types of abiotic stress examined, than the control. 

The increase in proline and antioxidant enzyme activities, along with the 

accumulation of Na more in the roots than leaves are suggested to be key 

factors for grafted watermelon plants having higher tolerance to salt stress and 

the other tested abiotic stresses than un-grafted ones. DNA analysis using 

RAPD technique indicated no transfer of genetic material from the rootstock 

to the scion. 
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