
Middle East Journal of Applied 
Sciences 
ISSN 2077-4613 

Volume : 08 | Issue :04 |Oct.-Dec.| 2018 
Pages: 1071-1079 

 
 

Corresponding Author:  Hafez M.R., Plant Production Department, Desert Research Center, Cairo, Egypt  
                                           E-mail: mohamedraef269@gmail.com  

1071 

Effect of grafting on cucumber (Cucumis sativus L.) productivity under saline 
conditions 

Soubeih K.A., Hafez M.R. and Abd El Baset  A. 
 
Plant Production Department, Desert Research Center, El-Matareya, Cairo, Egypt. 

Received: 25 August 2018 / Accepted: 30 Sept. 2018 / Publication date: 15 Oct. 2018 
 
ABSTRACT 

A greenhouse experiment was conducted at Baloza Research Station, North Sinai Governorate, 
Desert Research Centre in two consecutive seasons, 2016 and 2017, to test the effects of two irrigation 
water qualities (fresh water from Al Salam Canal and the other was salinized modified water at EC 4.7 
dS m-1) and three grafting treatments (1)- non-grafted cucumber (Cucumissativus L.) F11101. (2) the 
same hybrid used as scion grafted onto Star rootstock (Cucurbitamoschata Duch.).(3)- the same hybrid 
grafted onto Super Shantoza rootstock (Cucurbitamoschata Duch.). 

The results indicated that modified saline irrigation water significantly decreased all studied 
growth and yield and characters as well as foliage K+ concentration, while Na+ concentration, K+/Na+ 
ratio in shoot and root and electrolyte leakage were significantly increased when compared with plants 
irrigated with fresh water. 

The results also illustrated that plants grafted on Star rootstock achieved the highest values of 
growth, yield their measured characters, except shoot/root ratio, Na+, K+/Na+ ratio and e electrical 
conductivity associated with the non grafted plants. 

Interaction between irrigation water quality and grafting showed that the highest values of studied 
parameters were achieved with grafted plants which irrigated with the fresh water, while shoot/root 
ratio was significantly increased in plants without grafting irrigated with fresh water. Also, highest Na+ 
concentration in different plant organs (shoot and root),K+/Na+ ratio and EL% were obtained of non-
grafted plants grown in saline condition. 

The main targets of agricultural research may be concluded in two items. The first is marketable 
yield with high quantity and quality, and the second is the net income. The two items were achieved by 
using grafting a Hybrid with high fruiting ability on resistant rootstock to adverse environmental 
conditions. 
 
Key words: Cucumber, salinity, grafting, rootstock, growth, yield, mineral composition, electrolytic 

leakage. 

 
Introduction 
           Salinity is one of the most environmental challenges limiting crop productivity, particularly in 
arid and semi-arid climates for that salinity is one of the major abiotic constraints on agriculture 
worldwide, and the situation has worsened over the last 20 years due to the increase in irrigation 
requirements in arid and semi-arid regions such as those found in the Mediterranean area (Ashraf and 
Harris, 2004; Hussain et al., 2009; Colla et al., 2010, Cirillo et al., 2016). Soil salinity affects about 800 
million hectares of arable lands worldwide (Munns and Tester, 2008). A soil is considered to be saline 
when the electric conductivity (EC) of the soil solution reaches 4 dS m−1 (equivalent to 40 mM NaCl), 
generating an osmotic pressure of about 0.2 MPa and a significantly reducing the yields of most crops 
(Munns and Tester, 2008). As a consequence, ion toxicity, lead to chlorosis and necrosis, mainly due 
to Na+ accumulation that interferes with many physiological processes in plants (Munns, 2002). 

Approximately all of the Egyptian extended reclamation cultivated land and nearly all of 
underground irrigated water is affected by salinity, more precisely, 33 % of the cultivated soils are 
already salinized (Pasternak, 1987; Ghassemi et al., 1995; El Raey, 1997; Mohamed et al., 2007 ). 
Tolerate or resistant ability of plant types to high concentrations of salinity are different. The degree of 
growth reduction by salinity differs greatly with species and to a lesser extent with varieties within a 
species depending upon the composition of the saline solution, ion toxicities or nutritional deficiencies 
that may arise because of a predominance of a specific ion or competition effects among cations or 
anions (Bernstein et al., 1974 ; Shannon et al., 1994). Ionic effects are manifested more generally in 
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leaf and meristem damage or as symptoms typical of nutritional disorders. Thus, high concentrations of 
Na or Cl may accumulate in leaves or portions thereof and result in `scorching' or `firing' of leaves; 
whereas, nutritional deficiency symptoms are generally similar to those that occur in the absence of 
salinity. Generally, salinity at low to moderate concentration effects is due to its osmotic pressure 
(Munns and Termaat, 1986; Jacoby, 1994).  Morphologically, salinity is reducing the growth rate 
include shorter internodes, stature, smaller leaves and reduce roots in length and mass, also, salinity 
change some characters such as shoot to root ratio. So increase the firing or scorching of leaves. 
Moreover, Huang et al. (2009) reported that leaf relative water content was decreased as salinity 
increased. Chemically, salinity led to changing in leaf colour due to the decrements of Mg++, NO3

- and 
NH3

- concentrations in leaves which in turn change chlorophyll contents. Thus, the increase in Na+ 
accumulation has negative effect on K+ concentration and may be led to function malfunction in 
different plant tissues. Furthermore, Shannon and Grieve (1999) reported that salinity has high negative 
effects on sensitive and moderate sensitive vegetable crop productivities, where, carrot, lettuce, celery 
and cucumber can be grown in saline condition approaching to1.0, 1.3, 1.8 and 2.5 dS m-1, respectively, 
without losing in production, while one unit more led to decrease 14.0%, 13%, 6.2% and 13% of fruit 
yield, respectively. In this respect, Huang et al. (2009) showed that cucumber fruit weight, fruits 
number, marketable yield and total fruit yield were decreased with increasing salinity concentration. 
Also, Semizl and Suarez (2015) observed that tomato yield decreases under saline conditions was 
related to increase in leaf Na+ concentrations.   

Maas and Hoffman (1977) classified vegetable crops to four relative salt tolerance classes, 
cucumber takes place in the moderate sensitive class. Agricultural practices can be move the salinity 
threshold and enhancing vegetable crop yield, grafting is one of these practices. 
Grafting of vegetable crops on resistant rootstock against soil disease or resistance to soil salinity is a 
relatively recent technique. This technique, began in Japan at the end of the 20th century to resist melon 
fusarium wilt. After the success of the field experiment, the grafted seedlings were produced 
commercially to achieve a production breakthrough in melons crop at Japanese markets. Studies and 
research have achieved many successes especially in the crops of Cucurbitaceae and Solanaceae, the 
investigators reported that grafting of vegetable plants onto resistant rootstocks is an effective tool that 
may enable the susceptible scion to control soil-borne diseases, environmental stresses and had to 
increase yield (Rouphael et al., 2008; Huang et al., 2009; Rouphael et al., 2010; Schwarz et al., 2010, 
Semizl and Suarez, 2015).  

In this respect, Huang et al. (2009) found that cucumber plants grafted onto gourd rootstock had 
higher fruit number, marketable and total fruit yield than those of self-grafted plants under 0, 30, and 
60 mM NaCl, which could be attributed to, at least in part, the higher K+ but lower Na+ and/or 
Cl− contents in the leaves. In comparison between the self-grafted plants, grafted plants had an overall 
improved fruit quality under NaCl stress owing to an decrease in the percentage of non-marketable fruit 
and Na+ contents of fruits, mainly under 60 mM NaCl. Furthermore, Colla et al., (2012) found that 
grafting significantly increased shoot and root weight, fruit dry matter, TSS, juice titratable acidity, total 
and marketable yield as compared with those non-grafted cucumber plants under saline and non-saline 
conditions. Also, they reported that electrolyte leakage percentage increased in grafted plants under 
non-saline conditions, while it decreased in grafted plants when grown in saline medium. Moreover, 
Semizl and Suarez (2015) indicated that grafted tomato plants exhibited increasing yield under both 
control and elevated salinity levels relative to the non-grafted plants.  

The search is aimed to improve cucumber productivity under saline conditions using grafting 
technics on rootstock salt tolerant plants. The treatments were arranged in two factors, the first included 
two types of irrigation water (fresh water of Al Salam canal and saline water from underground well) 
while, the second factor was grafting (without grafting, grafting on pumpkin Star and on the imported 
pumpkin Super Shantoza) rootstock. 
 
Materials and Methods 
 
Materials 

 The experiment was carried out at Baloza research station, North Sinai Government located (31º 

01ʹ42.07ʺ N; 32º 35ʹ27.89ʺ E). 
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Two factors were evaluated under the plastic greenhouse conditions. The first factor contained two 
treatments of irrigation waters, fresh water from Al Salam canal and modified salinized water prepared 
with mixture of Al Salam canal water and of underground high saline water well to get stable saline 
water with EC 4.7 dS m-1. The second factor consisted of three treatments, 1- cucumber (Cucumis 
sativus L.) Hybrid 1101 (F1) without grafting.2- cucumber (Cucumis sativus L.) Hybrid 1101 (F1) as 
scion grafted on pumpkin (Cucurbita moschata Duch.) Star rootstock .3-cucumber (Cucumis sativus 
L.) Hybrid 1101 (F1) as scion grafted on imported pumpkin (Cucurbita moschata Duch.) Super 
Shantoza  as rootstock. 

The cucumber (Cucumis sativus L.) Hybrid 1101 (F1), relatively salt-moderate sensitive cultivar 
is featured with the ability producing high fruit yield under greenhouse condition, therefore, it was used 
without grafting or as scions on the pumpkin (Cucurbita moschata Duch.) salt-tolerant cultivars. The 
grafting was applied according to method described by Zhu et al. (2006). 

The traditional agricultural practices of cucumber were conducted and the recommended dose of 
mineral fertilizers and pest, diseases and weed control through the growing period were followed. The 
greenhouse was split to four equal parts (for replicates) each one was divided into two blocks (for 
irrigation factor) one for fresh water and the second for saline water irrigation. Every block was split to 
three equal parts (for grafting factor).After grafting success, the grafted and non-grafted seedlings at the 
three true-leaf stage were put into polyethylene plastic bags containing quarter litter of the substrate 
peatmoss and vermiculite 1:1 (v/v) each bag contained one seedling the seedlings were set up into the 
greenhouse on December 15th of 2016 and 2017.The seedlings were grown in double rows spaced 1 m 
apart, with seedling spaced half meter within rows, giving a density of four seedlings/m2.  

The chemical analyses of the experimental soil and the irrigation water used were analyzed 
according to the methods described by Jackson (1962) and Richards (1954) respectively, as shown in 
Table (A). 

Table (A): Chemical analyses of experimental soil and irrigation water. 

 pH 
EC 

dS m-1 

Soluble anions 
Mmol L-1 

Soluble cations 
Mmol L-1 

SO4
-- Cl- HCO3

- CO3
-- K+ Na+ Mg++ Ca++ 

Fresh water 7.23 2.6 4.8 15.2 6.0 - 0.43 13.9 3.5 8.2 
Saline water 7.86 4.7 14.5 28.8 8.2 - 1.2 25.4 12.9 11.6 

Soil 7.89 5.04 27.0 18.4 5.0 - 1.1 13.9 13.8 21.7 
Soil extraction for pH value was 1:5  

 
Five plants were randomly taken from each experimental plot after 45 days from transplanting to 

estimate foliage (aerial part of plant) and root fresh weight, number of leaves and leaf area per plant, 
furthermore, dry mater percentage to root and aerial part and root ratio were calculated according to 
formula described by Piper (1950). 

Total chlorophyll content was measured in the upper fourth leaf using Minolta Chlorophyll Meter 
SPAD-502, while sodium and potassium were determined according to the method mentioned by 
Brown and Lilliland (1964). The, electrolyte leakage determination (EL) was assayed according to the 
method described by Rouphael et al. (2008), 5 mature leaves per plant of sample were taken and cut 
into 1-cm segments. Leaf samples were washed with distilled water until the surface contamination was 
removed, then placed in individual stoppered vials containing 10 mL of distilled water. The samples 
were incubated at room temperature (25˚C) on a shaker (100 rpm) for 24 h. Electrical conductivity of 
the bathing solution (EC1) was read after incubation. The same samples were placed in an autoclave at 
120 ◦C for 20 min and the second reading of the EC (EC2) was made after cooling the solution to room 
temperature. The EL was calculated as EC1/EC2 and expressed as percentage. 

In the fruiting stage, the number of fruits, average fruit weight, average of total yield and average 
of marketable yield measurements were established.Net income was calculated at the end of growing 
season. 

The experiment was designed in split plot with four replicates for statistical data analyzed 
according to the method described by Thomas and Hills (1975).The irrigation water treatments were 
randomly arranged in the main plots, while grafting treatments distributed was split-plots. The results 
of both investigated seasons were tested for homogeneity for applying combined analysis.  
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Results and Discussion 
 
Growth characters: 
 

Growth of cucumber plants as influenced by different kind of irrigation water or/and plant 
grafting treatments were studied through determination of some characteristics i.e. foliage  and root 
fresh weight besides number of leaves  per plant and dry mater percentage for root and shoot and shoot 
root ratio as well as  leaf area. Data tabulated in Table (1) indicated that the investigated growth 
parameters showed significant decrease with using saline water irrigation when compared with fresh 
water. These findings agree with those obtained by Jin et al. (2008), Abu-Romman et al. (2012), Colla 
et al. (2012)and Giuffrida et al. (2013) who reported that salinity decreased plant growth sharply as 
cleared with measurements, i.e. fresh and dry biomass, number of leaves beside leaf area. These results 
may be due to the saline osmotic pressure which led to decrease mineral nutrients flow to plants which 
in turn reduce the vital compounds that help plants in development. Also, optimum root systems can 
support shoot growth and improve plant yields, since roots serve as an interface between plants and the 
soil (Vamerali et al., 2003; Jose et al., 2017; Machado and Serralheiro, 2017). On the other hand, the 
grafting significantly increased the tested parameters. A local pumpkin rootstock Star showed 
superiority effect compared to the imported pumpkin Super Shantoza or without grafting treatment. 
Generally, the grafting technique enhanced all plant growth parameters compared with those non-
grafted except, shoot to root ratio which the highest in non-grafted tratment. The same results were 
found by Rivero et al. (2003) and Colla et al. (2012).  

The interaction between salinity and grafting presented in Table 1 indicated that the studied 
characteristics were significantly increased with using grafting technical whether grown under fresh 
water or saline conditions. The application of fresh water with Star rootstock had the superior positive 
effect on all growth parameters as compared with control other treatments. These results were true for 
all studied parameters except, shoot: root ratio which was the highest in the non-grafting treatment with 
fresh water, while Star rootstock irrigated with saline water scored a little range between shoot and root 
fresh weight. These results are in agreement with those obtained by Colla et al. 2012on cucumber who 
found that biomass weight of shoot and root in grafted plants increased with the two salt treatments (27 
mM Na2SO4 and 40 mM NaCl) compared with non-grafted plants. The recent mentioned results may 
explain the increasing root biomass of the grafted plants under saline or non-saline growing medium 
conditions which nay increase nutrient solution uptake and in turn increased the metabolism through 
large leaf area (Edelstein et al., 2011 ; Maggio, 2011). 
 
Table 1: Effect of irrigation water quality and grafting treatments on some vegetative growth characters 

of cucumber (Cucumis sativus L.) 1101 Hybrid (combined analyses of the two seasons). 
Characters 

 
 
Treatments 

Foliage 
fresh 

weight 
g/plant 

No. of 
leaves / 

plant 

Plant leaf 
area cm2 

Foliage 
dry matter 

% 

Root fresh 
weight 
g/plant 

Root dry 
matter % 

Shoot / 
root Ratio 

Effect of water quality 
Fresh Water 451.9 a 22.7 a 2848.8 a 13.0 a 33.8 a 17.8 a 13.8 a 
Saline Water 264.6 b 15.0 b 947.0 b 11.3 b 31.7 b 16.1 b 8.5 b 
Effect of grafting treatment 
wg 284.5 c 15.9 c 1597.4 c 11.4 c 21.7 c 13.5 b 12.7 a 
gS 410.1 a 20.8 a 2171.8 a 12.9 a 42.0 a 18.9 a 9.8 c 
gSS 380.1 b 19.8 b 1924.5 b 12.2 b 34.7 b 18.4 a 10.9 b 
Effect of interactions 

Fresh 
Water 

wg 396.3 c 20.1 c 2538.5 c 12.5 c 24.4 d 14.5 d 16.3 a 
gS 491.5 a 24.5 a 3206.0 a 13.5 a 41.6 a 19.7 a 11.8 c 
gSS 468.0 b 23.4 b 2801.9 b 13.1 b 35.5 b 19.2ab 13.2 b 

Saline 
Water 

wg 172.8 f 11.7 f 656.3 f 10.3 e 18.9 e 12.4 e 9.1 de 
gS 328.8 d 17.1 d 1137.6 d 12.3 c 42.4 a 18.1bc 7.8 f 
gSS 292.3 e 16.2 e 1047.1 e 11.4 d 33.8 c 17.7 c 8.6ef 

wg= without grafting   gS= grafting on star rootstock    gSS= grafting on super shantoza rootstock *Means having similar 
letters in the same column are not statistically differed at P≥0.05. 
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Chemical composition  
 

Data presented in Table (2) showed  that the saline irrigation water had significant negative 
effect on the determined photosynthetic pigments and K+ concentration, while it showed significant 
positive effect on Na+ as well electrolyte leakage percentage and K+ to Na+ ratio whether in shoot or 
roots origins as compared with fresh irrigation water treatment. Similar results were obtained by several 
investigators such as Abu-Romman et al. (2012), Colla et al. (2012) and Machado and Serralheiro 
(2017).These results may be due to that  saline irrigation water frequently led to accumulation of salts 
in root zone which raise the osmotic pressure of soil solution  and decreased the uptake of the essential 
elements such as K+, Ca++, and NO3

− , on other side more accumulation of Na+ and Cl− in plant tissues. 
Specific ion toxicities due to sodium and chloride accumulation create imbalance situation and 
inhibition photosynthetic pigments and enzymes activities (Paranychianakis and Chartzoulakis, 2005; 
Zribi et al., 2009 ; Machado and Serralheiro, 2017). 

Grafting cucumber Hybrid 1101 on the salt resistance rootstocks enhanced photosynthetic 
pigments and K+ uptake and accumulation in plant tissues, either in shoots or roots. The  Star rootstock 
showed superior uptake and accumulation responses for K+ and decreased Na+ levels in plant tissues in 
addition to decrease K+/Na+ ratio and  electrolytic leakage percentage as compared with the cheek 
without grafting or that grafted on Super Shantoza rootstock. The differences analysis was significant 
within treatments. These results were in the same trend by many investigators such as Rivero et al. 
(2003) and Colla et al. (2012). These results may be due to the behaviour of root system where, roots 
can restrict salt reaching to the aerial parts of plant except in very small quantities. These mechanisms 
depend on the efficient uptake selectivity by the roots with respect to certain ions, accumulation of Cl- 
and Na+ in the roots, and exclusion of ions from entering the roots from the exterior (Kramer, 1984; 
Jose et al., 2017). The grafting rootstock may have this mechanism. On the contrary, some roots take 
up salt in great quantities and store it in the stems and leaves which are led to physiological disturbance, 
decrease growth characters and eventual visible damage. 

 
Table 2: Effect of irrigation water quality and grafting treatments on chlorophyll, K+, Na+ and electric 

conductivity of cucumber (Cucumis sativus L.) 1101 Hybrid (combined analyses of the two 
seasons). 

Characters 
 
 
 
Treatments 

Total 
chlorophyll 
mg/ 100g 

fresh 
weight 

K+ 
(foliage) 

K+ 
(root) 

Na+ 
(foliage) 

Na+ 
(root) 

K+/ Na+ 
Ratio 

(foliage) 

K+/ Na+ 
Ratio 
(root) 

EL % 

(mg-1dry weight) 
Effect of water quality                             
Fresh Water 48.9 a 115.0 a 32.9 a 5.7 b 3.5 b 0.049 b 0.107 b 21.0 b 
Saline Water 42.1 b 76.5 b 20.4 b 30.7 a 19.0 a 0.416 a 0.965 a 30.8 a 
Effect of grafting treatment 
wg 43.2 c 89.1 c 24.6 c 20.6 a 12.1 a 0.310 a 0.673 a 27.1 a 
gS 48.1 a 97.8 b 28.6 a 14.4 b 10.9 b 0.167 c 0.429 c 24.5 b 
gSS 45.2 b 100.3 a 26.7 b 19.6 a 10.8 b 0.220 b 0.506 b 26.0 ab 
Effect of interactions 

Fresh 
Water 

wg 51.4 a 115.9 a 32.3 a 5.5 d 3.3 c 0.047 d 0.102 e 19.5 d 
gS 48.9 ab 114.4 a 33.0 a 5.7 d 3.9 c 0.050 d 0.119 d 20.9 cd 
gSS 46.4 bc 114.9 a 33.4 a 5.8 d 3.3 c 0.051 d 0.099 e 22.5 c 

Saline 
Water 

wg 34.9 d 62.4 c 16.9 d 35.8 a 21.0 a 0.574 a 1.243 a 34.7 a 
gS 47.4 bc 81.3 b 24.2 b 23.1 c 17.8 b 0.284 c 0.739 c 28.0 b 
gSS 43.9 c 85.7 b 21.1 c 33.4 b 18.3 b 0.390 b 0.912 b 29.5 b 

wg= without grafting    gS= grafting on star rootstock    gSS= grafting on super shantoza rootstock  
*Means having similar letters in the same column are not statistically differed at P≥0.05. 

 
The interaction between different irrigation water and grafting treatments had a significant 

effect on photosynthetic pigments and K+, Na+ concentrations also, K+/Na+ ratio in addition to 
electrolytic leakage percentage (Table 2). The highest mean value of total chlorophyll content was 
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recorded in non-grafted 1101 F1. and grafted cucumber plants on local rootstock irrigated with fresh 
water, without significant different between them, followed with the same grafted plants irrigated with 
saline water. While the lowest value was associated non-grafted cucumber plants treated with saline 
water. The highest potassium accumulation was in non-grafted and grafted cucumber tissues (shoots 
and roots) irrigated with fresh water followed with cucumber grafted on Star rootstock which were 
irrigated with saline water (4.7 dS m-1). On the other hand, the highest values of sodium accumulation 
in shoots and roots, K+/Na+ ratio and LE% which were recorded in plants non-grafted and irrigated with 
saline water. 
 
Yield and its components  
 

Data presented in Table (3) shows the mean values of combined analysis to studied parameters 
number of fruits, average fruit weight, average of total yield, average marketable yield and net income 
under trails of three grafting treatments grown under two water qualities. The plants grown under saline 
water significantly decreased production of the studied yield parameters as well as net income as 
compared with those grown under fresh water. The decrements were 13.86, 13.06, 24.73 and 34.83 % 
for number of fruits, fruit weight, total and marketable yield respectively, while net income was sharply 
decreased and the decrement was 66.55%. Obtained results were in agreement with those reported by 
Colla et al. (2010), Edelstein and et al., (2011) and Colla et al. (2012). 
 
Table 3: Effect of irrigation water quality and grafting treatments on some yield and quality characters 

of cucumber (Cucumis sativus L.) 1101 Hybrid (combined analyses of the two seasons). 
Characters 

 
Treatments 

No. of fruits 
/ m2 

Average fruit 
weight 

 (g) 

Average of 
total yield 
kg / (m2) 

Average of 
marketable yield 

(kg/ m2) 

Net income 
£/ m2 

Effect of water quality 
Fresh Water 94.5 a 98.0 a 9.3 a 8.9 a 27.5 a 
Saline Water 81.4 b 85.2 b 7.0 b 5.8 b 9.2 b 
Effect of grafting treatment 
wg 82.4 c 85.6 c 7.1 c 6.4 c 15.9 c 
gS 92.3 a 95.9 a 8.9 a 8.0 a 20.8 a 
gSS 89.2 b 93.4 b 8.4a 7.6a 18.2 b 
Effect of interactions 

Fresh 
Water 

wg 90.9 c 93.0b 8.4 b 8.0c 25.7c 
gS 98.7 a 101.1 a 10.0 a 9.6 a 30.1 a 

gSS 93.9 b 100.0 a 9.4a 9.0 b 26.5 b 

Saline 
Water 

wg 73.9 e 78.2 e 5.8 d 4.8 e 6.2 f 
gS 85.9 d 90.6c 7.8 c 6.5d 11.4 d 

gSS 84.5d 86.7 d 7.3 c 6.2 d 9.9 e 
wg= without grafting    gS= grafting on star rootstock    gSS= grafting on super shantoza rootstock  
*Means having similar letters in the same column are not statistically differed at P≥0.05. 

 
The decreasing of fruit number and fruit weight in turn decreased total yield under saline 

conditions, this was expected because salinity reduced the plant vegetative growth as shown in Table 
(1). The harmful effect of saline irrigation water on plants may be due to the increase of osmotic pressure 
of soil solution which inhibits plant absorption of nutrients which are required for metabolism and 
developing. In addition, the increase of sodium and chloried accumulation in plant tissues may lead to 
the negative impact on pollen un-normality, account and fertility led to inhibit fertilization or possibly 
flowering after fertilization; these cases decreased the fruit weight and number in plants grown in salty 
environment  (Mahmoodzadeh and Bemani 2008 on Canola). Also, HuongSen et al. (2017) reported 
that the salinity stress caused the reduction of overall vigor of rice especially in the pollen germination, 
fertilization and grain yield. Moreover, Kilic and Seker (2018) on soybean found that salt stress causes 
deformations in the plant’s reproductive structures and decreases it’s tolerance to salt stress. 

Regarding the effect of grafting treatments on yield parameters, data presented in Table (3) 
indicated that grafted plants significantly increased all parameters compared with those non-grafted 
plants. The Star rootstock showed superiority behaviour in yield parameters compared the  imported 
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Super Shantoza rootstock with insignificant differences in total and marketable yields between them. 
The highest increments were 12.04, 12.03, 25.35, 25.0 and 14.47% of number of fruits, fruit weight, 
total yield, marketable yield and net income, respectively, above those of the non-grafted plants. These 
results are similar with those reported by Rivero et al. (2003) and Colla et al. (2012).  

Concerning interaction effects, all interactions between treatments showed significant positive 
effects on the most of growth parameters. The highest values were recorded with the plants grafted on 
Star rootstock (local pumpkin) followed with grafted plants on Super Shantoza rootstock (imported 
pumpkin) when grown in soil irrigated with fresh water while the lowest values were attributed with 
non-grafted plants irrigated with saline water. Also, it could be observed, in Table (3),  that grafted 
plants enhanced yield and its quality under saline conditions. The grafted plants did not show significant 
differences except for fruit weight and net income where, plants grafted on Star rootstock produced 
heavy fruit and more money compared with those of the another rootstock. These results agree with 
those of Colla et al. (2012).  

The main target of plant production researches could be concluded in two items, the first is 
marketable yield with high quantity and quality and the second is the net income. If we consider the 
non-grafted plants irrigated with fresh water are producing the optimum yield logical suggest, so it is a 
measuring meter for other treatments, we can observe in Figure (1) that total yield increased with 8.9 
and 3.9 % when the same Hybrid (1101) that produced the optimum yield grafted once on Star rootstock 
and second on Super Shntoza and irrigated with fresh water respectively. On the other hand, the total 
yield decreased with 18.3, 5.0 and 6.7% when hybrid (1101) of cucumber was irrigated with saline 
water and grafted on Star and Super Shantoza rootstocks respectively. Overall, it is suggested that the 
use of salt tolerant rootstock could provide a useful tool to improve fruit yield and quality of cucumber 
under different normal or adverse environmental conditions such as NaCl stress (Huang et al., 2009). 

 

 
Fig. 1: Marketable yield diffraction (%) as affected with interaction of water quality and grafted plants  

 
 Figure (2) shows the same trend where, the grafted plants irrigated with fresh water increased 
net income over optimum with 17.7 and 4.2 % for Star and Super Shantoza rootstock respectively. On 
other side, net income sharply decreased under saline conditions where the decrements were 76.0, 55.2 
and 60.6% when Hybrid (1101) of cucumber irrigated with saline water or grafted on Star and Super 
Shantoza rootstocks, respectively.  
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Fig. 2: Net income diffraction (%) as affected with interaction of water quality grafted plants 
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