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ABSTRACT: Grafting is an effective and environmentally friendly method for combating the 

negative impacts of biotic and abiotic stressful conditions and increasing the productivity of vegetable 

crops. Our experiment was conducted for two seasons in net greenhouse during summer seasons of 

2020 and 2021 at Vegetable Crops Department Farm, Faculty of Agriculture, Cairo University, Egypt. 

In our study, we investigated the effect of grafting cucumber onto eight rootstocks, which belong to 

four different species of cucurbits on plant growth, productivity and fruit quality characters. The 

experiment was performed using a randomized complete block design. The rootstocks included three 

accessions of squash (PEP 1635, PEP 1636 and PEP 1666), two accessions of pumpkin (PI526246 and 

PI599586), two accessions of bottle gourd (PI491347 and PI534556) and local cultivar of Luffa and 

compered with non-grafted cucumber (Hesham F1). The performance of grafted cucumber scions 

varied according to the used rootstocks. Grafting process was applied by slant cut method which 

commercially used in cucurbits grafting, the highest survival rate was found for grafting onto bottle 

gourd rootstock PI491347 in both seasons (67.9% and 69.23%, respectively) while the lowest survival 

rate value was observed for grafting on squash rootstock PEP1636 in both seasons (37.5% and 

31.21%, respectively). Comparing with performance of non-grafted plants, grafting on squash 

rootstocks PEP 1635, PEP 1636 and PEP 1661 and pumpkin rootstock PI599586 caused a significant 

enhancement in all most plant growth parameter (plant length, leaf area, internode length and SPAD 

value), fruit quality (average fruit weight, fruit length and fruit diameter), early and total fruit yield. 

Pumpkin rootstocks significantly decreased Leaf diffusion resistance and increased Transpiration ratio. 

Pumpkin PI599586 increased the macro elements (N, P, K, Ca, Mg) in scion leaves. Grafting hybrid 

cucumber (Hesham F1) on squash rootstocks (PEP1635 and PEP1666) caused a significant 

enhancement in total yield/m
2
. 
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INTRODUCTION 

Egypt is among the top twenty cucumbers 

and gherkins producers‟ countries, which globally 

ranked eleventh. Egypt produced 484424.68 

tons, with gross production value about 

181233000 USD (FAOSTAT, 2024). Cucumber 

(Cucumis sativus L.) is one of cucurbitaceous 

plants, which is affected by different abiotic 

factors such as soil salinity, water deficiency, 

and cold stress that negatively effect on the 

optimal growth conditions, in addition to 

numerous biotic agents i.e. fungus, nematode, 

bacteria and virus. Both biotic and abiotic 

stressful conditions cause severe yield loss and 

reduce quality of fruits (Das et al., 2022). 

Cucumber plant is sensitive to diverse biotic 

stresses like powdery mildew, downy mildew, 

different viruses and soil-borne disease, which 

lead to huge economic losses (Kaur and 

Sharma, 2022). Cucumber is reported as salt 

sensitive plant, which can tolerate salinity level 
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about 2.5 dS m
−1

, but its productivity reduces by 

13% as a result for each increased unit of electrical 

conductivity over the threshold value (Chen et 

al., 2018; Al-Momany and Abu-Romman, 2023). 

Significantly reduction in stomatal conductance, 

transpiration, photosynthesis, intercellular CO2 

concentration, and leaf area in irrigation levels 

60% ETc (crop evapotranspiration) and 40% ETc, 

with significant increment in relative leaf 

temperature compared to irrigation level 100% 

ETc (Parkash et al., 2021). Grafting is an 

effective and environmentally friendly method 

for combating the negative impacts of climate 

changes and increasing the productivity of 

vegetable crops (Khalid et al., 2023). 

Concerning biotic stresses, Shalaby et al. (2022) 

reported that using VSS-61 F1 as rootstock 

enhanced the cucumber plant resistance for 

fusarium wilt and increased the total yield, 

Hernández et al. (2021) found that utilizing 

Forticuke F1 and Lag 53 rootstocks which 

belongs to Lagenaria siceraria improved 

growth parameters i.e. plant length, number of 

leaves in addition to leaf area, also increased 

fruit firmness and fruit weight under infestation 

with Meloidogyne incognita. Kousik et al. 

(2018) confirmed that level of powdery mildew 

resistance in susceptible watermelon cultivar 

was clearly provided by using USVL482-PMR 

and USVL351-PMR which classified as bottle 

gourd rootstocks. Regarding abiotic stress, Guo 

et al. (2023) used Luffa rootstock to alleviate the 

negative effects for salinity on cucumber plants, 

which produced higher fresh weight associated 

with reduction in Na+ accumulation and 

enhanced potassium accumulation in shoots of 

cucumber seedlings, which grafted onto Luffa 

rootstock. Also, Amerian et al. (2024) confirmed 

that grafting cucumber onto pumpkin led to 

enhancement in salinity tolerance by decreasing 

sodium uptake and translocation to shoots. El-

Shraiy and Mostafa (2016) used Shintosa 

supreme pumpkin rootstock to alleviate salt 

stress effects on cucumber plants cv. Falcon, 

which significantly enhanced plant vigor and 

productivity in addition to antioxidant enzymes 

activity, leaf pigments and proline. Shehata et 

al. (2022) enhanced cucumber tolerance to 

drought stress by using five tolerant rootstocks 

including two genotypes of squash Super Green 

and Just, two accessions of bottle gourd PI 

491365 and PI 491352, in addition to watermelon 

cv. Colocynthoides, which significantly improved 

the agronomical traits and cucumber productivity. 

In relation to cucumber productivity and fruit 

quality improvement, El-Sayed et al. (2021) 

found that grafting cucumber cv. Vivasun onto 

squash 13 and squash 6 rootstocks led to clear 

increment in both early and total yield, in 

addition to fruit diameter. Noor et al. (2021) 

reported that using four cucurbit rootstocks 

included local cultivars of ridge gourd, bitter 

gourd, pumpkin and bottle gourd increased yield 

in cucumber plants cv. Kalaam F1 and enhanced 

the fruit quality especially mineral contents in 

fruits i.e. N, P, K, Ca and Mg. Our study was 

carried out to investigate the effect of grafting 

cucumber onto eight rootstocks, which belong to 

four different species of cucurbits on growth, 

productivity and fruit quality characters. 

MATERIALS AND METHODS 

Location, Plant Materials and Growth 

Conditions  

The experiment was conducted for two 
successive seasons in net greenhouse during 
summer seasons of 2020 and 2021 at Vegetable 
Crops Department Farm, Faculty of Agriculture, 
Cairo University, Egypt. Eight genotypes belong 
to four different species of cucurbits were used 
as rootstocks to study the influence of these 
rootstocks on cucumber growth, productivity 
and fruit quality characters and compered with 
“control” non-grafted cucumber. 

The evaluated rootstocks included three 
accessions of Cucurbita pepo L (PEP 1635, PEP 
1636 and PEP 1666), two accessions of 
Cucurbita maxima (PI526246 and PI599586), 
two accessions of Legenaria siceraria 
(PI491347 and PI534556) and local cultivar of 
Luffa (Luffa aegyptiaca). All genotypes except 
Luffa were self-propagated during the period 
from 15 

th
 September 2019 to the end of January 

2020 in plastic greenhouse. Luffa was separately 
self-propagated before.  the hybrid cucumber 
(Hesham F1) was used as the scion. Seeds of all 
PIs accessions were kindly supported by the 
USDA, but the seeds of PEPs accessions were 
kindly supported by IPK-Gatersleben gene bank, 
Germany local cultivar of Luffa provided by 
local source. 
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Grafting process was performed in private 

nursery under plastic greenhouse conditions. 

The compatibility test between rootstocks and 

the commercial cucumber cv. Hesham was 

carried out in first half of February. the seeds of 

rootstocks were sown during third week of 

February using (84 cells) Foam seedling-trays. 

Seeds of the commercial cucumber cultivar were 

sown week after the sowing date of rootstock 

seeds. Grafting process was performed manually 

during second week of March, slant cut grafting 

method was used at first true-leaf stage. Survival 

grafted cucumber plants, in addition to non-

grafted cucumber were sown in net greenhouse 

in rows at a distance of 50cm between plants. 

Drip irrigation system was used. A completely 

randomized block design with 3 replicates was 

used. This experiment included 9 treatments. 

The experimental plot area was 5 m
2
 (5 x 1m

2
). 

Each plot contained 10 plants. The common 

agricultural practices were applied according to 

the Egyptian agricultural ministry.  

Determination of Plant Growth, Yield 

and Fruit Quality Traits  

Plant growth characters such as plant height 

and inter-node length were measured at 60 days 

after transplanting. The 6
th
 leaf from meristem 

tip was used to determine the following traits. 

chlorophyll index was assessed by SPAD meter 

(SPAD 502 Minolta Co, Osaka, Japan), and leaf 

area was determined using leaf area meter 

(Biovis Leaf Av., Expert Vision Labs Pvt. Ltd., 

India), Leaf gas exchange characters such as leaf 

diffusion resistance and transpiration rate were 

determined in sun-exposed leaves by a portable 

photosynthesis system (Steady State Porometer, 

LI1600, LI-COR, Inc., Lincoln, Nebraska, 

USA). The weight of fruits in the first three 

pickings was estimated as early yield (kg/m
2
), 

while total yield (kg/m
2
) was assessed as total 

weight of fruits during the harvesting season. 

The fifth harvest was used to recorded fruit 

quality parameters such as weight, length, 

diameter and TSS% (by Zeiss laboratory 

refractometer).  

Determination of Chemical Constituents 

The modified “Micro Kjeldahl” apparatus of 

Parnas and Wagner was used to assess nitrogen 

content as method described by Pregl (1945). 

Phosphorus was estimated using spectrophotometer 

by stannous chloride according to AOAC 

(1975). Potassium was measured according to 

Brown and Lilliland (1964) using flame 

photometer. Atomic Absorption Spectrophotometer 

(Pye Unicam, model SP-1900, Cambridge, UK) 

was used to assess calcium (Ca) and magnesium 

according to according to Helrich (1990). Fruit 

dry matter % was determined by drying 100 g of 

cucumber fruits in an oven at 70°C until 

constant weigh. Total sugars in cucumber fruits 

were measured according to AOAC (1975). 

Statistical Analysis 

MSTAT-C v.2.1 software (Michigan State 

University, Michigan, USA) was used to 

perform the statistical analysis. The statistical 

analysis was performed using one-way analysis 

of variance and Duncan's multiple range test 

was used to compare the means at the 0.05 level 

of probability (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 

Effect of Grafting Process on Survival 

Plants 

The results of survival rate between plants of 

cucumber cv. Hesham grafted onto different 

cucurbit rootstocks were presented in Table 1. 

Generally, the highest survival rate was found 

for grafting onto bottle gourd rootstock 

PI491347 in both seasons (67.9% and 69.23%, 

respectively) while the lowest survival rate 

value was recorded for grafting on squash 

rootstock PEP1636 in both season (37.5% and 

31.21%, respectively). Bottle gourd rootstock 

PI534556 ranked second in both seasons, 

followed by Luffa in 2020 and pumpkin 

rootstock PI599586 in 2021. All squash 

rootstocks had the lowest survival rate. 

The differences among the evaluated rootstocks 

in survival rate may be due to compatibility 

between cells of scion and cells of rootstocks. 

Suitable environmental condition should be 

provided to enhance callus formation at wounded 

place to increase grafting compatibility (Lee et 

al., 2010). The compatibility between tissue of 

scion and tissue of rootstocks attributed to 

ability to vascular regeneration between them 

(Tamilselvi and Pugalendhi, 2017). The huge   
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Table 1. The effect of combinations between scion and rootstocks on survival plants rate during 

summer seasons of 2020 and 2021 

Rootstock No. of grafted 

plants 

No. of survival 

plants 

Survival 

plants % 

No. of grafted 

plants 

No. of survival 

plants 

Survival 

plants % 

 2020 season 2021 season 

PEP1635 78 31 39.74 118 44 37.28 

PEP1636 80 30 37.5 112 35 31.25 

PEP1666 82 33 40.24 115 41 35.65 

PI526246 78 40 51.28 108 58 53.7 

PI599586 81 49 60.49 113 73 64.6 

Luffa 79 48 60.75 115 68 59.13 

PI491347 81 55 67.9 117 81 69.23 

PI534556 79 51 64.55 112 76 67.85 

 

 

reduction in survival plant rate in squash 

rootstocks group may be due to the used grafting 

technique. splice technique increased survival 

plant rate for squash rootstock (Cucurbita pepo 

L.) than tongue, single cotyledon and hole 

insertion grafting techniques (Noor et al., 2019). 

Similar results about compatibility between 

cucumber plant cv. Vivasun as scion and 

different cucurbit rootstocks. Squash rootstocks 

gave the lowest survival plant rate, while bottle 

gourd rootstocks had high survival plant rate 

(El-Sayed et al., 2021). 

Effect of Grafting Process on Agronomic 

Traits 

Data in Table 2 demonstrated the effects of 

different cucurbit rootstocks on agronomic 

parameters. Concerning plant height, squash 

rootstocks PEP1635 and PEP1666, pumpkin 

rootstock PI599586, and bottle gourd rootstock 

PI534556 showed had the highest significant 

plant height in 2020, while Luffa rootstock 

exhibited significant reduction in plant height 

than non-grafted cucumber plants in 2021. 

Regarding to internode length, pumpkin 

rootstock PI526246 in both seasons, in addition 

to pumpkin rootstock PI599586 and bottle gourd 

rootstock PI534556 in 2020 had the longest 

significant internodes. Concerning Leaf area, 

squash rootstock PEP1666, pumpkin rootstocks 

PI526246 and Luffa rootstock in both seasons, 

in addition to squash rootstocks PEP1635, 

PEP1636 and pumpkin rootstock PI599586 had 

the largest Leaf area. 

Enhanced plant vigor may be due to the 

strength roots of almost rootstocks. Similar 

results were recorded by El-Sayed et al. (2014) 

who tested 4 rootstocks included bottle Gourd, 

Supper Shintosa, Squash 3 and interspecific 

hybrid rootstock called Ferro‟ (C. maxima × C. 

moschata) compared with non-grafted cucumber 

in winter and found that significant increase in 

plant height over non-grafted control for all 

tested rootstocks. Similar results were founded 

by Noor et al. (2019) who compared between 

four cucurbit belongs to different cucurbitaceous 

species: Luffa operculate Cogn. (ridge gourd), 

Momordica charantia L. (bitter gourd), 

Cucurbita pepo L. (squash) and Lagenaria 

siceraria (bottle gourd) using four grafting 

techniques and compared with non-grafted 

cucumber plants. Rootstocks enhanced 

cucumber plant growth compared to non-grafted 

plants. leaf area was significantly maximum 

when grafted onto Lagenaria siceraria rootstock 

followed by Luffa operculate Cogn., Momordica 

charantia L. and, Cucurbita pepo L. rootstock. 

El-Sayed et al. (2021) evaluated eight local 

hybrid rootstocks belongs to four different 

cucurbit  species, and  confirmed  that  grafting  
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Table 2. The effect of combinations between scion and rootstocks on plant growth traits at 60 

days after transplanting during summer seasons of 2020 and 2021 

Rootstocks Plant height (cm) Internodes length (cm) Leaf area (cm
2
) 

2020 2021 2020 2021 2020 2021 

PEP1635 182.9 ab 171.2 bc 6.7 bc 6.1 cd 31.66 cd 32.36 a 

PEP1636 177.8 bc 190.3 a 6.8 bc 6.9 a-c 31.02 d 32.67 a 

PEP1666 189.4 a 182.3 ab 6.2 cd 5.9 d 33.13 a-c 33.52 a 

PI526246 172.7 cd 190.8 a 7.4 a 7.6 a 33.65 a 34.00 a 

PI599586 188.1 a 176.2 bc 7.6 a 7.2 ab 31.88 b-d 32.55 a 

Luffa 143.7 e 168.4 c 6.4 cd 7.3 ab 33.23 ab 34.55 a 

PI491347 175.7 bc 190.4 a 6.2 cd 6.9 a-c 28.47 e 29.25 b 

PI534556 180.6 a-c 193.1 a 7.3 ab 7.2 ab 27.00 f 28.38 b 

Non-grafted 164.7 d 183.3 ab 6.0 d 6.5 b-d 24.21 g 24.80 c 

zMean values followed by a letter in common were not significantly different according to Duncan‟s multiple range test (p <0.05). 

 

onto two hybrids, namely squash 6 and squash 

13 caused a significant increment in all characters 

of the plant growth such as plant height, length 

of inter-node and leaf area. Former studies 

interpreted the improvement of vegetative growth 

such as Schwarz et al. (2010) who explained 

that the enhanced vegetative growth is due to 

hormonal signals effects from the rootstock. 

Also, Ceylan et al. (2018) reported that micro 

and micro elements uptake were increased as 

grafting effects.  

Effect of Different Rootstocks on SPAD 

Value and Some Physiological Characters 

The present data in Table 3 clearly indicated 

that squash rootstocks PEP1666 in both seasons 

and PEP1635 in second season only had the 

highest SPAD value. All squash rootstocks 

significantly enhanced the SPAD vale in both 

years except PEP1636 in second year only, 

while there were not significant differences 

between non-grafted cucumber plants and other 

cucurbit rootstocks. Cucumber plants grafted 

onto pumpkin rootstocks PI599586 in both seasons 

and PI526246 in second season only recorded 

significant reduction in Leaf diffusion resistance. 

Pumpkin rootstocks PI599586 in both seasons and 

pumpkin rootstocks PI526246 in second season 

recorded the highest significant transpiration 

ratio, while other rootstocks did not significantly 

differ than non-grafted plants. Similar results 

were recorded by El-Sayed et al. (2021) who 

reported stomatal conductance value, respiration 

and photosynthesis in non-grafted cucumber plants 

were similar to those grafted onto Legenaria 

siceraria (Gourd 8), Cucurbita maxima (winter 

Squash 7) and Cucumis zambianus (wild 

cucumber). Also, Hmmam et al. (2023) found 

that the increment of leaf diffusion resistance led 

to the reduction in stomatal conductance and 

transpiration rate due to the nocturnal chilling 

periods and reduction in chlorophyll concentration 

due to the increment in leaf diffusion resistance, 

in addition to ROS accumulation in leaf, which 

cause degradation for chlorophyll. 

Effect of Different Rootstocks on 

Nutrients in Cucumber Leaves 

Data in Table 4 indicated that leaves of non-

grafted cucumber and leaves of scion grafted 

onto pumpkin rootstocks PI526246 showed the 

lowest concentrations of N, K and Ca. Leaves of 

cucumber scion grafted onto squash rootstock 

PEP1636 in 2020, in addition to all squash 

rootstocks in 2021 recorded the highest value of 

N%. Leaves of cucumber scion grafted onto 

squash rootstock PEP1666 and pumpkin 

rootstocks PI599586 in both seasons, in addition 

to bottle gourd PI534556 in first season had the  
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Table 3. The effect of combinations between scion and rootstocks on SPAD value and some 

physiological characters at 60 days after transplanting during summer seasons of 2020 

and 2021 

Rootstocks SPAD value Leaf diffusion resistance 

(s cm
-1

) 

Transpiration ratio 

(mmol H2O m-
2 
S

-1
) 

 2020 2021 2020 2021 2020 2021 

PEP1635 49.90   b 50.73 ab 4.57 a-c 4.54 a-d 4.51   b 4.40   b 

PEP1636 48.10   bc 45.30    cd 4.86 a-c 4.44 a-d 4.34   b 4.32 b 

PEP1666 57.40 a 52.80 a 4.65 a-c 6.70 a 4.46   b 3.12   b 

PI526246 44.20    cd 44.57    cd 4.59 a-c 2.68 cd 4.36   b 7.91 a 

PI599586 47.20   b-d 46.07   b-d 2.56 c 2.23 d 8.23 a 8.55 a 

Luffa 45.90   b-d 46.93   b-d 3.89 bc 5.08 a-c 5.81 ab 4.25 b 

PI491347 42.83     d 46.83   b-d 6.82 a 6.26 ab 2.95 b 3.30 b 

PI534556 47.57   b-d 48.07   bc 4.60 a-c 3.99 b-d 4.51 b 4.99 b 

Non-grafted plants 42.87     d 42.60     d 5.89 ab 5.52 ab 3.58 b 4.45 b 

zMean values followed by a letter in common were not significantly different according to Duncan‟s multiple range test (p <0.05). 

 

 

 

Table 4. The effect of combinations between scion and rootstocks on nutrients content in 

cucumber leaves at 60 days after transplanting during summer seasons of 2020 and 

2021 

Rootstocks N% P % K % Ca % Mg % 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

PEP1635 4.18 b 4.27 a 0.27 d 0.29 c 3.72 a 3.76 a 2.43 d 2.45 cd 0.61 b 0.62 b 

PEP1636 4.26 a 4.29 a 0.31 bc 0.34 bc 3.55 b 3.62 b 2.51 c 2.52 bc 0.63 b 0.64   b 

PEP1666 4.11   c 4.24 a 0.38 a 0.39 ab 3.49 c 3.45 c 2.55 bc 2.61 ab 0.63 b 0.61 b 

PI526246 3.27 g 3.31 d 0.32 b 0.29 c 3.24 e 3.26 de 2.25 e 2.28 e 0.61 b 0.62 b 

PI599586 3.87 d 4.05 b 0.37 a 0.41 a 3.67 a 3.71 ab 2.51 c 2.53 bc 0.71 a 0.69 a 

Luffa 3.55 e 3.63 c 0.28 cd 0.31 c 3.31 d 3.35 cd 2.64 a 2.63 a 0.53 c 0.52 c 

PI491347 3.41 f 3.64 c 0.29 b-d 0.32 c 3.70 a 3.72 b 2.42 d 2.38 d 0.60 b 0.59 b 

PI534556 3.42 f 3.48 cd 0.36 a 0.35 bc 3.35 d 3.39 c 2.61 ab 2.59 ab 0.54 c 0.52 c 

Non-grafted plants 3.29 g 3.41 d 0.28 cd 0.32 c 3.19 f 3.22 e 2.18 f 2.22 e 0.49 c 0.51 c 

zMean values followed by a letter in common were not significantly different according to Duncan‟s multiple range test (p <0.05). 
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highest value of P%, while non-grafted plants 

and other rootstocks exhibited the lowest 

concentration without significant differences 

among them. Concerning K%, Leaves of 

cucumber scion grafted onto squash rootstock 

PEP1635, pumpkin rootstocks PI599586 in both 

seasons and bottle gourd rootstock PI491347 in 

first season showed the highest value without 

significant differences among them. Regarding 

Ca%, Leaves of cucumber scion grafted onto 

bottle gourd rootstock PI534556 and Luffa had 

the highest value in both seasons, in addition to 

squash rootstock PEP1666 in 2021 only without 

significant differences among them. Leaves of 

scion grafted onto pumpkin rootstock PI599586 

showed the highest concentration of Mg%, 

while non-grafted plants, Luffa and bottle gourd 

rootstock PI534556 exhibited the lowest 

concentration without significant differences 

among them. Our results indicated that the 

interpretation for increment in plant vigor of 

almost evaluated rootstocks due to of the uptake 

of the nutrients. The present results agree with 

that of El-Sayed et al. (2014 and 2021) who 

reported improvement of plant growth parameters 

due to enhancement micro and micro elements 

uptake in grafted plants over non-grafted plants. 

Also, Shehata et al. (2022) reported that leaves 

of grafted plants accumulated high minerals 

concentration than non-grafted cucumber under 

normal and drought stress conditions. While, 

Huang et al. (2016) suggested that strong root 

system for rootstocks enhanced water and 

elements absorption which exhibited the positive 

effect in plant growth parameters in grafted 

watermelon. 

Effect of Different Rootstocks on Fruit 

Quality Traits 

Data in Table 5 showed that grafting process 

onto different cucurbit rootstocks significantly 

effected on fruit characters. Squash rootstocks 

PEP1635 and bottle gourd rootstock PI491347 

in both years, in addition to squash rootstocks 

PEP1636 and bottle gourd rootstock PI534556 

in second year showed the highest value of 

average fruit weight. Bottle gourd rootstock 

PI491347 in both season and squash rootstocks 

PEP1636 in first year recorded the tallest fruit 

length. All rootstocks led to increase fruit 

diameter, especially all squash and bottle gourd 

and luffa rootstocks had the highest value of 

fruit diameter. Grafting onto bottle gourd, luffa 

and squash rootstocks except the accession 

PEP1635 caused significant reduction in TSS%. 

Pumpkin rootstock PI599586 in both years 

exhibited the highest significant TSS%. Several 

former studies recorded increment in average 

fruit weight trait (El-Sayed et al., 2014 and 

2015; Velkov and Pevicharova, 2016; Zaki et 

al., 2018; Noor et al., 2019; El-Sayed et al., 

2021), reduction in TSS % in fruits of the 

grafted plants than non-grafted plants (El-Sayed 

et al., 2021), rapid development in diameter and 

length of fruits in grafted plants than non-grafted 

plants (Noor et al., 2019). On the contrary, 

Noor et al. (2019) recorded increment in TSS % 

in grafted plants over non-grafted cucumber, and 

Zaki et al. (2018) reported that no effect for 

grafting on fruit length and fruit diameter.  

Effect of Different Rootstocks on 

Cucumber Productivity 

Data in Table 6 indicated that squash rootstock 

PEP1666 in both seasons and squash rootstocks 

PEP1635 and PEP1636 and pumpkin rootstock 

PI526246 in first season displayed the highest 

content of dry matter in fruits. No significant 

differences were found among rootstocks in 

total sugars content in fruits. All rootstocks 

significantly increased the early yield except 

pumpkin rootstocks compared with non-grafted 

plants. Squash rootstocks PEP1635 and PEP1636, 

in addition to bottle gourd rootstock PI491347 

recorded the highest significant early yield over 

non-grafted plants. Regarding total yield, in 

2020 all squash rootstocks exhibited the highest 

value of total yield, while luffa and bottle gourd 

rootstock PI491347 ranked second, but in 2021, 

squash rootstock PEP1635 and bottle gourd 

rootstock PI491347 recorded the highest significant 

total yield. The high yielding ability of squash 

rootstock PEP1635 and bottle gourd rootstock 

PI491347 were due to their high average fruit 

weight, high values of fruit length and fruit 

diameter. Concerning dry matter and total sugars 

in cucumber fruits, our results agree with those 

by El-Sayed et al. (2014) who reported that 

using Squash 3 (Cucurbita pepo L.) as rootstock 

caused significant increment in dry matter 

content in fruits during winter season, while all 

rootstocks had no effect on total sugars in fruits  
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Table 5. The effect of combinations between scion and rootstocks on fruit quality traits during 

summer seasons of 2020 and 2021 

Rootstocks Fruit weight (g) Fruit length (cm) Fruit diameter (cm) TSS (%) 

2020 2021 2020 2021 2020 2021 2020 2021 

PEP1635 97.29 a 95.39 a 13.89 bc 13.95 b 3.63 ab 3.76 a 4.31 b 4.59 ab 

PEP1636 88.62 bc 86.59 a 14.56 a 14.30 ab 3.55 b 3.69 a 3.80 d 3.75 c 

PEP1666 71.26 d 70.31 bc 13.84 c 13.97 b 3.69 a 3.66 ab 3.75 d 3.73 c 

PI526246 

73.09 d 70.03 bc 14.08 bc 14.01 b 3.38 c 3.41 c 

4.25 

bc 4.30 b 

PI599586 72.53 d 71.92 bc 14.30 ab 14.18 ab 3.53 b 3.48 bc 4.85 a 4.68 a 

Luffa 75.63 d 71.90 bc 12.76 d 13.03 c 3.53 b 3.62 ab 3.30 e 3.34 d 

PI491347 92.63 ab 91.22 a 14.71 a 14.60 a 3.63 ab 3.65ab 3.31 e 3.40 d 

PI534556 84.36 c 83.06 ab 13.88 bc 14.15 ab 3.52 b 3.57 a-c 3.25 e 3.33 d 

Non-grafted plants 70.44 d 62.70 c 13.94 bc 13.86 b 3.28 c 3.18 d 4.11 c 4.35 b 

zMean values followed by a letter in common were not significantly different according to Duncan‟s multiple range test (p <0.05). 

 

 

 

Table 6. The effect of combinations between scion and rootstocks on fruit dry matter, total 

sugars, early and total yield during summer seasons of 2020 and 2021 

Rootstock Fruit dry matter 

(%) 

Total sugars 

(%) 

Early yield /m
2 

)kg) 

Total yield/m
2 

)kg) 

2020 2021 2020 2021 2020 2021 2020 2021 

PEP1635 8.24 a 7.71 b 4.40 a 4.32 a 2.53 a 2.75 a 7.21 a 7.83 a 

PEP1636 8.15 a 7.55 b 4.23 a 4.07 a 2.52 a 2.47 bc 6.85 a 6.24 bc 

PEP1666 8.11 a 8.36 a 4.54 a 4.23 a 2.23 b 2.35 c 7.02 a 6.26 bc 

PI526246 7.95 a 7.62 b 4.48 a 4.16 a 1.01 d 0.93 e 2.30 f 2.89 d 

PI599586 7.52 b 6.69 c 4.50 a 4.31 a 0.97 d 0.95 e 2.81 e 3.59 d 

Luffa 7.33 bc 6.90 c 4.76 a 4.24 a 1.54 c 1.61 d 6.04 b 5.52 c 

PI491347 6.78 d 6.47 c 4.50 a 3.97 a 2.68 a 2.59 ab 6.29 b 6.97 ab 

PI534556 6.97 cd 6.86 c 4.63 a 4.31 a 1.46 c 1.64 d 3.68 d 3.25 d 

Non-grafted plants 7.11 b-d 7.76 b 4.60 a 4.48 a 1.12    d 1.15 e 4.85 c 5.42 c 

zMean values followed by a letter in common were not significantly different according to Duncan‟s multiple range test (p <0.05). 
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during summer season. Noor et al. (2019) found 

that significant differences between rootstocks 

in dry mater and total sugar in cucumber fruits, 

but Cucurbita pepo L rootstock caused a 

reduction in dry matter content in fruits, while it 

did not differ in sugar content than non-grafted 

plants. Many former studies support the 

improvement of productivity with utilizing 

grafting technology due to grafting cucumber 

onto squash and bottle gourd rootstocks such as 

El-Sayed et al. (2014) found that Squash 3 

rootstock improved the total yield of cucumber 

significantly. Velkov and Pevicharova (2016) 

reported that grafting two different cultivars as 

scions onto Legenaria siceraria produced the 

highest significant early and total yield value. 

Alaaeldin et al. (2019) reported significant 

enhancement in early and total cucumber 

productivity by grafting on hybrid rootstocks 

belong to different cucurbit and found also clear 

effect for the different rootstocks on dry mater 

and total sugars in cucumber fruits. El-Sayed et 

al. (2021) confirmed that grafting cucumber cv. 

Vivasun onto Squash 6 (Cucurbita pepo cv. 

Coby X C. pepo cv. Eskandarani) and Gourd 1 

rootstock (Legenaria siceraria PI Local X PI 

53455501) exhibited the highest total 

productivity. Taha et al. (2022) found that 

grafting cucumber onto bottle gourd produced 

significant yield increment in both normal and 

drought conditions, while squash rootstock 

significantly improved the total yield in second 

season under normal conditions. 

Conclusion 

Grafting is an effective and environmentally 

friendly method for combating the negative 

impacts of biotic and abiotic stressful conditions 

and increasing the productivity of cucumber, but 

the grafting effect is clearly dependent on the 

choice of the rootstock. The compatibility 

between cells of rootstocks and scions is the 

main criteria. Generally, the suitable rootstocks 

that enhance the plant vigor characters and 

produce a high yield with high macro and micro 

elements content, in addition to high fruit 

quality. Grafting hybrid cucumber (Hesham F1) 

on squash rootstocks (PEP1635 and PEP1666) 

caused a significant enhancement in total yield/ 

m
2
. 
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 نتاجيت وصفاث جودة ثمار انخيارإاستغلال أصول قرعياث مختهفت كبذيم مستذاو نتحفيز نمو و

 محمذ كامم فتح الله انطواشي -محمذ إسماعيم عبذ الله محمذ 

  يصز – انجيشة – انقاهزة جايعة – انشراعة كهية – قسى انخضز

 نشيدداحة تَتاجيددة  الأثددار انسددهاية ندج دداحاو انذي يددة  ويددز انذي يددة انتطعدديى يزيقددة ةعانددة  لدد يقة نهايهددة نً اج ددة  يعدد  

ةدي يشرعدة قسدى     2020/2021انتظهيم خلال ةصم انصيف نعايي ل بة يذاليم انخضز. أجزيت انتجزبة تذت ظز ف 

انخضز بكهية انشراعة جايعة انقاهزة بًصز. كداٌ ان د ف يدٍ انتجزبدة حراأدة تدطثيز تطعديى انخيدار باأدتخ او ثًاَيدة ألد ل            

عهددا انًُدد   اجَتاجيددة  لددااو جدد حة انرًددار. انتجزبددة تًددت باأددتخ او تصددًيى    تابعددة لأربعددة أَدد اف يختهاددة يددٍ انقزعيدداو   

 (PEP 1635   PEP 1636  PEP 1666) انك أدة قطاعاو تاية انعش ائية. الأل ل انًستخ ية تضى ثلاثة ألالاو يٍ 

(  أدلانة  PI491347   PI534556)(   أدلانتيٍ يدٍ انيقطديٍ    PI526246   PI599586)  ألانتيٍ يٍ انقزف انعسدهي  

لُف هشاو. أحاء انُااتاو انًطع ية اختهف  ةقا نلألدم   يطع ية يٍيذهية يٍ انه ف  تى يقارَت ا يع َااتاو انخيار انغيز 

أعها َساة نُجاح انتطعيى كاَت ةي انسدلانة   انًستخ و. عًهية انتطعيى أجزيت بطزيقة انقطع انًائم انًستخ ية بشكم تجاري.

% عهدا انتد اني بيًُدا أدجهت اقدم َسداة        96.23%   6..9ً أدًيٍ  انديد  كاَدت انُسداة ةدي      PI491347انتابعة نهيقطديٍ  

بانًقارَدة   % عها انت اني. 31.21%   3..3ً أًيٍ اندي  كاَت انُساة ةي  PEP1636َجاح نهتطعيى ةي ألانة انك أة 

 PEP 1635   PEP 1636  PEP) يدع أحاء َااتداو انخيدار ويدز انًطع يدة دقدع انتطعديى عهدا ألد ل انك أدة انرلاثدة           

تذسدٍ يعُد ي ةدي يعظدى انصدااو انخضدزية )يد ل انُاداو           PI599586 كذنك انتطعيى عها ألم انقزف انعسهي ( 1666

(  جد حة انرًددار )يت أدن  سٌ انرًدزة  يد ل  قطدز انرًدزة(  انًذصدد ل       SPAD يسدادة ان رقدة   يد ل انسدهًية   قيًدة      

انًاكدز  انكهدي. ألد ل انقدزف انعسدهي قههدت بشدكم يعُد ي انًقا يدة انرغزيدة  ساحو يدٍ يعد ل انُدتخ. ألدم انقدزف انعسدهي                 

PI599586  الد ل قدزف   أحى تطعديى هجديٍ انخيدار هشداو عهدا       يٍ انعُالز انكادزى.  انخيارأحى انا سياحة يذت ي أ راق

 انًزبع.انا سياحة يذص ل ثًار انًتز  (PEP1635  PEP1666)انك أة 
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